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SOLUTIONS

HYDROGEL-BASED
DATE PALM RESILIENCE PROGRAM

Strategic water productivity, farm-level profitability, environmental validation
and deployment model for the Arabian Golf

This assessment focuses on date palms because they are among the most water-intensive and strategic
agricultural assets, and because dedicated field trials were conducted under UAE conditions at ICBA. The hydrogel-
based approach has also demonstrated broader agronomic potential: alfalfa in desert conditions with approximately
50% less irrigation water, approximately 85% water savings on acacias, ornamental shrubs and turf grass at Falcon City
of Wonders in Dubai, water productivity increases above 90% on maize, cotton and potato during 2025 demonstrations
in Turkiye, and a 50% reduction in water stress on clementine trees in Morocco. These results were reviewed by
representatives of the Mohamed bin Zayed Water Initiative, which selected the solution as a finalist of the Al Miyah
Challenge.

82% 20% 1.62B m° USD 989M

less irrigation water average fruit yield uplift UAE annual water saving direct annual value
ICBA field conditions especially at 1,000 g/tree annualized ICBA result water value + dates uplift

Figures are working estimates intended to frame scale, economics and execution requirements. Final submission should be aligned with official UAE palm
inventories, farm segmentation and water allocation data.

INSTITUTIONAL RATIONALE

Executive Synthesis

Date palms are a national heritage asset, a food security pillar and a major freshwater user in one of the world’s most
water-scarce environments. A hydrogel-based soil amendment, correctly prescribed and precisely placed in the active
root zone, can convert irrigation water into stored root-zone availability instead of surface evaporation, deep filtration
and avoidable irrigation frequency.

Under ICBA field conditions in the UAE, the tested hydrogel reduced irrigation water supplied to date palms by an
average of 82%. Irrigation frequency was reduced from daily watering to once every seven days, without visible drought
damage or stress to the trees. ICBA also reported an average 20% increase in fruit yield, particularly when 1,000 g of
hydrogel was applied per tree of similar age; larger trees may require higher quantities.

For the UAE, the national model indicates more than 1.6 billion m® of freshwater savings per year and close to USD 1
billion in direct annual value when desalinated-water-equivalent savings and date yield uplift are combined. This
national equation is strategic, but it is not sufficient alone: for large-scale adoption, the farmer must also see clear
profitability even where irrigation water is free or subsidized.

Scientific basis: ICBA Project Completion Report, November 2021, including summary, irrigation scheduling, yield, fruit quality and soil biology sections.
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TRANSPARENT CALCULATION

UAE Core Equation

42M > X 38.65 m3 > = 1.62B m?
date palms saved / palm / year freshwater saved / year
1.62B m3 > x USD 0.49 > = USD 795M
water saved Taweelah RO reference water-equivalent value
USD 795M > + USD 194M > = USD 989M

water vaiue additional date value direct annual impact

The water value is calculated using the Taweelah reverse-osmosis desalination reference tariff of USD 0.49/m®. This
does not imply that every agricultural cubic meter currently comes directly from desalinated water. The economic logic
is that each cubic meter saved in agriculture can reduce pressure on national freshwater resources and, with
appropriate water allocation management, can be translated into avoided or reallocated desalination needs.

ECONOMIC IMPACT

National Opportunity for the UAE
. UAEmetic _______________________ Estimatedannualimpact |

Estimated date palms 42 million
Annual water saving 1.62 billion m®
Water-equivalent value USD 795 M
FAOSTAT 2024 date production 333632t
Additional production at +20% 66 726t
Additional date value USD 194 M
Combined direct annual impact USD 989 M

Sources and assumptions: ICBA measured water use; FAOSTAT 2024 date production; supplied UAE farm-gate date price midpoint; Taweelah RO reference
tariff.

COMPARABLE FRAMEWORK

GCC Scaling Potential

Wat d/ Pri Total wat . .
Country atersave rllce pex 3 otat water +20% dates Direct impact
year desalinated m value

3

United Arab s 0.49 USD/m
Emirates 42.00 M 1.62Bm Taweelah RO USD 795 M 66726t USD 989 M

reference
Saudi Arabia 37.60 M 1.45Bm?® 0.53 USD/m*® UsSD 770 M 385511t USD1.89B
Oman 9.00M 347.8Mm?® 0.65 USD/m*® USD 226 M 80131t USD 458 M
Qatar 1.50 M 58.0Mm® 0.80 USD/m® USD 46 M 7064t USD67 M
Kuwait 0.60 M 23.2Mm° 0.90 USD/m°® USD21M 20443t USD8OM
Bahrain 0.26 M 9.9Mm?® 0.70 USD/m?® USD7M 2800t USD15M
GCC total 90.96 M 3.52Bm°® 0.531 USD/m*® USD 1.87B 562 675t USD 3.50 B

Country palm inventories and non-UAE water tariffs are working estimates; official inventories and tariffs should be substituted before external submission. The
GCC average water reference is approximately USD 0.531/m°.
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FROM NATIONAL IMPACT TO OPERATING COMPANY

Commercial Model and Profitability

The operating company should not be positioned as a commodity distributor. Its business model is the delivery of a
complete field performance package: agronomic diagnosis, dose calculation, hydrogel supply, precision application,
irrigation reduction protocol, monitoring and impact reporting.

In May 2026, a 40 ft container of 25.6 tonnes of hydrogel meeting the required absorption performance (230x) delivered
to Dubai was priced at USD 3,482 per tonne. At 100 tonnes, the landed price was USD 3,448 per tonne. At a selling price
of USD 10/kg, the material gross margin is approximately 65.5% before local operations, application service, duties,
financing, warehousing and overhead.

Hydrogel Revenue at USD Landed product Gross profit before
Number palms
volume 10/kg cost local opex

40 ft container 256t 25,600 palms USD 256,000 USD 89,139 USD 166,861
100 t procurement 100t 100,000 palms USD1M USD 344,800 USD 655,200
UAE initial cycle 42000t 42,000,000 palms USD 420 M USD 145 M UsSD 275 M
UAE renewal cycle 21000t 42,000,000 palms USD 210 M UsD72M UsSD 138 M

Working business assumption: 1 kg average initial dose per palm, adjusted by water salinity, tree size and agronomic prescription. A 0.5 kg maintenance cycle
after approximately three years is shown as an indicative renewal case.

Hydrogel supply economics at USD 10/kg

B Landed hydrogel cost
mes Gross profit before local opex USD 420M

400

300 -

200 A

UsD million

100 A

o UsD 0.256M UsD 1.0M
T T
40 ft container 100 t order UAE initial cycle
256t 100,000 palms 42M palms
25,600 palms

Before application service, duties, financing, warehousing and overhead.

The table above reflects hydrogel supply economics only, at a material selling price of USD 10/kg. The integrated
treatment model below applies a USD 15/tree package price — combining hydrogel, agronomic prescription and field
application service — which is the commercially relevant unit for operator revenue planning.

At the Farmer Level: Profitability Even When Water Is Free

The national water-saving equation is essential for public authorities, but it does not automatically explain adoption at
farm level. If irrigation water is free or heavily subsidized, the farmer may not directly monetize the water saved. The
private incentive must therefore be built on yield improvement, tree resilience and service simplicity.

The farmer-level model assumes a complete treatment price of USD 15 per tree, including hydrogel (USD 10) and field
application service (USD 5), and an active period of approximately three years. This is equivalent to USD 5 per tree per
year. The model uses the ICBA yield-uplift conclusion of +20% and a mid-case farm-gate date value of USD 2.90/kg.

Published adult date-palm productivity references under low-salinity or better-managed conditions show that
productive palms can generate materially higher yields than young experimental trees. For this reason, the farmer
economics below are presented as commercial adult-palm scenarios, not as a repetition of the lower-yield ICBA trial
trees.
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+209
Baseline adult- . . . 20 % Additional Added value Net farmer gain after
X Salinity / reference framing additional
palm yield dates value / year over 3 years USD 15 treatment
50 kg/tree/year Conservative productive palm 10 kg/year USD 29/year USD 87 USD 72/tree
60 kg/tree/year Central commercial case 12 kg/year USD 34.8/year USD 104.4 USD 89.4/tree

Lower bound of reported low-

7 kg/tree/ 13.4 kg/ D 38.9/ D 116. D 101.6/t
67 kg/treel/year salinity adult-yield range 3.4 kg/year USD 38.9/year us 6.6 USD 101.6/tree
100 Strong adult palm / premium 20 kg/year USD 58/year USD 174 USD 159/tree
kg/tree/year farm case

Break-even: at USD 2.90/kg, a farmer needs only about 5.2 kg of additional dates over three years to recover a USD 15 treatment. With a 20% yield uplift, this
corresponds to a baseline yield of only 8.6 kg/tree/year, well below the productivity of a commercial adult palm.

This creates a clean adoption logic: the State captures the strategic water-saving value, while the farmer captures the yield-
uplift value. The operating company captures revenue through the treatment package. This alignment between public value,
private farm income and operator profitability is what can make a national program deployable rather than merely
demonstrative.

For a UAE program, target farms should still be screened by irrigation-water salinity and palm status. Hydrogel performance is
strongest when water salinity remains within the compatible operating range; under higher salinity, dose, leaching strategy and
expected performance must be adjusted through agronomic prescription.

INTEGRATED TREATMENT ECONOMICS

Indicative Operator Economics at USD 15 per Treated Palm

Treatment Gross Landed Gross contribution before
price revenue hydrogel cost local application opex

Deployment case Treated palms

40 ft container

25,600 palms USD 15/tree USD 384,000 USD 89,139 USD 294,861
deployment
100 t deployment 100,000 palms USD 15/tree Usb1.5M USD 344,800 USD 1.155 M
UAE initial cycle 42;)03(1%200 USD 15/tree USD 630 M USD 145 M USD 485 M

This table illustrates gross contribution before machine amortization, operators, fuel, internal logistics, warehousing, farm scheduling, monitoring, certification,
duties, insurance, financing, overhead and partner margins.

INDUSTRIAL OPTION

UAE Production Logic

Because hydrogel is a petrochemical-derived superabsorbent polymer, local production in the UAE can make strategic and
industrial sense once demand is validated. A UAE plant would reduce import dependency, secure quality standards, shorten
logistics, support regional exports and align the program with national industrial policy. The decision should be taken after
pilot-to-scale demand is confirmed and after quality specifications are locked, because field performance depends directly on
absorption capacity, stability under salinity and controlled granulometry.

ECO-FRIENDLY PROFILE

Environmental and Soil Validation

The environmental argument should be addressed with scientific precision. Although the material is petrochemical-derived,
the relevant question for field deployment is whether it remains safe, stable and beneficial within the root-zone ecosystem
when applied at the correct dose and depth. A 2.5-year assessment conducted by ICBA under UAE conditions supports this
position, reporting no visible damage to treated date palms, improved root-zone moisture conservation, increased soil
respiration and higher microbial biomass carbon in treated soils.
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OECD 423 testing reported no mortality, no clinical signs and normal body-weight
evolution in rats at 2,000 mg/kg body weight.

OECD 301F manometric respirometry indicated that the product was not toxic to
microorganisms.

Treated soil showed higher soil respiration and higher microbial biomass carbon,
indicating a more active root-zone biological environment.

ICBA reported higher available soil nutrients, including nitrogen, phosphorus, calcium
and magnesium, linked to reduced water and mineral losses.

The safety narrative should remain transparent: available testing supports no harmful
Acrylamide risk framing transfer under tested conditions, but regulatory registration must follow local UAE
requirements.

Acute oral toxicity test
Microorganism toxicity control
ICBA soil biology observations

Nutrient retention effect

Environmental notes based on the non-toxicity dossier and ICBA date palm report. The ICBA report also highlights the need to manage sodium build-up through
appropriate leaching practices in saline environments.

Biodegradability and Soil Compatibility

The hydrogel belongs to the family of cross-linked potassium polyacrylate superabsorbent polymers. Its biodegradability was
included in the environmental assessment conducted under ICBA conditions. After approximately 2.5 to 3 years in soil, the
observed loss of dry matter reached approximately 50-60%, indicating progressive degradation under UAE field conditions.

This degradation profile is consistent with the agronomic function of the material: it must remain active long enough in the root
zone to retain and progressively release water across multiple irrigation cycles, while gradually breaking down over time. A
complete environmental assessment should therefore be understood as the combination of low toxicity, low mobility in soil,
progressive biodegradation, and positive biological response in the treated root-zone ecosystem.

SCIENTIFIC CREDIBILITY

What ICBA Changes in the Narrative

The strongest message is not only that water was saved. It is that water was saved without visible stress, while yield and root-
zone biological activity improved. This shifts the narrative from “less irrigation” to “higher water productivity”: the same crop
can become more resilient while each cubic meter produces more fruit and more biomass.

* 82% total water saving over the measured period, with weekly instead of daily irrigation.

* 20% average yield increase, particularly at 1,000 g per tree.

* 1,000 g was the strongest treatment for fruit quality; 500 g was insufficient to preserve optimal fruit size.

* Increased microbial biomass and soil respiration indicate that the material did not sterilize the root-zone environment; it supported

biological activity.

FROM FIELD RESULT TO NATIONAL DEPLOYMENT

Implementation Architecture

1. Agronomic prescription 2. Hydrogel supply 3. Precision application 4. Monitoring and reporting

Dose and depth calculated Product meeting absorption Hydrogel placed in the Irrigation protocol, sensors,
according to salinity, soil texture, and stability specifications, active root zone; trenching is field observations, water
pressure at depth, fertilizers, palm initially imported and later not scalable for millions of saving and yield reports.
age and objective. potentially produced locally. trees.

PROTOTYPE STATUS AND SCALE-UP NOTE

Mechanization Requirement

Scientific validation at ICBA used manually prepared trenches — sufficient for agronomic proof, not compatible with national-
scale deployment. A dedicated injection prototype was subsequently tested at ICBA under UAE sandy-soil conditions. It
averaged 238.7 g per injection cycle with approximately 2% variation, achieved a 90% success rate at 50 cm target depth, and
completed four injections per tree in under four minutes. For field planning purposes, a conservative throughput of one tree
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treated in under ten minutes is a reliable working assumption. A crawler excavator configuration is recommended for pure
sandy conditions.

The prototype is best understood as a proof of mechanization, not a deployable fleet. It is a unique unit; the original
manufacturer is no longer in operation. The appropriate next step is to treat it as validated engineering reference and to
commission a new UAE-oriented industrialization program — designing a purpose-built application tool optimized for local soil
conditions, operational volumes and supply chain constraints.

Tool assessment basis: ICBA Phase Il report on the newly developed injection tool, including quantity control, 50 cm depth testing, sandy-soil adaptability and
application time.

CONTROLLED SCALE-UP

Proposed UAE Deployment Pathway

1. Official demonstration Representative farms across Ras Al Khaimah, Abu Confirm water savings, yield
) Dhabi, AL Ain and selected UAE conditions. response, dose and operational cost.

2. Priority palm estates St!'ateglc public farms, heritage assets and large Visible |nst|tut|o.nal impact and.
private farms. measurable national water saving.

3. Commercial roll-out 'Hydro.gel supply, appllcatlo'n sgrwce, training, Prof'|t.able.operat|ng company with
irrigation protocol and monitoring. certified field performance.

4. Local industrialization Feasibility of UAE hydrogel production and machine Re(.juced import depe.ndency and
manufacturing. regional export capacity.

WATER PRODUCTIVITY AS NATIONAL RESILIENCE

Strategic Conclusion

The hydrogel-based date palm program should be assessed on four levels. First, as a scientific result: ICBA field data support
major irrigation reduction, maintained tree health, measurable yield improvement and positive root-zone biological response.
Second, as a national water productivity lever: for the UAE, the direct annual impact approaches USD 1 billion when water-
equivalent value and additional date production are combined. Third, as a farmer-level economic proposition: even when
water is free, a USD 15 treatment can be justified through yield uplift alone. Fourth, as an investable operating model: imported
hydrogel already provides strong gross margin at USD 10/kg, while a USD 15/tree integrated treatment package creates a larger
service platform.

The opportunity is therefore not simply to sell a soil amendment. It is to build a UAE-based platform combining hydrogel
supply, agronomic intelligence, precision application, monitoring and eventually local manufacturing. That platform would
protect an emblematic crop, reduce freshwater pressure, increase date output, create direct farm-level profitability and
establish a scalable model for climate-resilient agriculture in arid countries.

AUDIT TRAIL

Selected Source Notes

* ICBA Project Completion Report, November 2021: water use, irrigation frequency, yield, fruit quality and soil biology under UAE
date palm field conditions.

* |CBA Phase Il injection tool assessment: quantity injected, target depth, application time and sandy-soil recommendations.

* Non-toxicity / eco-friendly dossier: OECD 423 acute oral toxicity summary, OECD 301F microorganism toxicity control,
biodegradability discussion and ICBA biomass observations.

* FAOSTAT extract, June 2026: date production baseline for 2024 GCC country calculations.

* Commercial assumptions supplied in June 2026: 25.6 t 40 ft container at USD 3,482/t delivered Dubai; 100 t order at USD 3,448/t;
sale price model at USD 10/kg; integrated treatment model at USD 15/tree.

* Adult-palm productivity references: long-term UAE salinity research reports low-salinity adult yields ranging from 67 to 146 kg/tree,
used here only as a productivity benchmark; farm-specific yield and salinity screening should be performed before deployment.
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