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ABSTRACT
Renewable generation can supply water and industrial production at low marginal cost, but its output does not follow a flat
demand profile. A tariff that ignores time can transfer balancing, congestion and storage costs to the utility while leaving
the customer with little reason to move flexible load. A highly dynamic tariff can create revenue volatility that weakens
project finance. This paper develops a financing framework for tariff and contract design where desalination, pumping,
thermal processes, refrigeration, compressed air, electrolysis and other schedulable loads can respond to renewable
availability. The framework separates the capacity payment that supports fixed costs from variable energy, network and
flexibility components. It maps the physical operating envelope before assigning price risk, tests water and product storage
as substitutes for electricity storage, and links dispatch rules to cash available for debt service. Evidence comes from the
International Energy Agency, International Renewable Energy Agency, World Bank, International Finance Corporation,
United States Department of Energy, Dubai Electricity and Water Authority and Saudi Water Partnership Company. The
IEA estimates that industry supplied about 75 GW of the roughly 100 GW of demand response used globally in 2024,
while much more technically enabled industrial load remains unused. IRENA estimates that daily power-system flexibility
needs in 2030 will be around three times their 2019 level. World Bank work on desalination shows that energy allocation
varies materially across public-private partnership structures, from electricity pass-through with efficiency penalties to
developer-managed power procurement. The paper converts these observations into a tariff stack, risk-allocation matrix,
debt-service sensitivities and a 180-day implementation plan. Three figures and three tables use hypothetical author
assumptions to demonstrate method. They are not observed project results, forecasts or investment recommendations. The
central conclusion is that demand timing becomes financeable when the contract protects fixed-cost recovery, measures a
defined flexible operating envelope, prices electricity and network use transparently, and allocates dispatch consequences
to the party able to control them.
JEL Classification: G21, G31, G32, L51, L94, Q25, Q40, Q42, Q48
Keywords: time-of-use tariffs, demand flexibility, renewable electricity, desalination, industrial electrification, water
purchase agreements, power purchase agreements, project finance, tariff design, demand response, debt service,
curtailment

Introduction
Water utilities and industrial plants often buy electricity as though every megawatt-hour has the same system
value. Renewable generation does not arrive in that form. Solar output concentrates around daylight hours. Wind
output varies across hours and seasons. Network constraints can make electricity abundant in one location and
scarce in another. A flat volumetric tariff averages these conditions. The customer sees a stable price, while the
utility or renewable supplier absorbs balancing, curtailment, congestion and firming costs.

Some large loads can change when they consume without reducing final output. A reverse-osmosis desalination
plant can produce more water when renewable supply is abundant and draw from a product-water reservoir later.
An industrial boiler can charge thermal storage. Refrigeration can pre-cool within product-quality limits.
Compressed-air systems, pumping, electrolysis and batch production can move within defined operating
windows. This flexibility has limits. Membranes, furnaces, labour schedules, environmental permits, minimum
stable loads, ramp rates, maintenance and delivery obligations all constrain dispatch.

Demand response is already material but underused. The International Energy Agency estimates that about 100
GW of demand response was used globally in 2024, with industry providing roughly 75 GW [2]. IRENA
estimates that daily power-system flexibility needs in 2030 will be around three times their 2019 level [3]. The
commercial question is how to translate physical flexibility into a tariff and contract that lower system cost
without exposing the project company to cash-flow risk it cannot control.

This paper addresses that question from the perspective of sponsors, public authorities, utilities, lenders and
industrial offtakers. It covers tariff architecture, water purchase agreements, power purchase agreements,
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operating constraints, measurement, revenue stability, debt sizing and implementation. It distinguishes public
evidence from hypothetical author modelling. It does not value a named project or recommend a specific tariff
for any jurisdiction.

1 Start with the service obligation
A tariff should begin with the service the customer or project company must deliver. A desalination concession
may require minimum daily and annual water volumes, pressure, quality and availability. An industrial site may
have product commitments, safety obligations, minimum throughput and delivery windows. These obligations
determine how much load can move and for how long.

The operating baseline should identify non-flexible, shiftable, curtailable and recoverable demand. Non-flexible
demand includes safety systems, critical pumps, control equipment and processes that cannot stop without
damage. Shiftable demand can move within a window while preserving output. Curtailable demand can reduce
temporarily, sometimes at a cost. Recoverable demand must be served later, creating a rebound that can coincide
with a new system peak.

The distinction matters for finance. A lender cannot rely on a flexibility payment if the project must breach its
output obligation to earn it. The base case should use only the operating envelope demonstrated through
engineering tests, historical data or contractual performance guarantees. Additional flexibility can remain upside
until evidence supports inclusion.

2 Map the physical flexibility envelope
The flexibility envelope should state the minimum and maximum electrical load, ramp rate, duration, recovery
time, notice requirement, daily event limit, annual event limit and consequence for output. It should also record
ambient conditions, feedwater quality, product inventory, maintenance status and other variables that change
capability.

Reverse-osmosis desalination can provide scheduling value because product water is storable. Its flexibility still
depends on intake, pretreatment, membrane trains, high-pressure pumps, remineralisation, storage capacity and
distribution demand. Frequent cycling can affect membranes and ancillary equipment. A plant designed for
steady operation may require controls, redundancy or additional storage before it can respond regularly.

Industrial flexibility is process-specific. Thermal storage can separate electric heating from steam demand.
Refrigeration can pre-cool within temperature and quality limits. Batch production can move between tariff
windows. Electrolysers can follow renewable generation when hydrogen storage and downstream demand
permit. A tariff should pay for proven capability rather than assume that the full connected load is dispatchable.

3 Separate energy timing from total consumption
Efficiency and flexibility solve different problems. Efficiency reduces total electricity used for a unit of water or
product. Flexibility changes when the remaining electricity is consumed. A plant can be efficient and inflexible,
or flexible and inefficient. The contract should measure both.

For desalination, a guaranteed specific energy consumption in kilowatt-hours per cubic metre can create an
efficiency benchmark. World Bank analysis of Cyprus describes contracts where electricity cost was passed
through at an industrial tariff, while the concessionaire faced a penalty when actual energy use exceeded the
contractual efficiency target and retained savings when performance improved [12]. That structure protects the
developer from market electricity prices while preserving an incentive to operate efficiently.

Time-based pricing adds another layer. The customer can receive lower energy or network charges during
renewable-rich periods and higher charges during constrained periods. The tariff should avoid rewarding a shift
that increases total consumption enough to erase the system benefit. Measurement therefore needs both energy
intensity and time profile.
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4 Build a transparent tariff stack
A financeable tariff should identify each economic function. The fixed or capacity component covers capital
recovery and fixed operating cost for available service. A variable output component covers consumables and
costs linked to delivered water or product. An energy component reflects electricity procurement. A network
component reflects connection and system use. A flexibility component pays for verified load movement or
shares the avoided cost.

Blending every function into one unit price weakens accountability. The project company cannot see whether a
revenue shortfall came from output, energy prices, network charges or dispatch. Lenders cannot isolate the risk
that drives debt-service volatility. Regulators cannot distinguish a genuine efficiency gain from a transfer
between tariff components.

The stack should specify indexation, tax treatment, losses, metering point, settlement interval and reconciliation.
Any cap, collar or floor should identify the risk it addresses. A floor can protect fixed-cost recovery. A cap can
protect customers against extreme events. A deadband can avoid settlement for immaterial deviations. These
devices should be modelled as contract terms rather than hidden assumptions.

Figure 1. Contract and cash-flow architecture for time-aligned water and industrial demand

The system map separates physical dispatch, tariff settlement and lender cash flow. The structure is illustrative and should be adapted to
the project documents and local market rules.

5 Use a two-part payment for essential output
Water and critical industrial infrastructure carry large fixed costs. A tariff based only on metered output can
expose the project company to demand risk that the public authority or buyer controls. World Bank guidance
describes desalination build-own-operate-transfer arrangements with a fixed capacity payment for capital and
fixed operating costs and a variable payment for variable operating costs [10]. Sample bulk-water agreements use
the same capacity-plus-volume logic [14].

The fixed payment should depend on availability and performance within the project company's control. It can be
abated for unavailability, water-quality failure or failure to maintain the agreed flexible capability. It should not
fall because the buyer chooses to call less output, unless the project company expressly accepted volume risk and
priced it.

The variable payment should track delivered volume and costs that genuinely vary with production. Energy can
sit inside that variable component, but its risk treatment should remain explicit. A take-or-pay quantity, minimum
offtake or deemed-production mechanism can protect debt service when the facility is available and the buyer
does not dispatch it.
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6 Price time through a limited number of states
A tariff with hundreds of dynamic price points can be economically precise and operationally difficult. Many
projects can begin with a small number of system states: renewable surplus, ordinary operation, constrained peak
and emergency event. Each state should have observable entry and exit rules.

The renewable-surplus state can offer a discounted energy or network charge when forecast generation is high
and network capacity is available. The ordinary state supports normal operation. The constrained-peak state
raises the marginal charge or pays a rebate for verified reduction. The emergency state may permit direct dispatch
under a separately compensated demand-response agreement.

The system state should be published with sufficient notice for the facility to respond. Day-ahead notification can
support batch scheduling and reservoir planning. Intraday updates can refine the signal. Real-time dispatch may
be appropriate only for automated load with tested controls. The tariff should specify which signal governs
settlement when forecasts change.

7 Match the tariff window to renewable output
Fixed time-of-use windows can be useful when the renewable and demand profiles are stable. IRENA describes
time-varying tariffs as a means to shift consumption toward lower-cost periods and reduce peak load and network
investment [4]. The window should be reviewed because additional solar, storage and flexible demand can
change the system profile.

A solar-rich system may have low-cost midday energy and an evening ramp. A wind-rich system may need
seasonal or day-ahead variation. A hydro system may value demand reduction during dry periods. Applying one
universal peak window can create a secondary peak when all customers respond at the boundary.

The contract should permit periodic recalibration under a defined methodology. Recalibration should use
published data, preserve an agreed notice period and protect the economic balance of long-term contracts. A
unilateral right to change windows without compensation can create unquantifiable merchant exposure.

8 Allocate dispatch risk to the controlling party
Risk should follow control. The facility controls equipment availability, process scheduling within the agreed
envelope, maintenance and compliance with dispatch instructions. The utility or system operator controls
network availability, tariff publication and curtailment instructions. The renewable generator controls plant
availability subject to resource risk and contractual exceptions. The buyer controls product demand and offtake.

Misallocation raises the financing cost. A project company should not lose availability revenue when it followed
a valid instruction that reduced output. A utility should not pay flexibility compensation when the facility was
already planning to reduce load. A renewable generator should not bear network curtailment beyond the risks
accepted in its power purchase agreement.

The direct agreements should give lenders notice and cure rights before termination. Dispatch disputes should
use meter data and a defined calculation. The contract should state how force majeure, network outages,
renewable shortfall, water-quality events and customer default affect each payment component.

Table 1. Risk-allocation matrix for time-aligned demand

Risk Primary
controller Tariff or contract treatment Lender concern

Facility availability Project
company

Capacity payment abatement and cure
regime Prolonged loss of fixed revenue

Output demand Water or
product buyer

Minimum offtake, take-or-pay or deemed
output Volume shortfall outside operator control

Energy efficiency Project
company

Specific-consumption benchmark and
sharing rule Opex erosion and performance penalties

Wholesale price Assigned by
PPA or tariff

Pass-through, indexed band, collar or
hedge Cash-flow volatility and hedge tenor

Renewable shortfall
Generator or
buyer under
contract

Firming obligation, replacement energy
and caps Unfunded replacement-power cost
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Risk Primary
controller Tariff or contract treatment Lender concern

Network congestion Network or
allocated user

Locational charge, curtailment
compensation and cap Unbounded wheeling or congestion cost

Dispatch instruction System operator
or buyer

Event payment, baseline and make-whole
rule Lost output and rebound cost

Storage performance Project
company Availability test and degradation reserve Reduced flexibility and replacement

capex

Change in tariff rules Public authority Change-in-law and economic-balance
mechanism Structural revenue loss

The allocation is illustrative. The final position depends on control, insurance, local law, procurement policy and the project documents.

9 Choose the power procurement model
The project may buy electricity from the regulated grid, negotiate a physical PPA, use a sleeved PPA,
self-generate, combine sources or settle a financial hedge. Each model assigns price, volume, profile, basis, loss
and curtailment risk differently.

World Bank analysis of desalination describes a wide range. In regulated systems, energy cost can be passed
through to the water buyer subject to a guaranteed efficiency level. In liberalised markets, developers may
procure their own electricity, optimise supply and accept more energy risk [9]. Analysis of Israel notes that
developers can arrange power separately and may carry energy price risk rather than receiving a pass-through
[11].

The tariff should follow the procurement model. A project with full energy pass-through has little incentive to
time demand unless it receives a sharing payment. A project that bears the market price has a strong incentive but
may face unbankable volatility. A collar, benchmark-and-share mechanism or contracted flexibility payment can
divide savings while limiting downside.

10 Treat network charges as a separate decision
Energy can be cheap while network use is expensive. Wheeling charges, losses, demand charges, connection
capacity and congestion can determine whether load shifting creates value. A renewable generator and industrial
customer may be distant, requiring transmission access and settlement across several entities.

World Bank analysis of renewable desalination in the Middle East and North Africa states that tariffs and
wheeling charges should reflect the load profile of the desalination and renewable plants, plus grid expansion,
transmission and storage services [9]. A tariff that discounts energy but ignores a coincident network peak can
increase system cost.

The financial model should therefore separate energy, network and balancing charges by interval. It should test
connection-capacity limits and demand-charge ratchets. Locational signals should be transparent enough for the
customer to respond. Charges outside the customer's control may need caps, indexation or reopening provisions.

11 Value water and product storage before batteries
Electricity storage is one way to move renewable energy across time. Product storage can perform the same
economic function when production is flexible. A water reservoir permits desalination during low-cost hours and
delivery during peak demand. Thermal storage permits electric boilers or heat pumps to run when renewable
supply is abundant. Cold storage can shift refrigeration load.

The comparison should use the full system cost. Product storage requires land, civil works, treatment integrity,
pumping and inventory controls. Electricity storage has power and energy costs, round-trip losses, degradation
and replacement needs. Process flexibility may require redundant equipment or higher production capacity to
recover deferred output.

A least-cost study should compare storage duration, efficiency, operating limits and avoided charges. The project
should avoid purchasing a battery when a water reservoir or thermal store provides the required shift more
cheaply. It should also avoid oversizing product storage when process risk or demand variability prevents regular
use.
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12 Protect process integrity and service quality
Demand flexibility cannot compromise drinking-water quality, product specification, worker safety or
environmental permits. The operating envelope should include hard constraints that override the tariff signal. The
facility control system should record when a dispatch instruction was rejected for a protected reason.

For desalination, constraints can include pretreatment stability, membrane pressure, recovery ratio, brine
discharge conditions, remineralisation, reservoir levels and distribution pressure. For industry, constraints can
include furnace temperature, cold-chain compliance, batch integrity, emissions limits and minimum staffing.

The tariff should not penalise a facility for rejecting an instruction outside the agreed envelope. Repeated
inability to deliver a contracted service should trigger a capability review. The contract can distinguish a
temporary protected constraint from failure to maintain the promised flexibility asset.

13 Build the baseline from metered operations
Flexibility settlement requires a counterfactual: what would the facility have consumed without the event? A
weak baseline can pay for reductions that would have occurred anyway or deny payment for genuine response.
The methodology should be defined before commercial operation.

Baseline choices include recent comparable days, weather-adjusted models, production-adjusted models,
nominated schedules and engineering calculations. Industrial sites require output normalization because
electricity use changes with production. Desalination requires normalization for water volume, feedwater
conditions and reservoir state.

The contract should specify data intervals, exclusions, adjustment rights and audit. A nominated schedule can be
simple but may invite strategic bias. A statistical baseline can be more accurate but harder to explain. The
settlement should use the least complex method that is robust for the process.

14 Account for rebound and recovery
Reducing load during a peak can shift consumption into the next interval. That rebound may create a second peak
or require expensive replacement energy. The model should measure the entire event cycle from pre-positioning
through recovery.

A water plant may increase production before an event, draw down its reservoir during the event and restore
inventory later. An industrial facility may reschedule a batch or pre-heat thermal storage. Each action has energy,
efficiency and operating consequences. The flexibility payment should reflect net system benefit after recovery.

The dispatch rule can limit the speed of recovery or identify preferred recovery windows. The facility should
retain minimum inventory and process margins. Lenders should test whether repeated events reduce saleable
output, increase maintenance or create working-capital needs.

15 Model cash available for debt service
Project finance depends on cash available for debt service rather than gross tariff savings. The model should start
with capacity and output payments, subtract operating costs, energy, network charges, taxes and required
reserves, then calculate debt service coverage.

World Bank guidance defines the debt service coverage ratio as cash available for debt service divided by
scheduled interest and principal for the relevant period [15]. IFC guidance recommends sensitivity analysis on
tariff, capital cost, energy yield and operating cost and notes that lenders consider minimum and average
coverage across scenarios [16]. The exact covenant depends on the transaction and should not be inferred from an
illustrative benchmark.

Time-based tariffs affect both revenue and cost. A lower energy charge during renewable-rich hours can improve
cash flow. A peak penalty or failed-response charge can reduce it. Storage capex, controls, metering and
additional maintenance require funding. The model should reconcile interval settlement to the monthly cash
waterfall used for debt service.

Figure 2. Hypothetical daily load alignment under a time-based tariff
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The hourly load and renewable profiles are author modelling assumptions. They demonstrate how flexible production can move toward
renewable supply while preserving total daily output.

16 Run debt-service sensitivities by tariff component
One blended tariff sensitivity conceals the source of risk. The model should vary the fixed payment, production
volume, energy price, network charge, flexibility revenue, efficiency, storage availability, curtailment and
interest rate separately. Correlated cases should then combine plausible movements.

The downside case should include a high renewable-shortfall cost when the project bears replacement energy,
lower flexible capability after equipment degradation, and a delayed tariff recalibration. The lender case may
exclude uncontracted flexibility revenue or cap it at a conservative share of debt service. Contracted floors should
be tested against counterparty credit and termination rights.

The model should also test upside carefully. Lower energy cost can raise cash available for debt service, but a
sharing mechanism may allocate some benefit to the buyer. Revenue from market participation may require
registration, aggregation or separate collateral. Upside should not be used to support debt unless the project
documents and operating evidence make it dependable.

Table 2. Hypothetical tariff and debt-service sensitivity

Case Capacity payment Average energy cost Flexible-load
delivery Minimum DSCR Interpretation

Base case 100% of contracted USD 58/MWh 90% of nominated
capability 1.36x Contract and

operating case align

Renewable-rich case 100% USD 47/MWh 96% 1.49x Lower energy cost
supports cash flow

Weak-response case 98% after abatement USD 58/MWh 55% 1.22x
Capability shortfall
erodes payment and
efficiency

Price-stress case 100% USD 79/MWh 90% 1.17x
Uncapped
replacement energy
weakens coverage

Network-stress case 100% USD 58/MWh plus
higher wheeling 82% 1.20x

Congestion and
demand charges
offset energy savings

Combined downside 96% after abatement USD 82/MWh plus
higher wheeling 50% 0.98x

Debt service is not
covered without
mitigation

Values are author modelling assumptions for method demonstration. They are not observed project data, financing terms or forecasts.
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17 Use reserves for risks that remain with the project
Reserves can address timing risk but cannot repair an unbankable allocation. A debt-service reserve can cover
temporary cash shortfalls. A maintenance reserve can fund membrane replacement, control equipment and
storage degradation. A tariff stabilization account can smooth customer charges when public policy supports it.

Reserve sizing should follow the risk. A project that bears short-term wholesale prices may need liquidity for
collateral and settlement. A plant with battery storage may require a replacement reserve linked to degradation. A
concession with delayed public payments may need a payment-security mechanism or liquidity facility.

Reserves consume capital and can reduce equity returns. The contract should first assign risk to the party able to
manage it, then use reserves for residual volatility. A facility with structurally negative cash flow under ordinary
prices needs a tariff or contract correction rather than a larger reserve.

18 Align the water agreement and power agreement
The water purchase agreement and power arrangement should use compatible definitions. Delivery day, force
majeure, change in law, metering, curtailment, indexation and dispute resolution should not create gaps. A power
interruption excused under the PPA can still expose the project company to water-availability deductions unless
the WPA contains corresponding relief.

The term and volume profile also need alignment. A twenty-five-year water concession supported by a ten-year
hedge leaves an open electricity-price position after hedge expiry. A renewable PPA may deliver a profile that
differs from water production. Replacement-power rights, extensions and refinancing assumptions should be
explicit.

Direct agreements can give lenders cure rights and preserve essential contracts after project-company default.
Assignment and step-in provisions should cover the tariff, renewable supply, network access, land, permits and
major operating agreements. A tariff model cannot compensate for missing contractual continuity.

19 Address curtailment and renewable shortfall separately
Curtailment is an instruction or network outcome that reduces renewable delivery despite resource availability.
Renewable shortfall arises when the resource or plant produces less than expected. The controlling causes and
mitigation differ.

World Bank guidance on power projects commonly allocates transmission-related curtailment beyond an agreed
threshold to the offtaker or provides compensation, while renewable resource risk remains with the generator
subject to the contract [17]. A flexible customer can absorb some generation that would otherwise be curtailed,
but network constraints may still prevent physical delivery.

The tariff should define whether curtailed energy qualifies for a low-price window, whether the customer must
shift when instructed, and who pays for replacement energy. The model should avoid counting both curtailment
compensation and flexibility value for the same megawatt-hour unless both payments are contractually available.

20 Protect against indexation mismatch
Long-term projects combine costs with different escalation. Debt may carry fixed or floating interest. Labour,
chemicals and maintenance may follow domestic inflation. Equipment replacement may be foreign-currency
denominated. Electricity can follow a regulated tariff, market index or contracted escalation.

The tariff should map each material cost to an appropriate index with a base date, reset frequency, lag and cap.
Broad consumer inflation may be a poor proxy for imported membranes or wholesale electricity. A formula with
many indices can become opaque, so materiality should guide selection.

Foreign-exchange risk requires separate treatment. A local-currency water payment and foreign-currency debt
can create a structural mismatch. Hedging, indexed components, reserve accounts or public support may be
required. The project model should test devaluation with energy and interest-rate stress where those risks are
correlated.
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21 Use flexibility sharing to align incentives
When the customer or project company can create system savings, a sharing formula can align incentives. The
benchmark might compare actual interval cost with a contractually defined reference schedule. Savings can be
divided after deducting incremental operating cost, degradation and verified output effects.

The benchmark should avoid paying for changes driven by unrelated production decline. It should also avoid
penalising the operator for following an instruction that later proves unnecessary. A floor can protect the facility's
reasonable incremental cost. A cap can protect the buyer from paying more than the system benefit.

Sharing can work where a full dynamic tariff would create excessive volatility. It preserves a stable base payment
while rewarding measured flexibility. Lenders may treat the variable share as upside until a track record
develops.

22 Procure capability and operating performance
Tender documents should describe the desired service rather than prescribe one technology. Bidders can then
compare process changes, product storage, thermal storage, batteries, controls and renewable procurement. The
bid evaluation should separate fixed tariff, variable tariff, energy-risk position and flexibility capability.

The authority should require a dispatch simulation, equipment schedule, control architecture, metering plan and
financial model. The model should show sources and uses, cash waterfall, coverage ratios and sensitivities. Bid
assumptions on renewable output, network charges and product demand should use a common data room so
prices are comparable.

Commercial evaluation should account for risk transfer. A low headline tariff can conceal an uncapped
pass-through to the public buyer. A higher fixed payment may be efficient if it removes expensive merchant
exposure and lowers financing cost. The evaluation should compare whole-life expected cost under the same
scenarios.

23 Implement controls before dynamic settlement
The facility needs interval meters, reliable communications, a production schedule, automated controls and a
settlement engine. Cybersecurity and operating authority should be defined because an external price or dispatch
signal can affect critical infrastructure.

Implementation should begin with shadow settlement. The parties calculate the dynamic tariff without changing
invoices, compare the result with operations and correct data or baseline errors. A limited pilot can then use
capped payments and events. Full settlement follows after independent verification of metering and controls.

The control room needs clear priority rules. Safety, water quality, product integrity and environmental
compliance take precedence. The operator should know which instruction is binding, how to reject it and how to
record the reason. Settlement disputes should be resolved from a common event log.

Figure 3. A 180-day path from tariff design to controlled operation
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The roadmap is illustrative. Timing depends on procurement, regulation, metering, controls and existing contracts.

24 Govern tariff changes with evidence
The tariff committee should include the buyer, facility operator, system or network representative and an
independent technical or regulatory function where appropriate. Lenders need consultation rights for changes that
affect debt service.

The committee should review metering quality, response delivery, output effects, customer cost, renewable
absorption, curtailment, network conditions and disputes. It should distinguish a parameter update under the
agreed methodology from a fundamental change in risk allocation. Fundamental changes require the contractual
approval process.

Decision records should show the data period, model version, assumptions and distributional effects. A tariff
change that reduces system cost can still harm a vulnerable customer or shift cost to another class. The regulator
or authority should examine affordability and cost allocation alongside project bankability.

25 Use a financing decision checklist
The investment committee should require evidence that physical flexibility exists, is measurable and does not
impair the core service. It should confirm that fixed-cost recovery does not depend on voluntary dispatch by
another party. It should trace every material energy and network risk to a contract, cap, hedge or downside case.

The lender model should reproduce interval tariff settlement and reconcile it to monthly invoices and cash
available for debt service. Minimum coverage should survive agreed downside cases. Reserves, distribution locks
and cure rights should respond to the actual risk. The project should retain a refinancing path when the initial
hedge or tariff period is shorter than the concession.

The operating plan should contain meters, automation, cybersecurity, baseline methodology, event logs and a
protected-constraint process. The project should enter full dynamic settlement only after shadow operation and an
independent capability test.

Table 3. Tariff choices and suitable financing treatment

Tariff structure Main benefit Main risk Financing treatment

Flat volumetric tariff
Simple billing
and stable
customer price

Hides system timing cost and weakens
flexibility incentive

Use only where timing value is immaterial
or captured elsewhere

Static time-of-use tariff

Predictable
incentive and
simple
operations

Windows can become outdated and create
rebound peaks

Define review methodology and notice
period
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Tariff structure Main benefit Main risk Financing treatment

Dynamic energy price

Strong response
to current
system
conditions

High cash-flow volatility and operational
complexity

Use caps, collars, hedges and conservative
lender case

Capacity plus variable tariff

Protects
fixed-cost
recovery while
preserving
output
incentives

Requires careful availability and
abatement rules

Align fixed payment with debt service and
controllable performance

Benchmark-and-share

Shares verified
savings without
full merchant
exposure

Baseline disputes and gaming risk Independent baseline, audit and upside
treatment

Dispatchable flexibility contract
Pays for tested
capability and
events

Penalties can exceed operating value if
envelope is wrong

Capability test, event limits, make-whole
and liability cap

Integrated WPA and PPA
structure

Aligns water,
energy and
network
obligations

Complex interfaces and term mismatch Direct agreements, compatible relief and
matched tenor

The table summarises common structures. Suitability depends on the physical service, market design, credit quality and contract package.

26 Sequence capital commitments around tariff certainty
The project should avoid committing every flexibility investment before the tariff and operating evidence are
mature. Metering, controls and data integration can be installed early because they improve visibility under
almost every commercial structure. Product storage, redundant process capacity and batteries require a stronger
link to measured value.

A staged capital plan can use decision points. The first release funds interval metering, engineering studies and
shadow settlement. The second follows a verified operating envelope and agreed tariff term sheet. The final
release funds major storage or process modification after the pilot demonstrates dispatch delivery, output
recovery, equipment effects and settlement accuracy. Each decision point should identify the required evidence,
budget, owner and financing source.

The construction contract should preserve interfaces for later equipment where possible. Space, electrical
connections, controls and civil allowances can reduce future retrofit cost. The financial model should distinguish
committed capex from options and show how each stage changes energy cost, availability and coverage ratios.

Procurement timing also affects competitive tension. Packaging every component into the original plant contract
may simplify responsibility but reduce visibility into the cost of flexibility. Separate packages can improve price
discovery and create interface risk. The authority should choose the package structure after defining performance
responsibility and lender step-in rights.

27 Test transferability across market structures
The same physical facility can require different tariff treatment across jurisdictions. A vertically integrated utility
may control generation, network, water production and retail billing. A liberalised market may separate the
renewable generator, network operator, retailer, water buyer and flexibility aggregator. The number of interfaces
changes who can send a price signal and settle the response.

In a vertically integrated system, the authority can evaluate avoided generation, fuel, curtailment and network
cost across the whole portfolio. A shadow tariff may be sufficient for internal dispatch before customer-facing
reform. In a competitive market, the project needs contractual access to interval prices, balancing arrangements
and network rules. A retailer or aggregator may combine the load with other assets and pay the project for
delivered flexibility.

Credit support differs as well. A public offtaker may provide a sovereign or government support arrangement
subject to law and fiscal policy. A corporate industrial buyer may offer a parent guarantee, letter of credit,
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collateral or termination payment. A market-based revenue stream can require clearing-member arrangements
and collateral that move with volatility. The lender should assess the specific payment path rather than rely on the
public or private label of the counterparty.

Transferability should therefore be tested component by component. The physical flexibility envelope may
transfer. The tariff formula, baseline, dispatch authority, indexation, credit support and change-in-law protection
may not. A project entering a new geography should rebuild these commercial elements from local rules and
contracts.

28 Recognise limitations
The framework does not determine the efficient tariff for a named jurisdiction. That decision requires system
dispatch data, network constraints, customer classes, policy objectives, legal authority and project-specific
engineering. Public data on industrial operating flexibility are limited because production schedules and contracts
are commercially sensitive.

The hypothetical exhibits simplify plant operations, wholesale markets, network tariffs and debt documents.
They demonstrate model structure. They do not show an expected return or a universal coverage threshold. Tariff
effects can change as renewable penetration, storage and customer behaviour evolve.

Further research should compare measured flexibility across desalination technologies and industrial processes,
quantify equipment and product-quality effects from cycling, and evaluate how tariff design changes financing
cost. Pilot programmes should publish anonymised interval performance and settlement outcomes where
confidentiality permits.

Conclusion
Renewable supply and essential demand can be aligned when tariff design begins with the physical service. A
project needs a defined output obligation, a measured flexibility envelope and a payment stack that separates
fixed-cost recovery from energy, network and performance components. Time signals should be simple enough
to operate, transparent enough to finance and responsive enough to reflect system conditions.

Desalination and industrial processes can supply valuable flexibility through scheduling, product storage, thermal
storage and controls. The value depends on process limits, network conditions and contract design. Efficiency,
timing and service quality should be measured separately. Risk should sit with the party that controls it,
supported by compatible water, power, network and financing agreements.

A lender should see interval settlement flow through to cash available for debt service under ordinary and
stressed conditions. A public authority should see the whole-life system cost and customer effect. A facility
operator should have clear dispatch priorities and protection for safety and quality. When those conditions are
present, time-aligned demand can reduce renewable curtailment, manage network peaks and support financeable
water and industrial infrastructure.
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Frequently Asked Questions
What is the first step in designing a time-based tariff for a water or industrial project?
Define the service obligation and measure the physical flexibility envelope. The tariff should reflect proven load
that can move without impairing water quality, product output, safety, permits or contractual availability.

Should electricity cost be passed through to the water buyer?
The answer depends on market design and control. A pass-through can protect the project from prices it cannot
manage, while an efficiency benchmark and flexibility-sharing rule preserve incentives. Where the developer
chooses power supply and controls dispatch, it may accept a defined share of price and profile risk.

Why retain a capacity payment when energy prices vary by time?
The capacity payment supports capital recovery and fixed operating cost for an available essential service.
Time-varying energy and flexibility components can then influence dispatch without making debt service depend
entirely on variable production or market prices.

Can a desalination plant operate as flexible demand?
Reverse-osmosis production can move within engineering and water-storage limits. Capability depends on
pretreatment, membrane trains, pumps, reservoir capacity, distribution demand, environmental constraints and
cycling effects. It should be tested before contracting.

How should lenders treat flexibility revenue?
Contracted revenue with tested capability, enforceable payment terms and creditworthy counterparties can enter
the lender case subject to due diligence. Uncontracted market revenue is commonly stressed, capped or treated as
upside until operating evidence develops.

What is the role of product storage?
Water reservoirs, thermal stores and cold storage can shift electricity use by separating production from delivery.
The least-cost study should compare them with batteries using capex, losses, operating limits, land, maintenance
and service-quality requirements.

How can baseline disputes be reduced?
Use interval meters, output normalization, an agreed baseline method, documented exclusions, independent audit
and shadow settlement before live billing. The method should be understandable and resistant to strategic
schedule changes.

What should a 180-day implementation programme deliver?
It should establish the load and contract baseline, tariff and risk allocation, dispatch and debt model, document
changes, metering and control upgrades, shadow settlement, a capped pilot and an approval decision supported
by verified results.
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