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Passive sky radiative cooling technology has attracted recent interest 

due to achieve sub-ambient cooling with the advantages of not 

consuming additional energy and not producing pollutants. However, 

the practical utility of sky radiative cooling technology in building 

applications remains under-explored, which requires not only the 

rational design and integration of the system, but also different 

control strategies. A novel grating selective passive sky radiative 

cooling (GS-PSRC) system for building cooling was constructed and 

five control strategies were used to simulate and analyses the 

operation of a 50m2 office building located in Chengdu area during 

the hottest week of summer in this work. The study shown that the 

system is able to maintain the average indoor temperature around 

20 °C during the hottest period and achieve a temperature difference 

ranging from 3.39 to 10.77 °C, which provides a good cooling 

capacity. But the excessive outdoor wind speed inhibits the cooling 

capacity of the GS-PSRC system, which leads to the lower average 

COP of the system in summer. Its application was further studied 

across various climate zones. Results indicated the cooling 

performance of the system mainly be affected by wind speed in 

different climate zones. Adding wind-blocking devices around 

radiators is recommended to improve cooling efficiency. This work 

fully demonstrates the potential application of passive sky radiative 

cooling technology in building energy efficiency. 
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1. Introduction 

Global warming, population growth, industrial development, and rising living standards 

in emerging and developing economies have led to a dramatic increase in energy demand for 

refrigeration and air conditioning worldwide. It is estimated that cooling has consumed 15% of 

global electricity and generated 10% of greenhouse gas emissions [1-3]. Furthermore, the 

cooling demand is expected to increase tenfold by 2050 and direct emissions from conventional 

cooling technologies will reach 45% of CO2 emissions by 2050 [4]. Therefore, the development 
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of energy-saving and eco-friendly cooling technologies is essential to avoid these issues and 

achieve a sustained low-carbon lifestyle. However, emerging forms of renewable energy-driven 

cooling still require rather complex integrated systems to convert renewable energy into other 

forms of energy such as electricity, which can subsequently be utilized for cooling when 

possible. In addition, integrated systems such as solar, hydro and wind powered electric cooling 

have low conversion efficiencies, occupy a large area and are limited by time and geography 

[5-7]. The development of novel cooling systems that can be simple to integrated with a wide 

range of applications is essential in order to achieve a sustainable low-carbon paradigm. 

Compared with the aforementioned cooling methods, passive sky radiative cooling 

technology has greatly aroused the interest of many scholars with the advantages of not 

consuming additional energy and not producing pollutants in recent years [8-14]. The passive 

sky radiative cooling technology mainly relies on the absorption of solar radiation and 

atmospheric radiation on the surface of the radiator, and uses the atmospheric window (8-13 

μm) to emit its own heat directly into the outer space, where the radiant heat is exchanged with 

the space, thus realizing its own passive cooling [15-19]. It has great potential in solving the 

problems of energy consumption and global warming effect caused by the current vapor 

compression-dominated cooling technology. 

In general, the development of daytime radiative cooling is of greater research interest 

than the nighttime radiative cooling first reported in the 1970s [20], since peak cooling loads 

usually occur during the daytime. This requires that the radiator surface under direct sunlight 

during the daytime has both a high emissivity in the atmospheric window band and a high 

reflectivity in the solar band to produce effective cooling. Due to the difficulty in achieving this 

property, it was not until 2014 that the feasibility of daytime radiative cooling was first 

demonstrated experimentally by a radiator consisting of a multilayer material [8]. The 

publication of this work also officially opened the door to daytime radiative cooling, which has 

seen significant advances in the last few years in research on daytime radiative cooling in 

metamaterials [10, 21], porous materials [11, 22-24], grating structures [25-28], and 

nanomaterials[29-31]. All of these radiators were able to achieve a radiative cooling power of 

50-100 W/m2 under direct sunlight during the daytime, producing a good cooling effect. 

Despite advances in materials and construction of radiators, the practical application of 

daytime radiative cooling in building thermal management still faces significant challenges at 

the system level. A number of issues, including system configuration and control, the impact of 

weather conditions, system cost and feedback cycles, need to be considered when designing a 

sky radiative cooling system. During the development of daytime radiative cooling systems, 

numerous scholars have attempted to use radiators to generate cold water at conditions lower 

than the ambient temperature during the daytime, which provides the advantage of higher 

cooling power regulation and greater efficiency gains for radiative cooling systems[15, 32-37]. 

Jeong et al. [38] integrated the radiators as a pre-cooler with a conventional HVAC system, 

which the cooling performance and indoor air temperature of the integrated system was carried 

out. It is showed that the system can significantly reduce the total energy consumption of the 

traditional air conditioning system when pre-cooling the ambient hot air, and can reduce the 

indoor air temperature by 10°C. Zhang et al [39] built a new hybrid radiative cooling system 

for single-family residential cooling in the U.S. region, and the results showed that the hybrid 
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system can save 26-46% of the air conditioning energy consumption per year. Wangle et al [40] 

also studied the energy saving potential of a photon emitter hybrid cooling system, stating that 

the photon emitting system can save 45-68% of electrical energy compared to a VAV system as 

well as comparing it to the best available coated nighttime radiative cooling system. However, 

Wangle did not compare the system with other daytime radiative cooling systems and therefore 

lacks some conviction. Additionally, sky radiative cooling systems are usually combined with 

other cooling systems such as thermoelectric cooling systems [41, 42] as a supplemental 

cooling source for efficiency improvement to increase the COP of the system to enhance indoor 

cooling. However, such composite systems are usually designed to be complex and costly with 

low economic benefits. Meanwhile, it is known in the research process that the performance of 

the sky radiative cooling system is easily affected by weather and environmental conditions, 

especially the outdoor temperature and wind speed changes, and the actual outdoor wind speed 

changes have not been considered in many researches but assumed to vary in a certain range, 

which makes it difficult to use the sky radiative cooling system directly for practical 

applications without control and operation strategies. 

Herein, a simple and economic grating selective passive sky radiative cooling (GS-PSRC) 

system is constructed to better apply the sky radiative cooling technology in buildings in the 

study. Taking the Chengdu area as an example, five operation strategies are proposed 

considering the actual change of outdoor wind speed, and it is found that the outdoor wind 

speed is negatively correlated with the change of cooling capacity, but the cooling capacity 

produced by this system can still meet the demand of indoor cooling during the daytime and 

achieve the cooling effect of maintaining the indoor/outdoor temperature difference between 

3~11℃ in the hottest week. Meanwhile, the operational performance of the system in different 

regions was studied, and the results showed that the cooling performance of the system in 

different climatic zones did not differ much, and had a strong adaptability. 

2. System description 

2.1. Grating selective passive sky radiative cooling system model 

Fig. 1 shows a schematic of the proposed GS-PSRC system. The system consists of a sky 

radiative cooling subsystem, a cold storage tank, a control subsystem and terminal device. The 

sky radiative cooling subsystem has multiple panels with the grating selective structure to 

provide 24 hours continuous cooling of fluid, and the secondary refrigerants used in the system 

is water. The control subsystem includes 6 thermocouples, 4 on/off controlled valves, and 2 

on/off control pumps to automatically control the switching between 5 different operating 

modes. The indoor terminal unit is a fan coil system. In building integration, the sky radiative 

cooling subsystem is placed on a flat or low-slope building roofs so that there is a large view 

factor from the radiators to the sky. 
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Fig.1 Schematic of GS-PSRC system 

 

2.2. Building model 

Chengdu city is selected as the calculation site in the study, and the simulated building is 

an office with a length of 10 m, a width of 5 m and a height of 3.5 m. The simulation process 

is only for the summer indoor cooling situation, the number of indoor air change is taken as 1 

hourly. The building enclosure parameters, indoor occupants, mechanical equipment loads, and 

building occupancy times are shown in Tables 1 and 2. It can be seen from Fig. 2(a) that the 

annual temperature change curve of Chengdu, the highest temperature of the year is mainly 

concentrated in July, so the simulation time in this chapter is selected as the simulation time of 

one week in July to simulate the indoor temperature change. At the same time, according to 

heat gain of indoor personnel, lighting, equipment and the enclosure to calculate the indoor 

time-by-time cooling load, the results are shown in Fig. 2(b). 

 

Table 1 Parameters of building envelope 

 

Enclosure parameters Wall Floor Roof Window 

heat transfer 

coefficient (W/m2·K) 
0.8 0.5 0.5 3.2 

 

Table2 Indoor personnel, mechanical equipment loads and operating hours 

 

Number of indoor 

persons 

Power density 

of equipment 

Load density of 

lighting 

Air change 

rate 
Operation time 

6 11 W/m2 18 W/m2 1time/h 8:00-18:00 
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Fig. 2 Temperature change and indoor load curve of Chengdu throughout the year  

(a) The annual temperature change curve, (b) Indoor load curves 

 

2.3. Modeling of the sky radiative cooling subsystem 

The sky radiative cooling subsystem is mainly used to generate a certain amount of cold 

in the sub-ambient to exchange heat with the secondary refrigerants, the sub-system consists of 

grating selective radiators, the coolant channel, thermal insulation film, the schematic diagram 

is shown in Fig. 3(a). The grating selective radiator composed of a two-layer grating structure, 

whose material composition and structural dimensions are obtained by optimized solution [28], 

as shown in Fig. 3(b). The bottom of the radiator is in direct contact with the refrigerant channel 

to cool the refrigerant below ambient temperature. It is assumed that the thermal resistance to 

heat transfer between the radiator and the refrigerant is negligible in the calculations. In addition, 

identical radiator panels can be connected in series/parallel for greater cooling capacity. 

Thermal insulation is provided around the radiators and at the bottom of the channels to 

minimize parasitic heat gain from the surrounding environment. 
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Fig. 3 The sky radiative cooling subsystem and grating selective structure radiator 

(a) Schematic showing the heat transfer process of the sky radiative cooling subsystem 

under the sun. The sky radiative cooling subsystem consists mainly of grating selective 

structure radiators with water flow channels connected to the lower side, the thickness 

of the connection is ignored in the calculation process. Thermal insulation devices are 

provided around the radiator and at the bottom of the channels to reduce heat transfer 

losses. Prad is the infrared thermal radiative power density on the radiator within the 

atmospheric window, Psolar is the absorbed solar irradiation power density on the 

radiator, and Patm is the atmospheric radiative power absorbed by the radiator. Pnon-

radiative is the convective and conductive heat fluxes between the emitter and the ambient 

air.  

(b) Schematic of the grating selective structure radiator. The structural parameters and 

radiative properties are taken from the literature [28]. The emitter has an average 

reflectivity of 95.1% in the solar band and an average emissivity of 88.04% in the 

atmospheric window band. 

 

According to conservation of energy, the net cooling power of the sky radiative cooling 

subsystem can be defined as [43]： 

( ) ( ) ( , )net rad rad solar atm atm non radiative ambP P T P P T P T T−= − − −              (1) 

where netP  is the net cooling power generated by the sky radiative cooling subsystem, 

0netP    means that the radiator can produce cold and vice versa. ( )rad radP T   is the infrared 

thermal radiative power on the radiator within the atmospheric window. solarP  is the total solar 

irradiation absorbed by the radiator. ( )atm atmP T  is the atmospheric radiative power absorbed by 

the radiator. ( , )non radiative ambP T T−   are the convective and conductive heat fluxes between the 

emitter and the ambient air. 

The emitted power ( )rad radP T  generated by the radiator itself is [8]: 

(8~13)
0

( ) cos ( , ) ( , )rad rad B rad radP T A d d I T     


=                (2) 

where 
(8~13) ( , )rad     is the spectral angular emissivity.    is an integral over the 

hemispherical solid angle, it is expressed as [8]: 

/2 2

0 0
sind d d

 

   =                             (3) 

where ( , )B radI T   is the intensity of a blackbody at temperature Trad, it is expressed as [8]: 

2

5

2 1
( , )

exp( / ) 1
B rad

B rad

hc
I T

hc k T



=

−
                    (4) 

Where kB is the Boltzmann’s constant. h denotes Planck’s constant, c stands for the speed 

of light, λ accounts for the wavelength. 

The power Psolar absorbed from the sun is expressed as [8]: 

(0.3~4) 1.5
0

( , ) ( )sun sun sun AMP A d I   


=                      (5) 

where 1.5 ( )AMI   is the solar spectral irradiation intensity of AM1.5. 

By replacing the absorptivity of the selective radiator with its emissivity base on 
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Kirchhoff’s law, the absorbed power density ( )atm atmP T  from the atmosphere is given by [8]: 

(4~8)
0

( ) cos ( , ) ( , ) ( , )atm atm B atm rad atmP T A d d I T        


=             (6) 

where 1/cos( , ) 1 ( )atm t    = −   is the spectral angular emittance of the atmosphere [44], 

which is closely related to factor such as atmospheric water content, aerosol conditions, and 

cloud cover. where t(λ) is the atmospheric transmittance in the zenith direction [45]. 

Non-radiative heat power non radiativeP −   generally consists of heat power generated by 

convection and conduction. It can be expressed as: 

( , ) ( )non radiative amb cond conv ambP T T Ah T T− += −                          (7) 

where cond convh +  is the combined heat transfer coefficient. Due to the small thickness of 

the radiator, thermal conduction is not considered, and only the convective thermal power 

between the air and the emitter is considered.  

Since the outdoor wind speed is transient, Reynolds number is introduced to represent the 

effect of different wind speeds on the heat transfer coefficient. Therefore, the convective heat 

transfer coefficient can be expressed as: 

(1). Fluid out-swept flat plate laminar heat transfer coefficient [46]: 

1/2 1/30.664Re Prc

air

h l


=                                  (8) 

(2). Fluid out-swept flat plate turbulent heat transfer coefficient [46]: 

4/5 1/3(0.037 Re 871) Prc

air

h l


= −                              (9) 

where ch   is the convective heat coefficient, l, air   are characteristic length and the 

thermal conductivity of air at ambient temperature respectively.  

In this study, the simulation of outdoor wind speed is achieved using the meteorological 

module built-in in the simulation software, obtaining local hourly wind speeds by importing 

hourly TMY2 weather data from different regions. 

2.4. Verification of the sky radiative cooling power calculation model 

According to radiative properties are taken from the literature[28], the radiative cooling 

power calculation model is verified. The comparison of the calculation results with those in the 

Ref. [47]is shown in the following figure. As can be seen from the figure, the calculated results 

of the radiative cooling power calculation model agree well with the literature results, verifying 

the reliability of the radiative cooling power calculation model. 
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Fig.4 Comparison of the calculation results from this study and Ref. [47]to verify the 

validity of radiative cooling power calculation model 

 

2.5. Control strategy of the control subsystem 

In order to better apply the GS-PSRC system in the building, five working modes will be 

set up during the operation of the system, and detail of the control schemes are presented in 

Table 3. The five control strategies are: (1). Night shutdown mode: when the radiator is unable 

to produce cold, it stops storing cold to the cold storage tank; (2). Cold storage mode: it stores 

cooling energy in the cold storage tank when there is no cold load in the room; (3). Series 

cooling mode: the radiative cooling-cold storage series cooling mode is turned on when the 

water temperature of the cold storage tank is higher than the threshold; (4). The cold storage 

tank separate cooling mode 1: the radiator stops storing cold to it when the temperature of the 

cold storage tank is lower than the threshold value, and the cold storage tank individual cooling 

mode is turned on; (5) The cold storage tank separate cooling mode 2: the radiator stops storing 

cold to the cold storage tank when the radiator fails to produce cold, the cold storage tank 

individual cooling mode is turned on. 

 

Table 3 Operational modes and control schemes of the GS-PSRC system 

 

Working 

mode 

Building 

cooling 

load 

Brief description Control method 

1 No 
Pnet<0, the radiator shutdown, stopping 

cold storage in the cold storage tank. 

P1-P2 off, V1-V4 

off 

2 No 
Pnet>0, the radiator stores cooling energy in 

the cold storage tank. 

P1 off, P2 on, V3-

V4 on, V1-V2 off 
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3 Yes 

Pnet>0, the radiative cooling-cold storage 

series cooling mode is turned on to cooling 

the room when the water temperature of 

the cold storage tank is higher than the 

threshold. 

P1 on, P2 on, V1-

V4 on 

4 Yes 

Pnet>0, the radiator stops storing cold and 

the cold storage tank cools the room alone 

when the temperature of the cold storage 

tank is lower than the threshold value. 

P1 on, P2 off, V1-

V2 on, V3-V4 off 

5 Yes 
Pnet<0, the radiator shutdown, the cold 

storage cools the room alone. 

P1 on, P2 off, V1-

V2 on, V3-V4 off 

3. Initial parameter of the system 

A few parameters need to be sized before conduction system simulation: (1). The surface 

area of the GS-PSRC subsystem. (2). The volume of the cold storage tank. (3). The air volume 

of fan coil. (4). The water supply of pump. These parameters are initially sized according to the 

cooling load of the building. 

The total radiative cooling surface area can be estimated based on indoor hourly cooling 

load. As shown in Fig. 2(b), it can be seen that the maximum indoor cooling load is 3.013 kW. 

Therefore, the surface area of the radiator panels can be calculated to satisfy the maximum 

daytime cooling demand by: 

max_ _cooling load

R

net

q
A

q
−

=                              (10) 

where 
max_ _cooling loadq  is the maximum indoor cooling load, netq

−

 is the daily average net 

cooling power of the radiator, the net cooling power is 72.42 W/m2 [29]. The surface area of the 

radiator was calculated to be 41.6 m2. 

The volume of cold storage tank can be sized as: 

24

_ ,

1

tan k

,

max[( ),0] 3600cooling load j net

j

w p w

q q

V

c T

−

=

−

− 

=


                 (11) 

where 
_ ,cooling load jq  is the cooling load of the building in hour j (1≤j≤24), w 、

,p wc 、

T
−

 are the density of water, the specific heat of water, the average daily cold storage tank 

temperature difference respectively. T
−

 is equal to 4 ℃ in the study. The volume of the cold 

storage tank is calculated to be 6 m3 based on the indoor cold load and the average cooling 

capacity of the radiator in Fig. 2(b). 

The air volume of fan coil is calculated by: 

max_ _

, ,

M
cooling load

p air s air

q

c T
=                               (12) 

where 
,p airC  is the specific heat of air, take 1.005 kJ/(kg·K). 

,s airT  is the design air 

supply temperature difference and take 8 ℃. Through the Eq. (12) can be calculated that the air 
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supply volume is 1284 m3/h. 

The water supply from pumps 1, 2 is calculated as: 

max_ _

, ,

cooling load

p w s w

q
L

c T
=                                (13) 

where 
,s wT  is the supply and return water heat transfer temperature difference, take 

5 ℃. According to the Eq. (13) can be calculated for the water supply 0.64 m3/h. 

The GS-PSRC system COP is calculated as: 

_
COP

net radiator

system

Q

W
=                               (14) 

where _net radiatorQ  is the net cold generated by the radiator. systemW  is the system power 

consumption. 

Additionally, Table 4 shows the device parameters of the GS-PSRC system. The initial 

conditions of the GS-PSRC system are determined, and the cooling simulation of the building 

is carried out to analyze its operational energy consumption and cooling COP. 

 

Table 4 Device parameters of the GS-PSRC system 

 

Type Device number Number Value Unit 

Radiator area -- 1 42 m2 

Cold storage tank -- 1 6.28 m3 

Fan coiler YGFC-14CC2ZXFXCLD 1 0.209 kW 

Supply water pump Wilo-NL 32/200-0.75/4 1 0.75 kW 

Return water pump Wilo-NL 32/200-0.75/4 1 0.75 kW 

on/off controlling -- 2 0.06 kW 

4. Results and discussion 

4.1. System operation on typical summer 

From to the hourly temperature change curve of Chengdu throughout the year, the hottest 

week of July is selected for simulation, and the main design parameters of the system are: the 

volume of the cold storage tank is 6.28 m3, and the surface area of the radiators is 42 m2. Fig. 

5 shows the operation of the GS-PSRC system and the change of indoor temperatures from 7 

to 13 July, and the daily maximum solar irradiations are between 520-973 W/m2, and the daily 

maximum ambient temperatures are between 30.25 and 36.3 ℃ on these days. As can be seen 

in Fig.5(a), the average indoor temperature during the daily working hours showed an 

increasing trend, which was due to the lack of indoor cooling supply during the night, resulting 

in a gradual increase in the indoor temperature each night, but the average indoor temperature 

was much lower than the outdoor temperature during the working hours. In order to explore the 

maximum potential of GS-PSRC system in building refrigeration application, the indoor air 
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supply was not changed during the study process, and the maximum air supply was used. The 

average indoor temperature during daily working hours is between 19.18 and 20.98 °C, which 

is lower than the outdoor temperature by an average of 3.39-10.77 °C. The temperature changes 

in the indoor and outdoor cover the human comfort temperature range, indicating that by 

applying this system and using variable frequency control technology. It is possible to 

realistically maintain indoor temperatures within the human comfort range. This shows that the 

GS-PSRC system has favorable cooling benefit in the building. 

During the night period, it is shown from Fig.5(b) that the system mainly operates at Mode 

2, and occasionally at Mode 1, which means that the sky radiators may stop supplying cold to 

the cold storage tanks during the night period, i.e., when the cooling capacity is less than 0, the 

system is unable to produce cold by default, and therefore the controller will stop running Pump 

2 to storage cold. Meanwhile, through the temperature change curve of the cold storage tank, it 

can be seen that the temperature of the cold storage tank is rising every day when the daytime 

working time, and it can be learnt that the radiator almost does not supply cold to the cold 

storage tank. The temperature threshold of the cold storage tank is set to 7 ℃ in the calculation 

process, i.e., when the temperature of the cold storage tank is higher than 7 ℃, the radiator 

should supply cold to the cold storage tank to maintain the temperature of the cold storage tank 

at 7 ℃ and below, but it can be found in Fig.5(b) that when the temperature of the cold storage 

tank exceeds the temperature threshold, the system is almost not switched to Mode 4 for 

supplying cold to the cold storage tank but switched to Mode 5, which indicates that the radiator 

almost does not supply cold to the cold storage tank when daytime working hours. This 

indicates that the radiators are almost unable to produce cold when daytime working hours. 
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Fig.5 Performance of the GS-PSRC system on summer (July 7-13) 

 

The reason why the radiators stopped supplying cooling to the cold storage can be learnt 

from Fig. 5(c), that too much outdoor wind speed can lead to an increase in convective heat 

transfer and inhibit the radiators from generating cooling capacity, thus preventing the start-up 

of the GS-PSRC system. This shows that the cooling capacity produced by the radiators is 

negatively correlated with the outdoor wind speed, and excessive outdoor wind speed 

deteriorates the operational performance of the GS-PSRC system. Therefore, when the outdoor 

wind speed is too high throughout the year, it is not recommended to use the sky radiative 

cooling system to cool the room alone, or the dominant role of convective heat transfer can be 

weakened by adding wind-blocking devices around the radiators. Furthermore, it can be found 

from Fig. 5(d) that due to the cooling effect of the radiators, the daily temperature difference of 

the cold storage tank can be maintained between 3.25 and 5.47 ℃, and the average temperature 

of the cold storage tank does not exceed a maximum of 14 ℃ during the daytime working 

period, which also shows that the sky radiative cooling technology has a great potential to be 

applied to the energy saving of buildings. 

4.2. Monthly system performance 

Fig. 6 illustrates the variation of the monthly average hourly cooling capacity and power 

consumption and COP between May and August. It can be concluded that the radiative cooling 

capacity and consumed power are almost stable between May and August, as shown in Fig. 

6(a). The consumed power of the system includes power of pumps and fans. Since the room 

temperature threshold was not set in order to get the maximum cooling of the room during the 

calculation process, the pump 1 and the fan were in operation all the time during the daytime 

working hours. This results in high actual monthly consumed power of the system, which makes 

the monthly COP of the system low. The average COP from May to August is 1.34, and the 

maximum COP of the system is 1.37 in July. 

 

Fig.6 Monthly system performance of grating selective passive sky radiative cooling 

system 
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the system from the analysis above leads to a lower monthly cooling capacity of the system, 

which is also a direct cause of the lower COP of the system. The contribution of different heat 

transfer mechanisms to the cooling capacity of the GS-PSRC system is analyzed in Fig.7, which 

shows the monthly cooling capacity (i.e., heat dissipation) generated through the radiators, and 

the negative cooling generation means that the radiators are heated by the environment. It is 

found that although the radiators produce a large amount of cooling through radiative heat 

transfer during the period of May to August, the cooling effect is weakened by the high outdoor 

wind speeds that cause convective heat transfer to be almost dominant, as shown in Fig.7. In 

other words, although the GS-PSRC system can produce net cooling capacity in areas with high 

wind speeds, its cooling capacity has a limited and it may only be applied to buildings with low 

cooling demand or indirect cooling. 

 

Fig.7 The contributions from radiative cooling, solar, atmosphere and convection 

respectively 

 

Overall, the GS-PSRC system is able to produce a certain amount of cooling capacity for 

the building and can maintain the temperature of the cold storage tank well below the ambient 

temperature at all times (as shown in Fig. 5(d)). Therefore, it can be seen that the GS-PSRC 

system is sufficient to satisfy the building's cooling needs, but when the building's demand for 

cooling is greater, it is recommended that windbreaks around the radiators be installed to 

minimize the weakening of the cooling capacity due to convection. In addition, since 

convection is negative in the summer months, this may lead to more frequent operation of the 

system under sub-ambient conditions, which may increase electricity consumption. 

4.3. The effect of climate zones on system performance 

To show the climatic adaptability of the GS-PSRC system, more cases have been studied 

for the same building in different climatic regions, including Beijing (cold zone), Xi'an (cold 

zone), Nanchang (hot-summer and cold-winter zone), and Guangzhou (hot-summer and warm-

winter zone). The parameters of the GS-PSRC system are different in different climatic 

conditions, and the surface area of the radiators and the volume of the cold storage tanks in 

each region can be calculated according to Eq. (10)-(11), as shown in Table 5. Due to large 

cooling load requirement, the surface area of the radiators required in Nanchang area is slightly 
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larger than the roof area (50m2), and the area beyond the roof can be extended out of the roof. 

The trend of the average monthly COP in summer for five different regions is shown in Fig.8. 

The average summer COPs of Chengdu, Beijing, Xi'an, Nanchang, and Guangzhou are 1.34, 

1.57, 1.47, 1.75, and 1.37, respectively, which shows that the average COPs of the system do 

not differ much in different climatic zones. Although Xi'an and Beijing are located in the cold 

region, they can still perform well in summer, and thus it can be demonstrated that the system 

has good regional adaptability. Especially, the monthly average COP curve for Guangzhou 

shows that the high summer temperatures coupled with high outdoor wind speeds inhibit the 

ability of the GS-PSRC to generate low-temperature cooling water, making the overall 

performance of the system slightly worse than in other climatic zones. 

 

Table 5 Parameters of the sky radiative cooling system in different climate conditions 

 

Location Radiator surface area/m2 Volume of water tank/m3 

Beijing 47.4 6.8 

Xi’an 47.8 7.1 

Nanchang 51.2 7.6 

Guangzhou 46.6 6.9 

 

Fig.8 climate adaptability of the GS-PSRC system of monthly averaged COP variation 

in 5 different climate conditions 

 

5. Conclusion 

A novel grating selective passive sky radiative cooling (GS-PSRC) system for building 

cooling is proposed. The sky radiative cooling subsystem can provide 24-hour continuous 

cooling through the use of a recently developed grating selective structure, which has an 

average infrared emissivity of greater than 88% and reflects more than 95% of solar radiation 

during the day [28]. The cold produced by the GS-PSRC system can be stored in a cold storage 

tank to supply cooling to the building according to different operation modes. Taking the 

Chengdu area as an example, a simulation analysis of a 50 m2 office building during the hottest 
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week of summer shows that the system can maintain an indoor temperature difference of 3.39-

10.77 °C when the daily maximum ambient temperature is between 30.25 and 36.3 °C, with a 

monthly average COP of about 1.34 in summer. In addition, it was found that high outdoor 

wind speed would lead to almost dominant role of convective heat transfer, which would inhibit 

the cooling capacity of the sky radiative cooling subsystem. Therefore, when using this system 

for cooling, it is recommended to add wind blocking devices around the radiant panels to 

weaken the effect of wind speed on the radiators. This study is a good demonstration of the 

potential of GS-PSRC system for application in building energy efficiency. 
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