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The PaRaMetriC project is a joint research project within the
European Partnership on Metrology Programme to develop a
Metrological framework for passive radiative cooling technolo-
gies.

Passive Radiative Cooling (PRC) materials are engineered to ex-
hibit a negligible absorption at solar wavelengths, and emit as
much infrared radiation as possible inside the atmospheric win-
dow (8–13 µm). By doing so, even during the day and under-
neath direct sunlight illumination, a material can lose more ther-
mal energy than it absorbs from the Sun, thus cooling itself and
its substrate to a new equilibrium condition below the ambient
temperature.

Objectives

Develop reliable methods to assess, classify and compare the
cooling performance of passive radiative cooling materials
Develop and validate models for the performance of passive
radiative cooling materials
Develop testing methods to measure thermophysical and
spectral properties of passive radiative cooling materials
Develop setups and protocols for on-site testing

1. Atmospheric modeling

Atmospheric spectral irradiance is calculated from realistic atmo-
spheric scenarios based on the ERA5 reanalysis [1].

Figure 1. A schematic view of the algorithm calculating the spectral
irradiance database. The blue shapes indicate the original work carried out
for the PaRaMetriC project.

Hourly atmospheric profiles (temperature, water vapor,
ozone, …)
Total sky quantities (clouds included)
Longwave spectral fluxes calculated on 16 spectral bands
using RRTM_LW [3]
4 homogeneous climatic European regions (monthly means),
6 cities (hourly data), a set of 6 cities during heatwaves
Database & Code will be made available through the
project’s Zenodo and GitHub pages.

Take homemessage

Downwelling spectral fluxes (see Section 1) were calculated for four cities around the world: Las Vegas, Madrid, Riyadh, and Turin. Hourly data
for JJA 2023 together with other atmospheric variables were used as the input to model the performance of a building with a PRC-coated roof.
We evaluated two ideal materials that differ in their emissivity characteristics (spectral selective, SS and broadband BB, see Section 3).

The selective material is able to reach lower subcooling temperature than a broadband (Fig. 5, upper panels). A BB tends to absorb more
downwelling irradiance (see the case of Torino, red histograms with its high humidity and cloud cover) but note that in general, BB can reach
higher cooling powers than SS. The stark difference in the roof temperature drop does not reflect in the results in terms of specific energy savings
shown in the lower panels of Fig. 5. Also, the results indicate that older constructions would very much benefit from the use of PRC.

Figure 2. Why the frost isn’t under the tree? Photo credit:
@citygirlcountrychallenge on Instagram.

Figure 3. Atmospheric average quantities by city and month. Upper-left panel:
2m air temperature (°C), upper right: relative humidity (%); lower-left panel: average
total cloud cover (0 clear sky, 1 overcast). Lower-right: downwelling longwave
radiation. In all the panels color codes indicate the city, data are grouped by month
(June, July, August 2023).

Figure 4. The importance of including clouds in the simulation. Upper panel,
downwelling thermal irradiance for 24 hours. Orange: all-sky calculated values;
blue: corresponding ERA5 value; green: clear-sky ERA5 value. Mid panel, upwelling
thermal irradiance; lower panel, net irradiance (colors as above). In this particular
day and location the presence of clouds account for up to 80 Wm−2 in the
downwelling radiance.

Figure 5. Comparison old/new buildings and broadband/selective. Upper panels:
roof temperature drop due to the presence of the PRC material. Lower panels:
specific energy savings (kWhm−2). The quantities shown in all the panels are with
respect to the reference run where no PRC material is present; color codes indicate
the city. Modern building (left), older building (right). The values are for JJA 2023.

2. Modeling the Building

The PRC—building interaction is simulated with a multiphysics
lumped-parameter model. It includes the building, a heat pump
for cooling, and the PRC material that covers the entire roof
surface (96 m2). The building is a single-family house (surface
174 m2, volume 607 m3), with a non-conditioned attic.

Energy consumption accounts for the heat pump compressor,
the fan-coil unit fan and the air-cooled condenser fan.

The PRC material is positioned on the flat roof of the building
and features spectral-dependent emissivity. Two ideal materials
are simulated and compared: a Spectral Selective (SS) emitter
and a Broadband (BB) emitter. The SS emitter has an emissivity
of 1% for λ<8 µm, 99% in the atmospheric window (8-13 µm),
and 35% for >13 µm, while the BB emitter shows an emissivity
of 1% for λ<4 µm and 99% in the rest of the spectrum.

Thermal balance

At the PRC roof: Φsun + Φatm − Φr + Φconv = dEr
dt

Φsun = ArFsun
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Φsun, solar power absorbed by the roof [W]; Φatm, downward
atmospheric power absorbed by the roof [W]; Φr, roof cool-
ing power [W]; Φconv, convective losses [W]; dEr

dt , thermal en-
ergy stored inside the roof layer below the PRC [J/s]; Ar, PRC
emitter total surface [m2]; Fsun, solar spectral irradiance at the
ground [W/m2/µm]; �r(λ), roof spectral emissivity; FAM 1.5,
solar irradiance at 1.5 air mass [W/m2]; Fatm(λ), atmospheric
spectral irradiance [W/m2/µm]; B(λ, T ), black-body spectral
radiance at temperature [W/m2/µm/sr]; hr, roof convective
heat transfer coefficient (correlated to the wind speed [4])
[W/m2/K]; Tair, air temperature [K]; Tr, roof temperature [K];
λ, wavelength [µm]; θ, incidence angle [rad].

3. Simulations

Four locations — Las Vegas, Madrid, Riyadh, and Turin
Two building classes: a single-family house built post-2005
(referred to as Modern Building) and one built between
1991 and 2005 (Old Building)
Hourly climate data are sourced from the simulations
described in Section 1 for June, July, and August 2023, while
building characteristics are based on the TABULA
database [2].
The model first simulates the building without the PRC roof
(Base Scenario); the building with the PRC roof is simulated
afterwards, and its results are compared against the Base
Scenario.
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