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Abstract—The Solar assisted district heating system (SDHS) is 

a promising path to accelerate the sustainable movement toward 

clean energy production in order to solve the challenges of the 

energy crisis and climate change. However, in real conditions the 

SDHS is often suffering from a mismatch between the predict and 

actual performance. This mismatch promotes a high variation in 

quantifying the SDHS benefits at different urban community sizes. 

This article traces the techno-economic performance of SDHS 

through an optimization framework using dynamic TRNSYS for 

simulations and a genetic algorithm for optimization. The SDHS 

application is performed for a residential community of 10, 25 and 

50 buildings located in Madrid to evaluate its techno-economic 

feasibility in covering the heating demand of these communities. 

The larger communities provided noticeable cost-benefits when 

aiming for high performance, where the cost objective is between 

73.1:149.1 Euro/MWh for the community of 10 and it can be 

improved up to 27.5% and 41.6% for community sizes of 25 and 

50 buildings, respectively. While in terms in the payback period, it 

can be reduced up to 29 years for the community size of 50 

buildings. The solar fraction can achieve up 99% with a seasonal 

storage tank efficiency of 81% at the community size of 50 

buildings. 

Keywords— Solar assist district heating system, Life cycle cost, 

Life cycle assessment, Multi-objective optimization, Urban 

community 

I. INTRODUCTION

The significant contribution to the European energy demand 

is from the heating of the building where the residential 

buildings consume 63% of this energy [1]. Moreover, more than 

75% of residential energy consumption is utilized for space and 

domestic hot water heating [2]. Production of energy is very 

harmful to the environment and using renewable sources of 

energy can help in reducing its environmental impacts. Hybrid 

solar heating or biomass are typical examples of such systems 

[3]. Solar energy is the largest source of energy, but it is affected 

by seasonal variations and diurnal. Diurnal is a critical problem; 

it creates a mismatch between the time of production and 

demand for energy. In addition, the energy storage devices are 

very costly. However, the use of thermal energy storage in hot 

water tanks helps in removing the mismatch during the heating 

applications. Moreover, it is also helpful for the mismatch of 

solar problems [4]. The real problem is that the demand for heat 

generation is highest when the production of energy is the 

lowest. This mismatch in the demand and supply of energy 

during winters affect the solar energy systems performance. The 

difference in the availability of solar energy in summers and 

winters increase in the countries that are away from the equator. 

Seasonal thermal energy storage can solve the issue of seasonal 

variation [5]. The seasonal storage allows the storage of energy 

in the season of high production. The stored energy can be used 

in the seasons of peak demand. With the development of several 

storage mechanisms, including the latent heat storage chemical 

storage, and sensible heat storage systems, the sensible heat 

storage is more reliable. This type of system works on the 

capability of temperature change of high heat capacity materials 

[6]. Some of the vital sensible energy storage devices are [7]: 

• Aquifer thermal energy storage (ATES)

• Hot water thermal energy storage (TTES)

• Water pit thermal energy storage (PTES)

• Borehole thermal energy storage (BTES)

Seasonal thermal energy storage devices are usually used in 

solar communities where a specific amount of heating demand 

is to be fulfilled with solar energy. Solar communities began to 

develop after the energy crisis of the 1970s [8]. Most of these 

communities are in Germany [9], Denmark, Sweden, and other 

major countries of Europe [10]. In some solar communities, 

TTES is used. In recent studies, water-based storage tanks are 

also being considered [11]. Currently, Denmark is trying to 

design large solar district heating systems (SDHS) that depend 

on the water pit storage [7]. In Germany, the Neckarsulm 

community was developed in 1997 that comprises of a gym, 

school, shopping center and 200 housing apartments. A BTES 

of 63,000 m3 capacity is installed. A heat pump along with the 

gas boiler is set up for the backup. Similarly, the Crailsheim 

community was developed based on a 37,500 m3 BTES in 2007. 

This community contains a gym, school, and 260 housing 

apartments [12]. This community was backed up by the district 

heat pump. The storage capacity of the Crailsheim is lesser than 

Neckarsulm but the solar collectors installed in Crailsheim 

(7500 m2) are comparatively larger than Neckarsulm (5670 m2). 

There are small solar communities as such as the Attenkirchen 

solar community that only consists of 30 homes [13]. An 
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underground water tank that is surrounded by 10,500 m3 BTES 

is used in this community. The same design was copied for the 

sole Finnish solar community that was developed in Kerava 

[14]. However, the community was dismantled and converted 

back to the SDHS. Drake Landing Solar Community (DLSC) in 

Canada is the most famous solar community. It became 

functional in 2008 [15]. It consists of 2300 m2 solar collectors 

and two 34,000 m3 BTES systems. It supplies heat to 52 houses. 

The Drake Landing community meets 98% of the total demand 

for space heating, while the Anneberg system can reach 60% of 

the total heating demand for space and water .On the other side, 

Braedstrup SDHS in Denmark has a 19,000 m3 BTES system 

and a solar thermal area of 18,600 m2.[16]. With few exceptions, 

the real performance of the SDHS has rarely met with the 

estimated or predicted results where the monitored performance 

in terms of the solar fraction fails below the estimated results in 

the Neckarsulm and drake communities [17]. This performance 

variation increases with the solar community sizes since each 

community has different short-term and long-term energy 

storage as well as different solar collector areas, different 

auxiliary heating systems and different environmental 

conditions. Therefore, the reason behind different solar fractions 

of different communities as most of the samples correlation is 

far from clear, which implies other parameters are also very 

important for determining the performance of a solar 

community. 

In this article, the techno-economic optimization of a solar 

community is studied under the effect of community size with 

considering for the same equipment sizing. The high seasonal 

variability of solar energy as well its share to cover the heating 

demand represent significant techno-economic challenges. The 

literature does not account for the total system optimizations. 

The study focuses on Madrid because Madrid does not have any 

established solar community. The life-cycle cost and energy 

performance are the objectives of the study, in which it is carried 

out by considering the multi-objective optimization that contains 

generic algorithms. Different configurations of energy 

production and energy storage are reviewed for increasing the 

efficiency of the system. In simple words, the objective of the 

study is to analyze the effects of community size and finding out 

the parameters that affect the system design. 

II. SYSTEM METHODS EVALUATION

A. Energy system details and modelling

A virtual residential community is studied that contained a

specified solar system along with the district heat system 

(SDHS). TRNSYS 18 software is used for the modelling of the 

residential community. Solar collector field, seasonal storage 

tank (SST), and domestic hot water storage tanks (DHWT) are 

the major components of the SDHS. The solar collector field can 

be installed on the roofs of the residential buildings or on the 

grounds that are near the energy storage. 

The SST is a large water tank that is half-buried in the 

ground, and it is used for the storage of the heated energy for 

extended periods. The SST can be used for addressing the 

energy demands in the winter season. On the other side, THE 

DHWT is a small-scale tank that provides heat in a daily base. 

Auxiliary natural gas boiler heaters (BH) are utilized for 

covering the mismatch between the demand and supply of 

energy. Fig. 1 shows a schematic diagram of the SDHS. 

Fig. 1. Simple schematic representation for the SDHS [19] 

TRNSYS 18 [18] is a simulation software that is used for 

studying the dynamic behavior of the prescribed SDHS. The 

software provides a realistic simulation of the plant. The model 

is developed based on the model of Tulus et al.[19]. Small 

modifications in the model were done to cover the realistic 

situations for the DHW distribution network. 

In TRNSYS, interconnected blocks make the flow diagram 

of the system. Every component of the network has three 

information blocks. Two blocks are for input and output 

variables. While the third block defines the parameters of the 

component. Because of the limited computational power, the 

problem is solved for three years, and then the results were 

extrapolated for the plant lifetime. 

There are various components in the TRNSYS simulation 

model. These components are flat plate solar collector (Type 1) 

with 0.817 optical efficiencies, SST (Type 4) with fixed inlets 

and construction materials specification selected based on 

Friedrichshafen project [12]. While the DHW tank is specified 

with a heat loss coefficient of 0.3125 W/m2K. The system 

contains counter flow heat exchangers (Type 5) that have 3931 

W/m2·K overall heat transfer coefficient and 93% efficient 

auxiliary heaters (Type 5). In addition to, inlet and outlet pipe 

ducts (Type 31), single-speed circulation pumps (Type 3d), 

three-way valves (Type 11), soil temperature profile (Type 77), 

meteorological TMY2 data files (Type 15), and time-dependent 

forcing function (Type 9). 

B. Thermal performance

The final demand for imported offsite energy can be

examined for the evaluation of the solar community 

performance. However, some other indicator can also be useful 

for comparing case studies. Solar fraction (SF) is a common 

indicator that describes the fraction of energy demand met by 

solar energy. In this study, the solar energy system is supported 

by an auxiliary heater, which means that energy can be taken out 

of the SDHS even if it has not been charged with active solar 

systems. Thus, the SF is calculated directly through determining 

the total energy consumption due to using the auxiliary heaters 

This project has received funding from the European Union's 

Horizon 2020 research and innovation programme under the Marie 

Skłodowska-Curie grant agreement No. 713679 and from the 

Universitat Rovira i Virgili (URV). 
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for heating and domestic hot water purposes and assuming all 

remaining energy was generated by solar energy. 

𝑆. 𝐹𝑆𝐻 = 1 −
∑ �̇�𝑛

𝑖=1 𝐴𝑢𝑥−𝐵𝐻

𝑄𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑙𝑜𝑎𝑑

(1) 

𝑆. 𝐹𝐷𝐻𝑊 = 1 −
∑ �̇�𝑛

𝑖=1 𝐴𝑢𝑥−𝐵𝐷𝐻𝑊

𝑄𝐷𝐻𝑊 𝑙𝑜𝑎𝑑
(2) 

Where 𝑆. 𝐹𝑆𝐻  and 𝑆. 𝐹𝐷𝐻𝑊 are the solar fraction in the space

heating (SH) circuit and Domestic hot water (DHW) circuit, 

respectively. While �̇�𝐴𝑢𝑥−𝐵𝐻  and �̇�𝐴𝑢𝑥−𝐵𝐷𝐻𝑊  are the duty of

auxiliary heater (MW), while 𝑄𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑙𝑜𝑎𝑑  and𝑄𝐷𝐻𝑊 𝑙𝑜𝑎𝑑   are

the total heating energy and domestic hot water used in the 

buildings. 

Another key factor of the SDHS is the efficiency of the SST 

which can be defined simply as the ratio of annual energy losses 

throughout the SST vs the heat transfer rate through the heat 

exchangers ex1. 

𝜂𝑆𝑆𝑇 = 1 −
∫ �̇�𝑆𝑆𝑇 𝑙𝑜𝑠𝑠

𝑡

0

∫ �̇�𝐻𝐸1

𝑡

0

(3) 

This efficiency depends on another thermal characterization 

of the SST which is the thermal heat losses throughout the SST, 

and it can be evaluated based on heat losses through the top, 

sideways, and bottom of the storage. The thermal heat loss 

through these surfaces depends on the construction material, the 

insulation material, the ground properties, and the height to 

diameter ratio. While ℎ𝑐𝑜𝑛𝑣  which is the convective heat transfer

coefficient is considered 10 W/m2·K. Moreover, 𝜆𝐺 which is the

ground thermal conductivity is considered 3 W/m·K. 

C. Economic performance

The 40-year life cycle cost (LCC) of the SDHS in its net

present value format is utilized as an economic indicator. The 

LCC generally includes the initial cost (IC), operational cost 

(OC), maintenance cost (MC), and replacement cost (RC), as 

expressed in Eq. (4). 

𝑁𝑃𝐶 = 𝐼𝐶 + 𝑂𝐶 + 𝑀𝐶 + 𝑅𝐶  (4) 

In this study, the initial equipment cost was determined by 

Eqs. (5), in which the upfront costs of the solar collector, the 

water storage tanks and the auxiliary heater equipment were 

determined. 

𝐼𝐶 = (1 + 𝛼𝐶𝐹) ∑ (𝑃𝐶𝐸𝑘 . 𝐹𝐵𝑀𝑘)𝑘 (5) 

where 𝑃𝐶𝐸𝑘 represents the initial capital cost of purchased unit

𝑘 , 𝐹𝐵𝑀𝑘  is the bare module factor, which states for the

installation and transportation cost of unit 𝑘, and 𝛼𝐶𝐹  donates

for the contingency factor. 

While the operational and maintenance cost state the annual 

maintenance cost of equipment in addition to their relative 

energy consumption throughout the system lifetime. As it can be 

expressed as following: 

𝐶𝑂 = 𝐶𝑀𝑃𝑊𝐹𝑀 + 𝐶𝑃𝑃𝑊𝐹𝑃 + 𝐶𝐴𝑈𝑋𝑃𝑊𝐹𝐴𝑈𝑋 (6) 

where the 𝐶𝑀, 𝐶𝑃, and 𝐶𝐴𝑈𝑋 donate for the annual maintenance

cost, the recirculation pumps, and the auxiliary heater 

consumption cost. While 𝑃𝑊𝐹 tends for the time value of the 

money with consideration for the inflation rate (𝑖) and discount 

rate (𝑑) throughout the proposed system lifetime. 

The replacement cost in this study states for the depreciation 

associate with the equipment including the solar collector, the 

domestic hot water storage tank, and auxiliary heaters besides 

other equipment such as recirculating pumps and heat 

exchangers and it can be expressed as following. 

𝐶𝑅 = 𝑃𝑉𝐹𝑛 ∑(𝑃𝐸𝐶𝑘 . 𝐹𝑀𝐵𝑘)

𝑘

(7) 

where 𝑃𝑉𝐹𝑛  is the present value factor of future cash flow at

year 𝑛. 

The economic viability of the SDHS can be specified as well 

based on the payback period [20]. It is widely used for 

evaluating energy system performance throughout its lifetime, 

and it´s usually expressed in years. The shorter the payback 

period, the more favorably a project is ensured. The computation 

of the payback period can be obtained by dividing the future 

system value (𝑁𝑃𝐶)  by the yearly cost saving for using the 

SDHS as follows: 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑝𝑒𝑟𝑖𝑜𝑑 =
𝑁𝑃𝐶

𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔
(8) 

D. Optimization problem

The goal of the optimization was to minimize both the usage

for auxiliary heater share (𝐴𝑈𝑋𝑠ℎ𝑎𝑟𝑒) and life cycle cost (𝑁𝑃𝐶).

The problem was defined as: 

min {𝑓1(𝑥), 𝑓2(𝑥)}
𝑠. 𝑡.  ℎ(𝑥) = 0 

 𝑔(𝑥) ≥ 0 

𝑙𝑏𝑖 ≤ 𝑥𝑖 ≤ 𝑢𝑏𝑖   𝑖 ∈ {1, … ,15} 
(9) 

where 𝑓1 is the 𝐴𝑈𝑋𝑠ℎ𝑎𝑟𝑒, 𝑓2 is the life cycle cost, ℎ donates for

the equality constraints, which corresponding to the mass and 

energy balance equation solved implicitly in TRNSYS in the 

first stage, 𝑔  is the limit on solar collector efficiency and 

seasonal storage efficiency. While 𝐼𝑏𝑖  and 𝑢𝑏𝑖  are the lower

and upper bounds for all decision variables. The decision 

variables are introduced in Table I. 

Three different community sizes were used: 10, 25, and 50 

buildings. A separate optimization was performed for each 

community size. Optimization was performed with the 

MATLAB, through using a genetic algorithm. Population size 

was 500, and a Pareto fraction of 0.6. Additional calculations 

during optimization were performed with MATLAB. 
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TABLE I. DECISION VARIABLES FOR THE SHDS CATEGORIZED BY CIRCUIT 

NAME 

Circuit name Decision variable Unit Uniform 

Solar field 

circuit 

ACOL (Col. area) m2/MWh/a 0.1:2 

βCOL (Inclination ang.) o 20:70 

NCOL (No. Col. in series) - 1:5 

SH distribution 
circuit 

VSST (SST vol.) m3/MWh/a 1:20 

HDR (Height to dia.) m/m 0.3:1.5 

FCAUX-BH % 0.1:1 

DHW 
distribution 

circuit 

VDHWT (DHW vol.) m3/MWh/a 0.05:0.25 

HDRDHWT (Height to dia.) m/m 1:2 

FCAUX-BDHW % 0.1:1 

III. CASE STUDY

A SDHS located in Madrid (Spain) is considered to meet the 

heating demand of different sized neighbourhood community 

(10, 25, and 50 buildings). Each building comprises 28 

apartments with 90 m2 of useful area [21] per apartment and 

equipped with a radiant underfloor heating system and a 

domestic hot water system to meet the space heating and DHW 

demand at 50°C and 60°C, respectively. Each building has a 

demand of 191.34 MWh/year. The SDHS model validation and 

heating demand comparison were implemented in comparison 

to Guadalfajara et al. [22] and Tulus et al. [11]. 

A. Economic inputs

The parameters for the initial investment cost are outlined 

Following Tulus et al. [19], the maintenance cost is estimated 

to be 1.5% of the initial purchase cost of the equipment. The 

prices of natural gas and electricity are 0.0526 and 0.1873 

Euro/kWh, respectively, based on the EUROSTAT database 

[23]. Moreover, the inflation rate associated with natural gas 

and electricity is 5.9% and 5%, respectively [11]. According to 

Braungardt et al. [24], the inflation rate associated with the 

proposed system throughout its lifetime is set to be 2.3%, with 

a discount rate of 3.5%. 

IV. RESULTS AND DISCUSSION

A. Optimization results

The results examine the community size effect (10, 25, 50, 

and 100 buildings) on the performance of the SDHS in a 

techno-economic optimization framework. The results of 

optimization for all community sizes are shown in Fig. 2. A 

clear tendency between the objective functions and the 

increment in the community size, where increasing the 

community size from 10 to 50 buildings, the share of solar 

energy increases with the increment in the total SDHS cost. 

Starting from the Min.cost-optimal solutions, the 𝑁𝑃𝐶 is 

improved from 73.19 Euro/MWh at community size of 10 

buildings to 53.7 Euro/MWh at 50 buildings. While in the 

Min.AUXshare-optimal solution the 𝑁𝑃𝐶 is reduced from 149.1 

Euro/MWh at community size of 10 buildings to 87.4 

Euro/MWh at community size of 50 Buildings. On the other 

hand, a slide improvement is achieved in the 𝐴𝑈𝑋𝑠ℎ𝑎𝑟𝑒

objective with an increment in the community size where 

𝐴𝑈𝑋𝑠ℎ𝑎𝑟𝑒  is 16.7%, 16.6% and 16.1% for the community sizes

of 10, 25 and 50, respectively at the Min cost solutions. While 

in the Min.AUXshare-optimal solution, the 𝐴𝑈𝑋𝑠ℎ𝑎𝑟𝑒  objective

is below 1% for all community sizes. 

Fig. 2. Pareto sets for optimal SDHS solutions for different buildings sizes 

located in Madrid 

TABLE II. THE OPTIMAL RANGE FOR THE DECISION VARIABLES OF THE SHDS 

CATEGORIZED BY CIRCUIT NAME AT DIFFERENT URBAN COMMUNITY SIZES 

Community Size 

Circuit 

name 

Decision 

variable 
10 25 50 

Solar field 

circuit 

ACOL 

(m2/MWh/a) 

0.43:1.3

5 
0.39:1.20 0.43:1.15 

βCOL (degree) 44:50 42.3:49.3 41.6:47.8 

NCOL 4 4 4 

Space 

heating 
distribution 

circuit 

VSST

(m3/MWh/a) 
2.5:12.7 3.04:12.5 3.6:12.8 

HDR (m/m) 
0.66:0.7

9 
0.69:0.78 0.62:0.73 

FCAUX-BH (%) 10:60 10:14 10:14 

DHW 

distribution 

circuit 

VDHWT

(m3/MWh/a) 
0.11:0.1

6 
0.11:0.24 0.12:0.19 

HDRDHWT (m/m) 1.3:1.9 1.30:1.69 1.4:1.74 

FCAUX-BDHW (%) 22:47.3 11:75.6 32.3:41 

Following the optimal solution at different urban 

community sizes, Table II offers a complete depiction of the 

features and configurations for the optimal Pareto solutions 

categorized by the circuit at different community sizes. 

In the solar circuit, most of the optimal Pareto solutions at 

different community sizes remain the ACOL range between 0.4± 

0.05 m2/MWh/a for the Min.cost solutions and extend to 1.2 ± 
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0.15 m2/MWh/a at the Min.AUXshare-optimal solutions. The 

optimal inclination angles of the solar collectors (βCOL) stayed at 

an angle of 45±4o for most of the community sizes, which is 

close to the latitude of Madrid. Moreover, the number of solar 

collectors connected in series remains at 4 for all optimal 

solutions. In the space heating circuit, the optimal characteristics 

of the SST at various community sizes show that the VSST is 

around 2.5 ± 0.5 m3/MWh/a at the Min.cost solutions, and it 

extends to 12.5± 0.2 m3/MWh/a at the Min.AUXshare-optimal 

solutions, whereas the HDR is around 0.7±0.05 m/m for all 

optimal solutions. 

In the solar circuit, most of the optimal Pareto solutions at 

different community sizes remain the ACOL range between 0.4± 

0.05 m2/MWh/a for the Min.cost solutions and extend to 1.2 ± 

0.15 m2/MWh/a at the Min.AUXshare-optimal solutions. The 

optimal inclination angles of the solar collectors (βCOL) stayed at 

an angle of 45±4o for most of the community sizes, which is 

close to the latitude of Madrid. Moreover, the number of solar 

collectors connected in series remains at 4 for all optimal 

solutions. In the space heating circuit, the optimal characteristics 

of the SST at various community sizes show that the VSST is 

around 2.5 ± 0.5 m3/MWh/a at the Min.cost solutions, and it 

extends to 12.5± 0.2 m3/MWh/a at the Min.AUXshare-optimal 

solutions, whereas the HDR is around 0.7±0.05 m/m for all 

optimal solutions. 

Fig. 3. The Seasonal storage tank volume to solar collector area ratio at 

different community sizes 

In addition, Fig. 3 shows a summary for the proposed 

sizing of the ACOL and VSST based on the Pareto optimal solution 

at various community sizes. With the increment in the 

community size, the upper and lower limits of the Pareto frontier 

solution increase where lower bounds are 5.6, 7.7 and 8.4 m3/m2 

for the community size of 10, 25 and 50 building, respectively, 

Whereas the upper limits increase from 9.3 to 11.1 m3/m2 at 

investigated community sizes. In the DHW circuit, since the 

DHWT is used only for the daily purposes without long term 

storage, the histogram depicts that the VDHWT is only around 

0.15±0.06 m3/MWh/a for most of the optimal solutions, whereas 

the HDRDHWT diverge around 1.5 ± 0.2 m/m. 

B. Economic performance

Following the Pareto optimal solutions at different 

community sizes, Fig. 4 depicts a detailed breakdown for the life 

cycle cost of the SDHS when introduced at different community 

sizes under the extreme scenarios (Min.cost-optimal  solutions 

& Min.AUXshare-optimal solutions). The initial investment cost 

at all other community sizes is a quite significant cost 

component compared to operation and the replacement cost. 

This cost contribution is ascending increases with reducing the 

AUXshare. In the Min.cost-optimal solutions, the investment cost 

represents 50.2%, 47.6% and 46.7% for the community size of 

10, 25 and 50 buildings, respectively. While in the 

Min.AUXshare-optimal solutions, the investment cost represents 

around 63% for all community sizes. To be more specific, the 

solar collector and SST have the main contribution to the initial 

investment cost. 

Fig. 4. Life cycle cost breakdown of Pareto optimal solutions for a SDHS 

system applied at various community sizes. The breakdown includes the 

shares of initial capital cost, operational cost, and replacement cost 

On the other hand, the operational cost declines with the 

movement toward the Min.AUXshare-optimal solution where it 

represents 39%, 43% and 44.7% for the community size of 10, 

25 and 50 buildings, respectively. Moreover, it declines to 

around 24% in the Min.AUXshare-optimal solutions, which 

implies the less usage of natural gas. To be more specific, the 

auxiliary heaters represents above 50% of the total operational 

cost in each community size at the Min.cost-optimal solutions, 

and it is reduced to around 1% for Min.AUXshare-optimal 

solutions. The replacement cost follows the same trends as the 

investment cost, where it represents about 0.5% in the Min.cost-

optimal solutions, and it increases to around 12% in 

Min.AUXshare-optimal solutions due to the increment in the 

share of renewable energy equipment. 

In addition to the economic breakdown, the payback period 

is proposed to measure the system feasibility throughout its 

lifetime, as shown in Fig. 5. the SDHS could not approve its 

feasibility in the community size of 10 buildings since it varies 

between 39.4 years and 66.6 years, which is higher than the 

lifetime of the SDHS. With increasing the community size, the 

payback period decreases progressively, where the payback 

period at the Min.AUXshare-optimal solution reduces to 32.2, and 

28.8 years for the community size of 25, and 50 buildings, 

respectively. 
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Fig. 5. Payback period bounds at different community sizes 

Fig. 6. The performance indicator including (a) 𝜂𝑆𝑆𝑇, (B) 𝑆. 𝐹𝑆𝐻 for the
optimal Pareto SDHS solutions at different community size of 10, 25 and 50 

buildings 

C. Thermal performance

Finally, our methodology facilitates the analysis of the

optimal configurations of a SDHS from the thermodynamic 

point of view based on the ηSST and 𝑆. 𝐹𝑆𝐻 as shown in Fig. 6.

In term of the 𝜂𝑆𝑆𝑇, the SST efficiency rises with reducing the

AUXshare where the ηSST  in the Min.cost-optimal solution is

69%, 75.0%, and 81% for the community sizes of 10, 25, and 50 

buildings, respectively. Moreover, this value increases slightly 

in the Min. AUXshare-optimal solutions to 70%, 77%, and 82% 

for the community size of 10, 25, and 50 buildings, respectively. 

While in terms of the 𝑆. 𝐹𝑆𝐻, a value of 75% is indicated for a

community size of 10 buildings. This value can be improved 

with the increment in the community size where 𝑆. 𝐹𝑆𝐻  of

80.9%, and 82% is indicated for the community size of 25 and 

50 buildings. With the movement toward the Min. AUXshare 

solutions, all optimal cases show that the 𝑆. 𝐹𝑆𝐻 closes to 100%.

On the other hand, the 𝑆. 𝐹𝐷𝐻𝑊 never falls below 98% for all

community sizes. 

V. CONCLUSION

In this study, a multi-objective optimization methodology is 

presented to evaluate the techno-economic feasibility of the 

SDHS at different urban communities located in Madrid; these 

residential communities include 10, 25, and 50 buildings. The 

main finding of this work is that the SDHS can bring both 

technical and economic benefits simultaneously, especially in 

the large the communities of 50 buildings. A summary for 

methodology key findings is the following: 

 The Min.cost-optimal solutions demonstrate progressive

improvement in the economic benefits of the SDHS with

the increment in the community sizes where the 𝑁𝑃𝐶 is

improved by 19.1%, and 27.3% for community size of

25, and 50 buildings, respectively. While Min.AUXshare

optimal solution, this improvement can extend to 27.5%

and 41.6% for the 25 and 50 buildings, respectively.

 This improvement can be reflected in the payback period

where it around 40 years for the community of 10

buildings, and it can be reduced to 32.2 and 29 years for

the community size of 25 and 50 buildings.

 From the thermal point of view, the ηSST  in the

Min.cost-optimal solution is 69%, 75.0%, and 81% for

the community sizes of 10, 25, and 50 buildings.

Moreover, it can expand up to 82% in the community

size of 50 buildings. While in terms of the 𝑆. 𝐹𝑆𝐻 , it

never falls below 75% for all community sizes.

In general, this study has shown that SHDS can provide a 

significant contribution to the energy demand at the residential 

section, especially in large communities. However, more 

realized projects are needed to generate practical experience on 

system design and operation and to lower costs through 

increased market activity. 
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