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WATER INTENSITY REDUCTION PROGRAM FOR A SUGAR BEET FARMER & PROCESSOR, EGYPT
Terms of Reference

A. BACKGROUND
The Client operates a large beet sugar factory in Egypt, currently producing 11,000 tons of beet per day and is supported by an integrated beet supply chain in the surrounding desert / reclaimed lands.
Egypt is among the most water‑stressed countries globally. National planning instruments such as the National Water Resources Plan (NWRP) 2017–2037 place strong emphasis on rationalizing water use and expanding non‑conventional resources (e.g., reuse), and the Water Resources and Irrigation Law No. 147/2021 strengthens requirements for water abstraction approvals and groundwater well licensing.
The Client’s growth plans including additional beet acreage require a robust, investment‑ready program to reduce water intensity across both beet farming and mill operations.
On the farming side, production occurs in a desert context (high evaporative demand, wind, and variable soil constraints including sandy/calcareous soils and salinity risk). Sugar beet’s typical total water requirement is on the order of 550–750 mm per growing period (climate dependent). It is particularly sensitive to water deficits during emergence and roughly the first month after emergence; frequent light irrigations are therefore often preferred during establishment, including to manage soil crusting and top‑soil salinity. After establishment, moderate deficit irrigation strategies may be feasible in some contexts if carefully timed to protect sugar yield and recovery.
The Client has already invested substantially in centre‑pivot irrigation systems for existing beet fields and is not willing to replace this installed pivot equipment. The assignment will therefore prioritize optimization of existing pivot systems and operational practices (management, monitoring, maintenance, controls), and will only consider alternative irrigation technologies for future expansion areas where new equipment decisions are still open.
Reference frameworks and good practice benchmarks (non‑exhaustive)
FAO crop water requirement methods (e.g., FAO‑56 Kc‑ETo approach) to estimate crop water needs and support irrigation scheduling.
ISO 11545 (centre‑pivot and moving lateral machines – determination of uniformity of water distribution) and/or equivalent in‑field uniformity testing methods.
World Bank Group / IFC Environmental, Health and Safety (EHS) Guidelines as Good International Industry Practice (GIIP), including Sugar Manufacturing and crop production guidelines. (Example benchmark: fresh water consumption in beet sugar manufacturing ~0.5 m³/ton beet for comparative purposes, subject to site context.)
ISO 46001 Water Efficiency Management System concepts for continuous improvement (objectives, targets, monitoring, management review).
Alliance for Water Stewardship (AWS) Standard concepts for site and catchment water stewardship (where relevant).
B. OBJECTIVES
The key objective is to secure long-term water availability for expansion by reducing water intensity across both beet farming and mill operations. These sub-objectives will support this key objective:
· Identify commercially viable opportunities to reduce irrigation and process water use while maintaining or improving yield and sugar recovery.
· Develop a phased, investment‑ready roll‑out strategy aligned with water constraints, permitting requirements and growth plans.
C. SCOPE OF WORK
The Consultant will deliver an end‑to‑end water intensity reduction program design, covering both farm (beet cultivation) and mill (beet processing) operations. The scope is expected to include the activities below (the Consultant may propose refinements based on their diagnostics):
1. Data collection and full water baseline (farm and mill)
· Establish a complete water balance and baseline across the beet value chain, including: m³/ha, m³/ton beet delivered, and m³/ton beet processed (and/or m³/ton sugar produced where relevant).
· Map all abstraction points and water sources (surface water, groundwater, delivered water), conveyance, storage, and key uses; verify metering coverage and accuracy.
· Compile at least 12 months of historical data where available (water volumes, beet yields, sugar recovery, factory throughput, downtime, rainfall/evapotranspiration (ET) where available). Where metering is incomplete, develop defensible engineering estimates and a prioritized metering improvement plan.
· Characterize irrigation water quality and key soil constraints (e.g., salinity/sodicity indicators, infiltration constraints), and confirm how these affect leaching requirements and irrigation scheduling in desert/reclaimed soils. Water and soil sample laboratory analysis will be supplied by the client.
· Conduct a site visit to view all water-related practices at the farm and mill.
2.  Benchmarking and performance diagnostics
· Benchmark irrigation performance and water productivity against relevant regional and international best practices for sugar beet under arid conditions (accounting for climate and soil differences).
· Assess centre‑pivot performance on representative fields, including distribution uniformity testing (per ISO 11545 or equivalent), evaluation of operating pressures, nozzle condition, speed control, end‑gun use, and exposure to wind drift and evaporation losses (WDEL).
· Quantify irrigation losses and their drivers where feasible (e.g., day vs night operation, nozzle elevation/type, wind conditions), and identify no‑regret operational measures to reduce WDEL within the constraint of existing equipment.
· Assess mill water performance against GIIP benchmarks, including raw material washing circuits, process water loops, boiler/cooling makeup, condensate recovery, and effluent generation.
· Identify key constraints and root causes driving high water intensity (e.g., over‑irrigation to manage salinity, poor uniformity, unoptimized scheduling, high factory wash water intake, insufficient internal reuse).
3. Intervention identification and concept designs (prioritized opportunity register)
The Consultant will identify, screen and prioritize interventions across farm and mill operations. Solutions should be practical for desert conditions, implementable with existing centre‑pivot assets, and scalable for future expansion.
a) Farm / irrigation interventions 
· Irrigation scheduling optimization using climate‑based ET estimates and/or remote sensing ET, linked to crop stage, soil water holding capacity and operational constraints.
· Establishment‑phase irrigation guidance (emergence to ~30 days): practices to protect stand establishment while minimizing losses (frequency, depth, crust management, top‑soil salinity management).
· Exploration of commercially viable deficit irrigation strategies after establishment (where agronomically appropriate), including yield, recoverable sugar and quality impacts.
· Soil moisture and salinity management improvements (e.g., sensor‑guided scheduling, improved leaching management, field scouting protocols).
· Pivot operation and maintenance program: pressure and flow verification, nozzle audits, tower alignment and speed calibration, and operational practices to reduce wind drift and evaporation losses (without replacing whole pivot systems).
· Energy–water optimization for pumping (e.g., pump efficiency checks, variable speed drives where appropriate, pressure management).
· For future expansion areas only: comparative assessment of irrigation technology options (e.g., pivots vs drip / subsurface drip) based on water productivity, salinity risk, capex/opex, filtration and maintenance requirements.
b) Mill / processing interventions
· Reduce fresh water intake through internal reuse and recycling (e.g., reuse of recovered condensate and recovered beet water, reuse of suitable process water for beet washing).
· Closed‑loop or partially closed‑loop systems for high‑solids wash circuits and other water‑intensive steps where feasible.
· Condensate recovery and segregation for appropriate reuse (process vs boiler feed vs cleaning), including quality checks and contamination risk controls.
· Wastewater minimization, segregation and treatment/reuse options (e.g., fit‑for‑purpose reuse for irrigation or auxiliary uses, subject to regulatory requirements and food safety constraints).
· Cooling water and utility system optimization (e.g., makeup water reduction, leak reduction, optimized blowdown).

The Consultant will hold an in-person workshop to discuss the proposed interventions with the Client’s management team to ensure all interventions are practical and there is buy-in from the Client.
4.  Quantification, business modelling and investment cases
· For each priority intervention, quantify expected water savings (m³ and intensity), yield / recovery impacts, capex and opex, energy impacts, payback period and key implementation risks.
· Develop scenario‑based models reflecting water constraints and growth plans (e.g., expansion acreage, factory throughput).
· Define a clear savings accounting method (e.g., reductions in metered abstraction, net consumption and/or ET where relevant) to avoid overstating savings from efficiency measures that do not reduce abstraction.
5. Future water availability and sustainable abstraction envelope
· Assess future water availability for the Client’s operating area, including regulatory constraints, permitting/licensing requirements, competing demands, and water quality trends (e.g., salinity).
· Define a sustainable water abstraction envelope to support the Client’s planned expansion, including seasonal constraints and risk buffers.
· Identify water risk mitigation measures (e.g., diversification of sources, storage strategy, reuse, governance and monitoring improvements).
6. Phased implementation roadmap 
· Develop a phased implementation roadmap with clear water‑intensity targets, investment sequencing, dependencies and risk mitigation actions (quick wins, medium‑term retrofits, long‑term capital projects).
· Define monitoring, verification and reporting protocols, including a practical metering and data management plan (dashboard / reporting templates).
D. DELIVERABLES / SPECIFIC OUTPUTS EXPECTED FROM THE CONSULTANT
1. Inception report (workplan, data request list, agreed KPI definitions, and site visit plan) (2 weeks).
2. Baseline water balance and intensity report (farm + mill), including data quality assessment and metering improvement plan (4 weeks).
3. Benchmarking and diagnostic report (irrigation and factory), including key gaps and root causes (2 weeks).
4. Prioritized opportunity register with quantified water savings, capex/opex, payback and implementation considerations (4 weeks).
5. Water availability and abstraction envelope assessment aligned to expansion scenarios (2 weeks).
6. Phased implementation roadmap with targets, sequencing, governance and risk mitigation measures (2 weeks).
7. Final presentation to Client leadership and a handover package (models, datasets, and operating guidelines) (1 week).

The total timeline for the Project is expected to be 20 weeks including time for review and revision of deliverables but is dependent on data availability.

E. INPUTS TO BE PROVIDED BY THE CLIENT
· Access to relevant sites (representative beet farms/fields, pumping stations, reservoirs, factory and wastewater facilities).
· Historical datasets (water abstraction and distribution records, pivot operation logs, energy use, beet yields, quality parameters, factory throughput and recovery, maintenance records).
· Existing drawings and equipment specifications (pumps, pivots, pipelines, reservoirs, factory water and steam systems, wastewater treatment).
· Growth plans and constraints (planned expansion areas, timelines, budget constraints, and non‑negotiables such as existing pivot equipment).
· Relevant permits, licenses and correspondence related to water abstraction and wastewater discharge/reuse.
F. BUDGET AND LEVEL OF EFFORT
The Consultant is expected to propose an appropriate level of effort and budget to deliver the scope above, including:
· A core team combining expertise in: sugar beet agronomy and irrigation, centre‑pivot engineering, process/water engineering for beet sugar factories, hydrology/water resources, and financial modelling.
· Sufficient on‑site time to complete field and factory diagnostics (including pivot uniformity testing and factory water balance verification).
· A clear project schedule with milestones and review points.
G. SELECTION CRITERIA
· Demonstrated experience delivering water efficiency programs in irrigated agriculture (preferably sugar beet and/or arid/desert farming systems).
· Demonstrated experience with centre‑pivot performance assessment and optimization (uniformity testing, scheduling, control systems).
· Demonstrated experience in industrial water efficiency for food/agro‑processing, ideally beet sugar manufacturing (water balances, reuse systems, condensate recovery, wastewater reuse).
· Strong capability in techno‑economic modelling and development of investment‑ready business cases.
· Knowledge of relevant international standards / GIIP (e.g., FAO methods, ISO 11545, ISO 46001, IFC EHS Guidelines) and ability to adapt these to Egyptian regulatory and operating conditions.
· Fluency in English is compulsory. Fluency in Arabic is desirable. 
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