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SUMMARY 

The issue of outdoor lighting improvement to reduce the environmental burden in industrial 
cities and is explored. It is proposed to substantiate the expediency of outdoor lighting networks 
energy modernization (on the example of Kamianske, Dnipro region) in order to provide city 
residents with quality outdoor lighting services, increase public safety by effectively 
illuminating urban space, reducing environmental impact (i.e., reducing light pollution and 
CO2 emissions into the atmosphere) by optimizing the consumption of energy resources. The 
previous socio-economic conditions and the volume of energy consumption of the city during 
2012-2020 were studied. In order to substantiate the economic efficiency of the project, 
electrical measurements were used in outdoor lighting control units, measurements of the 
illumination level of the representative streets were held. Energy modernization with the 
transfer of outdoor lighting to renewable energy sources (solar panels) with the installation of 
remotely controlled LED lamps will reduce the actual energy consumption of the city network 
by 6-7 times, while reducing the estimated emissions of CO2 by 6,215 tons per year. It has 
been determined that the implementation of the project will save up to 1.8 GW of electricity in 
street lighting systems compared to the expected total consumption. 
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Introduction 
 
The issue of implementing the latest technologies, improving the state of outdoor lighting in local 
communities with the use of energy-saving technologies and improving the environmental situation in 
the regions due to such measures is extremely relevant and urgent, as it corresponds to the list of 
program documents of international organizations in the field of environmental protection and 
sustainable development. The European Commission has adopted a number of proposals to make the 
climate, energy, transport and tax policies of the EU fit to reduce greenhouse gas emissions by at least 
55% by 2030 (New European Bauhaus, 2021). As it was mentioned by (Bieloborodova et al., 2021), 
the gradual transformation of the main sectors of the world economy under the requirements of 
sustainable development causes new demands of society for safety, environmental friendliness, and 
sustainability of goods and services. 
 
Ukraine, as a country that has chosen a strategy of integration to the European Community, should 
formulate priority tasks in the field of effective lighting. Taking into account the experience of the world 
capital cities and the requirements of regulatory documents, listed (Kyba, 2020), in order to achieve the 
specified goal, it is necessary to develop this issue with the participation of the scientific community, 
international financial organizations, local self-government bodies, the Association of LED equipment 
manufacturers with the help of regional program for the implementation of projects of modernization, 
reconstruction, repair and construction of outdoor lighting systems using the latest energy-saving 
technologies. The tasks and measures of such a program should include strategic issues of energy saving 
and energy efficiency, as well as priority low-cost measures, taking into account modern conditions and 
prospects of economic development. 
 
Method and Theory 
 
The current state of outdoor lighting needs more attention from designers and authorities. The low 
efficiency of old light sources, that do not meet the new standards, leads to the fact that the consumption 
of electrical energy is 1.7 times higher than in other countries of the world. 
 
The external artificial lighting of a city performs aesthetic, ecological and economic functions, because 
it is one of the most important elements of its beautification and architectural and artistic design. 
Providing appropriate lighting conditions in the evening and at night is achieved due to rationally 
selected quantitative and qualitative characteristics of artificial lighting regulated by standards. In 
matters of city lighting, the greatest attention is paid to that of road surfaces. To build a new generation 
outdoor lighting system with maximum use of the existing infrastructure, a holistic approach to the 
design of adapted equipment as well as hardware and software is required. As it was mentioned by 
(McKone, 2010), This approach implies the presence of basic mandatory requirements for lighting, field 
and communication equipment and data transmission networks, based on the latest achievements in the 
field of solid-state light sources, thin-film solar photoelectrical cells, information and 
telecommunication technologies. 
 
The purpose of the research is to substantiate measures to provide city residents with high-quality 
outdoor lighting services. The achievement of this goal will help to increase citizen safety due to 
effective lighting of urban space, reduce ecological burden on the environment (reduction of "light 
pollution" and CO2 emissions into the atmosphere) by optimizing the consumption of energy resources. 
Achieving this will be possible by the following subtasks: firstly, decreasing electricity consumption 
with the use of new LED lamps; secondly, energy saving due to the dimming function (LED lights can 
use the ability to reduce power from 70% to 50% during less busy hours to achieve additional savings).  
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The list of energy modernization measures of a city's outdoor lighting system includes several steps, 
detailed by (Evans, 2019). The adapted to Ukrainian realities algorithm, which includes both steps and 
results, is given in table 1.  

  
Table 1Prospective plan for the energy modernization of a city's outdoor lighting – project measures 
№ Description of measure Results  

1 

Basic research - assessment of the financial and 
economic state of a city, review of legal acts in 
the field of street lighting, research of 
international and domestic legislation in the 
field of energy efficiency and sustainable 
development  

Formation of the scientific basis for conducting further 
research on the effectiveness of the outdoor lighting 
network modernization (using solar network 
photoelectrical stations) 

2 
Obtaining inventory data on the main 
qualitative and quantitative indicators of a 
city's outdoor lighting network 

Formation of a city's outdoor lighting networks map 
with the identification of problematic areas, obtaining 
the basic volumes of the further investment program 

3 

Assessment of current and forecast volumes of 
waste generation from the operation of a city's 
outdoor lighting network, assessment of the 
environmental impact of project 
implementation  

Forecasting the amount of harmful waste reduction 
(mercury, sodium lamps), creating a program of 
measures for the disposal of LED lighting devices 

4 
PEST-analysis of the external environment of 
the research object, SWOT-analysis of the 
project 

Obtaining data on project sustainability, main strengths 
and weaknesses, potential threats and opportunities for 
its implementation. Comparison of the project with 
similar domestic and international cases 

5 
Marketing block: analysis of the main suppliers 
of modern LED lamps and solar network 
photoelectrical stations 

An overview of the street lighting industry in the region 
and Ukraine, obtaining an assessment of changes in the 
quantity and quality of services received by end users 

6 
Conducting electrical measurements in the 
outdoor lighting network using certified 
devices, namely voltage recorders 

Measurement and generalization of data on the 
following parameters: 
• interphase voltage; 
• phase current of each phase; 
• active, reactive power and power factor 

7 

Drawing up a list of representative streets 
according to the quality and intensity of 
outdoor lighting, measuring the level of 
lighting on representative streets according to 
the list 

Scientific substantiation and coordination of the 
dimming schedule of outdoor lighting in order to save 
energy resources 

8 

Technical and economic substantiation of the 
project with the involvement of specialists 
from the relevant fields of science and 
technology 

Formation of basic mandatory requirements for lighting, 
equipment and data transmission networks, based on the 
latest achievements in the field of solid-state light 
sources, thin-film solar photoelectrical cells, 
information and telecommunication technologies 

9 

Formation of the investment program for the 
project on the basis of previously conducted 
studies, with the display of such indicators as 
net present value, profit index, payback period, 
etc. 

A competitive project with scientific technical and 
economic justification of measures that could participate 
in grant or credit programs of various levels 

10 Evaluation of the socio-economic effect of 
project implementation 

Provision of forecast indicators for reducing waste 
generation, research on the ratio between the quality of 
street lighting and the number of road accidents in the 
city (based on the results of the project implementation) 
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Examples  
 
The authors proposed a project of eco-modernization of outdoor lighting in the city of Kamianske 
(Dnipro region). The authors investigated the previous socio-economic conditions, as well as the 
volume of the city’s energy consumption during 2013-2021. An option of energy modernization has 
been proposed with the transfer of the outdoor lighting system to renewable sources of electricity (solar 
batteries) with the installation of remote-controlled LED lamps, which will reduce the actual energy 
consumption of the network by 6-7 times. At the same time, the estimated reduction of carbon dioxide 
(CO2) emissions into the atmosphere as a result of the implementation of the project will constitute to– 
6215 tons per year. 
 
The introduction of modern lighting equipment and the use of energy-saving technologies (when 
equipped with modern accounting systems for resource consumption) are intended to meet the needs of 
the population and business in high-quality and modern city lighting services, ensure road traffic safety, 
prevent crimes, ensure compliance with the requirements of sustainable development and energy 
efficiency.  
 
The first stage of energy modernization includes the replacement of urban outdoor lighting control 
systems with equipment with a dimming function (Fig. 1, Table 2). The total operating time of outdoor 
lighting networks in the city is 3,853 hours/year, the estimated blackout time is 1,541 hours/year. In 
order to determine the current and projected quality of lighting, it is proposed to compile a list of 
representative streets (taking into account all their unique characteristics), with the aim of covering the 
entire variety of street features of the city.  
 
Table 2 The main technical and economic characteristics of the first stage 

Characteristics Indicators 

Power before modernization, Vt 2 108 965,00 
Power after modernization, Vt 858 385,99 
Electricity consumption before modernization (estimated in 2020), kWh 8 125 842,145 
Electricity consumption before modernization (taking into account losses from the metal 
cable), kWh 

8 532 134,252 

Electricity consumption after modernization (with dimming function), kWh 2 645 974,81 
Electricity consumption after modernization (with dimming function and taking into account 
losses from metal cable), kWh 

2 778 273,56 

Savings (with dimming function), % 65,81 
 
Expected short-term positive outcomes of this project include a reduction in carbon dioxide (CO2) 
emissions into the atmosphere as a result of the project implementation (by 6215 tons per year), a 
reduction in the total nominal load of the city's lighting system to 1.6 MW (60 W x 26,800 units) in the 
hours of maximum traffic and its decline to 530 kW in the hours of night traffic reduction. The total 
annual consumption of electricity by the city lighting system will not exceed 1,100,000 kWh. 
 
The second stage of project implementation includes the preliminary development of financing and 
technical solutions for the operation of LED lights and a solar power plant (using the example of Heroiv 
Boulevard in Kamianske). 
 
The implementation of the project has an important socio-economic effect: 
1. The total annual electricity consumption of outdoor lighting is expected to decrease by 3 times; 
2. Satisfying the needs of the population in quality lighting, safe movement on city roads, reducing the 
level of crime at night; 
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3. Reducing the load on the environment due to the optimization of waste generation from the 
functioning of the city's outdoor lighting networks; 
4. Reduction of carbon dioxide emissions by refusing from outdated lighting technologies (such as 
sodium and mercury lamps). 

 
Figure 1 On the left - the illumination of the roadway of city streets with full operation of lamps 
during peak hours – 100%; on the right – illumination when using lamps with dimming function, 
which illuminate the roadway by 50% 
 
Conclusions 
 
Long-term results of the project include: improving the condition of the environment by reducing the 
generation of waste (due to the 3 times longer life of lamps and street lights of new LED technologies 
compared to sodium and mercury lighting devices); reducing the number of traffic accidents due to the 
optimization of external lighting and the blackout schedule; optimization of the external lighting control 
system due to the installation of solar batteries and photocells; the use of automated dispatching of solar 
network electric stations with the participation of a minimum number of labor force; optimization of 
energy consumption and electricity purchase costs. 
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