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Cooling without air conditioning, even 
in direct sunlight

Around the world, average global temperatures are rising, killing over half 
a million people annually. However, temperatures in Africa are rising faster 
compared to other regions, putting over a billion people on this continent at risk 
in the next few years. Although 95% of Africans do not have air conditioning, a 
new, simple, cheap technology could provide similar cooling benefits – without 
energy use.

Europe’s National Measurement Institutes working together
The European Partnership on Metrology has been developed as part of Horizon Europe, the EU Framework Programme for Research 
and Innovation. Metrology Partnership funding is drawn from 25 participating EURAMET member states to support collaborative 
research between Measurement Institutes, academia and industry both within and outside Europe to address key metrology 
challenges and ensure that measurement science meets future requirements.
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Challenge
2024 was the first year that average global temperature exceeded 
1.5ºC above pre-industrial levels. Africa, in particular, was hard hit 
that year, with Zambia and Zimbabwe suffering the worst drought 
in two decades, reducing cereal yields by 42% and 50% respectively. 
As daytime temperatures in parts of the continent reached 45ºC, 
education also suffered, with many of the 242 million pupils who 
missed school because of the heat in 2024 located in sub-Saharan 
Africa.

As well as affecting food and education, excessive heat can cause 
the premature death of vulnerable people, degrade immunisation 
vaccines, spoil food and create water shortages. However, air 
conditioners are not widely available, or affordable, in poorer 
countries. Although greenhouse gases drive global warming, Africa 
as a whole only produces 4% of all emissions – less than the 10% 
produced by cooling units, mostly in the developed world.

Passive Daytime Radiative Cooling (PDRC) materials reflect most 
incoming sunlight while efficiently emitting thermal radiation through 
the atmospheric window (8–13 μm), allowing heat to escape towards 
the cold background of outer space (about -270ºC) rather than being 
trapped by greenhouse gases. However, these materials are hard to 
replicate in low-income countries, and metrological data needed to 
validate cheaper alternatives was missing.

Solution 
During the PaRaMetriC project, the Emissivity Working Group at the 
Physikalisch Physikalisch-Technische Bundesanstalt (PTB), the national 
metrology institute of Germany, and its partners evaluated a range 
of state-of-the-art passive radiative cooling materials together with 
commercially available cool-roof coatings from Germany and locally 
produced coatings from Africa. The aim was to establish validated 
measurement techniques and benchmark data for state-of-the-art 
PDRC materials, enabling reliable comparison with commercially 
available and locally produced cool-roof coatings to identify affordable 
alternatives with comparable performance. PTB contributed 
metrologically traceable infrared characterisation of the materials, 
while complementary infrared, solar reflectance and other optical 
measurements were performed by project partners. The materials 
were characterised under different measurement conditions using 
metrologically traceable techniques. This included methods and 
facilities established and further refined through previous EURAMET 
projects, providing reliable and comparable data for selecting the 
most promising coatings for field demonstration.

Impact
Building on the metrological work carried out in PaRaMetriC, the 
Cool White project, initiated by the Federation of German Wholesale, 
Foreign Trade and Services (BGA) and supported by the German 
Society for International Cooperation (GIZ), translated validated 
measurement methods into practical demonstrations under real 
climatic conditions. Selected cool-roof coatings were applied to 
schools, hospitals and industrial buildings in Rwanda, Kenya, South 
Africa and Tanzania, allowing their performance to be evaluated under 
everyday operating conditions.

PTB developed a long-term monitoring methodology combining 
traceable temperature and humidity measurements with 
systematic evaluation of field data. Rather than relying on individual 
measurements, coating performance is assessed using comparable 
datasets collected over months and years under identical evaluation 
criteria. This enables direct comparison between coated and uncoated 11
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Developing the metrology for 
complex PDRC materials
The PaRaMetriC project:

•	 developed a metrological framework to classify and 
compare PDRC materials, including “Figures of Merit” and 
practices for measurement comparisons

•	 developed methodologies and experimental setups for 
reproducible in-field performance testing of PDRC materials

•	 published an open model for site- and date-specific 
longwave spectrally-resolved downwelling radiation, 
along with a dataset of spectral properties of the selected 
benchmark material in the solar and longwave infra-red 
range

•	 established implementations and models for calculating 
potential energy savings related to using PDRC systems for 
large scale building cooling

•	 produced two good practice guides, one for on-site 
assessment of PDRC material cooling performance to 
improve their comparability, and one for converting 
between directional and hemispherical emissivity 
measurements

•	 provided the metrological basis for evaluating commercial 
PDRC materials and cool-roof coatings later used in the 
Cool White project.

The project provides the metrological foundation for the reliable 
evaluation and wider adoption of passive radiative cooling 
technologies, supporting more energy-efficient buildings and 
contributing to climate change mitigation. 

buildings across different seasons and weather conditions. Long-term 
monitoring has shown average roof-space temperature reductions of 
around 9ºC during the hottest hours of the day, substantially reduced 
indoor overheating, and demonstrated that the cooling performance 
remained nearly unchanged after one year of outdoor exposure 
despite visible ageing of the coating.

Beyond the technical results, the project strengthens cooperation 
with local metrology institutes through training, knowledge transfer 
and the establishment of harmonised measurement methodologies, 
creating the foundation for reliable long-term evaluation and wider 
deployment of passive cooling technologies.

https://www.euramet.org/research-innovation/search-research-projects/details/project/metrological-framework-for-passive-radiative-cooling-technologies
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