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Abstract 

This work presents a multi-objective optimization of a 

hybrid solar gas heating system for space heating built up 

in Algiers, Algeria, the system was modeled using 

TRNSYS software. The model was then validated and was 

used in the optimization process. Different control 

strategy modes were investigated and compared. The 

selected mode presented an increase in the solar fraction 

(SF) and primary energy savings (PESR) of 40.31% and 
31.32% respectively. A combination of the response 

surface method and the desirability function approach was 

adopted for the assessment and the multi-response 

optimization of the energetic performance of the system, 

with respect to the primary energy savings and the 

system’s overall efficiency (𝜂𝑠𝑦𝑠). Metamodels for the 

deemed responses were established regarding the 

collector area, the storage volume and the auxiliary 

system’s flow rate. Results of the optimization 
respectively presented 46.7 % and 38.46% of primary 

energy savings and overall efficiency. 

Key Innovations 

• A hybrid solar gas heating system and modelled in 

TRNSYS 

• PESR and overall efficiency are optimized using RSM 

and desirability function approach 

Practical implications 

This research proposes a practical methodology for the 

multiobjective optimization of the solar system designs in 

energy-efficient buildings. By assessing the system 

performance with respect to design parameters of solar 

systems, the potential of energy saving is considerable, 

and the findings have wider implication for next 

generation solar systems. 

Introduction 

During the last decades, the utilization of solar energy 

technologies in the residential building sector has grown 

significantly. Solar heating systems provide thermal 

energy for both space heating and domestic hot water 

needs, they present viable alternatives for reducing 

primary energy consumption (Rey and Zmeureanu, 2018). 

It is the design of such systems (i.e., equipment sizing and 

configuration) that defines the overall performance. 
Several research studies have been conducted on such 

systems, Task 26 from the Solar Heating and Cooling 

(SHC) programme being an early example (Suter et al., 

2000). Most studies were simulation-based, (Lund, 2005) 

examined the sizing of storage tanks and solar collectors. 
(Andersen and Furbo, 2009; Jordan and Furbo, 2005; 

Lima et al., 2006) investigated the thermal storage’s 

influence on the performance of combi systems. (Bahria 

et al., 2016) conducted a parametric study on a solar 

heating and cooling system in three different climatic 

regions in Algeria, the results showed that 45% of solar 

fraction (SF) was attained with the optimum selected 

parameters. 

Few experiment-based researches on solar thermal 

systems have been conducted since experiments require 

high investment costs and are less flexible than simulation 

programs. However, experiments are mandatory for 

model validation. Kalogirou and Papamarcou (2000) 

conducted experiments on a thermosyphon system for 

domestic hot water, to validate a TRNSYS model. A 79% 

of SF was achieved. Kacan and Ulgen (2012) conducted 

experiments on a solar heating system to analyze and 

improve its performance which led to increasing the SF up 
to 83%. Mehdaoui et al. (2020) validated a TRNSYS 

model through experiments on two solar heating systems. 

They studied their performances and identified the 

optimum sizing via a parametric study. 

Besides, from an optimization point of view, recent 
studies have focused on the optimization of the solar 

heating systems from various aspects and using different 

methods, Bornatico et al. (2012) proposed a particle 

swarm optimization (PSO) algorithm to optimize the SF, 

the energy use and the cost of a solar thermal system to 

define the optimal configuration. Cheng Hin and 

Zmeureanu (2014) carried out a single-objective 

optimization on a solar combisystem modeled in (Leckner 

and Zmeureanu, 2011), they proposed a hybrid PSO 

algorithm to minimize life cycle energy use (LCE) and 

cost (LCC) regarding eight decision variables. Later, (Rey 

and Zmeureanu, 2017) handled the same model with a 
multiobjective optimization this time using a new 

approach resulting in the reduction of computing time. 

Multiobjective optimization problems are usually 

addressed using efficient algorithms such as PSO or 

genetic algorithms (GA). However, they are time-

consuming and have some limitations. GA for instance 

suffers from the local optimum problem when 

inappropriate control parameters are adopted or from the 

fast convergence speed which might also result in falling 

into the problem of local optimum (Jamali et al., 2019). 

Designing the experiments is a necessary preliminary step 
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that helps in reducing the number of experiments or 

simulations to an optimum. The response surface method 

(RSM) is one of the design of experiment methods used 

when working with responses influenced by multiple 

variables. Although this method is widely used in the 

industrial sector, only a few works have adopted this 

technique in the solar heating field (Calise et al., 2010; 

Ghiaus and Jabbour, 2012; Nowzari et al., 2015).  

Therefore, a combination of the RSM method and 

desirability function was proposed in the present work to 

assess and optimize the energy performance of a hybrid 

solar gas heating system using dynamic simulations 

through TRNSYS software. This method was used in 

(Sarmouk et al., 2021) to assess and optimize the SF of the 

solar heating system. In the continuity with the previous 

work, a multi-objective optimization was performed to 

maximize PESR and the system’s overall efficiency.  

System description 

A hybrid solar gas heating system (HSGHS) was built up 

in the “Ecole Nationale Polytechnique“ located in the city 

of El-harrach in Algiers (Algeria). A Mediterranean city 

that is characterized by a relatively huge amount of solar 
energy even in winter.  The system is intended to provide 

heat to an office from 7am to 6pm representing the typical 

work hours. The office has an area of 50m², and it is 

located on the ground floor of a two-story non-insulated 

building, as shown in Figure 1. The northern wall is the 

only wall exposed to outside weather conditions. Its 

orientation disfavors the solar gain. Only the deemed 

office (showed up in red) is equipped with a heating 

system in the building, thus, its internal walls are adjacent 

to none heated zones. The peak heat demand of the 

building is estimated through dynamic simulation to be 

8.08 kW.  

 

Figure 1: Schematic representation of the building and 

the HSGHS. 

The HSGHS comprises two flat-plate thermal collectors 
of 2m² aperture area each, a gas boiler with a nominal 

power of 24 kW, a common storage tank mounted 

horizontally, equipped with a serpentine heat exchanger 

connected to the gas boiler and three radiators. The 

distinct fluid circulation in the solar loop and the heating 

circuit is ensured by two pumps of 75 W power rate. 

Figure 2 shows the installation with the aforementioned 

equipment.  

  
Figure 2: experimental setup, (a) Main components of 

the HSGHS, (b) Flat plate solar collectors. 

Model validation 

The considered system was thoroughly modeled in 

TRNSYS in (Sarmouk et al., 2021). The system operated 

in solar mode only. Therefore, the main components, 

specifically the solar collectors, the storage tank, and the 

radiators respectively represented by Type 1a, Type 533, 

and Type 1231 were validated. The model results 

followed full well those of the experiments for all the 

measurement points, the model slightly overestimated the 

temperatures mainly on the level of the tank and the 

radiator which is suspected that it is due to the occupant’s 

behavior and uncontrolled ventilation. The model showed 

good agreement with the experimental results. Table 1 
presents the RMSE between experimental measurements 

and numerical results the RMSE has a maximum value of 

1.36°C.  

The model has been upgraded by incorporating a gas 

boiler represented by Type 700. The performance results 

of Type 700 were compared in (Rosato et al., 2020) 
against the experimental performance in (Di Perna et al., 

2015), the comparison highlighted a percentage difference 

in a range between -2.37% and +4.8%, which confirms the 

suitability of Type 700 adopted in this study. 

The controllers are modeled using Type 2b (differential 
controller), the solar pump operates whenever the 

temperature difference between the collectors’ outlet and 

the bottom of the tank is greater than 2°C. The radiators’ 

pump operates when heating is needed and stops when the 

air temperature inside the room reaches the setpoint of 

21°C. Finally, for the control of the pump, three control 

strategy modes will be presented and compared in the 

following sections. 
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Subsequently, this model was used in the current study for 

the investigation of the HSGHS and the optimization of 

its performance. 

 

Table 1: Root mean square error between simulations and 

measurements. 

RMSE (°C) 

 T1 T2 T3 T4 T5 

14/01/2020 0.67 0.32 0.90 0.32 0.33 

24/02/2020 0.82 0.56 1.01 0.71 1.36 

T1: Collector inlet, T2: collector outlet, T3: Tank inlet, 

T4: Tank outlet, T5: Radiator inlet. 

Optimization methodology  

Before the start of the optimization process, three control 

strategy modes of the gas boiler were investigated and 

compared in order to improve the current configuration 
and to adopt the best suited mode for the HSGHS. The 

purpose of that first procedure is to enhance the system 

performance before any modifications in the system that 

requires any sophisticated intervention or eventual 

investments. Two performance indicators were chosen to 

compare the control modes. First, the Solar Fraction (SF), 

which represents the contribution of the heat provided by 

the solar part to the total heat load. Second, the primary 

energy savings ratio (PESR) is the percentage of energy 

savings realized by the HSGHS in comparison to a 

reference conventional system, which is represented by a 
system operating with natural gas only, since it is the most 

common system used in Algeria. The SF and PESR can 

be expressed by (1) and (2) respectively: 

 𝑆𝐹 =
𝑄𝑠

𝑄𝐿
 (1) 

𝑄𝑠and 𝑄𝐿 represent the heat provided by the solar system 

and the total heat demand, respectively. 

 𝑃𝐸𝑆𝑅 =
𝑃𝐸𝐶𝑐𝑜𝑛𝑣−𝑃𝐸𝐶𝐻𝑆𝐻𝑆

𝑃𝐸𝐶𝑐𝑜𝑛𝑣
 (2) 

𝑃𝐸𝐶𝑐𝑜𝑛𝑣 and 𝑃𝐸𝐶𝐻𝑆𝐻𝑆 represent the primary energy 

consumption of the conventional system and the HSGHS.  

The design of combined solar systems is a tough task since 

it comprises several interrelated design parameters that 

make the optimization of the system challenging, 

especially when more than one parameter is to be 
optimized. The aim of the current study is to optimize two 

technical criterions, PESR and overall efficiency (𝜂𝑠𝑦𝑠) 

defined in (3), these two objective functions are to be 

maximized. For that matter, an optimization approach 

based on statistical modeling (RSM) and desirability 

function was adopted. 

 𝜂𝑠𝑦𝑠 =
𝑄ℎ

𝑄𝑠𝑜𝑙𝑎𝑟+𝑄𝑏𝑜𝑖𝑙𝑒𝑟
 (3) 

𝑄ℎ, 𝑄𝑏𝑜𝑖𝑙𝑒𝑟  denote the heat provided by the HSGHS and 

the energy consumed by the gas boiler and 𝑄𝑠𝑜𝑙𝑎𝑟  

represents the solar radiation received on the solar thermal 

collector. 

RSM is a statistical and mathematical technique useful for 

the analysis and the modelling of problems in which a 

response is impacted by several variables. RSM helps in 

developing mathematical models that best describe a 

response of interest (Montgomery, 2017). 

The desirability function approach is an optimization 

method utilized for multiple response processes to 
identify operating conditions x that provide the most 

desirable response value Y. This approach transforms the 

response to a function that takes values in a range 0<d<1. 

The desirability will be equal to 1 if the response variable 

reaches the targeted value and will become zero if the 

response is outside the acceptable range. 

The individual desirability function for maximizing a 

response is generally defined as: 

 𝑑𝑖(𝑌𝑖) =      {

0 𝑖𝑓 𝑌𝑖(𝑥) < 𝐿𝑖

(
𝑌𝑖(𝑥)−𝐿𝑖

𝑇𝑖−𝐿𝑖
)

𝑠

𝑖𝑓 𝐿𝑖 ≤ 𝑌𝑖(𝑥) ≤ 𝑇𝑖

1.0 𝑖𝑓 𝑌𝑖(𝑥) > 𝑇𝑖

 (4) 

Where 𝑌𝑖 is the response to be optimized, 𝐿𝑖 and 𝑇𝑖 are the 

lower and upper target values. The exponent s determines 

the importance to hit a target value. 

The composite desirability is then calculated using 

individual desirability functions according to (5). 

 𝐷 = (𝑑1(𝑌1)𝑑2(𝑌2) … 𝑑𝑘(𝑌𝑘))1 𝑘⁄  (5) 

k denotes the number of responses. 

 

The process of optimization consists of the following 

steps: 

1. Select the responses to be optimized, PESR and 𝜂𝑠𝑦𝑠.  

2. Select the design factors and their corresponding 

levels: 

Four factors were initially selected to assess the two 
responses. The Solar collector area (A) in (m²), 

normalized flow rate in the solar loop (B) (kg.s-1/m2), 

Volume/Surface ratio (C) (m3/m²) and the flow rate of the 

gas boiler (D) (l/min), which represents the water flow 

rate from the boiler to the heat exchanger inside the 

storage tank. The factor’s levels are depicted in Table 2.  

Table 2: Levels of the decision variables. 

 
A 

(m2) 

B 

 (kg.s-1/m2) 

C 

(m3/m2) 

D 

(l/min). 

Low 2 0.01 0.05 6 

High 10 0.02 0.18 12 

 

3. design the experiments to be conducted using RSM 

central composite design.  

The use of the RSM central composite design resulted in 

an optimum number of 25simulations. The design matrix 

is represented in the form of a graph in Figure 3.  

4. Conduct the experiments and fit the response models 

for the PESR and 𝜂𝑠𝑦𝑠. 

5. Optimize the responses using the desirability function 

mentioned before. 
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Figure 3: Simulation runs of the RSM design. 

  

Control strategy modes 

Three modes were considered in this study, Mode 1 

consists of defining a fixed setpoint for the radiators’ 

supply water, in our case 60°C is to be maintained in the 

storage tank, to ensure the availability of hot water when 
heating is required. On the other hand, Mode 2 consists of 

defining a setpoint for the room air temperature, 21 °C, 

the gas boiler will operate unless the temperature inside 

the office exceeds 21°Cwith a hysteresis of 1°C±. 

Meanwhile, Mode 3 is based on a heating curve that 

considers the radiators’ supply water temperature as a 

function of the outdoor temperature. 

According to the heating curve used in the present work, 

the supply water temperature is expressed as follows: 

 𝑇𝑠𝑢𝑝𝑝𝑙𝑦 = −2.22(𝑇𝑒𝑥𝑡 − 21) + 33.34 (6) 

The gas boiler keeps operating until the water inside the 

tank is equal to 𝑇𝑠𝑢𝑝𝑝𝑙𝑦 .  

Table 3: Monthly simulation results for the three control 

modes. 

 Mode 1 Mode 2 Mode 3 

 
SF 

(%) 

PESR 

(%) 

SF 

(%) 

PESR 

(%) 

SF 

(%) 

PESR 

(%) 

Nov 40.96 13.20 48.86 28.60 58.21 38.33 

Dec 42.56 15.16 48.83 26.47 59.45 39.47 

Jan 21.92 12.24 23.37 16.47 31.21 27.31 

Feb 18.34 10.17 19.27 13.68 25.44 22.18 

Mar 31.67 11.83 38.10 24.28 48.44 35.22 

Total 28.18 12.32 31.89 20.83 40.31 31.32 

 

Three simulations regarding the control modes were 

performed during the heating season between November 

and March. The monthly results of SF and PESR are 

depicted in Table 3. The PESR increased considerably 

between Mode 1 and Mode 2 also between Mode 3 and 

Mode 2. The seasonal PESR estimated were 12.32%, 

20.83%, and 31.32% for Mode 1, Mode 2, and Mode 3 

respectively. The lowest values of PESR and SF were 

observed during January and February owing to the 

relatively high heat demand and low solar irradiation 

during the two months. The discrepancy of PESR between 

the modes is explained as follows. In Mode 1 the system 

constantly keeps the water inside the tank at 60°C even 

when heat demand is lacking, however, in Mode 2 the gas 

boiler operates only when the room air temperature is 

below 21°C, which results in lower operating periods. 

Consequently, PESR increases in Mode 2. In Mode 3, the 
system operates according to the outdoor temperature, it 

produces high temperature water when the outdoor 

temperature is low and vice versa resulting in lower fuel 

consumption and thus higher PESR values.  

The solar system and the gas boiler share the same storage 

tank, hence the increase in PESR led to an increase in the 
SF. Since the temperature of the water inside the tank was 

relatively low in modes 2 and 3, the solar system tended 

to operate more and thus produced more useful solar 

energy. The seasonal SF was 28.18%, 31.89%, and 

40.31% for modes 1,2 and 3, respectively. 

Since Mode 3 presented the highest PESR and SF values, 

it was adopted for the system and will be employed in the 

optimization process. 

Metamodeling 

Twenty-five simulation runs were performed according to 

the design matrix and the values of PESR and 𝜂𝑠𝑦𝑠 were 

recovered. The development of metamodels of the two 

responses requires an Analysis Of Variance (ANOVA). 

The ANOVA was executed for a level of confidence of 

95% and P-value was selected as the indicator to identify 

the significance of the different terms, thus P-values<0.05 

were considered to be significant. Pareto charts help to 

illustrate the magnitude and significance of the factors on 

the responses of interest. The significant factors are 

represented by the bars to the right of the reference line. 

Figure 4(a) presents the Pareto chart of PESR, it exhibits 
the significance of the collector area term (A), its 

quadratic term (AA), and the two-way interaction (AC) 

which represents the volume of the storage tank. Also, 

PESR is influenced by the main interaction terms (C) and 

(D) that display the significance of the flow rate of the gas 

boiler and the volume/surface ratio. 

In Figure 4(b) the same terms are still significant for the 

overall system efficiency 𝜂𝑠𝑦𝑠 except for the two-way 

interaction (AC). The terms had different significance 

order where the factor volume/surface ratio was slightly 

more influencing than the gas boiler flow rate and the 

quadratic term of the collector area was the second most 

influencing factor. 

It is observed in Figure 4 (a) and (b) that the term B has 

no significance on the two responses. It is concluded the 

flow rate of the solar pump does not influence the energy 

savings nor the system efficiency in the selected range. 

Based on that conclusion, the term B and its interactions 

were to be removed from the resulting metamodels. Then 

normal plots of the standardized effects were plotted for 

the two responses to illustrate the most significant factors 
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and their impact, the points positioned to the right of the 

reference line represent the positive impact and those to 

the left represent negative impact.  

Figure 5(a) represents the normal plot of PESR. The 
collector area and the volume represented by A and AC 

respectively have a positive influence on the PESR, in 

other words, the increase of these parameters causes an 

increase in PESR. In contrast, the augmentation in gas 

boiler flow rate D and the volume/surface ratio C 

influence negatively the PESR. When quadratic terms 

effect is significant, it settles on the opposite side of the 

main effect, the more important the further it is from the 

reference line. Which explains the positions of AA and 

DD in Figure 5(a). 

Similarly, for Figure 5(b), the normal plot of 𝜂𝑠𝑦𝑠 clearly 

shows the negative impact of the solar field on the 

system’s efficiency. Indeed, the increase of the solar field 

reduces the thermal efficiency of the collector. As per 

equations (7) and (8), the heat removal factor 𝐹𝑅decreases 

when the collector area increases which causes the 

decrease of the collector’s efficiency, resulting in the 

diminution of the overall efficiency. 

In the same way as for PESR, factors C and D have a 

negative influence on the 𝜂𝑠𝑦𝑠. Therefore, low flow rates 

in the gas boiler and relatively low volumes provide 

higher PESR and 𝜂𝑠𝑦𝑠. 

 𝜂𝑖 =
𝑄𝑢

𝐴𝑐𝐺𝑇
=

𝐹𝑅[𝐺𝑇(𝜏𝛼)av−𝑈𝐿(𝑇𝑖−𝑇𝑎)]

𝐺𝑇
 (7) 

𝐹𝑅 =
�̇�𝐶𝑝(𝑇𝑓𝑜−𝑇𝑓𝑖)

𝐴𝑐[𝑆−𝑈𝐿(𝑇𝑓𝑖−𝑇𝑎)]
   (8) 

Where 𝐴𝑐(m²) is the collector area, 𝐺𝑇  (W/m²) is the total 

solar radiation, (𝜏𝛼)avis the weighted transmittance-

absorptance product, 𝑈𝐿(W/m².K) is the heat transfer 

coefficient, 𝑆 (W/m²) is the solar radiation absorbed per 

unit area, �̇�(kg/s) is the flow rate, 𝐶𝑝(J/kg.K) is the 

specific heat of the fluid, 𝑇𝑓𝑖, 𝑇𝑓𝑜 and 𝑇𝑎 are the fluid inlet, 

outlet temperatures and ambient temperature, 

respectively.  

The least square method was employed to estimate the 
coefficients of each factor. After eliminating the term flow 

rate in the solar loop (B) for its insignificant influence on 

the two responses, the established metamodels of PESR 

and 𝜂𝑠𝑦𝑠 were expressed as follows: 

 𝑃𝐸𝑆𝑅 = 0.2243 +  4.653𝐸 − 2 𝐴 +  6.8𝐸 − 2 𝐶 −
 1.921𝐸 − 2 𝐷 −  8.06𝐸 − 4 𝐴2 −  0,585 𝐶2 +
 7.26𝐸 − 4 𝐷2 +  3.32𝐸 − 2 𝐴 ∗ 𝐶 +  8.2𝐸 − 5 𝐴 ∗ 𝐷 −
 2.59𝐸 − 2  𝐶 ∗ 𝐷   (9) 

 

𝜂𝑠𝑦𝑠 = 0.6853 − 5.126𝐸 − 2 𝐴 −  4𝐸 − 3 𝐶 –  1.62𝐸 −

3 𝐷 +  1.707𝐸 − 3 𝐴2–  3.6𝐸 − 2 𝐶2 + 6.2𝐸 − 5 𝐷2 +
 1.208𝐸 − 2 𝐴 ∗ 𝐶 + 1.44𝐸 − 4 𝐴 ∗ 𝐷 –  1.291𝐸 −
2 𝐶 ∗ 𝐷   (10) 

 

The fitted models showed a good agreement with the 
simulation results presenting a variation R² of 99.93% and 

99.94% with respect to PESR and  𝜂𝑠𝑦𝑠. 

The high value of R² alone is not sufficient to check 

whether the choice of the models is appropriate. 

Therefore, an adequacy check of the residuals is 

necessary. An analysis of residuals was performed, the 

normal probability plots for residuals were used to verify 

the normality of residuals distribution. Figures 6(a) and 

(b) show that the points form an approximately straight 

line which indicates the normal distribution of residuals. 

The residuals presented low values -0.5% to +0.25% for 

PESR and ±0.3% for 𝜂𝑠𝑦𝑠.  

 

Figure 4: Pareto charts of the standardized effect for 

(a)PESR, (b) ηsys. 

 

Figure 5: The normal plot of the standardized effect, (a) 

PESR, (b) ηsys. 
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Figure 6: Normal probability plots of : (a)PESR 

residuals, (b) ηsys residuals. 

  

Optimization 

Once the adequacy of the models is verified, they have 

been used for the multi-response optimization. One 

approach that helps define an optimal region when 

working with multiple responses is the overlaid contour 

plots. Figure 7(a) and (b) represent the overlaid contour 

plots of PESR and 𝜂𝑠𝑦𝑠.For an appropriate presentation of 

the two functions, the third factor in each plot was held at 

its optimum value. That is V/S ratio (0.18 m3/m²) and 

boiler flow rate (6 l/min). 

It is clear that the maximization of the two responses is 

subject to a constraint that is the collector area, since an 

increase in the value of this factor results in maximizing 

the PESR yet minimizing the 𝜂𝑠𝑦𝑠. In order to attain higher 

energy savings in the considered study interval [2-10] m², 

the system’s efficiency would decrease accordingly. 

In order to find optimal solutions that satisfy the 

maximization of both PESR and 𝜂𝑠𝑦𝑠 the desirability 

function was adopted. Since the overall efficiency of the 

system and PESR were both highly influenced by the solar 

part of the system, but the conventional part (gas boiler) 

had more influence relatively on PESR than 𝜂𝑠𝑦𝑠, the 

energy savings were considered more important than the 

system’s efficiency for the present case. Thus, the weight 

for the desirability of PESR was set to 5 to be closer to the 

maximum of PESR. The individual desirability for each 

response was calculated, then the composite desirability 

was estimated using (5). Figure 8 shows the composite 

desirability as a function of the surface and the volume to 

surface ratio for the optimal boiler flow rate (6 l/min). 
Two optimal solutions were drawn off, solutions 1 and 2 

in Table 4. Solution 2 presented a performance close to 

that of solution 1 for approximately the same surface, but 

with a much lower volume/surface ratio. Considering that 

the solar collectors and the storage tank are key features 

of the system and the investment cost is high, solution 2 is 

more suited for its advantage in terms of storage tank 

volume. Additionally, common flat plate solar collectors 

in the market usually have an area of 2 m². A third option 

was proposed using 8m² of solar collectors, 800L storage 

tank corresponding to (0.1 m3/m²) and a gas boiler flow 
rate of 6 l/min. The results are depicted in Table 4. The 

proposed configuration helps to save 47.17 % of the 

primary energy savings with an overall efficiency of 

38.51%. 

 

Table 4: Optimal solutions and desirability. 

 

 

Figure 7Overlaid contour plots of PESR and ηsys (a) 

(Collector area, V/S ratio), (b) (Collector area, Boiler 

flow rate). 
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1 8,46 0,18 6 37.61 49.13 0.257 

2 7,58 0,05 6 39.42 45.22 0.237 

3 8 0.1 6 38.51 47.17 0.250 
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. 

 

Figure 8: Composite desirability as a function of A(m²) 

and C(m3/m2). 

 

Conclusion  

In the present paper, a hybrid gas solar heating system 

installed in Ecole Nationale Polytechnique, Algiers, 

Algeria, was modeled in TRNSYS software and then was 

employed in the optimization process.  

Three strategy control modes of the auxiliary system were 

investigated and compared in terms of SF and PESR. The 
mode that considered the weather compensation offered 

the best PESR and SF, 40.31% and 31.32% respectively. 

The deemed mode was adopted. Then, a multi-objective 

optimization process was conducted based on the 

response surface method and the desirability function 

approach to maximize the PESR and the system’s overall 

efficiency 𝜂𝑠𝑦𝑠.  

From the sensitivity study, the collector area was the 

constraining factor since the variation of the area causes 

one response to increase while the other decreases. Low 

flow rates of the gas boiler provided a better performance 

of the system considering the two indicators. 

Using the RSM design, metamodels of PESR and 𝜂𝑠𝑦𝑠 

were established, the results were satisfactory, and the 

metamodels were used with the desirability function 

approach to identify optimum solutions. The new 

configuration comprises 8m² of solar collectors, 800 L 

storage tank and a flow rate of 6 l/min and should offer a 

PESR of 47.17 % and 𝜂𝑠𝑦𝑠of 38.51.  

The methodology proposed in this work is time-efficient 

and contribute to the improvement of solar heating 

systems designs and their optimization. 
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