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Abstract:

Anthropogenic climate change has accelerated the frequency, intensity, and overall duration of summer
heatwaves across the European continent (European Environment Agency, 2023). Historically
characterized by temperate climates, European educational infrastructure—particularly public school
buildings—was structurally designed and engineered mainly to maximize solar gain and retain heat during
cold winters. This paper investigates the multi-dimensional crisis precipitated by extreme summer
temperatures within European primary, secondary, and higher educational institutions. Focusing on the
critical deficit in mechanical cooling systems and air conditioning (AC), the present study synthesizes
recent operational disruptions, including mass school closures, abbreviated schedules, and compromised
examination integrity (Open Access Government, 2026; RTL, 2026). Furthermore, it examines the
physiological and cognitive impacts of elevated classroom temperatures on students and teaching staff,
highlighting an emerging equity gap in educational outcomes (Dunlop, Diepen, & Hudson, 2026). Finally,
the paper evaluates contemporary policy debates surrounding academic calendar restructuring and the
tension between active mechanical cooling and passive "green" architectural retrofits (Dawkins, Brown,
& Bernie, 2024; European Environment Agency, 2022). It argues that a failure to systematically adapt
educational spaces threatens both public health and long-term academic progress across the continent.

1. Introduction

For many centuries, the architectural and operational frameworks of European education were predicated
on a predictable, temperate climate. School buildings were constructed using heavy masonry, dense
concrete, and expansive insulation designed to trap heat and safeguard occupants against severe winters.
However, the rapid acceleration of global heating has turned this structural paradigm into a severe
institutional liability. Europe is currently warming almost twice as fast as the global average, resulting in
unprecedented summer "heat domes" that regularly push ambient temperatures past 40°C well into regions
previously considered immune to extreme heat, such as the United Kingdom, northern France, and Central
Europe (European Environment Agency, 2023).

As these extreme thermal events increasingly overlap with the academic calendar—particularly in May,
June, July, and September—educational systems are facing a major operational crisis. Unlike regions in
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North America or East Asia, where mechanical cooling is a standard infrastructural component, the vast
majority of European schools operate entirely without proper air conditioning (Open Access Government,
2026). This structural deficit has triggered widespread disruption, forcing emergency school closures,
altering daily timetables, and undermining the execution of high-stakes national examinations (RTL,
2026).

This paper attempts to provide a synthesis of the ongoing crisis at the intersection of climate change,
infrastructure, and education in Europe. By exploring the physical vulnerabilities of school buildings, the
biological realities of thermal stress on learning, and the macroeconomic challenges of retrofitting public
architecture, this study outlines a path forward for policy makers, urban planners, and educational
administrators.

2. Infrastructure as a Liability: The Thermal Mechanics of European Schools

To understand the current crisis, one must analyze the physical composition of Europe’s educational estate.
A significant portion of public school buildings across Western, Central, and Northern Europe was
constructed during the post-WWII baby boom or the urban expansions of the late 19th and early 20th
centuries. These structures generally conform to traditional architectures optimized for heat retention.

2.1 Masonry and High Thermal Mass

European schools frequently utilize brick, stone, and uninsulated concrete slab construction. While
materials with high thermal mass are effective at dampening daily temperature fluctuations in moderate
weather, they behave as thermal sponges during prolonged heatwaves (Dawkins et al., 2024). Throughout
a multi-day heatwave, thick walls absorb solar radiation during the day. Because nighttime ambient
temperatures across Europe are increasingly failing to drop below critical recovery thresholds (creating
what meteorologists call "tropical nights™), these buildings cannot shed their stored heat. Consequently,
classrooms exhibit a cumulative heating effect, where indoor temperatures remain dangerously high even
after outdoor temperatures begin to decline.

2.2 Solar Gain and Inadequate Ventilation

Many mid-century school designs incorporated large, single- or double-glazed windows intended to
maximize natural daylight and reduce dependence on artificial lighting. In the absence of external shading
elements—such as shutters, brise-soleils, or mature tree canopies—these expansive glass surfaces create
a severe greenhouse effect. Solar radiation enters the classroom and becomes trapped. This is compounded
by the fact that many older buildings feature restricted window openings designed for child safety, which
prevents effective cross-ventilation or nighttime purging of hot air.

2.3 The Mechanical Cooling Deficit

Quantifying the lack of air conditioning reveals a stark regional disparity. While commercial offices and
modern luxury residential buildings have steadily adopted mechanical cooling, public educational
infrastructure has been systematically neglected (European Environment Agency, 2022; Open Access
Government, 2026).
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. Northern and Western Europe: In nations such as the United Kingdom, Ireland, Germany, and

the Netherlands, empirical evaluations demonstrate that fewer than 1% to 3% of primary and secondary
school classrooms possess operational mechanical cooling (Dawkins et al., 2024).

. Central Europe: In Poland, the Czech Republic, and Hungary, AC is similarly restricted, usually
confined exclusively to specialized computer laboratories or server rooms.
. Southern Europe: While Mediterranean nations like Spain, Italy, and Greece have a slightly

higher prevalence of cooling systems due to historically warmer climates, these are largely localized in
administrative offices rather than general classrooms.

The baseline assumption of European governance has historically been that extreme heat events are
anomalous, short-lived disruptions that do not justify the immense capital expenditure and carbon footprint
associated with widespread air conditioning installation (European Environment Agency, 2022). Climate
reality has rendered this assumption obsolete.

3. Operational Disruption and Systemic Vulnerability

The intersection of inadequate infrastructure and intensifying heatwaves has forced education ministries
across Europe into a reactive, emergency management posture. The operational impacts can be categorized
into institutional closures, altered schedules, and systemic logistical failures.

3.1 Mass Institutional Closures

When indoor temperatures breach critical safety thresholds, school administrators are left with no choice
but to suspend operations. During recent peak heat alerts, European governments have had to execute
emergency interventions (Ministére de I'Education Nationale, 2026). For example, in France, under
ministerial directives and local municipal powers (Plan Canicule and ACTEE protocols), tens of thousands
of schools have been periodically closed or transitioned to emergency remote learning frameworks during
late-semester heat domes (Programme ACTEE, 2026; RTL, 2026).

These closures do not occur in a vacuum; they exert a profound cascading effect on the broader economy.
When schools close unexpectedly, parents—particularly women and low-income workers—are forced to
withdraw from the labor market or incur impromptu childcare expenses. This transforms an infrastructural
vulnerability into a macroeconomic shock.

3.2 Schedule Abbreviation and the **Heat Holiday"'

In regions where total closure is deemed politically or logistically unfeasible, institutions have resorted to
abbreviated operational days (RTL, 2026). In the United Kingdom and Germany, hundreds of schools
have implemented early dismissal policies, sending students home by midday before ambient temperatures
reach their peak. While this mitigates the immediate risk of heat stroke during the hottest afternoon hours,
it severely curtails instructional time. The loss of instructional hours directly compromises curriculum
delivery, leaving educators struggling to meet state-mandated learning objectives before the conclusion of
the academic year.
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3.3 The Threat to Examination Integrity

The timing of peak European heatwaves—typically late May through July—coincides precisely with the
administration of critical secondary and tertiary leaving examinations. These include the Dipléme National
du Brevet and Baccalaureéat in France, the A-Levels and GCSEs in the United Kingdom, and the Abitur in
Germany (RTL, 2026).

The cascade of examination vulnerabilities follows a direct sequence of cause and effect. A late-season
heatwave causes indoor examination hall temperatures to spike above 35°C (Dawkins et al., 2024). This
extreme thermal environment triggers cognitive decline and physical fatigue among students, directly
compromising their performance in high-stakes examinations. Ultimately, this leads to long-term
inequalities in higher education admissions outcomes across different student demographics.

Conducting high-stakes, multi-hour examinations in uncooled, poorly ventilated gymnasiums and
assembly halls where temperatures frequently exceed 35°C introduces profound variables of inequity.
Students testing in modern, affluent private academies with climate control perform at an unfair advantage
relative to peers in underfunded public institutions. Despite mounting pressure from teaching unions and
student advocacy groups to postpone or decentralize these exams, educational authorities have largely
resisted due to the rigid timelines governing university admissions, choosing instead to rely on localized
emergency measures like distributing bottled water and deploying portable industrial fans (NASUWT,
2026; RTL, 2026).

4. Physiological, Cognitive, and Equity Dimensions of Thermal Stress

The consequences of classroom overheating extend far beyond immediate physical discomfort; they
fundamentally alter the biological and psychological capacity of human beings to process, retain, and
apply information.

4.1 Pediatric Physiology and Vulnerability

Children are not merely miniature adults; their physiological response to extreme heat is distinct and
significantly more vulnerable (European Environment Agency, Heatwaves and other climate-related
extremes are threatening health, especially for the most vulnerable (EEA Signals 2023), 2023). Children
possess a higher surface-area-to-mass ratio than adults, which causes them to absorb ambient heat more
rapidly when environmental temperatures exceed skin temperature. Furthermore, their sweating
mechanisms are less developed, reducing their capacity for evaporative cooling. When confined to
stagnant, overheated classrooms, children experience accelerated rates of dehydration, core temperature
elevation, and physical exhaustion.

Reports from frontline educational unions, such as the UK’s NASUWT (2026), have documented an
escalation in heat-related illnesses within schools during summer terms. Symptoms range from lethargy,
severe headaches, and epistaxis (nosebleeds) to outright heat syncope (fainting) among both students and
teaching staff (NASUWT, 2026). Expectant mothers within the teaching workforce face heightened risks,
as prolonged maternal hyperthermia is clinically linked to adverse gestational outcomes.
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4.2 Cognitive Impairment and the Learning Deficit

The relationship between ambient temperature and cognitive function has been extensively quantified by
environmental economists and public health researchers. Synthesized data from spatial risk modeling and
environmental assessments reveals a steep decline in cognitive performance as indoor temperatures rise
above a baseline comfort zone of 20°C to 22°C (Dawkins et al., 2024).

When classroom temperatures reach 30°C, working memory, reading comprehension, and spatial
reasoning capabilities degrade by roughly 10% to 15%. At 35°C, cognitive processing deficits can
approach 20%. The human brain, when preoccupied with the autonomic, metabolic demands of
thermoregulation (such as vasodilation and increased heart rate), shifts resources away from high-level
executive functioning. Students exposed to chronic classroom overheating demonstrate reduced attention
spans, increased impulsivity, and diminished performance on standardized evaluations.

4.3 Socioeconomic and Educational Equity Gaps

The educational impacts of heatwaves are profoundly regressive, disproportionately penalizing
marginalized communities (European Environment Agency, 2023; Dunlop, Diepen, & Hudson, 2026).
Wealthier school districts and elite private institutions possess the capital reserves necessary to
independently procure temporary cooling solutions, install modern HVAC infrastructure, or transition
seamlessly to high-quality, air-conditioned remote learning environments.

Conversely, schools serving socioeconomically disadvantaged populations—often located in dense urban
environments characterized by the Urban Heat Island (UHI) effect—suffer the brunt of the crisis
(European Environment Agency, 2023). These buildings are frequently older, poorly maintained, and
situated in neighbourhoods with minimal canopy cover and high concentrations of heat-retaining asphalt.
Consequently, students from low-income backgrounds suffer a compounding educational deficit: they
experience more severe classroom overheating, have fewer resources to mitigate it at home, and attend
schools that lack the administrative capacity to adapt. This dynamic threatens to widen the existing
socioeconomic achievement gap across European societies (Dunlop, Diepen, & Hudson, 2026).

5. The Policy Dilemma: Active Mechanical Cooling vs. Passive Green Retrofitting

As public outcry intensifies, European policymakers are caught in a complex trilemma involving fiscal
constraints, energy grid stability, and environmental sustainability (European Environment Agency,
2022). The central debate centres on how to cool educational spaces without accelerating the very climate
feedback loops driving the heatwaves.

Two distinct adaptation paradigms dominate contemporary policy discussions. The active cooling
approach relies on mechanical interventions, such as installing split-system air conditioning units, central
air-handling infrastructure, and mechanical dehumidifiers. While active systems offer immediate, reliable
thermal control that functions independently of outdoor weather conditions and ensures predictable exam
environments, they impose severe constraints. They require prohibitive capital expenditure, trigger
massive surges in electrical demand, increase carbon emissions if the local power grid relies on fossil
fuels, and reject waste heat directly into the immediate external environment (European Environment
Agency, 2022).
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In contrast, the passive cooling approach focuses on architectural and nature-based solutions, such as
installing brise-soleil shading, external shutters, reflective white roofs (albedo enhancement), urban
forestry, green walls, and structural cross-ventilation retrofits (Montazeri, Toparlar, & Blocken, 2022).
Passive methods operate with zero or negligible operational energy costs, carry a minimal long-term
carbon footprint, actively mitigate the local Urban Heat Island effect, and enhance building durability.
However, passive strategies require substantial upfront design and structural engineering costs, remain
largely ineffective during severe heatwaves where temperatures exceed 40°C, take years to implement
across historic building estates, and depend heavily on microclimatic variables.

5.1 The Case and Complications for Universal Air Conditioning

Advocates for immediate, state-funded mechanical cooling—including various parental coalitions and
climate-adaptation panels—argue that air conditioning has transitioned from a luxury to a basic utility,
akin to indoor heating or clean running water (Open Access Government, 2026). They mandate that any
comprehensive climate adaptation strategy must include the rapid deployment of HVAC systems across
all public education buildings (Open Access Government, 2026).

However, the systemic barriers to universal AC in Europe are immense:

. Grid Capacity: European electrical grids were not engineered to sustain the massive, coincident
cooling loads that universal school air conditioning would demand during peak summer afternoons (EEA,
2022). Simultaneous activation of millions of AC units could trigger brownouts, necessitating multi-
billion-euro investments in grid reinforcement and storage.

. The Carbon Paradox: If the energy powering these cooling units is derived from fossil fuels, the
short-term adaptation measure directly exacerbates long-term global boiling. Furthermore, the widespread
use of hydrofluorocarbon (HFC) refrigerants presents a risk of potent greenhouse gas leaks.

. Thermal Rejection: Air conditioners operate by expelling heat from indoor spaces to the external
environment. On a macro scale, the widespread installation of AC units in dense urban schools would
dump massive amounts of waste heat into surrounding neighborhoods, worsening the Urban Heat Island
effect for the broader community.

5.2 Passive Architecture as the Sustainable Alternative

In response to the limitations of active cooling, urban planning bodies and environmental agencies
advocate for a "passive-first" approach (EEA, 2022, 2023). This philosophy seeks to modify the building
envelope to minimize solar heat gain before mechanical options are considered.

. Albedo Modification: Painting school roofs with highly reflective, elastomeric white coatings can
reduce roof surface temperatures by up to 30°C, significantly dropping indoor ceiling temperatures.
. External Solar Shading: Installing automated external blinds or architectural louvers intercepts

solar radiation before it hits glass windows, blocking up to 80% of solar heat gain without obstructing
daylight.

. Night Purge Ventilation: Automated, secure louvers can be programmed to open during cool
nighttime hours, allowing natural cross-ventilation to flush out heat stored in the building's thermal mass,
resetting the structure for the following day (Montazeri et al., 2022).
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. Biophilic Infrastructure: Integrating green walls, micro-wetlands, and dense tree canopies

around school perimeters leverages the natural cooling power of evapotranspiration, lowering local
ambient air temperatures by several degrees.

While passive methods are highly sustainable and cost-effective over their lifecycle, they possess an
inherent upper limit. During an extreme, multi-week heat dome where ambient temperatures remain
locked above 40°C day and night, passive measures alone cannot maintain safe, legally compliant indoor
working conditions.

6. Institutional Restructuring: Rethinking the Academic Calendar

Beyond structural engineering, European nations are realizing that institutional schedules must adapt to
changing climate realities (Dunlop, Diepen, & Hudson, 2026). The traditional structure of the European
academic year—characterized by a long summer vacation spanning July and August—is a relic of agrarian
societies where children were needed for harvest cycles.

6.1 Shifting the Term Dates

An increasingly prominent policy proposal involves shifting the entire academic calendar to avoid the
peak heat periods of late June and July. Proposals under review by regional education boards suggest
commencing the school year in early August, operating through the cooler autumn and winter months, and
concluding the academic year by mid-May.

Alternatively, some educational theorists advocate for a "four-term" system punctuated by shorter, more
frequent breaks throughout the year. This would allow institutions to implement flexible "heat closures"
in mid-summer without disrupting a continuous block of learning.

6.2 The Logistical and Cultural Resistance

Altering the academic calendar triggers intense resistance from various sectors of European society:

. The Tourism Industry: A massive segment of the economies of Southern and Western Europe is
dependent on a synchronized summer holiday window. Altering school calendars would disrupt traditional
family vacation periods, causing immediate financial pushback from hospitality, aviation, and domestic
tourism lobbies.

. Cross-Border Standardization: In an interconnected European Union, discrepancies in school
calendars complicate cross-border employment, vocational training placements, and synchronized
university admissions timelines (such as the European Higher Education Area framework).

7. Higher Education and Campus Adaptation Strategies

While primary and secondary schools face rigid localized constraints, European universities and higher
education colleges present a distinct set of challenges and adaptive strategies. University campuses possess
massive, sprawling infrastructural footprints encompassing historic lecture halls, highly sensitive research
laboratories, and high-density student housing complexes.

[JFMR260286320 Volume 8, Issue 2, March-April 2026 7



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

7.1 Laboratory Vulnerability and Research Preservation

In higher education, the absence of climate control threats goes beyond student comfort to disrupt
advanced scientific research. Specialized research laboratories—particularly those housing cryo-electron
microscopes, mass spectrometers, high-performance computing clusters, and biological cell cultures—
require precise ambient thermal and humidity ranges.

Uncontrolled campus heatwaves have forced universities to implement emergency cooling protocols for
research facilities. When central cooling systems fail or become overloaded, institutions risk losing
millions of euros in damaged biological specimens, destabilized chemical reagents, and disrupted long-
term experiments. This has forced universities to prioritize capital expenditure for localized, precision
HVAC systems in science faculties, often at the expense of upgrading humanities or administrative spaces.

7.2 The Pivot to Hybrid and Asynchronous Learning

Unlike primary education, where childcare mandates necessitate physical presence, universities possess
the structural agility to leverage digital infrastructure. During severe heat alerts, many European
universities have pioneered the use of "heat-day remote protocols".

When official heatwave alerts are issued, universities trigger emergency protocols by suspending on-
campus lectures whenever ambient temperatures cross 38°C. To maintain academic continuity, operations
split into two parallel channels: large-scale lectures shift to synchronous digital streams or asynchronous
recorded modules to minimize transit and campus crowding, while essential, climate-controlled
facilities—such as modern campus libraries and specialized laboratories—remain open under strict density
regulation as designated cooling hubs.

By transitioning large lecture courses to synchronous digital streams or asynchronous recorded modules,
universities reduce the density of individuals inside uncooled campus buildings. This model also reduces
the thermal and physical stress placed on commuting students who rely on public transit networks—such
as trains and underground metros—that frequently experience severe delays or hazardous overheating
during extreme heat events.

7.3 Institutional Equity and Student Housing

The higher education sector also faces a severe housing crisis during heatwaves. A vast majority of
European student dormitories and residential halls are historic properties or low-cost, high-density
structures built without mechanical ventilation. Students confined to small, top-floor dorm rooms during
heatwaves experience severe sleep deprivation, directly impacting their performance on end-of-semester
university examinations.

In response, progressive universities are transforming modern, air-conditioned campus libraries, student
centers, and subterranean lecture theaters into 24-hour cooling shelters. These spaces allow vulnerable
students to study, rest, and escape dangerous domestic indoor environments, serving as a critical buffer
for student welfare.
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8. Conclusion and Strategic Recommendations

The European educational heatwave crisis is a stark manifestation of the climate adaptation gap (European
Environment Agency, 2023) (EEA, 2023). Infrastructure designed for a bygone climatic era is actively
undermining public health, educational equity, and academic attainment. Resolving this systemic
vulnerability requires a coordinated, multi-decade investment framework that synthesizes immediate
structural relief with long-term institutional adaptation (European Environment Agency, 2022; Open
Access Government, 2026).

To build a resilient future for European education, policymakers must pursue a blended strategy across
four core pillars:

1. Implement Hybrid Cooling Standards: Governments should reject the binary choice between
active and passive cooling (European Environment Agency, 2022). Instead, building regulations must
mandate a hybrid framework where passive shading, albedo enhancement, and night-purge ventilation
handle baseline thermal management, supplemented by low-emission, solar-powered heat pumps for
localized mechanical cooling during extreme peaks.

2. Establish Legal Indoor Temperature Thresholds: European labor and education laws must
establish clear, enforceable upper thermal limits for educational spaces. When classroom temperatures
exceed 30°C, mandatory mitigation protocols—such as schedule abbreviations or remote learning
transitions—should automatically execute to protect the health of students and educators (NASUWT,
2026).

3. Decentralize and Protect Examination Structures: High-stakes testing frameworks must be
decoupled from vulnerable physical environments. Testing windows should either be pulled forward into
early spring, or exams should be administered in a decentralized, digitally facilitated manner within
verified climate-controlled environments (RTL, 2026).

4. Target Retrofitting to Vulnerable Communities: Capital allocation for school retrofitting must
prioritize socioeconomically disadvantaged areas and urban centers severely impacted by the Urban Heat
Island effect (European Environment Agency, 2023; Dunlop, Diepen, & Hudson, 2026). Closing the
climate adaptation gap in public education is a fundamental requirement for maintaining social mobility
and democratic equity.

Without these decisive structural and operational interventions, Europe's schools will continue to
transform into vectors of vulnerability during summer months, compromising the safety and intellect of
the continent's future generations.

REFERENCES:

1. Dawkins, L. C., Brown, K., & Bernie, D. J. (2024). Quantifying Overheating Risk in English
Schools: A Spatially Coherent Climate Risk Assessment. Climate Risk Management, 44(Article
100612).

2. Dunlop, L., Diepen, M. T.-v., & Hudson, P. (2026). Extreme Heat Adaptation in UK Schools:
Education Policy and Practice. Journal of Education for Sustainable Development, 20(1), 5-23.

3. European Environment Agency. (2022). Cooling Buildings Sustainably in Europe: Exploring the
Links Between Climate Change Mitigation and Adaptation and Their Social Impacts.

[JFMR260286320 Volume 8, Issue 2, March-April 2026 9



https://www.ijfmr.com/

N

i

IJFMR

International Journal for Multidisciplinary Research (IJFMR)

E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

10.

Publications Office of the European Union. Retrieved from
https://www.eea.europa.eu/publications/cooling-buildings-sustainably-in-europe

European Environment Agency. (2023). Heatwaves and other climate-related extremes are
threatening health, especially for the most vulnerable (EEA Signals 2023). European Union.
Ministére de I'Education Nationale. (2026). Vague de chaleur : priorité & la protection des éléves
et des personnels. République Frangaise.

Montazeri, H., Toparlar, Y., & Blocken, B. (2022). Assessment of overheating risk and the
impact of natural ventilation in educational buildings under current and future climatic
conditions. Building Research & Information, 50(4), 412-430.

NASUWT. (2026). xcessive working temperatures advice and health guidelines. The Teachers'
Union.

Open Access Government. (2026). CCC calls for air conditioning in schools and care homes.
Open Access Government.

Programme ACTEE. (2026). Canicule : un maire peut-il décider de fermer une école en cas de
forte chaleur. Action Climatique et Territoire.

RTL. (2026). Canicule : écoles et colléges fermés, horaires aménagés, aide pour centres
d'examens. RTL Actualités.

[JFMR260286320 Volume 8, Issue 2, March-April 2026 10



https://www.ijfmr.com/

