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Abstract. Heat-powered absorption cooling have attracted attention in recent 

decades, especially in regions with hot and arid climates a higher availability of 

solar radiation, can be exploited in solar-assisted District Cooling (SDC) system 

to reduce costs. The paper proposes a comparison of two Solar District Cooling 

configurations powered by a PTC field with thermal storage and an absorption 

chiller. The first configuration, called cold network, has a large hot water storage 

tank slaved to a single chiller that produces all the chilled water that is 

distributed to the network; in the second configuration, called hot network, the 

water heated in the solar array is sent through the network directly to thermal 

storage tanks, located near the buildings to be served, where each agglomeration 

has its own chillers. A techno-economic optimization was performed for the two 

configurations by varying the Solar Fraction (SF), from 25% to 100%. When solar 

radiation is not sufficient to meet demand, an auxiliary electric chiller will be 

used. The results show that component size increases linearly with SF up to 75%. 

To achieve a fully renewable solution, components need to be significantly 

oversized. Generally, a SDC system in a centralized configuration offers improved 

performance and reduced distribution losses. However, this is not the case for a 

scenario with unitary SF, where the distribution network takes on an additional 

thermal reserve role. 

1. Introduction  

Building energy demand accounts for 36% of global electricity demand, with electric fans and 

air conditioners responsible for 20% of electricity consumption. Despite advancements in 

cooling technologies, CO2 emissions have more than doubled in the last 30 years (1). One 

possibility to reduce energy consumption by up to 80 percent compared to conventional 

systems is the District Cooling System (DCS), a centralized system supplying thermal energy in 

the form of chilled water to be used for air conditioning, also increasing the economic feasibility 

of integration with renewable energy (2).  

Recent studies have shown that the newest district systems (5th generation) may not be 

cost-effective when the load is mainly unbalanced on thermal or cooling demand (3). However, it 

has been reported that heat-powered absorption cooling can reduce the energy consumption of 

district heating systems by up to 70%, based on system design and modelling approaches (4). 

These systems have attracted attention in recent decades, especially in regions with hot and arid 

climates such as the Middle East and North Africa (MENA), as demonstrated by the largest DC 

market in 2019 (5). In addition, thanks to the higher availability of solar radiation, solar-assisted 
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District Cooling (SDC) may help increase performance and reduce costs. The most efficient 

configuration is based on 2sABS two-stage absorption chillers, whose COP is usually around 1.3-

1.4, but a flow temperature above 150°C is required and thus a medium-concentration solar 

collector such as a PTC (6).  

In recent years, studies have shown that there are many aspects to consider when designing 

district cooling systems in order to increase competitiveness and reduce costs (7). Most 

common configurations use centralised chilled water production (8) and the implementation of 

a chilled water tank can reduce costs by 40% according to Michaelides et al. and Al-Nini et al. 

(9,10). The importance of optimising individual components to maximise the potential of the 

network has been demonstrated by many authors, including Thakar et al.(11). The study 

presented by Shi et al. (12) analyses the impact of network design on efficiency in high-density 

cities such as Singapore, showing a cost difference of up to 90% in the worst case. One way to 

reduce the impact of the cooling system is to integrate it with other systems, such as district 

heating or combined heat and power. Dai et al. have shown that integration of DC into an 

electrical system can reduce wind reduction by 87% (13), and Lepiksaar et al. have also shown a 

reduction in primary energy demand for cooling (14). 

As reported by Neri et al. (15), one of the most penalizing issues is the relatively small 

difference between the supply and return temperatures. It is worth mentioning the approaches 

that vary the distribution temperature, for example Zhang et al. in (16) proposed a variable 

temperature strategy to adapt to the outdoor temperature variation, reducing the energy 
consumption by almost 20%, or the strategy reported by Jangsten et al. that increases the supply 

temperature to increase the share of free cooling (17). However, only a few authors have studied 

distributed cooling production along the network. The work of Guelpa et al. (18) is cited, who 

studied the optimal location of distributed heat pumps, reducing the costs by about 7% 

compared to a centralized production. Similarly, Cozzini et al. considered a decentralized system 

of heat pumps in a district heating and cooling system (19).  

To the best of the authors' knowledge, decentralized cold production using solar thermal 

energy has never been considered in district cooling design. Based on previous studies on solar 

cooling plants (20,21), it is proposed to compare a solar district cooling system with a cold or 

hot distribution network. The paper first presents the Trnsys models developed to reproduce 

the cooling load of a residential complex, the cooling plant and the district network. A techno-

economic optimization was carried out with the GenOpt tool for the two configurations, varying 

the solar fraction (SF) up to a fully solar scenario. 

2. Modelling and Optimization  

The paper proposes a comparison of two Solar District Cooling configurations powered by a PTC 

field with thermal storages and absorption chillers, as resumed in Fig. 1. The first configuration, 

called cold network, has a large hot water storage tank slaved to a single chiller that produces all 

the chilled water that is distributed to the network; in the second configuration, called hot 

network, the water heated in the solar array is sent through the network directly to thermal 

storage tanks, located near the buildings to be served, where each agglomeration has its own 

chillers. 

The solar collector efficiency is evaluated based on a quadratic efficiency equation (1) 

where CR is the concentration ratio equal to 60. The coefficients A, B and C (0.7719, 0.1803, and 

0.0258 respectively) are the optical efficiency and the heat loss coefficient of first and second 

order. The fluid flow rate is set to maintain an outlet temperature as close to 180°C as possible. If 
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conditions would dictate a higher flow rate than the maximum, a portion of the troughs must be 

sent to defocus. 

 

𝜂𝑃𝑇𝐶 = 𝐴 − 𝐵
(�̅�−𝑇𝑎𝑚𝑏)

𝐵𝑇𝐼⋅𝐶𝑅
− 𝐶

(�̅�−𝑇𝑎𝑚𝑏)

𝐵𝑇𝐼⋅𝐶𝑅
 (1) 

𝐵𝑇𝐼 = 𝐷𝑁𝐼 ⋅ 𝑐𝑜𝑠𝜃 (2) 

Hot water production is decoupled from use in the chiller by hot tanks. The fluid flow rate 

to the absorption machine is modulated to produce a temperature jump of 15°C. The supply 

water temperature has a tolerance between 155 and 170°C. A bypass controller, located 

between the storage tank and the chiller, adjusts the supply temperature to the chiller by mixing 

the supply and return flows from the chiller to maintain a temperature as close as possible to 

170°C (design temperature). If the available temperature in the storage tank is below this set 

point, the bypass allows the supply to flow until the temperature falls below 155°C. 

The performance of the absorption chiller (Li-Br 2sABS) is calculated for each operating 

condition according to the performance map provided by the manufacturer. The design point 

operating conditions are reported in Tab. 1and the effect of the chilled water set point is 

presented in Fig. 2. When the supply temperature from the chiller machine is above the setpoint 

of 7°C, an electric auxiliary cooling device is activated.  

The heat from the condenser of the chiller is dissipated through an evaporative tower; in 

case the fluid leaving the CT has a temperature higher than 30°C, an exchange device with 

seawater intervenes to guarantee the set point condition. The type and number of components 

used in the two configurations are the same. The main difference is the temperature at which 

the fluid circulates in the distribution network. The network has identical flow and return 

lengths for a total of 20 km, while the diameter is calculated to limit the flow velocity inside the 

network to less than 3 m/s. In the case of the cold network, the circulating flow rate is a function 

of the load to be met by the utility, and an internal pipe diameter of 0.7 m with an insulation 

thickness of 86 mm is chosen. On the other hand, the hot network must be chosen based on the 

maximum flow rate that the solar system outlet can handle, while ensuring that the flow velocity 

does not exceed 3 m/s. The dimensions of the pipes and insulation should be selected based on 

(22) (23). 

           

Figure 1. Schematization of the two configurations of Solar District Cooling: a) Cold network, b) 

Hot network. 
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2.1 Location and cooling load demand 

The system is assumed to be installed in Abu Dhabi, United Arab Emirates. The winter 

season in this area experiences mild temperatures due to the proximity of the sea. These areas 

have a warm climate, with temperatures consistently above 20 °C, except during the winter 

months, and reaching peaks around 45 °C in the summer. The humidity levels are quite high, 

which increases the heat load and hinders the performance of solar collectors by reducing direct 

radiation. The water exchanger operating conditions consider the seawater temperatures at 

various depths, using data provided by NOAA (National Oceanic and Atmospheric 

Administration). 

 
A detailed estimation of heat loads would require an evaluation of all components that 

contribute to the definition of sensible and latent loads, such as solar radiation, transmission 

through surfaces, infiltration of outside air, and the presence of people, lighting, and electrical 

equipment. However, since the focus of the following discussion is not specific to the building, a 

simplified load model is assumed that still accounts for typical daily and seasonal variations in 

cooling demand. As shown in Equation 1, the load is calculated as the sum of three components, 

a constant related to internal loads and two variables related to solar radiation and outdoor air 

temperature, respectively.  

𝑄𝑐𝑜𝑜𝑙 = 2000 +
5

3
⋅ 𝐺 + 850 ⋅ (𝑇𝑎𝑚𝑏 − 25)  (3) 

 

Figure 3. Cooling load of the entire agglomeration: annual hourly profile (blue) and monthly 

energy cumulated (green). 

                                    
 

 

 

 

 

  

 

 

  

  

  

  

 
 
 
  
 
 
  

 
 
  

 
  
 
 

 
 

 
 
 
  
 
 
  

 
 

 
 
 
  
 

 
 

                               

    Table 1. Double stage Absorption Chiller 
performance (2.3 MW rated capacity) 
 

 Parameters 

Rated COP 1.39 

Hot source range (°C) 2.0 

Design chiller water (in-out) (°C) 7-14 

Design hot water (in-out) (°C) 155-170 

Design cooling water (in-out) 
(°C) 

37-30 

 

 

          
Figure 2. Effect of chilled water set point on 
rated performance 
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With this definition, a peak load of 24 MW is obtained in July, which is comparable to a 

utility consisting of approximately 1300 houses of 100 m2 each, assuming a maximum thermal 

load of 185 W/m2 in this region (24). The annual trend of the demand is presented in Fig. 3. 

2.2 Optimization 

The objective is to determine the most cost-effective combination of power and component 

size for various solar fractions and both plant configurations. Solving such a complex problem 

typically necessitates a numerical approach due to the involvement of numerous independent 

variables. GenOpt software facilitates the minimization of an objective function, which is 

assessed by external software, specifically Trnsys in this case. A hybrid optimization algorithm is 

adopted, starting with a Particle Swarm Optimization on a largest mesh and refining the result 

with a Generalized Pattern Search, e.g., Hooke Jeeves algorithm. 

The variables considered are: the capacity of the absorption chiller (𝑃𝐴𝐵𝑆), the area of the 

solar array (𝑆𝑃𝑇𝐶), and the volume of the high-temperature tank (𝑉𝐻𝑊𝑆). The search space for 

optimization is outlined in Tab.2 with reference to the minimum and maximum values of each 

variable and the minimum considered variation in size. The objective function (Eq. 4) represents 

the investment cost of these three components, with an additional term to ensure the desired 

solar fraction is achieved (𝑃𝑒𝑛𝑎𝑙𝑡𝑦𝑆𝐹). The unit cost of each component is listed in Tab. 2. It 

should be emphasized that the proposed economic evaluation does not provide a precise 

estimate of the installation costs, since it is intended only to compare the two scenarios, and 

therefore does not take into account all the common expenses, such as the piping grounding 

cost. The optimization procedure is repeated for four solar penetrations: 25%, 50%, 75 and 

100%.  

𝑓𝑇(𝑥) = 𝐶𝐴𝐵𝑆 ∙ 𝑃𝐴𝐵𝑆 + 𝐶𝑃𝑇𝐶 ∙ 𝑆𝑃𝑇𝐶 + 𝐶𝐻𝑊𝑆 ∙ 𝑉𝐻𝑊𝑆 + 𝑃𝑒𝑛𝑎𝑙𝑡𝑦𝑆𝐹 (4) 

 

3. Result and discussion 

The outcomes of the optimization procedure for all considered configurations are displayed 

in Tab. 3 with respect to component size, and Fig. 4 offers a visual representation of the 

economic impact. 

T     s   s      s                       b    s       s         s          ≤  %  T   

cost of individual equipment, and consequently the cumulative cost, increases almost linearly 

with the solar fraction, although the values differ in the two cases. For the same amount of 

      Table 2. Optimization search space and Specific cost of components  

 Step 
value 

Min 
value 

Max 
value 

Unit  Cost unit 

Absorption 
chiller 

450 1800 19000 KW 560 $/kW 

Solar 
collectors 

2000 4000 60000 m2 480 $/m2 

Hot water 
storage 

100 20 1500 m3 2000 $/m3 

 



The 79th ATI Annual Congress
Journal of Physics: Conference Series 2893 (2024) 012031

IOP Publishing
doi:10.1088/1742-6596/2893/1/012031

6

annual cooling energy, the hot grid scenario requires a higher expense, primarily due to the 

necessity for a larger area of solar collectors. It is also noteworthy that this discrepancy remains 

relatively consistent, approximately 4-6 M$ on average. In the case of solar thermal energy alone 

(SF=100%), a significant change in trend is revealed. It can be seen that very high values of SF 

lead to a significant increase in cost, especially in solar array extension and storage tank size. 

This increase in cost is more pronounced in the cold-grid configuration, resulting in an overall 

cost that exceeds that of the hot-grid scenario. The additional expense is due to the larger 

storage volume, as the remaining parameters reach equivalent 

values.

 
In order to gain a more comprehensive understanding of the outcomes of the optimization 

process, the average performance of the two most significant components, namely the solar 

array and the distribution network, is presented on an annual basis in Fig. 5. Starting from the 

cold-network scenario, an increase in SF necessitates a larger collector area, which in turn 

results in greater energy availability in terms of DNI intercepted by the solar field. However, the 

most significant consequences of choosing a larger solar fraction are reduced collector efficiency 

and increased heat loss at the storage. The former is essentially attributable to a higher 

temperature at the base of the storage, and thus of input to the PTCs, which in fact reduces the 

 

Figure 4. Economic optimization results: investment cost for the two configurations. 

      Table 3. Technical optimization results: components size for the two configurations. 

  SF 25 SF 50 SF 75 SF 100 

Cold Network 

Absorption chiller (kW) 3714 7739 13480 24607 

Solar collectors (m2) 10971 23645 39022 106467 

Hot water storage (m3) 250 614 969 10725 

Hot Network 

Absorption chiller (kW) 4122 8264 13607 24490 

Solar collectors (m2) 19051 36084 48082 107300 

Hot water storage (m3) 240 469 1009 8147 
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hours of useful irradiance. Conversely, thermal losses at the storage are influenced not only by 

the average temperature of the fluid stored, but also by the overall surface area of the storage.  

The trends of the chiller machine are not depicted in Fig. 5, but the recorded efficiency 

values are notably high. The average thermal efficiency, calculated as the ratio of cooling energy 

produced by the absorption technology alone to the input from the thermal source on an annual 

basis, reaches values just below 1.50, demonstrating remarkable stability even when the solar 

fraction varies. 

With regard to the hot grid system, it is evident that there is a notable enhancement in heat 

dissipation at the distribution network, due to the substantial thermal gradient between the 

delivery fluid (180-200°C) and the ground. Consequently, up to 50% of the energy collected by 

the collectors is lost through the network. While this proportion decreases as the solar fraction 

increases, it never falls below 30%. The thermal efficiency of ABS remains essentially unchanged 

from the previous case. Consequently, in order to comply with the stipulated conditions for the 

SF, it is necessary to maintain a constant thermal input to the chiller. The collectors serve to 

compensate for the losses incurred through the grid, justifying a higher surface area of the solar 

array. However, losses in distribution result in a drop in the input temperature to the collectors, 

which, in light of the above, reflects positively on the efficiency of these components. 

 

4. Conclusion 

The paper analyzed two configurations of district cooling with a chiller machine powered 

by a medium-high temperature solar collector with a hot water storage system. The two 

configurations differ in terms of the temperature of the transfer fluid. In the first configuration, 

the cold network, a chiller, which is in close proximity to the solar field, produces the chilled 

water for the entire network. In the second configuration, the hot network, the hot water at the 

exit of the solar array is sent through the network directly to smaller thermal storage tanks that 

serve local chillers and produce the chilled water for limited quarters. The size of the primary 

components of the system, including the chiller, thermal storage, and solar collector aperture, is 

optimized to minimize investment costs and achieve varying solar fractions. 

Increasing the solar penetration of a system means increasing the chilled water production 

capacity of the system. This is generally reflected in components with a larger size. An increase 

in the solar fraction (SF) up to an SF of 75% is observed to result in a linear increase in the rate 

of change. However, higher SF reduces system performance due to the higher inlet temperature 
at the collectors. In fact, higher capturing power is reflected in higher average storage tank 

 

Figure 5. Economic optimization results: investment cost for the two configurations 
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temperature. In the event that the unit solar fraction (SF) is to be achieved, all components must 

be oversized in order to compensate for the variability in radiation availability. For instance, the 

solar array is more than twice the size of 75% SF, and the hot storage has 8/10 times the 

capacity. The distributed configuration does not appear to exert a particular influence on the 

size of the chiller. However, it does necessitate a larger opening of the mirrors, with an average 

of 50% for SFs smaller than 100%. The hot distribution network, which has a higher 

temperature, is characterized by larger heat losses. In order to guarantee the same heat input to 

the chiller, the solar array must be increased in proportion to the output. Conversely, in the full-

solar scenario, the hot storage tank is 30% smaller in the distributed configuration. The 

distribution network upstream of the machine (not considered in the cost evaluation) provides 

an additional reserve of high-temperature fluid that allows the installation of a smaller volume 

of storage, resulting in significant savings. 

The hot network is generally affected by higher losses, particularly through the distribution. 

However, the solar field shows better performance, which shifts the point of convenience for the 

fully solar scenario. 

Nomenclature 

ABS Absorption Chiller  DC District Cooling  SDC Solar-assisted District 
Cooling 

BTI Beam Total Irradiance  DNI Direct Normal 
Irradiance 

 SF Solar Fraction 

CHW Chilled Water  G Total Solar Radiation  T Temperature 

COP Coefficient Of 
Performance 

 HWS Hot Water Storage  𝜂𝑃𝑇𝐶  Concentrator thermal 
efficiency 

CR Concentration Ratio  PTC Parabolic Trough 
Collector 

 𝜃 Concentrator 
Incidence Angle 

CT Cooling Tower  𝑄𝑐𝑜𝑜𝑙  Cooling Demand  2sABS Double Stage 
Absoprtion Chiller 
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