Natural Built Social Environment Health 2(4) 2026: 20-44 DOI: 10.63095/NBSEH.26.980326

Natural Built Social Environment Health
ISSN 3085-461X

www.nbseh.org

Addressing Water Scarcity using Repurposed Oil Carriers
Capt. (Dr.) Nitin Agarwala ©*

Visiting Lecturer, Naval War College, Verem, Goa, India

|

Verify that you are reading the current

| '.) Check for updates

Version of Record and access any official
updates

*Corresponding author: Capt. (Dr.) Nitin Agarwala ©; Email: nitindu@yahoo.com

20


http://www.doi.org/10.63095/NBSEH.26.980326
http://www.nbseh.org/
mailto:nitindu@yahoo.com
https://orcid.org/0000-0003-0916-3044
https://crossmark.crossref.org/dialog/?doi=10.63095/NBSEH.26.980326&domain=pdf&date_stamp=2026-08-07
https://orcid.org/0000-0003-0916-3044

Agarwala

Natural Built Social Environment Health 2(4) 2026: 20-44

Graphical Abstract

Freshwater scarcity is an increasing global challenge, and repurposing decommissioned oil carriers
for freshwater transport could provide a scalable and flexible solution to redistribute water between
water-rich and water-scarce regions. This approach requires engineering modifications, dedicated
infrastructure, and optimized operational strategies to ensure safe, efficient, and reliable water
transport. Economic comparisons with desalination identify the conditions under which maritime
freshwater transport becomes competitive, offering a practical framework for strengthening global

freshwater resilience.
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expenditure towards fuel, logistics,

shipping capacity.
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economic, political,
and environmental unrest. With unequal freshwater distribution
globally, trading of freshwater can be a possible solution. But
water trade, unlike oil trade, is not a recognized market. It would
require a water trading fleet. Repurposed oil carriers as a scalable,
flexible solution could be a first step. Engineering modifications,
special internal coatings, environmental considerations, and port
loading and unloading infrastructure optimization are examined.
Cost-benefit analysis of capital expenditure and operational
transportation,
maintenance are discussed. These are considered against known
desalination costs to determine geographical and distance-based
thresholds where maritime transport becomes competitive. By
bridging gaps between decommissioned maritime assets and
acute freshwater deficits, the study provides a comprehensive
framework for policy makers, marine engineers, and economists
to enhance freshwater resilience using the existing global
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Introduction

Freshwater, a vital resource to sustain life and various industrial processes, is under stress globally.
Today, over one billion people lack access to freshwater. An additional 2.7 billion living in
developing countries face water scarcity that lasts for at least one month a year [1]. Water usage is
unsustainable because there is a gap between demand and recharge rates. Driven by climate
volatility, rapid urbanization, and industrial growth, the available freshwater in aquifers and surface
ecosystems has reduced drastically [2]. If current mismanagement of freshwater persists, the world
will see a 40% gap between freshwater supply and demand by 2030 [3]. This would put more than
4.5 billion people under stress with about 700 million becoming migrants by 2030 [4]. Probably,
freshwater scarcity will increase exponentially because of climate change, extreme weather events,
increasing population, industrial manufacturing [5] and water-intensive agriculture [6,7], and an
increasing use of Artificial Intelligence (Al) that demands substantial water for cooling [8]. This
has resulted in a greater push by the United Nations to improve management of existing aquatic
ecosystems and encourage sustainable development [9]. Since no two nations are equally endowed
with this natural resource, the situation is already grim in some countries. Bangalore (India),
Beijing (China), Cairo (Egypt), Jakarta (Indonesia), and Tokyo (Japan) are steadily running out of
freshwater [10]. Only if economy-wide conservation actions are initiated will it be possible to

delay water scarcity.

Converting saline seawater into quality potable water using desalination technology has increased.
This technology faces strict physical, environmental, and financial constraints [11]. It is energy
inefficient [12], causes noise pollution, emits gaseous emissions and chemical spills, causes harm
to the aquatic life owing to increased concentration of salts, temperature, and specific weight of
waste brine [13], and disturbs the salinity of the region through discharge of tailings with high
concentration of salt [14]. In addition, these plants require high investment for construction and
operations. Nevertheless, nearly half of Israel’s water requirement is met by desalination. Similarly,
most countries of Northern Africa, the Middle East, and most Small Island Developing States
(SIDS) in the Indo-Pacific, find desalination a relatively cheaper option than importing potable
water. Such is the demand that studies have reported a 40% increase in the installed capacity of
these desalination plants between 2020 and end of 2025 [15]. Currently, desalination of seawater
seems to be the only available option for obtaining freshwater.

There is now need for a mix of new technologies, sustainable practices, and collective efforts
mainly through conservation and public involvement. Some solutions that are currently used to

address local water stresses include water trucking, water purification tablets, conservation
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techniques such as rainwater harvesting, water recycling, addressing leaks in water distribution
systems, precision farming, and the use of smart technologies at home, and creating improved
aquifers and water distribution systems both at the national and international level. Since
supplementing water for water-scarce areas is a major concern, towing icebergs to arid regions has
also been proposed [16]. In fact, the 2021 World Economic Forum (WEF) listed the harvesting of
icebergs as one of the top five alternatives for addressing water stress. Though theoretically
feasible, it requires significant energy and technology coupled with robust conservation and supply
mechanisms. Other notable alternatives include use of solar-powered devices on the sea surface to
evaporate and capture freshwater, use of advanced materials to absorb moisture from the air to
provide localized drinking water, treating and reusing domestic wastewater, and deploying smart
Internet of Things (10T) networks and Al to detect leaks, optimize irrigation, and monitor municipal

water networks in real time [17].

Akin to land-based water trucking, the use of repurposed oil-carriers to move water from
freshwater-rich to freshwater-deficit areas has also been proposed. But their use has not been
implemented because of economic and technological considerations [18]. It is important to
understand that whereas global oil-shipping operates in a mature, standardized, and consolidated
international commodity market, freshwater logistics are fragmented and restricted. Water is
considered a low-value resource whose logistics are dictated by local geography, municipal
infrastructure, and immediate regional scarcity [19]. It is thus essential to look at technological and
economic challenges in the use of repurposed oil-carriers to address freshwater scarcity, especially

for dry and arid regions of the world [20].

Using a desk-based qualitative research approach, the paper reviews and analyses the feasibility of
using repurposed oil-carriers for meeting the requirements of water deficit countries by using
freshwater backhauling. The work synthesizes open-source literature such as books, peer-reviewed
papers, newspaper articles, study reports, policy documents, and websites. There is very little
published on this topic. Hence, an ‘out-0f-box thinking’ approach has been used to make educated
estimations and conclusions with appropriate justification provided for every inference drawn. As
a result, the paper provides a feasibility study and conceptual review that uses an exploratory case
study approach for use of repurposed oil-carriers for the water trade. The study aims to provide
some food for thought for policy-makers and industry alike for using such repurposed oil-carriers
to address the growing water requirements. Future research should aim to integrate semi-structured

interviews with marine engineers, port authorities, and environmental policy makers to gain
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empirical insights into technical issues, regulatory bottlenecks, and transboundary water
agreements that rudimentary literature analysis cannot fully capture.

The paper begins by providing the efforts made globally over the years to transport freshwater to
regions with freshwater scarcity while examining the roles in which repurposed oil-carriers can be
used in general and to address freshwater scarcity in particular. This will be followed by comparing
existing oil and water logistics and understanding why oil logistics is successful but water logistics
is not. Next, the paper examines the technical, engineering, and economic requirements to use
repurposed oil-carriers in a freshwater backhauling role; and then a case study to strengthen the
understanding and use of this method. A discussion and suggestions for ways ahead towards the
possible use of repurposed oil-carriers will follow, before concluding the paper.

Transporting Freshwater by Sea

Oil-carriers or oil tankers, as they are usually referred to, are specialized merchant ships that are
designed to transport oil products in bulk. They are broadly categorized into crude tankers (for
moving unrefined oil) and product tankers (for moving refined petroleum products) to consumption
markets. The tanker design is strictly governed by international maritime safety and environmental
regulations. To minimize risk of oil spill caused by grounding, collision, or rupture of shell plating,
double hull designs have become mandatory. The size of these ships varies according to the trade
route and the canal dimensions they need to cross. Accordingly, they range from small coastal
vessels to Ultra Large Crude Carriers (ULCCs) capable of carrying over 320,000 deadweight tons
(DWT) of cargo. For efficient operations, these vessels require sophisticated cargo handling
systems, including complex networks of pumps and piping for loading and unloading of their cargo;
maintaining their stability by taking in seawater as ballast in specially designed tanks. As a safety
measure, these ships use inert gas systems to replace atmospheric air in the cargo tanks with non-

flammable gases to mitigate the risk of explosion of volatile hydrocarbon vapours.

Like all merchant vessels at sea, the operational lifespan of an oil tanker is strictly governed by
regulations enforced by the International Maritime Organization (IMO), through the MARPOL
Convention (Annex 1), and typically spans 20 to 25 years unless explicit extensions are verified by
flag state administrations. Once the design life of these vessels is completed, they need to be

scrapped and broken down to be recycled.

After their design life of 20 to 25 years is completed, these ships are considered a hazard at sea that

can cause oil-slicks and hence pollution if damaged. Their use in secondary roles is, however,
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possible. Accordingly, these oil-carriers are used in secondary roles such as floating wastewater
plants, living space for seaside population, providing potable water and different kinds of water for
targeted application by using their desalination plants, and as a cost-effective solution for land-
based structures for solar plants, wind-farms, and runways [21]. The tankers could even be
converted into multi-storeyed car parks to address the growing problem of space for vehicles, or
be converted into movable power stations by converting them into floating wave energy converters
(WEC) [22]. Most of these innovation projects have been technically proven by EnvioNor [23] in
partnership with the international aid organization Star of Hope International that educates children

to create an impact on the world [24,25].

To supplement freshwater availability in remote regions, such as for small island states, water needs
to be physically moved. This business of moving water in large quantities or bulk is broadly divided
by source, transportation, and destination. The source is where water is available in plenty and is
replenished naturally. The bulk transportation of this water is undertaken using ships and barges,
but may be limited, owing to lack of loading and unloading facilities. Over the years this movement
has shifted to barges as they are cheaper to operate and maintain. The destination of this bulk
freshwater is the countries that lie in the hot arid regions or have been ravaged by climate-driven
events that have resulted in water scarcity. Globally, many regions receive transported water nearly
round the year. Nauru and islands in the Caribbean receive up to 30% of their water supply using
tankers with that of the Caribbean coming from Andros Islands which are 60 km away [26]. Other
noteworthy global water trade is by Turkey to North Cyprus [27], and the port of Marseille that
supplied water to Spain and Italy in vegetable oil tankers suitably modified to carry water [28].
Several companies have used giant floating bags/ collapsible water bladders especially
manufactured for water transportation to Greece since 1997. These bags/ bladders were towed by

tugs but were prone to bursting [29].

Yet another way of transporting freshwater by ships is the use of oil-carriers which was first
proposed in 1985 by the Japanese Classification Society, ClassNK, considering the movement of
oil from Saudi Arabia to Japan and freshwater from Japan to Saudi Arabia [30]. These oil-carriers
can be put to use to transport freshwater using the free cargo space and/ or segregated ballast tanks
when the ship is returning to the oil loading port. This process is called freshwater backhauling
(FWBH). Technically, FWBH is feasible after modifications and developing new shore-based
infrastructure for loading and unloading of freshwater at both the oil loading and unloading ports.
The freshwater may be carried either in ballast tanks or in the cargo tank itself. For corrosion

protection, the ballast tanks require a glass reinforced or polyurethane coating. The cargo tanks will
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remain protected because of the existing oil film of cargo discharge prior to taking in freshwater.
On reaching the destination port, the freshwater would be treated according to the regulations of
the recipient country and the quality of freshwater transported [31]. Though the FWBH has not
been brought into actual practice, a patent on the entire process was filed in 2011 by a French
company after adding processes to treat and clean the freshwater on their return passage or prior to
unloading of the freshwater. The patent has been registered under the World Intellectual Property
Organisation (WIPO) [32].

The proposed use areas discussed here are all technically feasible but may not be economically
viable as conservative estimates of transportation at US$ 1.50/m? (from Japan to Saudi Arabia) are
much higher than the desalination cost of US$ 0.60/m3. The bigger challenge is to find an agency
willing to operate the vessel in its changed configuration and connect it to the shore utilities for the
function proposed. Like all efforts of this magnitude, it requires the will and the policy push of the
policy-makers to make the proposal a business model that is acceptable to the industry. Since the
design was proposed by ClassNK in 1985, the safety of the vessel and the environment and its
functionality is considered beyond doubt. With regard to the FWBH, it is not covered by any
Classification Society to date and hence needs greater deliberation for greater understanding to
emphasize the need for Classification Societies to support the use of oil-carriers in a FWBH role
to meet the growing global water crisis. Accordingly, FWBH will be discussed in greater detail
both from a technical and economic point of view to show that use of repurposed oil-carriers needs

more detailed planning.

Beyond these, some maritime operators like Maersk have focused on micro-solutions. The shipping
giant using innovative systems to optimize fresh-water generation onboard their vessels have begun
producing and storing the produced clean drinking water during their regular transits. This stored
clean water can be delivered in containers to remote coastal areas facing scarcity [33]. Table 1
shows a cost-benefit analysis of desalination that needs to be challenged by the FWBH. It is
important to mention that these costs will change upwards in the event of conflicts as seen in US-
Israel-Iran wherein desalination plants in Iran have been targeted and destroyed by the US forces
[34].
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Table 1: Desalination Cost-Benefit Analysis (Source: Author, from various resources)

Category Specific Element Details and Values (per md)
Financial Costs Capital Expenditure $0.25 — $0.45: High plant construction costs.
(CAPEX)
Operational Expenditure $0.15 — $0.25: Membrane replacement and chemical
(OPEX) treatment.
Energy Consumption $0.20 — $0.35: High-pressure pumping (requires 3-4
kWh/mg).
Environmental Marine Ecosystem Impact High: Discharges toxic, concentrated brine that
Costs depletes oxygen levels.
Logistical Transportation & Logistics $0.00: Produced locally directly at the coastline,
Benefits eliminating freight fees.
Strategic Fresh Water Security Vital: Provides a reliable, continuous alternative for
Benefits water-parched regions.
Overall Total Financial Cost $0.60 — $1.05: Currently cheaper and more viable
Economic than maritime backhaul shipping.

Baseline

Comparing Oil and Freshwater Logistics

The first question is why oil trade is successful but freshwater trade never gained traction even
though the Middle East countries are the most impacted by a freshwater crisis. The simple answer
is that the entire supply chain of the oil industry is managed by a small network of national oil
companies and specialized global shipping fleets. As a result, the pipeline, storage hubs, and other
support systems are universal. This allows a tanker to deliver cargo to any port in any part of the
world. All this is feasible because oil is traded via high global future contracts that allow
logisticians to hedge transportation risks [19]. On the other hand, freshwater logistics are
fragmented and not economically lucrative as water is a low-value commodity which has localized
management with a subsidised pricing structure as access to freshwater is considered a fundamental
right of all human beings. Being heavier than oil (1 litre of freshwater weighs 1kg but it is 0.85~0.95
kg for oil), it requires more energy to move, whether through pipelines, bags, or by barges [35].
Governments supply freshwater at highly subsidized rates because it is a basic necessity. This
makes third-party investment in water transport unviable [36]. An unpredictable freshwater
requirement makes usage of assets such as tankers and barges unpredictable, destroying any

guaranteed return on investment. These factors have prevented development of intermodal
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infrastructure and use of modern digital infrastructure for tracking suppliers and distribution hubs
for water transportation, leading to line losses and operational inefficiencies and hence reduced
profits [37]. This furthermore makes a global spot price for freshwater impossible, with the rate

being driven by the freshwater crisis prevailing in a region or country.

Although using repurposed oil-carriers may be a practical option for addressing water scarcity, this
option is considered a stopgap arrangement to address local emergencies rather than provide a
permanent solution. Even though oil-carrier ships have a high potential to carry freshwater because
of their capacity, the amount of water carried in a Very Large Crude Carrier (VLCC) is only about
320,000 m2 (2 million barrels or 320,000,000 litres) which is consumed by a major city (i.e., a
large, heavily populated urban centre, serves as a primary hub for business, culture, and
government, usually with a population of over 100,000) in a matter of days (at a global average of
100 litres per person per day). To add to this, ocean freight is expensive, cost increasing with
distance travelled. Hence such movement of bulk water in ships becomes uneconomical over
distances greater than 884 km [38]. Potable freshwater, when transported in active oil-carriers, is
likely to be contaminated because of residual oil in the tanks. If these residues have to be removed,
the cost associated with cleaning and making the tanks ready for carrying potable water will be
very high and time consuming [39]. These added activities make logistics of freshwater movement

by ships highly inefficient.

Technical and Engineering Requirements

Major oil exporting countries in the Middle East (i.e., those that extract more crude oil than they
consume) experience arid conditions and have not been endowed with the natural resource of
freshwater. Since the natural climate is ‘dry’ in the Middle East, these countries remain water
deficient for most of the year. Saudi Arabia, UAE, Oman, Qatar, Kuwait, and Bahrain have no
rivers or freshwater lakes. They do, however, have large reservoirs that geologically trap
groundwater, which is the main source of freshwater for these countries. Small dams are also
constructed to increase the groundwater recharge. With these countries experiencing economic
growth from sale of oil, both their population and social development has seen an increased growth.
This has resulted in increased demand for freshwater which is currently met by desalination. There
have been plans to replace the existing desalted water with natural groundwater [40]. This has
required looking at alternatives which include using shuttle tankers to get freshwater from Pakistan
and Turkey [40].
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Since oil tankers delivering crude oil to various parts of the world have to come back to the
originating country without any return cargo, there is a possibility of filling freshwater in place of
oil and ballast in the return voyage from the country where crude has been delivered. Such a
mechanism is called freshwater backhauling (FWBH). It can effectively address the water shortage
in oil-producing, water-deficient countries. While this procedure is possible for every type of cargo
vessel, such as bulk carriers and container vessels, we will limit our discussion to oil-carriers. As
mentioned earlier, the concept was researched extensively in the 1970 and 1980s during the
turbulence in the oil markets, but ceased to get attention abruptly when the global economy
recovered. FWBH reduces emissions in the return passage and solves the problem of movement of
invasive species across maritime boundaries as the ballast water is now replaced by freshwater
from the oil-importing nation [41]. Still, it has received little attention. With increasing focus on
decarbonization of the shipping industry and control of invasive species, the subject needs to be

revisited as it also addresses the issue of the global water crisis.

As discussed above, the use of dedicated tankers for freshwater transport is cost-prohibitive when
compared to other options such as desalination. If turnaround time in port because of loading of
freshwater is not high, freshwater transported as ballast would add minimally to the cost — making
it cheaper than when dedicated vessels are used. In the case of segregated ballast tanks being used
for carrying freshwater, the need for costly ballast water cleaning systems can be eliminated, an
economic advantage. Since the existing design and construction of oil carriers do not make them
automatically compatible for being used as freshwater carriers, these ships need to undergo
technical modifications. Similarly, since the port-side infrastructure currently does not cater for
handling loading and unloading of freshwater, this infrastructure too would require modifications.
Accordingly, the minimum essential modifications required to make FWBH successful are now

discussed.

Modifications on the Vessels

The existing oil-carriers are not aligned to carry potable freshwater as the coating used by oil
carriers does not prevent water toxicity and contamination. Since the unloading and transfer of
crude oil onboard is done by an independent system onboard, these too need to be examined and
modified where required. The following modifications are considered critical to ensure that
freshwater as a backhaul can be handled by the oil-carrier.
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(a) Pumping Head Enhancement: Ballast pumps require an increased discharge head of 100-150
metres to transfer water to shore-based storage to cater for shore-side static heads, frictional loss in
shore-based pipelines, overcoming back pressure from shore-based tanks, and high resistance of
shore-based filtration systems. This requires augmenting capacity of existing pumps, installing
intermediate deck pumps, or using independent submersible pumps of approximately 1,000 m3/hr

capacity.

(b) Deck Manifolds and Piping: A separate set of hoses and manifolds are required to be installed
for freshwater handling. These manifolds must be installed on the deck near oil manifolds to avoid
the need for installing new hose-handling davits for freshwater. Such dedicated hoses prevent water

contamination and ensure purity of the freshwater.

(c) Tank Vent Redesign: With freshwater being used for ballast in place of sea-water, the tank
venting systems needs to be structurally re-engineered to handle the new pressure dynamics and

prevent failure of ship structure due to over pressurisation.

(d) Anti-Corrosion Tank Coatings: Ballast tanks are coated with copper and lead leaching paints to
protect them against marine organisms present in the seawater used for ballast. If copper and lead
are allowed to leach into the freshwater, it can make the water unfit for use. Hence, there is a need

to recoat the ballast tanks with polyurethane or glass-reinforced plastic paints.

(e) Strength of ships. Freshwater has higher density than oil and so is heavier than oil. Since the
oil-carriers are structurally designed for a lower density fluid, structural strength analysis for an
increased density fluid would need to be undertaken prior to use for transport of water. Although
the problem can be addressed by loading a lesser quantity of freshwater, this would result in
sloshing and free-surface effect that would result in loss of stability of the ship at sea. Only detailed
calculations would define the limitations over which these oil-carriers can operate with freshwater

as cargo in place of crude oil.

(F) Considering suggestions of patent. The onboard water treatment and clean freshwater storage

system proposed in the patent on FWBH taken in 2011 [32] and discussed earlier can be
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experimented with. Use of this proposed methodology will ensure that minimum treatment of the
transported water is required after it has reached its destination port.

Improvement of Marine Infrastructure at Ports

To load and unload freshwater in an oil-carrier there is a requirement of providing specialized
equipment that can handle freshwater without contaminating it. Currently, most large oil-carriers
cannot come alongside conventional piers and hence operate from specialized mooring points
which need to be augmented with specialized facilities to load and unload freshwater. Accordingly,
some modifications would be required at these ports. Some of these modifications are discussed
here.

(a) Offshore Loading and Unloading: To load and unload cargo from large oil-carriers that cannot
come alongside conventional piers, specialized mooring points using Single Point Mooring (SPM)
buoys or advanced offshore mooring technologies like HiLoad systems are used. Conventional
SPMs are designed to handle only one single cargo. Advanced SPMs can handle multiple distinct
products to avoid contamination. Hence, the existing SPMs would need to be modernized to handle

multiple fluids.

(b) Storage Reservoirs: Crude oil is loaded in oil-carriers from onshore storage facilities that have
a high-volume of buffering (typically 70,000 to 150,000 DWT per vessel). If freshwater has to be
loaded/ unloaded from these ships, similar specialized facilities are considered a basic essential to

ensure minimum time in port.

(© Water Treatment Facilities: The freshwater unloaded from the ship would need to be
purified prior to use and may require site-specific infrastructure. Infrastructure comprising removal
of fine coalescence and polishing filtration activities for purification [42] is considered necessary
to ensure effective use of the transported freshwater for drinking, agriculture, or any other purpose.

Using Segregated Ballast Tanks (SBT) and converted cargo spaces for FWBH.



Agarwala Natural Built Social Environment Health 2(4) 2026: 20-44

By using both techniques, viz. SBTs and cargo spaces, the volumetric efficiency of Freshwater
Backhauling (FWBH) can be enhanced. Each method requires completely different infrastructure

modifications, pumping systems, and water treatment strategies.

Segregated Ballast Tanks (SBT)

SBTs are provided as isolated spaces exclusively for stability. They prevent direct contact of the
cargo with the environment in the event of grounding, collision, or rupture of the shell plating. By
using SBTs for freshwater, the likely contamination from oil residues can be avoided requiring
lesser efforts for purification. Care needs to be taken to change the coating of these tanks from the
currently used leaching paint to a glass reinforced plastic or polyurethane to avoid contamination
of the freshwater. In addition, high volumetric pumps would need to be provided to maintain the

desired discharge head.
Converted Cargo Spaces

By using the cargo space as additional space for transporting freshwater, an increased quantity of
water can be transported. But use of this space introduces hydrocarbons as contaminants in the
freshwater. Cleaning of these cargo tanks is cost prohibitive and would increase time in harbour
This increases the overall cost of freshwater transportation, which is undesirable. The oil present
acts as a barrier between freshwater and the tank structure avoiding any chances of corrosion. Since
the main cargo pumps are of high capacity, they need no modification and can be used to pump out
freshwater. But port facilities to receive, handle oil contaminants, and filtration of the freshwater
using synthetic resins or ceramic blocks would need to be created. Freshwater carried in cargo

space is considered fit for industrial and agriculture use after minimum essential purification.

Towards an Economic Viability Framework

No proposal or project is considered viable unless its economic viability can be ascertained. This
can convince the investors that the proposal is economically competitive. Since the FWBH
operation has numerous variables that depend on an array of parameters, the most appropriate
method for economic viability assessment is to create a mathematical economic model. One such
model for FWBH has been discussed by Sharma and Lande in their Norwegian Master’s thesis
[31]. Using this model, if we consider an average cost of desalination at US$ 0.70, a dedicated
tanker transportation system would be difficult to operate since moderate to high rates of operating

a dedicated tanker make the transportation uneconomical. But, Freshwater Backhauling (FWBH)
32
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is considered technically feasible and economically competitive as it will be able to deliver
freshwater to arid regions at approximately US$ 0.83 to 1.16 per ton for trips between Japan and
Saudi Arabia. This is calculated considering the movement of nearly 50-200 million tons of

freshwater annually using double-hull Suezmax, VLCC, and ULCC tankers.

It is seen that this cost would reduce if freshwater would be carried in both segregated ballast space
and in cargo tanks. The process is also much cheaper than building and operating dedicated
freshwater tankers. This said, the cost of infrastructure — which is a one-time investment — has not
been catered for in this calculation but is considered essential to be undertaken for FWBH to be
successful. It is important to note that use of these oil-carriers in an alternative role depends on the
prevailing global oil market conditions as the movement of these oil-carriers is driven by oil prices
and geopolitical situations. The supply of freshwater to countries through FWBH may not be a
completely reliable method for arid and water parched countries. The economic advantage of
moving freshwater using repurposed oil-carriers would only increase when the cost of production
of purified natural water rises, thereby reducing the cost differential between the produced and
transported water [43].

The argument of economic viability is considered valid as long as alternatives of obtaining
freshwater, say through desalination are available. If aggressors exploit ecological and
infrastructure fragility during conflicts by damaging desalination plants to make them non-
operational [34], as seen in the US-Israel-Iran conflict, the need for water trade by Iran becomes a
necessity rather than a desire. It is no wonder that countries are looking at various alternatives to
ensure water security including creating strategic storage capacities [20], use of nature based
solutions [44], and import of water using pipelines [40]. It is recommended that along with these
methods, FWBH can be actively considered as a means of achieving water security. With use of
Sovereign Wealth Funds in water-scarce Middle East countries, experimenting with FWBH should
not be difficult.

Other than these direct economic advantages, there are other advantages of using FWBH. These
include disallowing movement of invasive species across maritime boundaries and reduction of
carbon emissions as the return passage is undertaken in a fully loaded condition. These tacit
advantages align well with the present efforts of the GCC countries to shift away from a fossil fuel
based economy [45] and hence must be explored and used by them. Additionally, FWBH helps
overcome the challenges of environmental degradation by desalination plants. It also ensures that
job opportunities are created for people within the country through related projects and actual

import of freshwater. A case in point is the US$ 700 million worth of infrastructure projects that
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Israeli companies gained after the deal of freshwater trade was signed between Israel and Turkey
[46]. Such exports can improve relations between two countries, and may also be used as a

geopolitical tool if relations deteriorate.

Case Study

To strengthen the argument that use of repurposed oil-carriers should be encouraged for
transportation of bulk freshwater from water-rich countries to water-deficit countries. Accordingly,
we now discuss a case study of water supply from Turkey to Middle East countries from the
Manavgat River using backhaul logistics. Turkey proposed the project. As part of the project, Israel
agreed to purchase 50 MCM (Million Cubic Metres) of water annually for 20 years from Turkey
in 2004.The agreement was subsequently shelved in November 2006 because the parties had
neither settled the price nor selected the company to implement the water transfer. Rather than
relying on water backhaul, Turkey chose a more reliable subsea infrastructure creation in the form
of subsea pipelines to supply water to Northern Cyprus that allows movement of 75 MCM of water
annually via a fixed anchor line [47]. Understanding the project helps understand the actual

possibility and feasibility of repurposing oil-carriers to address water scarcity.

The Manavgat River Project

Manavgat River of Turkey discharges into the Mediterranean Sea. Approximately 6 MCM is
considered ‘lost’ to the sea on a daily basis. Realizing that the entire Middle East consumes
approximately 10 MCM of fresh water daily using desalination plants, Turkey has built maritime
loading infrastructure at the mouth of the river to filter, store, and pump water directly into deep-
sea vessels. The project commenced in 1992. Turkey’s General Directorate of State Hydraulic
Works (DSI) was permitted to develop water supply for domestic use. Accordingly, water from the
river is pumped up to the purification plant using a pumping system. The purification plants
undertake chemical and physical water treatment to meet WHO standards [48]. These plants are
situated at a height of 67 metres above the mean sea level where a water tank of 500,000 m? stores
half of the supplied water as treated water and the other half as raw water. The water from these
tanks is supplied to two separate Single Point Mooring (SPM) points — one for raw water and the
other for purified water — both by gravity. See Figure 1.



Agarwala Natural Built Social Environment Health 2(4) 2026: 20-44

The Manavgat river freshwater supply project is designed to export 180 MCM of freshwater
annually. The purification plant is capable of filtering 250,000 m3 of purified water daily —
alongside an equal volume of raw water [49]. To support the movement of freshwater to the ships,
dual undersea pipelines extend 12 km out into the Mediterranean Sea, terminating at two Single
Point Mooring (SPM) buoys. These buoys permit large vessels (60,000 to 250,000 DWT) to fill
their holds directly from the sea terminal [49].

. Purification
L | Plants

Intake

Control Valve
[iovtae

Ao

Manavgat
River

it Mediterranean
l Mean Sea Level

Figure 1. Schematic of Manavgat River Project [50]

The Manavgat River Backhaul Water Logistics

The deep-sea vessels used for transportation of water include converted oil supertankers,
specialized towing bags (made of Medusa fabric), and crude oil, liquefied natural gas (LNG), and
liquefied petroleum gas (LPG) tankers, that otherwise would sail from Turkey to Saudi Arabia
completely empty after unloading their cargo in Turkey [46]. As part of the Backhaul Water
Logistics strategy, these ships replace the seawater carried in ballast tanks for structural stability
with freshwater from the Manavgat River [47]. As a result, the fleet usage is optimized by 30%,
the water cost in Middle East countries can drop by 30%, and the cost of infrastructure creation
towards new desalination plants can be saved. On the environment side, backhaul logistics have
allowed reduced carbon emission from ships on their return passage. They have ensured that
invasive species from the Mediterranean do not move to the Arabian Sea. Additionally, the

ecological burden created by desalination plants of the Middle East has been reduced.
35
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Limitations

Although the project is considered as an initiative towards increasing regional security and stability,
dependence on an external sovereign country for a critical resource, freshwater, is something most
countries would like to avoid. Such dependence gives the supplying country the option to use water
as a geopolitical tool. The same cannot be said for oil wherein the possible suppliers are diverse.
The limitation of this freshwater trade to remain economical is its distance, which is recommended
to be less than 884 km [38].

This distance is maintained and the necessary ships are available, but care is required to ensure that
the withdrawal rate of freshwater is lower than the charging rate for sustainable use. Furthermore,
the impact of water withdrawal on sediment deposition and the health of the local ecology requires
greater scrutiny. The environmental and social impacts from building and operating the freshwater

transfer infrastructure need to be considered [51].

Economic Viability

The economic viability of backhauling freshwater from the Manavgat River is examined by
comparing the total costs per cubic metre (m®) transported via backhauling against Seawater
Reverse Osmosis (SWRO) desalination, which currently provides a baseline price of water in the
Middle East. With improvement in desalination technologies, this economic viability has become
challenging [52]. Considering the CAPEX, OPEX, energy consumption, logistics, and
transportation the comparative values as obtained for a backhaul and desalination methods is seen
in Table 2 below. One notices that with the desalination baseline (US$ 0.60 to 1.05) being less than
Manavgat Backhaul Shipping (US$ 0.70 to 1.40), the backhaul method is not viable economically
— but still remains competitive in certain circumstances. It would become acceptable only if either
the cost of local electricity in the Middle East rises above US$ 0.20/kWh or where there is an urgent

need to meet freshwater requirements until a new desalination plant can be constructed.
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Table 2: Comprehensive cost structure of water supply and production in the Middle East
countries (Source: Author from various resources)

Cost Component Backhaul of water from Modern SWRO Desalination
Manavgat River
Capital Expenditure  $0.15 — $0.30 (Low $0.25 — $0.45 (High plant construction costs)
(CAPEX) onboarding infrastructure)
Operational $0.10 — $0.15 (Source water $0.15 — $0.25 (Membrane replacement,
Expenditure (OPEX) extraction & treatment) chemicals)
Energy Consumption $0.05 —$0.10 (Low-pressure  $0.20 — $0.35 (High-pressure pumping: 34
pumping) kWh/m?3)
Logistics and $0.40 — $0.85 (Vessel charter,  $0.00 (Produced locally at the coastline)
Transportation port fees, cleaning)
Total Cost $0.70 - $1.40/ m? $0.60 — $1.05/ m®

Discussion and a Way Ahead

Freshwater scarcity has been a challenge for many countries because of climate-driven events and
an increasing population. This has forced countries to consider steps toward sustainable water
resource management approaches. It is essential to educate people to conserve and judiciously use
available water resources, and managing these resources equitably is also essential. This means
transboundary cooperation and agreements. These complications and the fact that freshwater is an
essential resource have tended to strengthen the argument for desalination. This has allowed the
technology to reduce the costs in a high-capacity SWRO plant to be as low as US$ 0.28 /m*. With

desalination having its own environmental concerns, freshwater trade should be investigated.

Even though export of water from water rich sources has been happening for many centuries, it has
not been a formal trade because of the low cost of water and the costs and efforts in transporting
water using dedicated vessels. To minimize the cost associated with specialized vessels, and to
make optimal use of the return passage of an oil-carrier involved in export of oil, ClassNK
undertook a feasibility study of using repurposed oil-carriers to transport water in segregated ballast
tanks and oil cargo tanks in 1985. Such repurposing of oil-carriers was found to be technically
feasible and economically competitive — but did not develop for lack of investors. The closest it
reached reality was with the Manavgat Backhaul Water project of Turkey, where it aimed to supply
water from the Manavgat River to the Middle East countries and Eastern Mediterranean countries
including Israel. Turkey, under an agreement with Israel, modernized the infrastructure of its ports
and supply systems but the agreement was shelved within two years of its signing. The main reason

for this cancellation was Turkey’s increase in the price of transported water. This increase was a
37
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result of the high global cost of fuel and increased cost of purification caused by the privatization
of water treatment facilities by Turkey [53]. As a result, Israel shifted their focus towards

developing desalination technology.

The threat to freshwater security is real, and demands action. With advances in technology, it is
now possible to conserve existing natural water resources while transforming alternative ones into
a source of high-quality freshwater. This effort requires political cooperation in conserving
freshwater sources that may be in rivers, lakes, on surface, or in groundwater resources. But
geopolitical considerations and fear that one country may use lack or abundance of freshwater as a
geopolitical weapon to gain leverage against another impedes such cooperation. If the freshwater
resources used for export are over-exploited, they may lead to freshwater scarcity in the exporting
nation — thereby creating freshwater scarcity and even ecological damage for them. Turkey began
by exporting freshwater from the Manavgat River but today finds that the water table of the country
has reduced drastically. With a growing internal freshwater demand, if adequate corrective actions

are not taken, Turkey too may end up facing freshwater scarcity [47].

The present study addressed the use of repurposed oil-carriers for transporting freshwater in order
to meet global water scarcity. The study has shown that the entire process of using repurposed ships
is technically feasible and economically competitive under certain conditions. But first there is a
need for interested stakeholders and investors. As demand for freshwater increases with increasing
populations and a greater demand for industrialization, agriculture, and rise of Aurtificial
Intelligence, the time is fast approaching when water trade would become economically lucrative

as oil is today.

It will probably not be long before water diplomacy and water trade becomes an independent
branch of International Relations. Currently, freshwater is not a traditional commodity but it is
traded for money globally within countries in the form of packaged drinking water [54]. Movement
from intra-country trading to inter-country trading is a matter of time. It will entirely depend on
how seriously sustainable means are used to preserve existing freshwater resources and the

reclamation of wastewater.

It may seem unlikely that ship owners will accept enormous costs for fitting manifolds, pumping
arrangements, and recoating segregated ballast tanks. The shore-based infrastructure to load and
receive water from tankers may be non-existent and a costly arrangement. The odds for scrapping
a 20 to 25 year old tanker may be high. As global temperatures increase through climate change,
the demand for freshwater is only going to increase. This and the growth in world population will

increase the stress on terrestrial freshwater resources making freshwater availability scarce.
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Freshwater will then become an essential commodity within the world trading system. But if this
trade in freshwater is not handled sustainably, it would only lead to environmental deterioration. It
is thus imperative that adequate studies are undertaken to take the concept of FWBH to a logical

usable conclusion. We may not use it immediately, but we will be ready when the time is ripe.

The present study shows that the FWBH concept needs to move from theory to practice. It is
essential that a localized pilot project be launched as a scenario-specific project on a single route.
This project needs to be between a freshwater-surplus oil-importer and a freshwater-deficit oil-
exporter to monitor coating durability, cross-contamination, and pump efficiencies in real-time.
The Manavgat River project can be considered as a model project for such studies. To take the
concept forward as a formal standardized framework, public authorities and global trade bodies
such as the International Maritime Organization (IMO) and the World Trade Organization (WTO)
must become engaged with the reality of the problem, and its possible solution. Such involvement
will help resolve the economic status of bulk freshwater and institute long-term, stable public
contracts instead of volatile spot market agreements. Additionally, newly constructed ships and
those undergoing major refits must align to FWBH design to let ship owners leverage freshwater
transport as a compliance exemption, lowering operational treatment costs, and avoid cost of

retrofitting at the end of service life.

As part of repurposing oil-carriers, ships that have lived their service life can be additionally used
as floating wastewater plants, or to provide different kinds of water through desalination, for
movable power stations using wave energy convertors, or living space to overcome non-availability
of land, for creating land structures including runways in the sea, or as multi-storeyed car parks.
Since most of these proposals have been proven as feasible, the need of the hour is public-private
partnership to expedite change.

Conclusion

The study has examined the use of repurposed oil-carriers for addressing global water scarcity.
Although a number of proposals have been found to be technically feasible, none of them has
moved up the Technology Readiness Level (TRL) ladder so as to be proven as economically viable.
Therefore, it is difficult to say whether FWBH is a feasible option in the global freshwater crisis or
not. One realizes that this feasibility depends on the mode of operation, the market condition of
global oil, the price of electricity in countries using desalination plants, the location of ports and

terminals, as well as the influence of environmentalists to challenge the extensive use of
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desalination plants. When compared at the environmental scale, FWBH is an option superior to

desalination. Still, no full-scale FWBH project has seen the light of day so far. The international

trading of freshwater must become a reality. The present study thus makes an effort to accelerate

thought towards implementing a localized pilot project to study the FWBH proposal closely and in

real-time so as to be future-ready.

Disclaimer

The views expressed in the paper are that of the author. They do not reflect the views or policies

of the Government of India or the Indian Navy.
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