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Introduction
Electricity needs water
Six investigations following a megawatt from river level to the cost of adaptation.
Water appears nowhere on an electricity bill. It is nevertheless present throughout the European power system: in front of an intake pump on the Danube, in the Rhône receiving waste heat, behind a dam choosing when to generate, inside a power plant’s cooling system and in the models that promise supply will cover demand.
This series begins with concrete events from the summer of 2026. In Romania and Hungary, a few centimetres of river level separated production from shutdown. In France, thermal rules connected river temperatures to grid needs. Elsewhere, hydropower reserves showed why holding water can be worth more than generating immediately.
The investigation thread
The six chapters move gradually across scales. The first measures the value of one centimetre at an intake. The second asks which European plants actually depend on a river, sea or aquifer. The third follows thermal-discharge limits. The fourth enters reservoir arbitrage. The fifth tests an adequacy model against its physical costs. The final chapter compares adaptation options, from cooling towers to dry cooling.
The result is a simple idea: a megawatt is not only a machine and a fuel. It also depends on a place, intake geometry, temperature, flow, stored water and an operating rule.
What the sources can measure
The investigation prioritises official texts, environmental decisions, operator data, public reports and scientific publications. News reporting is used to establish chronology or attribute a statement when the primary record is incomplete.
Published costs do not always include their denominator. Construction can be priced without revealing the megawatt-hours it secures. A model can find adequate supply without counting the physical cost of the pumps, imports or reserves that make that result possible. The edition keeps those gaps visible.
A dated public record
The chapters correspond to the versions served on l0g.fr on 21 August 2026, revision e85fc63797c76e749b143398fca5cbccaba44de2. Facts, estimates, scenarios and unknowns retain the status used in each article. Canonical links provide a path to later corrections.
How to read this edition
	The six chapters follow the physical water and electricity chain.
	Sources, dates, units and limitations stay attached to the analysis.
	All 20 infographics include text alternatives.
	Each interactive tool remains available on the site, with no tracking.

Part 1 of 6
How much is one centimetre of Danube worth?
In the summer of 2026, Romania and Hungary blasted rock, mobilised barges and built sills to preserve electricity generation. The Danube was not empty: it had become too low at the exact point where some pumps had to draw water. Part one of our investigation into water, Europe's invisible power fuel.
Published 20 August 2026 · Canonical article on l0g.fr
On 30 July 2026, Hungary's Paks nuclear plant published a counter-intuitive statement. The Danube still contained enough water to cool all four units. Yet the plant was preparing to shut them down. The problem was not the river's total volume, but a matter of centimetres: the water surface had fallen below the suction inlets of pumps used during normal operation. To preserve its megawatts, Hungary would soon try to raise the Danube locally. In Romania, the military blasted a rock formation and prepared four material-loaded barges to redirect water towards Cernavodă. Europe was not merely short of water. It was discovering that electricity can depend on the precise geometry of a river.

This article opens our investigation, Water, the invisible fuel of European electricity.

Fuel is a metaphor here. Water does not create the heat in a nuclear or coal plant. It removes that heat. In a hydro turbine, water becomes the energy source itself. On the Danube in the summer of 2026, both functions deteriorated at the same time.

The crisis therefore removed more than hydropower. It reduced the ability to cool nuclear and coal plants, disrupted navigation and increased several countries' need for imported electricity.

The most revealing constraint was nevertheless smaller than any power market: the water margin above a pump intake.

The river was not empty

On 1 August, Romania's hydrological institute measured a flow of 1,550 cubic metres per second at Baziaș, where the Danube enters the country. The long-run July average is 4,700 m³/s. Flow was then expected to decline towards 1,450 m³/s, against an August average of 3,900 m³/s. The river was therefore carrying roughly two-thirds less water than in an average summer at that location. It was still moving an enormous volume every second. (INHGA)

This is where ordinary language becomes misleading.

A river has flow, level, temperature and local geometry. Those quantities are related, but they are not interchangeable.

At Paks, MVM explained on 30 July that flow would still have been sufficient to cool the units. The constraint was different: the Danube surface had fallen below the suction inlet level of the pumps used in normal operation. A plant can sit downstream from a very large flow and still lack the water depth needed at the exact point where equipment must draw it. (MVM Paks)


[image: A river can retain substantial flow while becoming too shallow for a power plant water intake]
A falling water level can disable an intake before a river lacks flow in the ordinary sense. At Paks, MVM explicitly separated total water availability from the depth required by the pumps.

That detail changes the nature of the risk.

If the problem were only total water volume, the solution would be to wait for rain. When the constraint is the height at an intake, several engineering responses become possible: lower the pipes, add pumps, dredge a channel, slow the current locally or raise the surface artificially.

Hungary and Romania therefore tried to alter the local level, using different methods.


Three days to lose three-quarters of Paks

Paks supplies close to half of Hungary's domestic electricity generation and has around 2,000 MW across four units. (MVM Paks)

On 19 July, MVM announced that all four units had returned to nominal output. At that point, the constraint was still river temperature: measurements had fallen back below the 29.5 °C intervention threshold. (MVM, 19 July)

Eight days later, the problem had changed.

On 27 July, the gauge reached -106 cm at Paks, a new record. MVM removed 254 MW from Unit 1. The next day, at -112 cm, the operator removed another 237 MW from Unit 3. On 29 July, at -118 cm, that unit began shutting down. (MVM, 27 July) (MVM, 28 July) (MVM, 29 July)

On 30 July, MVM estimated that a full shutdown could become necessary within 24 to 72 hours. The river was then 28 cm below the previous 2018 record, which itself was already more than one metre below the 100-year minimum used in the plant's original design.

On 1 August, the last turbine-generator still operating on Unit 1 was stopped. On 2 August, the same happened on Unit 4. Only Unit 2 remained, at 50% power. MVM asked the public to curb demand, especially between 5 pm and 10 pm, when solar output declines and a dispatchable megawatt becomes more valuable. (MVM, 1 August) (MVM, 2 August)

A second turbine-generator restarted on 10 August. Four days later, Paks was still operating at around one-quarter of its capacity, with two turbine-generators online, while Hungary began works to raise the local river level. The partial restart did not restore nominal output. (Reuters, 15 August)

This was not a nuclear accident in the ordinary meaning of the term.

MVM has procedures for four stages of low-water conditions. Once units are shut, water requirements fall from around 100 to no more than 2.5 m³/s for all four units. Additional mobile pumps are available to keep the plant cooled safely even if the river drops further.

The immediate risk concerned generation, pump reliability and the ability to preserve required margins. A preventive shutdown is itself one of the safety measures.


Blasting rock to buy days

At Cernavodă, the problem took a different form.

Romania's two reactors use water from the Danube-Black Sea Canal, which is supplied by the river. Together they normally provide around one-fifth of the country's electricity.

Nuclearelectrica announced on 27 July that Unit 1 would shut the following morning. On 29 July, the operator prepared to stop Unit 2 as well. Overnight analysis nevertheless showed that operating parameters still allowed a temporary continuation, and the reactor remained connected. (Nuclearelectrica, Unit 1) (Nuclearelectrica, Unit 2)

The Romanian government then turned the Bala branch into an emergency construction site.

The water authority continued dredging, prepared four material-loaded barges and sought to build a directional structure to push more flow towards the Old Danube branch and Cernavodă. The defence ministry deployed 102 military personnel. Specialists carried out a controlled blast of a rock formation in the riverbed to support the redistribution of flow. (Romanian Ministry of Defence) (Apele Române release carried by AGERPRES)

On 4 August, Nuclearelectrica confirmed that the authorities' measures had raised the water level and that Unit 2 was still operating at nominal output. The operator kept its warning in place: the forecast remained negative. (Nuclearelectrica, 4 August)

The respite was real but limited.

On 13 August, Unit 2 began a controlled shutdown. Nuclearelectrica said the significant and continuing decline in the Danube no longer allowed the necessary operating margins to be maintained. Both units remained safely shut, with no impact on personnel, the public or the environment. (Nuclearelectrica, 13 August)


[image: Measures taken in Romania to redirect part of the Danube towards the Cernavoda nuclear plant]
Romania obtained an operational reprieve by changing the local distribution of flow. The exact value of the days gained remains difficult to calculate without a public hydrological counterfactual.

The sequence invites a calculation: how much was one centimetre of Danube worth?


Price your own scenario


Interactive tool. The calculator for this chapter remains available on l0g.fr. The EPUB preserves its context and limits but embeds no script or tracking.



The calculator starts at 705 MW, rounded from Cernavodă Unit 2's published installed capacity of 704.8 MW. That figure is observed. Preserved time, replacement price, local lift and intervention cost are assumptions. Change them: they drive the answer.

The arithmetic fits on a few lines. The reasoning calls for more care.

The observed water level after the works must be compared with the level that would have prevailed without intervention. The preserved MWh must then be measured, valued at the hourly replacement cost, and reduced by construction expenses and the impact on navigation, aquatic systems and other river users.

The first centimetre that puts a pump back inside its operating range can preserve hundreds of megawatts. The next centimetre may change nothing. The value is non-linear and depends on the hour.


One river, several competing power stations

The crisis became regional because the Danube serves more than one technology.

In Serbia, the energy ministry said in early August that Đerdap 1 was producing only around 20% of its normal level and Đerdap 2 around 30%. The equipment was mechanically available; river flow constrained generation. (Serbian Ministry of Mining and Energy)

The ministry also said some units at the Kostolac coal complex had reduced output by roughly one-third because the Danube level constrained cooling.

EPS estimated that imports were then covering around 10% of Serbian demand, mainly to compensate for weak hydropower. Daily electricity consumption reached 100 to 105 GWh, close to the 110 to 115 GWh seen during the coldest winter peaks. (EPS)

The drought therefore removed, at the same time:


	hydropower at Đerdap;

	thermal output at Kostolac;

	nuclear production at Paks and Cernavodă;

	export headroom in neighbouring countries that might normally provide relief.



Bulgaria adds a paradox. Kozloduy continued to generate according to schedule, but the Bulgarian government asked Serbia to examine whether Đerdap operations could, within technical limits, help keep downstream Danube levels above critical thresholds. The hydro complex being asked to support nuclear cooling was itself short of the flow required for its own electricity production. (Kozloduy NPP)

That accumulation matters more than any single outage.

A power system can withstand one plant outage by using hydropower. It can withstand a weak hydro year by using nuclear or thermal generation. When the same river weakens all three, technological diversification is no longer enough. Real diversification must also be hydrological and geographical.


Kozloduy did not read the same river

The best way to avoid a bad diagnosis is to examine the plant that did not shut.

Kozloduy is in Bulgaria, on the same Danube. On 31 July, both operating units were generating according to schedule even though river levels were described as the lowest in decades.

The operator attributes that resilience to the design of its intake. The pumping station sits in a deep bay and was designed using a century of Danube water-level observations. An automated system continuously measures the level in front of the station. (Kozloduy NPP)

Kozloduy also makes an often-missed distinction: Danube water cools steam in condensers in the conventional part of the plant. It does not circulate through the nuclear reactor.

Paks follows the same general thermodynamic principle, but the local geometry of its intakes made it more exposed to the 2026 record. MVM says work has already begun on lowering suction pipes so that the plant can, within a few years, generate at even lower river levels.

Cernavodă relies on a suction basin supplied by the Danube-Black Sea Canal. River, canal and basin gauges do not share the same reference. That is why thresholds mentioned in Romanian statements cannot be directly compared with negative gauge readings at Paks.

Krško, on the Sava, provides a fourth design. Cooling towers initially allowed full reactor power to be maintained despite low flow. They consume electricity, however, and net output falls when cooling water and air are warm. On 6 August, reactor power was reduced to 80% to respect a daily maximum of 28 °C at the mixing point and a maximum temperature rise of 3 °C. (Krško NPP)


[image: Simplified comparison of water intake and cooling systems at Paks, Cernavoda and Kozloduy]
Three river-based nuclear plants can respond very differently to the same hydrological episode. Intake geometry becomes part of the electricity capacity that is actually available.

The comparison blocks two easy conclusions.

The first would be: “nuclear power cannot withstand drought”. Kozloduy shows that site design can provide much larger margins. Krško shows that cooling towers add flexibility, with costs and limits.

The second would be: “this is only a nuclear problem”. Đerdap and Kostolac show the opposite. The Danube simultaneously constrained renewable generation and a fossil plant.

The issue is not one isolated technology. It is the wet megawatt, installed capacity that exists in practice only when a water resource remains available at the right location, in the right condition and at the right temperature.


The grid prevented failure, not the bill

No generalised power collapse followed these outages.

The European grid did its job. Countries mobilised imports, available thermal plants, hydropower in other basins, daytime solar, reserves and lower demand during tight hours.

In Serbia, imports covered around 10% of consumption at the height of the episode. In Hungary, MVM asked for voluntary demand reductions between 5 pm and 10 pm. (EPS) (MVM, 2 August)

The grid absorbed the shock, but it did not cancel the cost.

It explains how ENTSO-E's Summer Outlook 2026 could identify no major systemic adequacy risk across most of Europe, then be followed weeks later by dramatic outages around the Danube. A continental system can remain adequate while one country loses a large share of low-cost generation and becomes more dependent on neighbours.

Interconnection does not erase the shock. It transforms it.

Missing generation becomes:


	an import bill;

	more coal or gas generation elsewhere;

	tighter evening hours;

	a request for conservation;

	less export capacity among neighbours;

	a larger risk if the same basin affects several countries together.



This is where the value of a centimetre becomes hourly.

A centimetre preserving 500 MW in a solar-rich afternoon does not have the same value as the same centimetre at 8 pm, when demand remains high and photovoltaic output is gone. Nor is it worth the same if neighbours have surplus hydro or are suffering the same drought.

The logic can be written without inventing a result:

value of one centimetre
= preserved MWh × hourly replacement cost
- intervention cost
- costs shifted to other river uses


The hardest term is not the electricity price. It is the world without intervention.

How many days would Cernavodă Unit 2 have run without the barges and blasting? How much of the observed rise came from the works, weather or river dynamics? What flow was removed from other branches? Public documents establish a reprieve, but not yet its precise net value.

That limitation needs to remain visible.


Repair the river or adapt the plants

Emergency works have an immediate economic logic. If a few days of nuclear production are worth more than an intervention, sinking barges or depositing rock can be rational.

They raise a longer-term question.

Paks says work on lowering suction intakes is already under way and should allow the plant, within a few years, to generate at an even lower river level. Hungary also began constructing a bed sill near the plant. Two 80-metre barges were prepared to raise the local level temporarily. (Reuters, 15 August)

Those adaptations are not neutral.

Lowering an intake can move the problem to an even lower threshold. A sill changes velocity, sediment, navigation and ecosystems. Wet cooling towers reduce instantaneous withdrawals but consume water through evaporation, use electricity and lower efficiency. Dry cooling saves more water but requires higher capital expenditure and carries a larger performance penalty during heat.

These cases do not point to one universal solution.

It leads to a different way of counting electricity capacity.

Two gigawatts installed at Paks are not two gigawatts available when the intake reaches its threshold. A coal plant that is mechanically available can likewise lose output if its condenser lacks cooling water.

Europe still often adds those megawatts as if they were independent.

The summer of 2026 showed that they can share the same physical risk.

The Danube was not empty. It had become too shallow at a few decisive locations, too warm at others and too weak to deliver all the energy expected from its current.

At that point, one centimetre of river was no longer just a hydrological observation.

It was electricity capacity.

Method and limitations

Data cut-off: 20 August 2026.

The Paks chronology is based on MVM's public notices. It is not a substitute for a complete hourly REMIT series. Published water levels use the local Paks gauge and cannot be directly compared with altimetric references at Cernavodă.

Đerdap and Kostolac figures come from Serbia's energy ministry and EPS. The percentages describe disclosed production levels or reductions, not necessarily permanent technical availability.

The net effect of Romanian and Hungarian emergency works is not quantified because no complete public counterfactual is available. The article therefore separates observed facts, announced objectives and calculations that remain to be performed.

The controlled shutdowns described here were not nuclear accidents. They were measures used to preserve safety margins and equipment reliability as hydrological conditions deteriorated.

Main sources


	MVM Paksi Atomerőmű, operational notices from July and August 2026

	Reuters, works to raise the local Danube level at Paks, 15 August 2026

	Nuclearelectrica, 2026 current reports

	INHGA, Danube diagnosis and forecast, 1 August 2026

	Romanian Ministry of Defence, Bala branch works

	Kozloduy NPP, operation under low Danube levels

	Serbian Ministry of Mining and Energy, Đerdap and Kostolac constraints

	EPS, Serbian system balance and imports

	Krško NPP, operation during low Sava flow and elevated temperature

	Krško NPP, reactor power reduced to 80%, 6 August 2026

	JRC, current drought situation in Europe

	ENTSO-E, Summer Outlook 2026



Next part: The wet megawatt, a map of European electricity capacity whose use depends directly on a river, reservoir, estuary or the sea.
Part 2 of 6
The wet megawatt Europe cannot count
Europe's main registers track power plants but do not link each unit to its water, cooling system, thresholds and losses. Part two of our investigation into water and electricity.
Published 20 August 2026 · Canonical article on l0g.fr
Europe can say almost in real time how many megawatts are coming out of a power plant. It can publish the unit's capacity, fuel, outages and sometimes its quarter-hourly production. A more elementary question remains surprisingly difficult: what water does that plant depend on? Across the main public systems reviewed for this article, no current and harmonised register links every European unit to its river, sea, cooling system, water-level or temperature thresholds and the megawatts actually lost when one of those thresholds is crossed. The first part of this investigation followed a few centimetres of the Danube. The second looks for the missing column that could have made the risk visible before the pumps stopped.

The wet megawatt is an analytical category proposed by l0g, not a regulatory statistic.

It describes electrical capacity whose generation or cooling depends directly on a body of water, its stock, level, flow or temperature.

The definition fits in one sentence. Edge cases appear immediately.

A run-of-river turbine, a reservoir dam, a closed-loop pumped-storage plant, a coastal reactor and a coal plant using once-through river cooling are all connected to water. They do not share the same function, vulnerability or effect on the resource.

A single score would flatten those differences, so this investigation does without one.

It begins with a narrower question: what can Europe actually measure today?

The simplest question still has no answer

Opening Europe's main databases creates an impression of documentary abundance.

The ENTSO-E Transparency Platform publishes units, capacity, technology, output, cross-border flows and outages.

PRIS, the International Atomic Energy Agency's reactor database, tracks reactors, design characteristics, capacity and operating history.

Eurostat reports national capacity by electricity source and technology.

The European Environment Agency publishes water abstraction by sector and country.

The European Industrial Emissions Portal locates major sites and reports energy inputs and emissions.

Each source sees one part of a power plant.

None provides, across the European fleet, a standard record containing:

unit + current capacity + water body + cooling system
+ flow threshold + temperature threshold + observed loss



[image: Comparison of information available in five major European databases on power plants, water and water-related events]
The problem is not a complete absence of data. It is the separation of that data across institutions, scopes and update schedules.

That fragmentation produces a practical blind spot.

An ENTSO-E outage can show that a unit lost 500 MW. The public reason does not necessarily identify river temperature or intake level as the cause. An EEA statistic can show that the power sector abstracts tens of billions of cubic metres. It may not allow the reader to trace that abstraction back to the plant that depends on it.

Energy and hydrological data often meet only after the event, when the operator publishes a notice.


An old database already contained the right columns

The European Commission's Joint Research Centre has already moved close to the solution.

The JRC-PPDB-OPEN database contains unit-level fields named water_type, cooling_type, water_withdrawal and water_consumption.

The Energy and Industry Geography Lab documentation even distinguishes air cooling, mechanical draught towers, natural draught towers and once-through cooling. (JRC, EIGL documentation)

That is almost exactly the missing column.

The problem is its age and coverage.

The public database is version 1.0, issued in 2019. Its update frequency is listed as irregular. The JRC describes it as a first attempt at a more coherent European plant database while explicitly acknowledging that it remains incomplete.

Since then, reactors have closed, others have entered service, fossil plants have moved into reserve, cooling arrangements have changed and environmental rules have been amended.

A database can have the right architecture and still describe yesterday's fleet.

That is the first conclusion of this investigation: Europe does not need to invent the data model. It needs to maintain it.


A 294.3 GW floor

A defensible measurement can begin before the perfect register exists.

Red Eléctrica's European panorama, based on ENTSO-E member-state data for 2023, reports:


	199.9 GW of hydropower;

	94.4 GW of nuclear;

	319.6 GW of classic thermal capacity;

	1,040.2 GW of total capacity.



Hydropower and nuclear therefore total 294.3 GW, or 28.3% of capacity in that perimeter. (Red Eléctrica, European panorama 2023)

This is a floor for water-coupled capacity.

Hydropower uses water directly as energy or storage. Operating reactors need a heat sink, usually a river, estuary, sea or water-fed cooling tower.

The calculation deliberately leaves out the share of 319.6 GW of classic thermal capacity that also depends on wet cooling.

That share is not zero. It is simply not consolidated in a current public European register.

PRIS provides a more current cross-check for nuclear capacity. Adding the national pages of the twelve EU countries still operating reactors produced 96.2 GW net in our calculation as of 20 August 2026. The comparison should not be used to mix vintages. It simply confirms that the 2023 figure of 94.4 GW remains in the right range.

The larger unknown lies elsewhere.

How many gigawatts of gas, coal, lignite, oil, waste or biomass use freshwater once-through cooling? How many have towers? How many are coastal? How many use air or treated wastewater?

The tool below shows why that single missing column materially changes the total.


Test the perimeter


Interactive tool. The calculator for this chapter remains available on l0g.fr. The EPUB preserves its context and limits but embeds no script or tracking.



Open the full-width counter.

The slider is not an estimate.

It makes one accounting relationship visible: every percentage point of classic thermal capacity classified as water-cooled adds roughly 3.2 GW to the perimeter. The result therefore depends less on a sophisticated formula than on a basic field that is not maintained in a common current register.


Abstraction is not consumption

The word “use” creates another source of confusion.

For 2000-2022, the EEA estimates that power-plant cooling accounted for an annual average of 72.3 billion cubic metres of water abstraction, equal to 36% of abstraction by EU economic sectors, excluding hydropower. For 2020-2023, the volume had declined to about 62 billion cubic metres, around 33% of the total. (EEA, water abstraction)

The EEA links much of the decline to the shift from fossil generation towards renewables.

It does not mean that 72 or 62 billion cubic metres disappear every year.

Once-through cooling withdraws a large volume, passes it through a heat exchanger and returns most of it at a higher temperature.

A wet cooling tower withdraws far less, recirculates the water, but loses a larger share through evaporation.

Air cooling nearly removes water demand, at the cost of investment, auxiliary power and lower efficiency when ambient air is hot.

The reference ranges published by Climate-ADAPT for a conventional thermal plant illustrate the paradox.


[image: Comparison of water abstraction and consumption for once-through cooling, wet recirculating towers and dry cooling]
Once-through systems withdraw huge volumes but return most of the water. Towers sharply reduce abstraction while often increasing the share consumed through evaporation.

The EEA estimates that 65% of European electricity generation still relies on water for cooling. It also estimates power cooling at roughly 20% of the EU's annual net water consumption. (EEA, Water savings for a water-resilient Europe)

The two numbers answer different questions.

The first describes dependence of generation.

The second describes the fraction of water not immediately returned to the same environment.

A debate that mixes them can make a plant look far more or far less vulnerable than it is.


Water is not one risk

The first article provided three neighbouring cases on the Danube.

Paks faced a local intake-level constraint.

Cernavodă reached the limit of its pump suction basin.

Kozloduy kept producing through a pumping station built in a deep bay.

The same river therefore produced three different outcomes.

The label “river-cooled plant” is not enough.

At minimum, the register needs to distinguish:


	available flow;

	water level at the intake;

	upstream temperature;

	downstream temperature or permitted thermal rise;

	evaporative consumption;

	allocation rules among competing users;

	water quality, salinity and organisms capable of blocking an intake.



A coastal plant is not exposed to low river flow. It can still lose output when seawater becomes too warm or jellyfish, algae or fish obstruct filters.

A wet tower provides more protection from an immediate low river level, but continues to consume water and loses efficiency in hot and humid air.

Dry cooling reduces water dependence while making available output more sensitive to air temperature.

The wet megawatt is therefore not a label for a fragile technology.

It is a physical link that must be qualified.


Hydropower contains four different machines

Hydropower creates another measurement problem.

The open JRC Hydro-power plants database contains 4,264 European plants and distinguishes typology, capacity, head, useful reservoir volume and, when directly available, energy storage capacity.

The project is valuable. Its authors also state that it is an open project originating in JRC work, not an exhaustive official Commission product.

More importantly, the single label “hydro” hides four distinct power-system functions.


[image: Comparison of run-of-river hydropower, reservoir hydropower, open-loop pumped storage and closed-loop pumped storage]
Adding all hydro capacity measures its connection to water. It does not measure a common sensitivity to drought.

Run-of-river output follows immediate flow.

Reservoir hydropower can shift energy through time, but remains constrained by inflows, irrigation, drinking water, flood control, ecological flows and conservation strategy.

Open-loop pumped storage combines electricity storage with natural hydrology.

Closed-loop pumped storage mainly recycles the same water between two reservoirs. It remains water-coupled while being much less exposed to river flow. The open or closed distinction depends on whether the system remains continuously connected to a naturally flowing water source. (IHA, pumped-storage hydropower)

A hydro total that does not separate those four categories measures installed capacity. It does not measure vulnerability.


The threshold turns dependence into an observed loss

A plant can depend on water for fifty years without losing a single MWh for that reason.

Vulnerability becomes observable when a threshold is crossed.

The threshold may be physical: the pump no longer has enough submergence.

It may be thermodynamic: intake water becomes too warm to condense steam efficiently.

It may be environmental: the downstream temperature or authorised thermal rise is reached.

It may be institutional: a reservoir must maintain ecological flow or supply agriculture.

It may be biological: an intake becomes blocked.

The JRC has already implemented water-abstraction and temperature constraints in the open-source power model Dispa-SET. Its work shows how a withdrawal or temperature limit can cap maximum output and force shutdown when the compatible capacity falls below the unit's technical minimum. (JRC, Water-related modelling in electric power systems)

The model can represent the relationship.

The public register does not yet supply current, harmonised parameters for every site.

That is the second conclusion of this investigation: water coupling can be mapped from technology, but actual loss requires site-specific thresholds.


A database organised around evidence, not a score

A future public register will only be useful if it makes its gaps visible. The architecture proposed here therefore organises evidence before producing a total.

Each asset would receive an evidence grade:


	A when an operator or regulator documents the water source, system and event;

	B when the asset and water link are confirmed but a threshold is still missing;

	C when it remains a candidate requiring verification;

	D when contradictions are too large for inclusion in a total.



The register could use five linked tables:

plants
water links
thresholds
events
sources


This structure prevents several realities from being compressed into one row.

One site may use seawater for one unit and a tower for another. A threshold may vary by season. An event may begin as an environmental restriction and later become a physical intake constraint. A unit can move from operation to reserve or permanent closure.

Every published result would need to display documentary completeness.

A headline such as “380 GW coupled to water” would mean little without four accompanying numbers:


	share with confirmed water source;

	share with confirmed cooling system;

	share with a local threshold located;

	share with a documented water event.



The missing data is part of the result.


Four indicators, four questions

The investigation will use four main measures.

Water-Coupled Capacity asks how much capacity directly uses water to generate, store or cool.

Freshwater-Exposed Capacity isolates dependence on rivers, lakes, canals and reservoirs rather than combining them with seawater.

Freshwater Once-Through Exposure identifies thermal and nuclear units using once-through freshwater cooling, generally the category most sensitive to flow, level and river temperature.

Observed Water Derating adds only MW and MWh actually lost during documented events.

A fifth indicator, the Basin Concentration Ratio, will measure the share of dispatchable capacity or output linked to the same river basin.

That matters when one hydrological shock affects several technologies.

The 2026 Danube episode reduced nuclear, hydropower and coal output. Counting each plant separately understates correlation. Adding every riverside plant overstates the probability of a common outage.

The river basin provides the intermediate scale.


The first number must never become a prophecy

The 294.3 GW floor has a precise use.

It establishes that water is not a marginal dimension of Europe's electricity system.

It does not justify writing that 294.3 GW is threatened by the next drought.

A coastal reactor does not depend on rainfall in the same way as an Alpine reservoir.

A closed-loop pumped-storage plant can remain a source of power during dry conditions.

A river reactor using towers may retain more margin than a once-through site.

A once-through site can remain robust because of a deep intake, as Kozloduy showed on the Danube.

The map should therefore look less like a danger map than a map of the conditions under which a megawatt exists.

That distinction matters.

Electricity statistics present capacity as a property of the machine.

This investigation shows that part of that capacity also belongs to its environment: a level, flow, temperature, bay, reservoir, permit and sometimes only a few centimetres of margin.

Models can already represent that dependence, and the old database supplies the right columns. Operational data, permits and hydrological series exist across public bodies and operators. The systems reviewed do not connect them in a living register.

Until that register exists, Europe will know how many megawatts it has built.

It will know much less precisely how many still work when the water changes.

Method and limitations

Data cut-off: 20 August 2026.

The 294.3 GW figure adds hydropower and nuclear categories in Red Eléctrica's 2023 panorama of ENTSO-E member states. The perimeter extends beyond the European Union and the vintage does not exactly describe the 2026 fleet. It is used because it provides one coherent table across all technologies and a common denominator.

The 2026 nuclear cross-check is an l0g sum of net capacities published by PRIS for the twelve EU countries still operating reactors: Belgium, Bulgaria, Czechia, Spain, Finland, France, Hungary, the Netherlands, Romania, Slovakia, Slovenia and Sweden. It is used only to validate the order of magnitude.

The water-per-MWh ranges come from an EEA Climate-ADAPT option based on a reference conventional thermal plant. They must not be applied mechanically to each European power station.

JRC Hydro-power plants is an open dataset originating in JRC work. Its authors state that it is not an official Commission product and that completeness varies by variable.

The proposed method prioritises operator, regulator, TSO and hydrological-agency sources. A future total should include only A- and B-grade assets and display the undocumented share.

Main sources and datasets


	ENTSO-E Transparency Platform

	Red Eléctrica, 2023 European installed-capacity panorama

	IAEA, Power Reactor Information System

	Eurostat, Electricity production capacities by main fuel groups and operator

	EEA, Water abstraction by source and economic sector

	EEA, Water savings for a water-resilient Europe

	EEA Climate-ADAPT, Reducing water consumption for cooling of thermal generation plants

	JRC Open Power Plants Database

	JRC, Energy and Industry Geography Lab documentation

	JRC Hydro-power plants database

	International Hydropower Association, open-loop and closed-loop pumped storage

	JRC, Water-related modelling in electric power systems

	European Industrial Emissions Portal



Next: The degree too far, an investigation into thermal limits, temporary exemptions and the way France arbitrates between electricity production and river temperature.
Part 3 of 6
The extra degree
At Bugey, the Rhône has a normal limit, a second tier activated when RTE requires units, and then a case-by-case exceptional decision. Part three of our investigation into water and European electricity asks who turns a grid need into an extra degree, and when the river's actual response becomes known.
Published 20 August 2026 · Canonical article on l0g.fr
On 10 July 2026, France did not decide that the Rhône could now rise freely to 28°C. It took a narrower and more revealing decision. Bugey reactors 4 and 5 could continue discharging water into the river provided that daily average warming between upstream and downstream remained at or below 1°C, and only while RTE required the units for grid security. The projections examined by ASNR indicated that this rule should not take downstream temperature above 28°C. The distinction is legal. It is also political: the river limit is public, while the number of megawatts the grid wanted to preserve is not.

This third part continues the investigation that began with a few centimetres of the Danube and then widened to Europe's wet megawatt.

The scale of the question has changed.

It is no longer enough to ask whether a power plant depends on water. We need to understand who arbitrates when the river and the grid demand different things.

Three steps for the same Rhône

French thermal-discharge limits do not operate through one national threshold.

Each site has its own prescriptions, often split by season, river flow, upstream temperature and cooling design.

At Bugey, permanent regulation already contains two tiers.

From 1 May to 15 September, the ordinary regime caps mean downstream temperature at 26°C and upstream-downstream warming at 5°C.

When that first tier can no longer be met while RTE asks for minimum output to be maintained, the exceptional climatic conditions regime, CCE, allows the relevant units to operate with a downstream maximum of 27°C and warming capped at 1°C. This second tier is already written into permanent regulation. ASNR is informed, but it does not adopt a fresh decision each time the tier is activated. (ASNR, July 2025 technical note)

On 10 July 2026, a third tier appeared.

EDF had submitted a request two days earlier. The energy ministry had confirmed that keeping reactors 4 and 5 operating from 12 to 20 July constituted a public necessity. ASNR then applied Article R. 593-40 of the Environmental Code and adopted a temporary case-by-case modification. (ASNR decision 2026-DC-052)


[image: The three thermal-discharge tiers applying at Bugey in summer 2026: normal conditions, exceptional climatic conditions and a temporary ASNR decision]
The first two tiers are permanent. The third requires an exceptional situation, a public necessity and a temporary ASNR decision.

The shorthand “26, 27, 28” helps explain the staircase. It must not erase the exact construction of the decision.

The operative article adopted on 10 July does not turn 28°C into an automatic ceiling. It caps daily average warming after mixing at 1°C. The 28°C figure appears in the reasoning: based on projected upstream temperatures, the 1°C cap was not expected to take the Rhône beyond the reference used for cyprinid waters in that section of the river.


A degree in the river is not a degree of reactor safety

The phrase “reactor cooling” creates a persistent confusion.

In a pressurised-water reactor, the primary circuit transfers heat to the secondary circuit. Steam in the secondary circuit drives the turbine and then has to be condensed. At that stage, water from the river or sea is used to move waste heat into the environment. (ASNR, cooling principle)

A reduction caused by thermal-discharge rules therefore primarily means that the plant must comply with an environmental or hydrological prescription. It does not automatically mean the reactor core can no longer be kept safely cooled.

Chooz makes that distinction unusually clear.

On 11 July 2026, the Meuse was flowing at 21.3 m³/s. EDF said 6.3 m³/s was sufficient to cool its reactors. Unit 2 was nevertheless shut down preventively in order to comply with the 1998 Franco-Belgian intergovernmental agreement on Meuse flow. (EDF, Chooz, 11 July 2026)

The constraint was real.

It arose from a water-sharing rule, not from the physical loss of the ability to keep the reactor in a safe state.

At least four mechanisms need to remain separate:


	nuclear equipment safety during extreme heat;

	condenser efficiency when intake water is warmer;

	environmental limits on downstream temperature and warming;

	river-flow, basin or international sharing rules.



A fifth layer appears when RTE asks for a unit to remain online.


One site, two thermal signatures

Bugey provides an almost controlled comparison.

Reactor 3 uses once-through cooling. Water crosses the condenser and returns directly to the Rhône. ASNR says an open circuit typically withdraws 40 to 60 m³/s and can warm the receiving water by several degrees.

Reactors 4 and 5 use cooling towers. Make-up water of roughly 2 m³/s replaces evaporation and renews the circuit. Residual warming in the river is then measured in tenths of a degree. (ASNR, July 2025 technical note)

The 10 July decision translates that design difference directly.

Reactor 3 had to shut if the Rhône kept warming. Reactors 4 and 5 could be kept at a minimum level of generation.


RTE asks, the ministry confirms, ASNR decides

Public discussion can make it sound as if one authority simply “raises the limit”.

The actual chain is more fragmented.

EDF observes weather, hydrology and unit status. It submits a request when it concludes that ordinary and permanent prescriptions may no longer be sufficient.

RTE states the electricity-system need and requires a minimum generation level.

The energy ministry confirms that maintaining this output constitutes a public necessity.

ASNR assesses the exceptional situation, the proposed limit and the monitoring programme. It legally decides the temporary modification.

Regional state services responsible for water and biodiversity are consulted on the monitoring arrangement.

EDF then operates the units within the adopted limits and reports actual temperatures and any observed ecological repercussions each day. (ASNR decision 2026-DC-052, Articles 1 to 4)


[image: Decision chain between EDF, RTE, the ministry, ASNR and environmental monitoring for a temporary thermal-discharge modification]
The procedure contains real checks, but public documents describe the river far better than the electricity need used to justify the decision.

This chain contains real safeguards.

It also contains a blind spot.

The decision says RTE required a “minimum level of electricity generation” from reactors 4 and 5 until 20 July. It does not state the number.

EDF's 8 July request is not attached.

The ministry's 9 July letter is not published.

Appendix D, which describes the specific monitoring programme, is not annexed to the public decision.

The reader can therefore see:


	the ordinary environmental limit;

	the temporary warming cap;

	the authorised units;

	the period;

	the ecological reporting deadlines.



The reader cannot see:


	the minimum MW requested;

	the exact grid constraint;

	the alternatives considered;

	the no-operation scenario;

	the MWh the decision was meant to preserve.



Transparency is asymmetric.

The river is described in degrees. The grid is still described by a general phrase: power-system security.


Comfortable national adequacy can coexist with a local request

On 25 June, RTE said the heatwave required no particular vigilance for national security of supply.

Average demand was expected at 58 GW. Air conditioning added 10 to 14 GW relative to seasonal conditions, but available resources remained sufficient. (RTE, 25 June 2026)

The same day, RTE required Nogent 2 to remain online under CCE rules. Two days later, it requested Bugey 4 and 5.

The contradiction is only apparent.

A system can have enough energy nationally and still face a constraint involving:


	a geographic area;

	a transmission corridor;

	reserves;

	voltage;

	stability;

	a particular hour when solar output falls.



The documents collected do not allow us to choose between those explanations.

The rigorous wording therefore remains the wording used by EDF and ASNR: RTE required the units to contribute to power-system security.

The investigation needs the detailed RTE requests before that phrase can become a technical diagnosis.


Summer 2026 did not apply one national rule

Different plants followed different decisions during the same heat episode.









































	Site	Ordinary regime	Exceptional mechanism documented in 2026
	Bugey	26°C downstream in summer, ΔT 5°C	CCE at 27°C and ΔT 1°C, then R. 593-40 decision with ΔT 1°C and downstream projected below 28°C
	Nogent	28°C downstream, ΔT 3°C	unit 2 held under CCE up to 30°C when RTE required it
	Saint-Alban	28°C downstream in summer, ΔT 3°C	CCE at 29°C; the selected EDF dataset does not specify this regime's ΔT
	Golfech	28°C downstream, ΔT 1.25°C in summer	CCE available up to 30°C, while unit 2 was repeatedly stopped under ordinary rules
	Tricastin	28°C downstream, ΔT varies with flow	CCE at 29°C and ΔT 3°C
	Chooz	site-specific Meuse thermal rules	shutdown can also follow the Franco-Belgian flow agreement


These thresholds are not an ecological fragility league table.

They arise from site-specific legal texts, measurement points, seasons and cooling designs. EDF's open dataset contains 51 records, not one number per plant. (EDF Open Data, thermal-discharge thresholds and limits)

A number removed from that context becomes misleading very quickly.


Test the published rule

The selector below returns documented rules for five plants.

It shows how date, Tricastin canal flow, an RTE request and Bugey's temporary decision change the applicable regime.


Interactive tool. The calculator for this chapter remains available on l0g.fr. The EPUB preserves its context and limits but embeds no script or tracking.



Open the full-width selector.

The tool does not simulate a thermal plume or a biological response.

It does not decide whether RTE should require a unit.

It simply exposes a documentary logic currently spread across EDF data, decrees, ASNR decisions and operating notices.


The grid decides quickly; the ecosystem answers slowly

The procedure operates under severe time pressure.

Weather and hydrological conditions can only be forecast accurately a few days ahead. ASNR repeatedly notes that limitation. Electricity decisions may therefore have to be taken within hours or days.

Upstream temperature, downstream temperature and warming can be measured immediately.

Dissolved oxygen, some physico-chemical parameters and visible fish mortality can be monitored quickly.

Cyanobacteria require sampling and laboratory analysis. EDF's monitoring framework uses enhanced frequency and a 1 mm³/L vigilance threshold for potentially toxic cyanobacteria.

At sites concerned by Naegleria fowleri, the framework includes daily monitoring during sensitive periods, with vigilance and action levels written into site-specific prescriptions.

Diatoms, phytoplankton and especially fish-community structure respond over longer periods. EDF describes fish populations as a compartment whose dynamics are assessed over weeks, months or even years. The protocol leaves at least one month between two fishing surveys so as not to add stress to fish already exposed to high temperatures. (EDF, surface-water monitoring in an exceptional situation)


[image: Time lag between an immediate electricity decision and the time required to measure ecological effects of thermal discharges]
The operating decision can precede an interpretable signal from slow-response biological compartments. Extended monitoring and delayed reports are meant to bridge that gap.

The 10 July Bugey decision sets out that timetable explicitly.

EDF had to report actual downstream temperatures and any observed ecological repercussions daily to ASNR, the ministry, the prefecture and the regional environmental authority.

A preliminary report is due by 31 October 2026.

The final assessment is due by 31 March 2027.

Compensatory measures are required if impacts on habitats or species are identified.

This article therefore appears before the complete verdict.

That limitation is not external to the investigation. It is one of its findings.


The 2022 evidence is reassuring without closing the issue

During summer 2022, temporary decisions were used for 24 cumulative days: 9 at Tricastin, 8 at Bugey, 6 at Golfech and 1 at Saint-Alban. Blayais did not ultimately use them. (ASNR, 2022 summer operating experience)

Enhanced monitoring found no particular upstream-downstream difference at Golfech, Tricastin and Bugey in the physico-chemical and microbiological parameters studied. No fish mortality or deterioration in environmental health was identified.

At Saint-Alban, small differences in phytoplankton and benthic diatoms were observed during the summer but did not persist beyond the season. A difference in juvenile fish structure was still visible in autumn 2022 and was no longer observed in 2023. (ASNR, July 2025 technical note)

The useful conclusion is narrow:

the 2022 monitoring did not identify a lasting effect attributable to the temporary authorisations in the sites and parameters studied.

That sentence does not establish that one extra degree would be harmless:


	for a different duration;

	under a different flow;

	in another river;

	across several plants in the same basin;

	through repeated hotter summers.



ASNR itself calls for a territorial approach to potential cumulative effects where several sites share a basin.


A rare decision, and governance that needs clearer evidence

EDF estimates that losses caused by high temperatures and low river flows have averaged roughly 0.3% of annual nuclear output since 2000. (EDF, adapting the fleet to climatic conditions)

That average prevents a claim that the French fleet is structurally unable to operate in summer.

It does not resolve the governance question raised by a few concentrated days.

An exceptional authorisation can be:


	legally constrained;

	technically justified;

	monitored;

	temporary;

	and still insufficiently documented for the public on the electricity side.



The 10 July decision describes the Rhône, the units, the warming cap, the authorities receiving daily reports and the ecological timetable.

It refers to a minimum generation level without publishing it.

That number would connect the environmental decision to the electricity system.

It would allow the public to ask:


	how many MWh were preserved;

	what alternative would have replaced the units;

	what cost or risk the system avoided;

	how much additional heat corresponded to each MWh maintained.



Without those documents, public debate is pushed toward two incomplete stories.

One says the state sacrificed a river to nuclear power.

The other says a small adjustment with no lasting effect was enough to secure the grid.

The evidence supports a more demanding conclusion.

An exceptional authorisation is neither proof of danger nor proof of harmlessness. It is a decision under uncertainty.

The quality of that decision depends on two forms of transparency.

The first already exists to a considerable extent: temperature, warming, monitoring and ecological reporting deadlines.

The second still needs to be built: MW requested, grid reason, alternatives and MWh actually preserved.

The extra degree therefore reaches beyond one degree measured in the Rhône.

It is the point at which the electricity output asked of the river should become as public as the temperature imposed on it.

Established findings

French regulation distinguishes an ordinary regime and, for some sites, a permanent second tier of exceptional climatic conditions activated when RTE requires minimum output.

The 10 July 2026 Bugey decision temporarily added a third tier under Article R. 593-40. It covered reactors 4 and 5, capped daily average warming at 1°C and applied only while RTE required their operation.

Different cooling designs explain why reactor 3 had to stop while reactors 4 and 5 could remain online.

The 2022 monitoring did not identify a lasting effect attributable to the temporary authorisations in the sites and parameters studied.

Remaining blind spots

Public documents do not reveal the minimum output requested by RTE, the exact grid reason, the alternative scenario or the MWh preserved.

The final ecological effect of the 2026 Bugey decision is not yet known. The regulatory deadlines are 31 October 2026 for the preliminary report and 31 March 2027 for the final assessment.

The 2022 evidence cannot be extrapolated automatically to every duration, basin or future repetition.

Method and limitations

Data cut-off: 20 August 2026.

The threshold matrix is based first on EDF's open dataset and then on legal decisions and operator notices. Strict and inclusive signs, seasonal periods and measurement points are retained where available. EDF's portal reports 51 records, an irregular update frequency and a last dataset modification on 31 July 2024. The 2026 notices document recent activations without being treated as a consolidated legal update of the dataset.

The “26, 27, 28” summary is used as a teaching device. ASNR decision 2026-DC-052 directly caps daily average warming at 1°C. The 28°C downstream figure belongs to its forecast and environmental reasoning.

CCN and CCE describe published permanent regimes. The R. 593-40 modification is a distinct exceptional situation.

The 2026 chronology is reconstructed from EDF notices. Hourly output and detailed RTE requests remain to be collected before any economic calculation.

The 2022 ecological findings are reported within the exact perimeter described by ASNR. Failure to identify a lasting effect is not general proof that no effect exists.

Main sources


	ASNR decision 2026-DC-052, 10 July 2026

	ASNR, Thermal discharges from nuclear plants during summer periods, July 2025

	ASNR, operating experience from the temporary decisions of summer 2022

	EDF Open Data, thermal-discharge thresholds and limits around nuclear plants

	EDF, surface-water monitoring in an exceptional situation

	RTE, security of supply during the heatwave, 25 June 2026

	EDF, Bugey chronology, June-July 2026

	EDF, Bugey 4 and 5 under CCE, 13 August 2026

	EDF, Nogent-sur-Seine adaptation and CCE in June 2026

	EDF, Chooz, Meuse flow and the Franco-Belgian agreement, 11 July 2026

	EDF, Saint-Alban 1 under CCE, 17 August 2026

	EDF, Golfech shutdown of 29 July and reconnection of 7 August 2026

	EDF, adapting the nuclear fleet to high temperatures and low river flows



Next part: the dam that does more than generate kilowatt-hours, an investigation into the time value of stored water when the system must choose between producing today and preserving flexibility for tomorrow.
Part 4 of 6
The dam that chooses not to generate
Switzerland's 250 GWh reserve, water value, Norwegian imports and incomparable stock metrics: how hydropower dams arbitrate time.
Published 21 August 2026 · Canonical article on l0g.fr
On 6 July 2026, Switzerland's electricity regulator did not order more power generation. It ordered some possible generation to remain unproduced. From 1 February to 15 May 2027, 250 GWh must stay in hydropower reservoirs. That energy can be called only if the next-day market can no longer find enough supply to cover demand. Operators will therefore be paid to preserve energy they could otherwise have sold. The service being bought is not an extra megawatt-hour today. It is the option to generate one later.

This fourth instalment follows the investigation from the Danube to Europe's wet megawatt and then to France's thermal discharge limits.

The direction now changes.

The first three articles examined what electricity loses when water becomes too low or too warm. This one asks what water is worth when it remains behind the dam.

Switzerland buys an absence of generation

Directive 1/2026 from the Federal Electricity Commission, ElCom, defines a compulsory hydropower reserve for the 2026-27 hydrological year.

The scheme covers 250 GWh, equal to 3.06% of the 8,160 GWh reference energy held by Swiss storage plants with at least 10 GWh of capacity. The withholding period starts on 1 February 2027 and ends at midnight on 15 May. ElCom links that date to the point at which snowmelt normally starts refilling reservoirs and makes a late-winter shortage much less likely. (ElCom, Directive 1/2026)

Participation is not optional for covered facilities.

Each participant's obligation is based on its rights in eligible reservoirs. Participants can choose the complexes in which they hold their share, but no hydraulically connected complex may contain more than 30% of the total reserve.

The directive also requires at least 3 MW of installed and normally available capacity for each GWh withheld. Applied to 250 GWh, the rule implies an aggregate minimum of 750 MW associated with the scheme. This arithmetic does not mean 750 MW will necessarily be called simultaneously. Allocation, outages and activation rules still matter.


[image: Structure of the Swiss 2026-27 hydropower reserve: 250 GWh withheld out of 8,160 GWh from 1 February to 15 May 2027]
The scheme does not purchase immediate output. It pays for future availability created by keeping energy in reservoirs.

The compensation explicitly recognises an opportunity cost.

ElCom will calculate the flat withholding payment from the average spread between Swiss first-quarter and second-quarter 2027 futures, multiplied by 1.3. Energy actually called from the reserve receives separate compensation. If the reserve is never used, participants regain control of the withheld energy without an additional payment.

Activation requires a specific event: demand must exceed supply in the day-ahead market. The regulator also monitors behaviour designed to trigger that condition artificially.

The reserve is therefore neither free inventory nor merely a full dam.

It is a regulated option whose value starts with restraint.


One technology, three clocks

Hydropower covers facilities that do not live in the same time frame.

RTE classifies French plants by the time required to refill their upstream reserve. That taxonomy shows why lower output can be a physical loss in one case and a timing decision in another. (RTE, hydropower generation)

Run-of-river, with less than two hours of reserve, mainly follows current inflows. Water not turbined usually cannot be stored for months.

Pondage, between two and 400 hours, can shift generation across a day or a week.

A seasonal reservoir, above 400 hours, arbitrates across the season and the year.

Pumped storage adds another mechanism. It consumes electricity to move water uphill and returns part of that energy later. It moves electricity through time, but creates neither snow nor rainfall.

The distinction changes the meaning of lower generation.

A run-of-river plant producing less during drought mainly suffers lower inflows. A reservoir producing less may face the same shortage, but it may also be preserving stock. A pumped-storage plant consuming more today is buying time, while returning less energy later because of cycle losses.


The minimum price at which a drop agrees to fall

RTE describes reservoir management as a choice between immediate and deferred use.

A plant generates when current market value exceeds the opportunity value of water held for later. That value depends on remaining stock, demand, future electricity and fuel prices, other available assets and the constraints of the valley. RTE notes that it can exceed the operating cost of some thermal generation. (RTE, reservoir opportunity value)

The result can look counterintuitive.

A gas plant may generate today while a dam saves water. The decision does not say gas is the better technology. It says a scarce hydro megawatt-hour may be more useful later.

Norway's regulator describes the same logic as vannverdi, water value.

Set it too low and reservoirs may empty before winter ends, exposing the system to very high prices or rationing. Set it too high and too much water may remain when snowmelt begins, forcing spills without generation. Water value is therefore a price under uncertainty, not a number dictated by nature. (NVE/RME, “Hva er vannverdi?”)

Test a simplified allocation

The tool below separates two cases.

For a natural reservoir, it subtracts strategic reserves, non-power allocations already converted into an energy equivalent and technical unavailability. It then compares an immediate sale with a future value weighted by the share assumed still usable.

For pumped storage, it applies round-trip efficiency to the electricity used for pumping.

It knows neither future rainfall nor grid constraints nor concession rules. Its outputs are gross scenarios, not market recommendations.


Interactive tool. The calculator for this chapter remains available on l0g.fr. The EPUB preserves its context and limits but embeds no script or tracking.




Importing wind to preserve rain

Norway provides a documented system-level example of this choice.

In the first quarter of 2026, its net electricity exports fell to 0.3 TWh, from 7.3 TWh one year earlier. Norway remained a net exporter in January, then became a net importer in February and March. (NVE, first-quarter 2026 power report)

NVE found that net-import periods broadly coincided with high renewable generation in neighbouring countries. Norwegian hydropower output fell, imports covered a larger share of consumption and water was preserved for periods with less renewable output and higher prices.

The deteriorating resource position strengthened that incentive.

Norway's hydrological balance moved from -7.4 TWh in week 1 to -23.2 TWh in week 13. The measure combines deviations in reservoir storage, snow, soil and groundwater from historical norms. It is not simply a reservoir filling number, but a wider measure of future hydrological margin.

The relationship should not be reduced to a single cause.

Flows also depend on demand, congestion, cold weather, wind, plant availability and price spreads. NVE's report nevertheless establishes the mechanism: a system rich in reservoirs can import now to strengthen future flexibility.


Solar does not refill a reservoir

On 11 August 2026, Europe's Electricity Coordination Group found that strong solar generation had eased pressure on prices in the middle of the day, while storage remained critical for moving that energy into evening peaks. (European Commission, 11 August 2026)

The shift increases the hourly value of hydro, but it does not remove the seasonal constraint.

Pumped storage can charge at midday and discharge in the evening. The cycle loses some energy but gains time.

A natural reservoir can also reduce midday generation and preserve stock. The difference is fundamental: its water comes from rain and snow. A day of cheap solar cannot refill the lake.

Europe may replace a hydro energy shortfall over a whole summer with more solar output while remaining weaker on another dimension: the amount of dispatchable generation left after months of poor inflows.

This article does not claim that every European reservoir has already moved output into the evening. Establishing that would require reproducing hourly profiles, separating run-of-river, reservoirs and pumping, and controlling for weather and prices. That work continues. The mechanism itself is already explicit in system-operator documents.


One TWh does not always mean the same TWh

The most awkward documentary finding in this instalment lies in calculation methods.

France, Norway, Switzerland and ENTSO-E all publish hydro storage in energy units. The figures therefore look immediately comparable.

They are not always measuring the same perimeter.

In France, RTE publishes a maximum national stock of 3,591 GWh for lake-type plants. It is head energy, meaning the energy available in the one plant directly connected to the reservoir. (RTE, hydraulic stock)

In Norway, NVE adds the energy equivalents of downstream plants in the same watercourse for each reservoir. The same water is therefore valued through the whole cascade it can pass. Calculated national capacity reached 87,438 GWh in September 2025. (NVE, reservoir-statistics method)

Switzerland likewise uses the full production cascade of a hydraulically connected and jointly optimised complex when calculating the energy content of a lake.

ENTSO-E requires a weekly aggregate by bidding zone but states in its own documentation: “No standard method.” Reservoir and pumped-storage energy may appear in the same locally aggregated value. (ENTSO-E Transparency Platform, Article 16.1.D)


[image: Comparison of hydropower stock calculation methods in France, Norway, Switzerland and the ENTSO-E platform]
Different methods do not make the data false. They make the perimeter essential.

This is more than an accounting detail.

A stock intended to secure a peak depends on both total energy and available power. A cascade can multiply the electricity produced from the same cubic metre but does not guarantee that every turbine is available at the same time. Pumped storage aggregated with natural reservoirs adds energy of a different origin.

Two areas can therefore report 1 TWh without holding exactly the same electricity service.


The market is not alone at the gate

Electric opportunity value does not always have the final word.

EDF's Durance-Verdon chain contains 16 dams and 23 power plants connected by a canal. The same water can generate repeatedly across the cascade. It must also irrigate 80,000 hectares, supply drinking water to 3 million people, serve almost 400 companies, maintain ecological flows and support tourism. (EDF, shared water management in Provence)

The season changes the order of priorities.

Winter gives more weight to electricity. Spring rebuilds storage. During summer, EDF says irrigation and tourist-compatible lake levels take priority. Autumn management also preserves room for floods.

Filling trajectories are recalculated every two weeks with state services, irrigators, local authorities and basin organisations.

During crisis conditions, the state can impose restrictions and rank uses. Provence's framework protects drinking and sanitary water, civil security, industrial safety and aquatic ecosystems. (DREAL PACA, management of stored water during scarcity)


[image: The multiple functions of the Durance-Verdon system: power, irrigation, drinking water, industry, environment and tourism]
A non-power allocation is not merely lost revenue. It provides another public or economic service that spot prices do not fully value.

That plurality complicates every calculation of “stored value”.

A volume reserved for drinking water cannot automatically be translated into sacrificed GWh. The reservoir level, head, cascade, efficiency, timing and counterfactual all matter.

The market can price the electricity opportunity cost.

It cannot by itself price the total social benefit of water.


Eight fields missing from Europe's stock figures

The problem is not a complete absence of data.

It is an incomplete definition that too rarely travels with the number.

A comparable hydro stock should state at least:


	whether head energy or the full cascade is counted;

	whether pumped storage is included;

	the assets or perimeter covered;

	dead storage and non-power reserves;

	actually available power;

	technical outages;

	measurement date and revision method;

	grid constraints that may block use of the stock.



Spain offers an interesting model. Its weekly hydrological bulletin brings together reservoir volumes, allocations for irrigation and drinking water, theoretical stored hydropower energy and actual hydro generation. (MITECO, weekly hydrological bulletin)

The Spanish publication is not immediately comparable with French, Norwegian or Swiss figures. It nevertheless shows that physical water and its electricity equivalent can be published together.


The most valuable service may be the missing megawatt-hour

A thermal plant burns fuel that can be purchased again.

A reservoir follows a hydrological path no operator can order.

Generating today reduces tomorrow's stock. Waiting creates the opposite risk: a lower future price, a new constraint or fresh inflows that force water to spill without generation.

Hydropower's value lies in that choice.

The Swiss reserve turns waiting into a security-of-supply product.

Norway shows how imports can preserve a domestic resource.

The Durance shows that agriculture, drinking water and ecosystems also stand before the gate.

And Europe's fragmented methodologies show that storage figures are too often compared without comparing what they can actually do.

A dam is not only a power plant that generates when water falls.

It is an infrastructure that decides, under constraints, when that fall has the greatest value and for whom.

Established findings

Switzerland requires a 250 GWh hydropower reserve for 2026-27, callable only if the day-ahead market fails to clear.

RTE and NVE explicitly describe water storage as an opportunity-cost decision.

NVE establishes that several import periods in the first quarter of 2026 coincided with lower hydro generation and water preservation for tighter periods.

Stock-calculation methods differ across France, Norway and Switzerland, while ENTSO-E prescribes no standard method.

Findings outside the scope

The investigation does not demonstrate that every European reservoir moved generation into evening peaks in 2026.

It does not assign every Norwegian import to a single water-preservation decision.

It does not convert agricultural, drinking-water or ecological allocations into electricity losses without reconstructing the cascade and counterfactual.

It does not present the interactive tool as a real dispatch model.

Method and limitations

Data and documents checked through 21 August 2026.

The 3.06% and 750 MW figures associated with the Swiss reserve are arithmetic derivations from regulatory values. The latter is not a forecast of power called.

Norwegian production and exchange data used by NVE originate from the ENTSO-E Transparency Platform and were provisional at publication.

France's 3,591 GWh and Norway's 87,438 GWh should not be compared as stocks with an identical perimeter. The systems differ greatly in size and their conversion methods are not the same.

Primary sources


	ElCom Directive 1/2026 on the 2026-27 hydropower reserve

	NVE/RME, definition of water value

	NVE, first-quarter 2026 power-system report

	NVE, reservoir-statistics calculation method

	NVE, reservoir capacity updated to 87,438 GWh

	RTE, hydropower categories and opportunity value

	RTE, definition of French hydraulic stock

	ENTSO-E Transparency Platform, aggregate stored-energy methodology

	European Commission, electricity coordination during the August 2026 drought

	EDF Hydro Méditerranée, shared management of the Durance-Verdon system

	DREAL Provence-Alpes-Côte d'Azur, management of stored water during scarcity

	MITECO, Spanish weekly hydrological bulletin


Part 5 of 6
The model, the pump and the price of adequacy
ENTSO-E found no systemic adequacy risk for summer 2026. By 19 August, that verdict still held despite the Danube shutdowns. An audit of a model that measures adequacy, not the physical price of achieving it.
Published 21 August 2026 · Canonical article on l0g.fr
On 30 July 2026, the operator of Paks published one sentence that captures the limit of any continental model. The Danube was still carrying enough water to cool the plant. Yet the level at the pump intakes had fallen too low for normal operation. The European system still saw gigawatts, imports and reserves. The pump saw centimetres.

On 29 May, ENTSO-E had concluded that most of Europe faced no systemic adequacy risk during the summer. Two months later, several reactors had been curtailed or shut, Danube hydropower had collapsed and governments were asking consumers to move demand.

Had the model and the pump produced incompatible answers?

No.

They were answering different questions.

This fifth instalment follows the investigation from the centimetre of Danube to Europe's wet megawatt, the extra degree in the river and water retained behind dams.

It does not set out to prove ENTSO-E wrong.

It asks what being right means when a system avoids scarcity through interconnection, solar power, reserves, flexible demand and emergency interventions that the final adequacy indicator does not describe.

The model never promised that every plant would operate

The Summer Outlook is not a weather forecast for power stations.

ENTSO-E describes it as a probabilistic assessment of resource adequacy: whether generation, storage, cross-border exchanges and flexibility can cover demand in each hour.

Three indicators structure the result:


	LOLE, the expected number of hours in which supply may not cover demand;

	LOLP, the probability that at least one scarcity hour occurs;

	EENS, expected energy not served.



A non-zero LOLE does not predict a blackout. It identifies risk in some simulations. A zero or very small EENS does not say that the system will be relaxed, cheap or environmentally neutral.

The seasonal report is also only the first stage. National operators run their own studies, regional coordination centres recalculate the coming seven days each day, and operators then manage grid security and the physics of individual assets in real time. (ENTSO-E, Summer Outlook 2026)


[image: Five layers of electricity analysis, from the seasonal outlook to the actual river]SOURCES: ENTSO-E; ACER; national operators. l0g analytical diagram.


The seasonal report is not the last decision layer. It is the first part of a process that gains resolution as operation approaches.

The Summer Outlook should therefore be judged against its actual question: did Europe have enough resources to avoid electricity scarcity?

As of 19 August, the answer was yes.


The model already sees heat and drought

A serious audit starts with what the model does well.

ENTSO-E does not simply add installed capacity to average demand. Since 2020, the seasonal assessment has used a sequential hourly probabilistic simulation. It combines weather scenarios that are coherent across time and space with random outages of generation and interconnectors.

For summer 2026, ENTSO-E says it used 36 future summer projections from several climate models aligned with SSP2-4.5. Multiple hydro samples range from a wet season to a very dry one. Demand changes with temperature, as do wind and solar output. (ENTSO-E, Summer Outlook methodology Q&A)

The Pan-European Climate Database, PECD, is produced with Copernicus. It contains coherent variables for temperature, precipitation, wind, solar radiation and hydropower inflows. Version 4.2 adds climate projections and several emissions pathways. (Copernicus, Pan-European Climate Database)

The hydro model can represent:


	natural inflows;

	reservoirs;

	minimum releases;

	pumping;

	environmental constraints;

	cascades;

	power losses from lower hydraulic head.



European methodologies also allow TSOs to provide hourly climate-dependent availability profiles for thermal or nuclear capacity. Long-term studies, for example, include French nuclear availability profiles that incorporate thermal derating.

The conclusion matters: cooling constraints are not excluded from European models by design.

The unresolved question is what data were actually used in 2026.

The readable publications do not provide a mapping between one climate scenario and the local thresholds of Paks, Cernavodă, Kozloduy or Kostolac. ENTSO-E does publish a supply workbook, but neither its download page nor the report provides a table linking each profile to individual water intakes. We therefore cannot claim that the plants were ignored. Nor can we publicly verify how their losses were correlated with the same Danube drought.


[image: Comparison between the information seen by an adequacy model and by a power plant pump]
The model can receive a correct availability profile without publishing how that profile relates to the actual intake elevation.


The Danube created a compound shock

The defining feature of summer 2026 was not one plant suffering one rare event.

The same basin removed several forms of electricity at once.

At Paks, the Danube fell below the elevation needed for normal pump operation. On 30 July, the operator said the river's total flow was still sufficient, but intake geometry required progressive curtailment and shutdown. (MVM Paks, 30 July 2026)

At Cernavodă, Unit 1 stopped on 28 July. Unit 2 remained at nominal power on 4 August after measures by the Romanian authorities to increase the Danube's local water level, before a controlled shutdown on 13 August. (Nuclearelectrica, Unit 2 status update, 4 August 2026)

At Đerdap, Serbia's energy ministry said in early August that output was around 20% of normal at the first complex and 30% at the second. Some thermal units at Kostolac also reduced output because of cooling constraints. (Serbian Ministry of Energy, 2 August 2026)

The shock affected:


	hydropower's primary energy;

	nuclear cooling;

	thermal cooling;

	air-conditioning demand;

	neighbours expected to export;

	navigation and other river uses.



Weather coherence alone does not reproduce this chain.

The same dry scenario must become simultaneous losses in different assets, each with a different response function. Paks depended on an intake elevation. Cernavodă depended on its suction basin. Đerdap depended on turbine flow. Kostolac depended on cooling conditions.

Public files do not yet allow an audit of this technical and hydrological basin correlation.


[image: The Danube compound shock simultaneously affected nuclear, hydropower, thermal plants and import needs]SOURCES: MVM; Nuclearelectrica; Serbian Ministry of Energy.


Drought is not merely a hydro input. It can affect several technologies and weaken neighbours expected to export at the same time.


National comments knew more than the continental headline

ENTSO-E's country-comments document contains an unusually candid sentence: the national pages provide system-specific context that may not always be represented in pan-European adequacy models. (ENTSO-E, Country Comments 2026)

Hungary explicitly listed prolonged heatwaves, high water temperatures and low levels in major rivers as possible risks. It also noted near-constant reliance on imports and rising reserve requirements from photovoltaic growth.

The risk that hit Paks was therefore present in the national narrative.

Romania's page referred to drought, lower reservoir levels and direct effects on hydropower. It did not explicitly say that a low Danube could make both Cernavodă reactors unavailable.

This difference does not prove that Cernavodă was absent from the model.

It identifies a transparency boundary: the most readable public document captured the hydro risk but not the nuclear mechanism that became central.


The May verdict survived August

On 29 May, ENTSO-E found no systemic risk across most of continental Europe.

On 11 August, after water levels and temperatures had already reduced generation, the Electricity Coordination Group still found no short-term adequacy risk. It also described tight conditions, the decisive role of cross-border flows, solar support during the day and the value of voluntary demand measures in Hungary. (European Commission, 11 August 2026)

Cernavodă Unit 2 stopped on 13 August.

On 19 August, the Commission maintained the same assessment: supply remained stable, there was no immediate adequacy risk, but tight conditions and close coordination continued. It also stressed that Danube flows had to be protected when national works sought to raise local water levels for electricity production. (European Commission, 19 August 2026)


[image: Timeline from the 29 May Summer Outlook verdict to the Danube events of August 2026]29 MAY
30 JULY
11 AUG
13 AUG
19 AUG

  
  Summer Outlook
  no systemic
  risk across
  most of Europe
  
  Paks explains
  the intake limit
  and prepares
  further shutdowns
  
  EU group
  tight conditions
  no short-term
  adequacy risk
  
  Cernavodă 2
  stops after
  Unit 1
  
  EU group
  system stable
  coordination
  reinforced
  
  Observed outcome
  demand was covered with a different mix, more exchange and emergency measures.
SOURCES: ENTSO-E; European Commission; MVM; Nuclearelectrica.


The final outcome confirms adequacy. The timeline shows that adequacy was actively rebuilt during the crisis.

The model was therefore right on its central object.

The result still does not say what that success cost.


Test the difference between a zone and a sub-region

The simulator below is not a grid model.

It illustrates a simple situation: a bidding zone may have enough capacity and imports to cover total demand while one part of that zone remains short if not all flows can reach it or if its own assets are constrained together.

The default values are fictional. They reproduce neither Hungary, Romania nor ENTSO-E.


Interactive tool. The calculator for this chapter remains available on l0g.fr. The EPUB preserves its context and limits but embeds no script or tracking.



Open The model and the pump in a full-width view

The two verdicts explain why a continental adequacy result never removes the need for national studies, power-flow analysis and measurements at each plant.


Being right can be expensive

Adequacy indicators value an essential outcome: demand was served.

They do not always distinguish two very different paths to that outcome.

In one system, domestic generation retains a large margin.

In another, the same zero EENS is achieved through:


	higher imports;

	additional fossil generation;

	deeper use of batteries and reserves;

	voluntary or industrial demand reduction;

	emergency river engineering;

	exceptional environmental prescriptions;

	a very small final margin.



Consumers receive electricity in both cases.

The resilience is not the same.

A complete assessment should publish, alongside LOLE and EENS, a ledger of measures required to preserve adequacy:






































	Dimension	Additional question
	Margin	How many MW remained after all measures?
	Imports	How much energy was imported, and from which neighbours?
	Cost	What market, balancing or reserve price was paid?
	Carbon	Which additional generation replaced water-constrained assets?
	Demand	How much load was shifted, reduced or interrupted?
	Physical works	Which adaptations preserved available MW?
	Environment	Which water rules or allocations changed?


The Summer Outlook cannot answer all of these questions by itself.

The problem begins when its verdict is treated as a complete measure of resilience.


The seven-day safety net works, but its method is unfinished

The seasonal report is not left untouched until the following summer.

Regional coordination centres run a daily assessment of the following seven days. The common tool combines probabilistic and deterministic calculations. A concern at pan-European level can trigger a more detailed regional assessment. (ACER, Risk Preparedness)

ACER's December 2025 monitoring report provides a nuanced view of that safety net.

The centres had implemented 100% of the core provisions of the Electricity Regulation monitored for this task. For the full STSAA methodology, they reported implementation of 59% of relevant provisions. ACER's current summary page rounds the figure to 60%.

The remaining shares were marked non-applicable, “other” or not started. ACER notes that parts of the “other” category may be close to full implementation. The percentage is neither a forecast-accuracy score nor a failure rate. (ACER, RCC Monitoring Report 2024)

The agency nevertheless identified three priorities directly relevant to summer 2026:


	fuller battery representation;

	consistent treatment of demand response;

	inclusion of high-voltage AC outages.




[image: Implementation status of Europe's seven-day adequacy process according to ACER monitoring published in 2025]Priority improvements

BATTERIES
consistent representation

DEMAND RESPONSE
implicit and explicit

HVAC OUTAGES
bring the tool closer to reality

SOURCE: ACER, Regional Coordination Centres reporting obligations in 2024, December 2025.


The 59% figure measures methodology implementation, not the statistical reliability of a particular forecast.

This short-term layer is precisely where May assumptions should be adapted to July reality.

Detailed results for summer 2026 are not sufficiently accessible to answer four simple questions:


	When were the actual Paks and Cernavodă profiles injected?

	Was a dedicated regional assessment triggered?

	What margin remained before voluntary demand measures and non-market resources?

	Which neighbours could still export after their own water-related losses?




A model can be right and still under-inform

The Summer Outlook passed its most visible test: Europe did not experience systemic electricity scarcity during the crisis documented here.

That achievement reflects the system's ability to adapt.

Interconnectors moved electricity into stressed areas. Solar eased midday conditions. Consumers shifted demand. Dispatchable units generated more. Operators altered plant operation and, at times, the river itself.

The seasonal model did not need to predict each decision.

The public should still be able to understand:


	which water-related losses were already inside the scenarios;

	which losses forced assumptions to be updated;

	how much margin remained before and after measures;

	what cost and externalities accompanied the absence of unserved energy.



Adequacy is a condition of resilience.

It is not the whole of resilience.

When the model says the lights will stay on and the pump says it can no longer draw water, both can be right.

The first answer describes the system that compensates.

The second reveals what must be compensated for.

Established findings

ENTSO-E included heat, drought, renewables, hydro, outages and exchanges in an hourly probabilistic simulation.

The no-systemic-risk verdict was confirmed by the European Commission on 11 and 19 August despite Danube-related generation losses.

Country comments explicitly identified low river levels as a risk in Hungary, while Romania's page focused mainly on hydropower effects.

ACER monitoring shows that the seven-day process operates across all regional centres while remaining only partly aligned with the full STSAA methodology.

Primary sources


	ENTSO-E, Summer Outlook 2026 report, data and methodology Q&A

	ENTSO-E, Country Comments Summer Outlook 2026

	ACER, Methodology for Short-term and Seasonal Adequacy Assessments

	ACER, 2025 monitoring of regional coordination centres

	Copernicus, Pan-European Climate Database

	European Commission, Electricity Coordination Group, 11 August 2026

	European Commission, Electricity Coordination Group, 19 August 2026

	MVM Paks, low Danube and intake geometry, 30 July 2026

	Nuclearelectrica, Unit 1 shutdown, 28 July 2026

	Nuclearelectrica, Unit 2 remains connected, 30 July 2026

	Nuclearelectrica, Unit 2 status update, 4 August 2026

	Nuclearelectrica, Unit 2 controlled shutdown, 13 August 2026

	Serbian Ministry of Energy, Đerdap and Kostolac conditions



Limits of the evidence

We cannot claim that Paks or Cernavodă were absent from the model.

We cannot yet verify whether Danube hydro, nuclear and thermal losses were attached to the same climate scenario.

The absence of unserved energy is insufficient by itself to calculate cost, carbon or remaining fragility.

The embedded simulator reproduces neither real power flows nor ENTSO-E's methodology.

Method and limitations

Documents and events cut off on 21 August 2026.

The audit compares the stated scope of the models, methodology documents, country comments and observed events. The public SOR26_Supply.xlsx workbook was identified as a central exhibit still to be audited. A site-level conclusion requires reading it alongside a profile dictionary and TSO responses.

The European Commission's “no short-term adequacy risk” wording does not mean the absence of operational stress or preventive measures.
Part 6 of 6
The price of cooling
Paks, cooling towers, dry cooling, reclaimed water or seawater: an investigation into the real cost of adapting power plant cooling.
Published 21 August 2026 · Canonical article on l0g.fr
The Hungarian government knows the construction price: HUF 6.165 billion. It also knows the amount of rock: 145,000 m³. By 19 August it said engineering work had raised the Danube locally by 10 to 15 centimetres and prevented a complete shutdown of Paks. The decisive number is still missing: how many megawatt-hours did those centimetres actually buy?

This sixth and final instalment closes the investigation opened with one centimetre of Danube, followed by Europe's wet megawatt, French thermal limits, water held behind dams and the physical price of adequacy.

The first five articles documented dependence.

The final one examines the bill for adaptation.

The conclusion appears immediately: no technology eliminates cooling. It moves heat, water, cost or risk into another system.

Six billion forints for a few centimetres

On 12 August 2026, Hungary classified the water-management works protecting Paks as priority investments under an emergency procedure.

The plan combines a riverbed sill, bank works and two 80-metre barges that can be partially submerged. The decree accelerates the procedure and requires several hydraulic and environmental approvals to be regularised after construction has begun. The same decisions transfer exactly HUF 6,164,698,854 to drought and water-shortage response. (Hungarian Gazette, 12 August 2026)

State news agency MTI gives the physical scale: 35,000 m³ of rock for the first transverse ridge, followed by 110,000 m³ to stabilise the riverbed and protect the structure from erosion. The announced gross cost of HUF 6.165 billion also covers road reconstruction and riverbank restoration. (MTI, 13 August 2026)

On 19 August, the prime minister said the measures had added roughly 10 to 15 centimetres locally, kept the two remaining turbines online and allowed a gradual restart of the other six to be planned. A complete shutdown had been avoided, although full output had not yet been confirmed. (Reuters, 19 August 2026)


[image: Paks: public cost, known construction scale and still-missing denominators]
The budget and construction scale are documented. The consolidated electricity benefit is not.

Paks looks attractive because the intervention is inexpensive relative to an entire power plant.

The comparison remains incomplete.

A river sill may buy several centimetres quickly. It can also alter river morphology, navigation, habitats and downstream flow. Lifetime, maintenance and flood behaviour belong in the account.


Four timelines, four bills

Adaptations do not operate on the same clock.

Emergency action takes days: dredging, barges, temporary pumps, imports and demand reduction.

A retrofit transforms an existing site over months or years: lower intake, new bay, pumps, buffer basin, cooling tower or hybrid system.

New design chooses a coast, tower, deep intake, reclaimed-water source or larger climate margin before construction.

The power system spreads risk across storage, interconnection, renewables, flexible demand and reserve capacity.

A forty-year-old plant will not automatically receive the same investment as a reactor expected to operate beyond 2100.

Cost must be divided by the years in which the adaptation actually protects output.


A cooling tower trades river withdrawals for evaporation

France's Court of Auditors reviewed potential cooling-tower retrofits at three thermally sensitive once-through sites: Saint-Alban, Bugey 2-3 and Tricastin.

EDF's exploratory studies give an order of magnitude of roughly EUR 500 million per tower, before maintenance that remains poorly quantified, land and landscape constraints, chemical discharges from biocide treatment and generation outages during construction. (French Court of Auditors, 2024, p. 344)

The report's key distinction is that installing towers would not save water, but would reduce river warming.

Once-through cooling withdraws very large volumes and returns almost all of them at a higher temperature.

Recirculating cooling withdraws much less, but a larger share leaves the basin through evaporation. For France's closed-loop nuclear fleet, the Court reports average evaporation equal to 24% of water withdrawn in 2021.

Policy can therefore improve withdrawal and worsen net consumption at the same time.


[image: Qualitative comparison of once-through, wet tower, hybrid and dry cooling]
The best withdrawal result is not necessarily the best consumption or efficiency result.

EDF also plans EUR 612.6 million of climate-adaptation investment from 2022 to 2038, excluding potential EUR 500 million towers. The total includes extreme-heat measures, heat-sink work, tornado protection and dikes. The Court notes that part of climate expenditure remains mixed into safety, maintenance and operating budgets.

EUR 500 million is therefore not enough to rank a tower.

The missing figure is the output protected over its life.


Air buys water independence with efficiency

Dry cooling rejects heat through convection to air.

It nearly eliminates dependence on cooling water, while adding fans, footprint, noise and a performance penalty. High air temperature degrades condenser vacuum precisely when heatwaves often increase electricity demand.

Europe's cooling reference document describes dry cooling as a solution used where water is unavailable or expensive, while once-through cooling remains highly efficient where a reliable water source and suitable receiving environment exist. Hybrid systems can switch between modes, at the price of more complex infrastructure. (EU-BRITE, Industrial Cooling Systems BREF)

The Joint Research Centre's PESETA IV model tests recirculating towers and dry cooling in Europe's 2050 electricity system.

In its dynamic 2 °C-compatible scenario, adaptation reduces climate-related nuclear generation loss from roughly -2.8% to -0.6%. Benefits are strongest in southern Europe. (JRC, PESETA IV, Energy Supply)

The result demonstrates system-level physical potential.

It is not an engineering quote. The model simplifies sites, omits some extremes and does not reproduce retrofit outages plant by plant.


Reclaimed water builds a second plant

Treated wastewater can reduce competition with rivers and drinking water.

It still has to be transported and conditioned for industrial cooling.

Palo Verde in Arizona is the most developed nuclear example. The plant is not located near a large natural water body. Municipal effluent travels roughly 36 miles, nearly 58 km, then receives tertiary treatment on site before feeding evaporative towers. The chain includes pipelines, pumps, reservoirs, chemicals, evaporation ponds and long-term water contracts. (OSTI, Palo Verde Water Cycle Model)

Palo Verde proves technical feasibility.

It does not prove that every European plant has a large enough treatment facility nearby, adequate summer flow or compatible water quality.

In Poland, the Turów thermal power plant developed a membrane installation of roughly 12,000 m³ per day to treat industrial effluent and return it to site processes. (PGE, Integrated Report 2022)

A serious European map would connect each large power station to nearby wastewater plants, then add distance, elevation, quality, pumping energy and concentrate disposal.

Reclaimed water is not a free source.

It is another industrial system.


Seawater shifts the constraint to the coast

Poland's planned first nuclear power plant at Lubiatowo-Kopalino illustrates the other major strategy: leave the river.

The environmental decision selects open seawater cooling and tunnels bored beneath the seabed. It requires a maximum intake velocity of 0.3 m/s, discharge diffusers, a dedicated fish recovery and return system, and chemical and thermal monitoring. (GDOŚ, environmental decision of 19 September 2023)

The study compared open seawater cooling with towers using seawater or desalinated seawater. Towers ranked best on environmental criteria alone. Open cooling won the overall multicriteria analysis selected by the developer. (PEJ, environmental impact report)

The sea removes river-flow scarcity.

It adds tunnels, pumping, corrosion, biofouling, entrainment, a thermal plume and exposure to storms and sea-level rise.


Newbuild chooses; existing assets negotiate

Existing fleets must adapt equipment, land and permits designed decades earlier.

New nuclear can integrate the constraint at the drawing-board stage.

The Bugey EPR2 project includes a Rhône pumping station, closed or semi-closed circuits and cooling towers. Its initial public file described two 200-metre towers or four 161-metre towers. EDF later said it had selected two towers. (CNDP, Bugey EPR2 project, EDF, local information commission meeting, December 2025)

No public document identified here isolates cooling CAPEX, auxiliary consumption and the complete water balance.

Paks II provides the other decisive case.

Its environmental study already compared direct Danube cooling, several intake configurations and wet towers. It also modelled extreme low flows and cumulative effects with the existing fleet. Direct river cooling was selected after a cost-benefit analysis. (Paks II, environmental permitting file)

Summer 2026 does not invalidate that work.

It creates a duty to update it: compare observed levels, the riverbed sill still under construction and the future intake geometry with historical licensing assumptions.

Retrofit negotiates with an existing site.

Newbuild must avoid constructing the next vulnerability.


Test an adaptation quote

Public costs for Paks and French towers contain a numerator.

They still lack a complete denominator.

The calculator offers three datasets: a fictional demo, Paks public cost only and the French tower public order of magnitude only. In both real presets, secured MW and preserved MWh deliberately remain empty.


Interactive tool. The calculator for this chapter remains available on l0g.fr. The EPUB preserves its context and limits but embeds no script or tracking.




Secured megawatts as the denominator

CAPEX alone favours quick interventions and penalises heavy equipment without measuring the life of the protection.

The useful ratio starts with capacity and energy actually preserved.


[image: Full-cost formula for a megawatt secured through cooling adaptation]
The final ratio should be published with the climate scenario, lifetime and availability assumptions.

Two ratios must remain separate.

Cost per secured kW = CAPEX / capacity actually secured

Annualised cost per preserved MWh =
(CAPEX annuity + OPEX + auxiliaries + annualised construction outage)
/ annual derating avoided


The water balance also remains separate:

withdrawal before and after
net consumption before and after
water source
critical season


A EUR 500 million tower may be rational if it protects large output for several decades.

A HUF 6.165 billion river structure may be rational if it avoids months of outage with controlled impacts.

Neither judgement is possible from CAPEX alone.


The adaptation portfolio

Resilient cooling is not one technology.

A coastal site may retain marine once-through cooling.

A new river plant may use towers or a hybrid system.

An older asset may justify a lower intake rather than a complete retrofit.

A strongly interconnected region may accept a few days of derating if storage, flexible demand and neighbours absorb the shock.

The optimum depends on five variables:


	remaining asset life;

	basin and future climate;

	capacity actually needed by the power system;

	cost of unavailability;

	environment receiving the shifted constraint.



The series began with a river too low for a pump.

It ends with an accounting gap.

Europe has technical options.

It rarely publishes the number of megawatt-hours each one actually secures.

Established findings

Hungary announced works costing about HUF 6.165 billion and the use of 145,000 m³ of rock to protect Paks water intake.

France's Court of Auditors reports an order of magnitude of EUR 500 million per retrofit tower at the sites studied and EUR 612.6 million of planned adaptation investment excluding those towers.

Wet towers sharply reduce withdrawal and thermal discharge, while increasing net evaporation and chemical-treatment requirements.

The JRC estimates that less water-intensive cooling can greatly reduce climate-related nuclear losses in its European 2050 scenario.

Marine and reclaimed-water systems reduce freshwater competition while creating new infrastructure and impacts.

Primary sources


	Hungarian Gazette, Decrees 122/2026 and 1256/2026 on Paks works

	Hungarian government, decisions on cooling-water supply at Paks

	MTI, cost and rock volume of the Paks sill

	French Court of Auditors, adaptation of nuclear and hydro fleets

	JRC, PESETA IV, Energy Supply

	EU-BRITE, Industrial Cooling Systems BREF

	CNDP, Bugey EPR2 project

	Paks II environmental-permitting file

	GDOŚ, Lubiatowo-Kopalino environmental decision

	OSTI, Palo Verde Water Cycle Model

	PGE, water management and reuse at Turów



Market source for the immediate Paks outcome


	Reuters, 19 August 2026, complete shutdown avoided and 10-15 cm local rise



Limits of the evidence

A final cost per preserved MWh cannot yet be calculated for Paks, Cernavodă or the French sites.

Public data do not fully separate cooling costs for Bugey EPR2 and Paks II.

Dry, hybrid and reclaimed-water performance remains site-specific and cannot be transferred from one power station to another without engineering studies.

The interactive tool replaces neither hydraulic modelling nor safety or environmental assessment.

Method

Data and documents cut off on 21 August 2026.

Forint and euro figures are not converted or plotted on one scale because their perimeter, date, currency and lifetime differ.

The Paks and EDF tower tool presets reproduce only documented public costs. Missing denominators remain zero.
Conclusion: count electricity with its water
The six parts converge on one method. Every generating unit should be linked to its cooling resource, operating thresholds, possible losses and the cost of available responses. Without that chain, capacity registers overstate what the system can actually guarantee during an extreme event.
No adaptation eliminates the constraint. A sill changes the river, a wet tower reduces withdrawals while increasing evaporation, dry cooling pays for water savings through lower efficiency, and the grid shifts the problem to imports, storage or demand. The right decision depends on the site and the number of megawatt-hours actually protected.
The next step is to publish those denominators. Secured MW, avoided derating, lifetime, net water consumption, environmental effects and full cost should accompany every investment. Electricity would become easier to compare once its water is no longer invisible.
About this edition
The Water Behind Electricity brings together six investigations published by l0g on 20 and 21 August 2026. This EPUB 3 edition was prepared on 21 August 2026 with an explicit reading order, a structured table of contents, 20 adapted infographics and links to six educational tools.
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