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ABSTRACT:  

This article highlights the issues connected with the use of solar energy in heating 

rural houses, and economizes the energy supply on the account of autonomizing solar 

renewable energy. Furthermore, according to the potential of solar energy, data of the heat 

load on the issues of the heating houses and hot water supply were found. Besides, 

autonomizing heat system was recommended to one storey houses in rural areas and its 

characteristics were conducted widely.     

 

INTRODUCTION 

 

In Uzbekistan, a large-scale work is being carried out in the 

economic and social spheres to increase energy efficiency and the use of 

renewable energy sources. In particular, the President of the Republic of 

Uzbekistan on May 26, 2017 "On the program of measures for further 

development of renewable energy, energy efficiency in the economy and 
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social spheres for 2017-2021" No. PP-3012, November 8, 2017 "On 

rational use of energy resources Resolution No. PP-3379 "On measures to 

ensure energy security" and the "Action Strategy for the five priority areas 

of development of the Republic of Uzbekistan in 2017-2021" to reduce 

energy and resource consumption in the economy, the widespread 

introduction of energy-saving technologies in production, renewable energy 

sources Expansion of use, improvement of energy efficiency in various 

sectors of the economy have been identified as priorities [1, 2]. 

In European countries, including Russia, heat consumption for the 

heating season in multi-storey houses, on average - 350 - 600 kWh / 

(m2 year), and in single-storey houses - 600 - 800 kWh / (m2 year), per 

capita water consumption through the plumbing network is 250 - 500 l, 

including for houses connected to the central heating system - 150 - 200 l. 

Research on the creation of autonomous heat supply systems shows that the 

use of autonomous system equipment instead of a central heating system 

can save up to 70% of energy [3, 4, 5, 6]. 

About 40% of the energy produced in Uzbekistan is used for heating 

and lighting. According to industry experts, an average of 400 kWh of 

energy is used to heat 1 m2 in Uzbekistan, and 170 kWh in temperate 

climates in developed countries. In order to create a gross domestic product  

of one thousand dollars in our country, 2-3 times more energy is used than 

in developed countries. Therefore, the task is to reduce energy consumption 

by 2-2.5 times in the coming years. Electricity consumption in our country 

is growing from year to year. In 2000, the monthly consumption of a family 

was 114 kWh, but now it is 175 kWh [7].  

In the context of Uzbekistan, the introduction of energy and 

resource-saving technologies in residential buildings, increasing energy 

efficiency in public utilities and the economy, as well as the use of 

renewable energy sources are relevant [8, 9, 10, 11, 12, 13, 14, 15]. 

 

METHODS AND MATERIALS 

 

In order to develop autonomous energy systems based on the use of 

energy and resource-saving, renewable energy sources, especially solar, in 

rural areas, especially in settlements far from traditional energy sources, the 

heat load of a one-story model house was determined, heat-energy 

parameters were analyzed and heat the heating scheme of the supply system 

was developed. 

In order to assess the potential of solar energy, the daily changes in 

the intensity of solar radiation based on the geographical location of 

Kashkadarya region were studied (as of January 15 and April 15, 2020). 

Based on the measurements and research results, a daily graph of solar 

radiation intensity was developed (Fig. 1).  



STUDY THE CHARACTERISTICS OF HEAT ENERGY IN THE AUTONOMIC SOLAR SYSTEM PJAEE, 17 (6) (2020)  

 

3242 

 

 

q (c) is the total (straight and scattered) solar radiation flux density; 

q (d) is the scattering radiation flux density (W/m2). 

Figure. 1. 15.01.2020 y. and 15.04.2020 y. Schedule of daily 

changes in the intensity of solar radiation for the days (in the 

conditions of Karshi district): 

 

The calculation of the heat load for residential buildings is carried 

out taking into account the climatic conditions, the indicator of the specific 

thermal characteristics of the building surface. To do this, knowing the 

surface area or size of the area occupied by the building allows to determine 

the total heat load of the building [16, 17,18,20]: 

( ).Q ... otctibuild ttVq −=      

 (1) 

where Vb is the total volume of the residential building, m3; q - 

specific heat characteristic of surface areas, W / m2, q = 0.78 W / m2 for 

modern buildings; t.i.t - required indoor air temperature of the house, ° C; 

tc.t.o- is the calculated temperature of the outside air (selected for the coldest 

day), ° C. 

A one-storey model house with a total area of 144 m2, a hotel with a 

surface area of 31.9 m2 and a dormitory with an area of 31 m2, a kitchen 

and a children's room with an area of 18 m2, as well as a corridor with a 

surface area of 22.4 m2 and a bathroom with a surface area of 6.4 m2. The 

total heat load of the house shown in Fig. 2 is given by formula (1) as 

follows: 

.kW1,8Q =
 

Typically, in engineering calculations, the capacity of the water 

heating boiler is selected with a reserve factor of 1.1 to 1.25 per heat load 
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index. When choosing a water heating boiler for the heating of a house with 

an area of 144 m2, it was considered expedient to choose a boiler with a 

heat capacity of 8-9 kW.  

 
Figure. 2. Scheme of layout (model design) of single-storey 

standard house rooms with a total surface area of 144 m2. 

 

For the conditions of Karshi district of Kashkadarya region, the 

calculation of the total heat load (HL) for heating and hot water supply 

(HWS) of a one-storey house with a total surface area of 144 m2 is given in 

Table 1. 

1-Table 

Calculations of the average monthly heat load of a sample house with a surface area 

of 144 m2 

Months 

Maximum 

average 

monthly 

temperature, 

tmax, °С 

Minimum 

average 

monthly 

temperature, 

tmin,, °С 

Average 

temperature 

indicator 

tcp. , °С 

Maximum 

heat load, 

Qis.min,  

kW 

Minimum 

heat load 

Qis.max,  

kW 

Average 

heat 

load 

Qheat.av,  

kW 

HL on 

HWS, 

Qheat.water, 

kW 

General 

Heat 

Load, 

Qg.av,  

kW 

January 7,3 -2,0 2,7 5,4 8,9 7,2 2,9 10,1 

February 9,8 -0,2 4,8 4,5 8,2 6,4 2,6 9,0 

March 15,6 4,8 10,2 2,4 6,4 4,4 2,9 7,3 

April 23,3 11,1 17,2  4,0 1,8 2,8 4,6 

Мay 29,1 15,4 22,3  2,4  2,9 2,8 

June 34,3 19,1 26,7  1,1  2,8 1,1 

July 36,2 20,9 28,6  0,4  2,9 0,5 

August 34,3 18,3 26,3  1,4  2,9 1,3 

September 29,6 13,0 21,3  3,3 0,3 2,8 3,1 

October 22,4 7,3 14,9  5,4 2,7 2,9 5,6 

November 15,5 2,8 9,2 2,4 7,1 4,8 2,8 7,6 

December 9,9 0,0 5,0 4,5 8,2 6,3 2,9 9,2 
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The graph of heat loads for maximum, minimum and hot water supply is 

shown in Fig. 3, and the graph of average and total indicators of heat load is 

shown in Fig. 4. 

 

 
 - maximum heat load for heating;  - minimum 

heat load for heating; 

 Q(h.w.)- Heat load on HWS. 

 

Figure. 3. Annual heat load schedule for maximum, minimum and hot 

water supply of a one-storey country house (in Karshi district 

conditions). 

 

 
Q(h.average) - average heat load for heating; Q(h.w.)- heat load 

for hot water supply; 

  Q(total)- heat load (heating + HWS) for the general heat supply of 

the country house. 

Figure. 4. Schedule of total and average annual heat load of a one-

storey country house (in the conditions of Karshi district). 

The calculated graph of the heat load for a rural home heating system based 

on the use of solar energy is shown in Fig. 5. 
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Figure. 5. Calculated schedule of heat load for a solar-powered heat 

supply system (as of December 15, 2019). 

 

Calculation of heat load shows that the total heat load of the house under 

study in the climatic conditions of Karshi district is about 6-8 kW during 

the heating season, the hot water supply system – 2,8 kW, which is 46-35% 

of the total heat load. On a sunny day (December) from 10-00 to 15-00 in 

the afternoon 50-60% of the hot water supply load can be covered by solar 

energy. 

INSTALLATION DESCRIPTION 

A heating scheme of a solar house with an autonomous heat supply system 

was developed (Fig. 6). 

 
1-solar collector; 2,4-expander; 3-water heating boiler; 5,6,7 - shut-off 

valve; 8-water heated floor; 9-heating batteries; 10-pump; 11-heated house; 

12-solar panels (SP); Accumulator; In-inverter-converter; ES-electrical 

system. 

Figure 6. Scheme of solar house with autonomous heat supply system. 
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The proposed system is designed to fully cover the heat and electricity 

needs of rural homes using solar energy. No electricity is received from an 

external source for the system to operate. In a country house, 11 heat supply 

systems can be implemented using solar collectors 1 and a photoelectric 

panel 12. In this case, the solar collector heats the water needed for heating 

to 55-60 ºC. On cloudy days and cold days of the year it will be possible to 

use 3 water heaters to heat the water. Due to the autonomous nature of the 

scheme, it should be noted that the boiler is designed to run on agricultural 

waste and firewood. The heating system in the interior of the house 

combines two different styles. Firstly, the heating floor 8 is installed, which 

serves to distribute the heat evenly throughout the heating area of the room, 

and secondly, traditionally the heating coils 9 are installed, which improves 

the convective heat exchange for volumetric heating of the room. The water 

returning from the heating system is sucked out by pump 10 and pumped to 

the heating source. Separation valves are used to carry out water circulation 

through the floor or heating coil, to change the flow of water coming 

through the solar collector or water heater 5, 6, 7. The power supply of the 

pump is carried out from the solar photovoltaic panel 12 from the 

accumulator to the energy converter inverter Ac. 

The main element in the proposed heat supply system is the solar collector. 

The principle of operation of solar collectors is based on the collection of 

solar radiation energy and the use of this energy to heat the water 

circulating inside the piping system. The more energy is supplied to the heat 

carrier, the higher the efficiency of the device. The cold water in the 

collector reservoir flows towards the bottom of the collector and at this time 

the heated water flows out into the reservoir. Cold water enters instead of 

the empty medium in the collector pipe, where it is heated. In practice, the 

water collected in the reservoir is stored in a boiling state, and on sunny 

winter days the water temperature can reach 55-60 ° C. 

A flat solar collector was developed for the autonomous heat supply system 

(Fig. 7). 

 

 
Figure 7. An overview of the experimental solar collector.  
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To calculate the thermal efficiency of a solar collector, it is necessary to 

determine the area of the light-receiving surface, the amount of insulation 

for the installation area, and the collector's efficiency (18,19,20,21,22,23].  

 

CALCULATION METHOD 

The heat flux through the solar collector is calculated from the following 

formula: 

( )12 ttcGQ pm −= ,       (2) 

where mG
 
is the mass consumption of the heated medium, kg / sec; pc - 

isobaric heat capacity of the medium, kJ / kg °C;  1t  and 2t  - temperature 

at the inlet and outlet of the solar collector, °C. 

 

The calculated surface area of the solar collector is determined as follows: 

t

Q


=


F ,       (3) 

where airст  t-  t=t  – the difference between the light-receiving surface 

and the average air temperature,; °С ;  – heat transfer coefficient, 

С)W/(m2  . 

 

The useful heat energy obtained from a solar collector is determined from 

the Wheeler-Hottel-Bliss equation, which is convenient for calculating flat 

collectors [12]: 

( )  ,)(k .1r teTcuseful ttuаqFQ −−=       (4) 

where, 
rk – is the coefficient of heat extraction from the collector; 

сq  - the 

current density of total solar radiation on the flat surface of the collector, 
2W/m ;  – transmittance of the transparent coating to sunlight; а  – 

absorption properties of the collector plate in relation to sunlight; Tu – total 

coefficient of heat loss in the collector, С)W/(m2  ; tet . - environmental 

temperature, °С . 

To test a solar collector, the flux density of solar radiation incident on the 

collector surface, the outside air temperature, the ambient consumption and 

temperatures at the inlet and outlet of the collector are measured. In this 

case, the useful energy of the collector is determined by the following 

expression: 

( )12рс entoutвvuseful ttGQ −=  ,
 

                 (5) 

where, vG  – volumetric consumption of the heat carrier, сm /3
; 2outt  – 

ambient temperature at the outlet of the collector, С . 

The volumetric consumption of the heat carrier through the solar collector
 

vG , сm /3
, is determined as follows: 

,ov FwG =            (6) 

where
 oF  – is the cross section of the collector, 

2m . 
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Specific heat capacity of the collector, 
2/ mW : 

F

Q
q EE=sp

.                 (7) 

Based on the conducted experimental studies, the efficiency of the solar 

collector is determined by the following formula: 

Fqр 
=



EEQ
 .               (8) 

If we consider the heat balance equation: 

срpent tFtc = vG ,             (9) 

in that case, 




=

p

ср

q

t
 .      (9) 

Based on the above method, computational and experimental studies were 

conducted to determine the thermal efficiency of the solar collector - heat 

efficiency and efficiency [24,25,26]. 

According to experiments and calculations, the temperature of hot water at 

the outlet of the solar collector reaches 55-60. 

According to the results of the experiment, the insulation value for the 

southern regions of the Republic is 800 W/m2, taking the efficiency of the 

solar collector as 0.6, we determine the useful power obtained from the 

surface of 1 m2 of solar collector: 

кWWqF р 48,04806,08001Quseful ====  
 

If the power per 1 m2 of collector surface is 0,48 kW, assuming that the 

maximum heat load of a model house in winter is 8.1 kW, for a house with 

a surface of 144 m2, the installation of a collector with a common surface is 

required: 

.1748,0/1,8/F 2

col mQQ useful ==
 

This means that a solar collector with a surface area of 17.0 m2 is required 

to provide a full heat load (8.1 kW) using a solar collector. However, in 

winter, the sunny period of the day is extremely short and there are many 

cloudy days, causing other types of problems in the heating system. To 

solve these problems, it is necessary to keep the water heater running. In 

this case, the hydraulic resistance of the heating system increases and a 

rapid failure of the pump is observed. 

As a result of the experiments, graphs of solar radiation on the surface of 

the flat solar water heating collector applied to the hot water supply system 

in summer mode (July 15, 2020), changes in water temperature, collector 

performance and efficiency during sunny days were constructed (8-11-Fig) 

[21,22,23].  
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Figure 8. Graph of change of solar radiation incident on the surface of 

the Solar Collector. 

 
Figure 9. Graph of water temperature change at SC inlet and outlet for 

HWS system. 
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Figure 10. Solar Water Heater Heat Productivity Graph. 

 

 
Figure 11. Graph of change of efficiency of flat solar water collector. 

 

 

CONCLUSION 

Heating houses in the rural areas by solar energy and characteristics of 

those were extensively conducted in the south of Uzbekistan.  According to 

the analysis of the data, the heat load of one storey house was 6-8 kW, 

consisting of 19008-25344 kW per hour (132-176 kW per hour/m2) in 

winter. Additionally, the result indicated that heat load in the hot water 

system was 50-60% in winter, but heat load from solar energy consisted of 

100% in summer.  

 According to the data analysis collected from the experiments carried out 

with the issues on flat collector in the heat system, the indication of the 

temperature of hot water flowing from collector          50-60 degrees in 

summer, this showed 50-60 % EE of collector.  Heater water pan indicated 

70% in the night and cloudy days, heat load (54 kg/per day), solar heating 

collector consisted of 30%.  As a result, we economized coal, 23 kg per day 
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(0.75$). During heating season (132 days) , we found that 3036 kg or 112$ 

( 1kg of Angren coal which cost 0.15$  according to the statistics in 

17.06.2020. )    
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