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Abstract: 34 

To guarantee continuous operation of medical equipment, it is essential to use dependable 35 

and uninterrupted power sources. This paper proposes a portable power supply system 36 
that is based on rechargeable batteries and a PV system to ensure the operation of EMS- 37 

apparatus. The photovoltaic panel of the presented system uses semiconductor silicon 38 

converters with nano-modified receiving surfaces. 39 

Keywords: Photovoltaic panel, Nanomodified solar cell surface, EMS-apparatus, 40 

Rechargeable batteries, Solar generation system. 41 
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1. Introduction: 43 

EMS-technologies are used to treat patients with 44 

muscular atrophy, musculoskeletal diseases, and 45 

injuries to joints and limbs. This contributes to 46 

increased treatment efficiency and patient recovery. 47 

Ensuring the quality operation of medical equipment 48 

is a crucial task for medical institutions, 49 

rehabilitation centres, temporary hospitals, and field 50 

sanitary facilities. This can be achieved through the 51 

use of energy-saving technologies and independent 52 

energy sources, particularly for EMS devices. It is 53 

important to maintain uninterrupted operation of 54 

medical equipment. The work proposes various types 55 

of power supplies for non-patient care settings that 56 

are independent of central power lines. These devices 57 

use renewable energy sources, specifically solar 58 

batteries with highly efficient photoconverters and 59 

energy storage systems. Therefore, many studies 60 

focus on solar energy harvesting for PV self-powered 61 

applications (Fig. 1)[1, 2]. These power systems do 62 

not replace the main generating capacity of medical 63 

institutions and do not complicate their operation. 64 

Instead, they effectively assist the operation of 65 

medical equipment in non-stationary conditions. 66 

Additionally, these systems do not emit harmful 67 

substances and contribute to improving the 68 

environment. Therefore, the proposed systems can be 69 

confidently referred to as reliable sources of power 70 

supply for low-power medical equipment. The use of 71 

backup power supply and energy storage systems 72 

based on photovoltaic energy sources in health care 73 

facilities can significantly reduce the negative effects 74 

of conventional fossil fuels. These systems can be 75 

either thermal or electrical energy storage systems or 76 

additional generating units. These systems can be 77 

installed both in medical centres and mobile 78 

hospitals and work together with stationary power 79 

plants, which allows them to be effectively used as 80 

alternative energy sources [3]. Of all types and kinds 81 

of low-power backup power supply systems, 82 

photovoltaic systems with energy storage fulfill the 83 

necessary requirements [4]. EMS-technologies are 84 

used to treat patients with muscular atrophy, 85 

musculoskeletal diseases, and injuries to joints and 86 

limbs. This contributes to increased treatment 87 

efficiency and patient recovery. Ensuring the quality 88 

operation of medical equipment is a crucial task for 89 

medical institutions, rehabilitation centres, 90 

temporary hospitals, and field sanitary facilities. This 91 

can be achieved through the use of energy-saving 92 

technologies and independent energy sources, 93 

particularly for EMS devices. It is important to 94 

maintain uninterrupted operation of medical 95 

equipment. The work proposes various types of 96 

power supplies for non-patient care settings that are 97 

independent of central power lines. These devices 98 

use renewable energy sources, specifically solar 99 

batteries with highly efficient photoconverters and 100 

energy storage systems. Therefore, many studies 101 

focus on solar energy harvesting for PV self-powered 102 

applications (Fig. 1)[1, 2]. These power systems do 103 

not replace the main generating capacity of medical 104 

institutions and do not complicate their operation. 105 

Instead, they effectively assist the operation of 106 

medical equipment in non-stationary conditions. 107 

Additionally, these systems do not emit harmful 108 

substances and contribute to improving the 109 

environment. Therefore, the proposed systems can be 110 

confidently referred to as reliable sources of power 111 

supply for low-power medical equipment. The use of 112 

backup power supply and energy storage systems 113 

based on photovoltaic energy sources in health care 114 

facilities can significantly reduce the negative effects 115 

of conventional fossil fuels. These systems can be 116 

either thermal or electrical energy storage systems or 117 

additional generating units. These systems can be 118 

installed both in medical centres and mobile 119 

hospitals and work together with stationary power 120 

plants, which allows them to be effectively used as 121 

alternative energy sources [3]. Of all types and kinds 122 

of low-power backup power supply systems, 123 

photovoltaic systems with energy storage fulfill the 124 

necessary requirements [4].   125 
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Figure 1 - Architecture of PV technologies [2]. 127 

2. Material and Methods: 128 

When operating energy complexes to supply medical 129 

institutions, it is necessary to have some reserve 130 

power at all times in order to reduce the negative 131 

impact of power shortages, as well as in the event of 132 

frequent disconnections of centralized power 133 

supplies or the absence of a common power grid. The 134 

necessary energy is stored in batteries or other back-135 

up storage devices. The required energy can be 136 

obtained either from the general grid or by using 137 

generating solar power installations [5]. A solar 138 

charging station based on photovoltaic converters 139 

and Batteries is an effective solution to provide 140 

electricity to hospitals and treatment infrastructure. 141 

The proposed standby power supply system’s consist 142 

of a hybrid power system equipped with various 143 

power generators: low-power photovoltaic panels, 144 

compact solar cells, portable generators in 145 

containers, as well as a system of electricity storage 146 

and distribution [6]. The main advantages of such 147 

installations are their mobility and compactness. The 148 

aim of this work was to ensure the quality operation 149 

of medical equipment by utilizing high-efficiency 150 

solar cells and energy storage devices. This would 151 

enable uninterrupted operation of various low-power 152 

medical equipment and EMS-apparatuses. To 153 

achieve this goal, high-efficiency silicon 154 

photoconverters with nanomodified surfaces and 155 

battery for uninterrupted power supply. The systems 156 

proposed in this work are designed for continuous 157 

use in non-patient environments and can be relocated 158 

outside medical facilities. To achieve this, 159 

photoconverters with enhanced energy performance 160 

were selected [7]. The aim of this study was to 161 

develop an energy-efficient solar panel for charging, 162 

based on a photovoltaic converter with a 163 

nanomodified receiving surface [8]. This panel could 164 

be used to ensure uninterrupted operation of the EMS 165 

device shown in Fig. 2. The electrical performance of 166 

photoconverters, battery capacity, and the number of 167 

solar cells are the main technical parameters that 168 

determine the quantitative, qualitative, and cost 169 

characteristics of the products. In this study, a 300 W 170 

photovoltaic panel was used to charge the battery. 171 

The panel consisted of nanomodified photovoltaic 172 

cells, a charge-discharge controller, and other 173 

auxiliary equipment. The silicon nanomodified cells 174 

presented in this study were processed in the 175 

laboratory of spark plasma sintering at MSTU 176 

'Stankin' in Moscow. They exhibit high performance 177 

characteristics, including increased efficiency, 178 

protection against overheating, and increased 179 

hardness. 180 

 181 

Figure 2 - External view of EMS-apparatus (Electric 182 

Mio Stimulation) 183 
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The devices used enable compliance with all design 184 

requirements, including technological, reliability, 185 

operational, maintenance, repair, storage, packaging, 186 

labelling, and transportation requirements for 187 

medical equipment. The laboratory of Spark Plasma 188 

Sintering at MSTU 'Stankin' has developed elements 189 

with improved performance characteristics. 190 

Specifically, these elements exhibit greater heat 191 

resistance, significantly higher impact resistance 192 

compared to conventional silicon elements, and a 193 

20% increase in efficiency value compared to 194 

unmodified elements. Additionally, these elements 195 

are more resistant to transport and experience less 196 

degradation during operation. 197 

3. Results and Discussion: 198 

To provide stable power generation and reliability of 199 

the charging system, a combined photovoltaic system 200 

with energy storage was used. As previously stated in 201 

this work, field tests were conducted on the 300 W 202 

PV systems, consisting of photovoltaic panels (each 203 

with a capacity of 300 W), a 40 Ah battery, inverters, 204 

and other equipment (Fig. 3). This system can be 205 

connected to the grid and operate autonomously. The 206 

compact size of the system enables it to be easily 207 

transported and used in the field. Additionally, the 208 

high-quality photovoltaic converters greatly enhance 209 

work efficiency.  210 

 211 

Figure 3 - Basic equipment for the backup power 212 

supply system of medical equipment and EMS-213 

apparatus 214 

During the research process, we conducted full-scale 215 

experimental studies on the operation of the system. 216 

To increase the efficiency of solar plant operation 217 

and reduce electricity losses, it is essential to 218 

optimize the use of both main and auxiliary 219 

equipment [5]. Therefore, we conducted 220 

experimental studies on the plant's operation. Figure 221 

4 displays the power characteristics of a single 222 

module in a 300 W solar plant during summer 223 

months under varying illumination. 224 

 225 

Figure 4 - Power characteristics of a 300 W photovoltaic 226 
panel. 227 

For the operation of the backup system as an energy 228 

storage device the accumulator batteries were used. 229 

Through experimentation, we obtained data on the 230 

charging capacity of the battery in relation to 231 

charging time (refer to Fig. 5). The graph shows that 232 

the battery reaches 15% of its nominal capacity after 233 

1 hour of charging. It takes 8-14 hours to charge the 234 

battery from 30% to 98% of its capacity. For 235 

qualitative analysis of energy storage, it is necessary 236 

to check the parameters of the charging current, 237 

which corresponds to the capacity divided by 10.6, 238 

time required to charge up to 98% is up to 10 hours. 239 

 240 

Figure 5 - The dependence of the relative charge capacity 241 
on time. 242 



Damascus university journal 

V… ( ): ??-??   

 مجلة جامعة دمشق للعلوم .... 
الصفحات. :  المجلد ... العدد...   

 
To determine the sufficient percentage of charge, it is 243 
necessary to carry out experimental testing of the 244 
dependence of the charging current on the solar radiation 245 
flux falling on the working surface of the panel. In this 246 
case, the angular coefficient was assumed to be about 0.8. 247 
I.e., the irradiance is about 800 W/m2, the charging current 248 
characteristic is shown in Fig. 6. 249 

 250 

Figure 6 - The dependence of the charge current on the 251 
irradiance 252 

These studies are very significant for further calculations 253 
of charging and operation of the battery station in 254 
combination with photovoltaic modules used as 255 
uninterrupted power supplies for medical equipment. The 256 
use of the proposed systems makes it possible to provide 257 
autonomous power supply both for own needs and for 258 
stationary objects. The use of photovoltaic units as 259 
generation systems provides reliable operation of medical 260 
equipment in the absence of central power supply. The 261 
proposed backup power supply systems do not replace the 262 
main generating capacities and do not complicate their 263 
operation, while they effectively assist their operation. 264 
Also, these systems do not produce harmful emissions and 265 
improve the environment. 266 

Conclusions: The research results suggest that an system 267 
for powering medical equipment has been proposed, using 268 
photovoltaic systems with energy storage when working 269 
together with the centralised grid. The batteries can be 270 
charged either from solar energy or from the general grid. 271 
The use of independent power supply allows the medical 272 
equipment to be used in the field. This work proposes 273 
high-quality solar cells with increased efficiency and 274 
quality characteristics such as protection against 275 
degradation, utilization of the diffused solar radiation flux, 276 
and prevention of overheating of the working surface. 277 

The article proposes a methodology for using different 278 
sources to accumulate and generate electric energy, 279 
specifically focusing on the use of backup and 280 
uninterruptible power sources for medical equipment. The 281 
use of renewable energy sources to power medical 282 
equipment is an important task in many regions, as it 283 
improves the environment and reduces dependence on 284 
traditional fossil fuels. 285 
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