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Abstract 
 

Economic activity of people leads to the destruction of environment and its irreversible changes; reduces 

biodiversity, impairs the living conditions of people. Major pollutants are enterprises which concern with 

their own profit and “pay off” the social and environmental damage by excessive and permissible 

emissions payments. This approach to organization of enterprises environmental activity is not conducive 

to sustainable development of environment and leads to ecological and social negative consequences. 

Moreover, it is not efficient for the enterprises which are forced to increase prices of goods due to rising 

environmental payments. If enterprises have excessive emissions then pressure on the environment 

exceeds limits. In this case the enterprises have unproductive costs and lose profit. Solving of the problem 

of environmental safety and social responsibility of the activity of enterprises requires new approaches to 

management. The suggested approach to planning of production activity allows ensuring the safe 

environment and public interests satisfaction. In addition, the enterprises would be able to reduce their 

unproductive costs. The correlation matrix of ecological and economic indicators was compiled on the 

basis of the analysis. The analysis allowed developing the morphological model of planning, the indicator 

and the criterion of assessment of ecological and economic effect and efficiency of planned 

organizational and technical actions. They were developed, taking into account risks of planning and 

inflation in different time periods. In addition, the authors of the article suggested the algorithm that 

allows including in plans of enterprises only socially oriented, environmentally safe and economically 

efficient actions.  
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1. Introduction 

Nowadays the interests of society are contrary to interests of enterprises. This requires 

improvement of management processes of the environmental system in these enterprises. It relates to 

different fields of economy, including transport enterprises. One of the areas of improvement of social 

and environmental safety, economic performance of production processes in transport enterprises is a new 

environmental approach to the planning of organizational and technical actions. This approach is intended 

to ensure interrelation of social and commercial interests, as well as to create an environment that would 

be safe for nature and people. The approach does not allow including unsafe and inefficient planned 

actions to the transport enterprises’ plans. As a result, the society receive decrease of pollutions, 

environmental improvement. It supports profitability of the enterprise by rationalizing of economic 

activity and unproductive costs reduction. That is why development of methodological support of 

planning of socially oriented, environmentally safe and economically efficient organizational and 

technical actions in railway transport enterprises is relevant in this scientific article.                

 

2. Problem Statement 

Indicators of transport enterprises activity are considered in the article on the example of the 

railway transport and its enterprises. The represented indicators reflect disastrous social and 

environmental consequences of activity of such enterprises, as well as their unproductive costs as 

payments for excessive emissions. Figure 1 reveals a diagram of number of days of temporary incapacity 

of railway transport staff for 100 persons. 

 

 

Figure 01.  Number of days of temporary incapacity of railway transport staff for 100 persons in 2006-

2015 

 

We compare the excessive emissions payments data with statutory payments data during the same 

period. The received statistical data are depicted in Figure 2. 

Waste disposal is the major concern (Liu, Yang, Chen, & Zhang, 2011). This type of pollution 

takes the greatest share in volume of statutory payments and requires the close attention. A dangerous 

trend is clear: during the period of 2004–2008 the environmental payments for waste disposal were 

increasing. We do not see an increasing of environmental payments for air pollutions and water effluence. 

Rather, for these ones a reverse trend is seen. 
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There is a trend to decrease environmental payments for excessive emissions that is a result of the 

emissions reduction. But we can see the high negative volatility. Some indicators are declining unstable 

or demonstrating sharp increases year by year. The data are presented in figure 3.  

The gray line on the diagram is a value of permissible emissions of 2004 that is multiplied by 

increasing coefficients. If a volume of permissible emissions has not been changed since 2004 and the 

sum of the payments has been increased only by the coefficients then the gray line would reflect amount 

of environmental payments on the North Caucasus Railway during the analyzed period. The diagram 

represents a different situation: the sum of the payments for permissible emissions only one time in 2007 

was below the 2004 level. In all other cases the amount of the payments for permissible emissions 

significantly exceeds the indexed values of the 2004 level. It demonstrates increasing of the North 

Caucasus Railway emissions volume year by year. 

 

 

Figure 02.  Environmental payments for excessive emissions of North Caucasus Railway by type of 

pollutions during the period of 2004-2018 (thousand rubles) 

 

 

Figure 03.  Environmental payments for permissible emissions of North Caucasus Railway by type of 

pollutions during the period of 2004-2018 (thousand rubles) 

 

Thus, the railway transport enterprises obviously have problems of social and environmental 

safety, as well as economic efficiency. One of the areas to solve the problems is a development of a new 

approach of planning of production processes in enterprises. The article is focused on this issue.   
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3. Research Questions 

The subject of the research is planning of social and environmental safety, economic efficiency of 

transport enterprises production processes. The production processes of a transport enterprise are 

building, repair, control, transportation, scientific researches, renovation etc. Each of them includes such 

elements as investment, information, raw materials, materials, services, work, staff etc. A new approach 

to planning is necessary for increasing of environmental and social safety of an enterprise activity. This 

implies such model of enterprises plans development which will not allow making unsafe and inefficient 

managerial decisions (Botavina, 2016). The new approach development includes a mechanism of 

planning of environmental and socially oriented organizational and technical actions, a mechanism of 

planning risks accounting, as well as a mechanism of social and ecological and economic efficiency 

assessment of the activities (Malekpour et al., 2017). 

 

4. Purpose of the Study 

The purpose of the research is a development of scientific and methodological instruments of 

planning of increasing of social and ecological safety, economic efficiency of the transport industry 

enterprises activity. Achievement of the purpose requires the next objectives implementation: 

1. To analyze problems of ecological safety, social effectiveness and economic efficiency on the 

example of the North Caucasus Railway that is a railway transport enterprise.  

2. To identify interrelationships of social, environmental safety and economic efficiency 

problems with production processes of transport enterprises, their elements and environmental 

components. 

3. To suggest a morphological model of formation of organizational and technical measures 

which are aimed at problems of social, ecological safety and economic efficiency in the railway transport 

enterprises. 

4. To develop a mechanism of assessment of social and ecological and economic efficiency of the 

planned actions. 

5. To suggest the algorithm of choosing of efficient and safe organizational and technical 

activities for their inclusion in the plan. 

  

5. Research Methods 

Mathematical methods of statistics are used in the research for study of the identified problems of 

the railway transport enterprises and their production processes. There are scientific methods which are 

used for development of the morphological model, risks and risk-adjusted efficiency assessment 

indicators, also the algorithm development. It is the analytical method, the system analysis method, 

formalization, analysis and synthesis, as well as the methods of technical and analytical calculation.   
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6. Findings 

On the basis of the analysis of economic, environmental and ecological and economic indicators of 

the railway transport activity the correlation matrix was developed. The matrix development included 

ecological results and economic factors of North Caucasus Railway. The analysis was carried out by 

Spearman's Rank correlation method. In table 1 the separated groups of the correlation matrix factors are 

represented. The value of indicators is close to 1 means strong positive correlation between the analyzed 

arrays of data. The value is close to -1 means strong negative correlation and if there is the value close to 

0 then no correlation between the values.  

The most interest is interrelationship between payments for permissible emissions and excessive 

ones (Barrientos et al., 2016). The correlation analysis shows no statistically significant connections 

between two types of the payments for air pollution. Also, we can see a strong statistical dependence 

between two types of the payments for water effluence and middle but statistically insignificant 

correlation connection between types of the waste disposal payments. This information is revealed in 

table 2.  

 

Table 01.  Correlation analysis of interrelationships between social and environmental results and 

economic factors of the railway transport enterprises 

 

Payments 

of North 

Caucasus 

Railway 

for 

permissible 

water 

effluence 

Payments of 

North 

Caucasus 

Railway for 

permissible 

waste 

disposal 

Number of days of 

temporary 

incapacity of thee 

railway transport 

staff for 100 

persons 

Number of cases 

of 

incidence with 

temporary 

incapacity of the 

railway transport 

staff for 100 

persons 

Number of 

unsuitable 

employees in the 

railway transport 

on a medical 

examination 

Current 

environmental 

costs 

-0.637 0.863 -0.881 -0.846 -0.812 

Investment in 

rolling stock 
0.145 -0.015 0.922 0.429 1.000 

Investment of the 

railway transport, 

total 

0.728 0.448 0.769 0.147 0.956 

Incomes of the 

railway transport 
-0.707 0.847 -0.936 -0.888 -0.963 

Costs of the 

railway transport 
-0.752 0.858 -0.966 -0.925 -0.947 

Consumption of 

fixed capital in the 

railway transport 

-0.604 0.672 -0.838 -0.868 -0.913 

The railway 

transport freight 

traffic 

-0.768 0.855 -0.953 -0.927 -0.959 

The railway 

transport 

passenger traffic 

0.813 -0.650 0.721 0.696 0.863 
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Table 02.  Coefficients of Spearman’s rank correlation for arrays of payments for different types of 

permissible and excessive pollutions in North Caucasus Railway 

First compared array Second compared array 
Spearman’s correlation 

coefficient 

Payments of North Caucasus 

Railway for permissible air 

pollution 

Payments of North Caucasus 

Railway for excessive air 

pollution 

0.112 

Payments of North Caucasus 

Railway for permissible water 

effluence 

Payments of North Caucasus 

Railway for excessive water 

effluence 

0.759 

Payments of North Caucasus 

Railway for permissible waste 

disposal 

Payments of North Caucasus 

Railway for excessive waste 

disposal 

0.479 

 

Thus, it is necessary to draw certain conclusions about the coefficients in table 1 and table 2.  

1. Indicators of social safety, namely which are related to the railway transport staff incidence and 

unsuitability almost in all the cases demonstrate a strong inverse relationship. This applies to almost all 

investigated data. In our view, it means that the social indicators values are weakly linked with the 

economic results indicators of the railway transport enterprises. 

2. Values of permissible waste disposal payments have a positive strong correlation with freight 

traffic, incomes and costs, as well as current environmental costs of the railway industry enterprises. This 

type of payments is the most significant part of all environmental payments. Also, waste disposal is the 

greatest challenge.  

3. Absence of any strong correlation interrelationship between volume of excessive emissions 

environmental payments and economic results takes place.  

Excessive waste disposal are the most dangerous for environment because they are able to be 

accumulated in soils, water. Accumulation of wastes leads to different problems with all the 

environmental components and environment destruction (Lisina, 2018). The analysis shows that 

unsustainable managerial decisions of the railway transport enterprises underpin the problems, as well as 

lack of environmental control, low-quality ecological monitoring. Permissible emissions precede 

excessive ones. That is why one of the main ways of pollution contamination is environmental planning. 

As essential measures we suggest the following: 

1. To take into account all the ecological risks and probabilities of excessive emissions for all the 

environmental components, as well as continuous monitoring and correction of the plans in the process of 

implementation. 

2. Reorganization of the ecological monitoring system in the railway transport (implementation of 

actions for the monitoring improvement, pollutions indicators fixation, processing of the information, 

analysis and decisions making with taking into account new information). 

3. Reduction of permissible emissions volumes for all the environmental components and all 

types of pollutions by decisions and actions of the railway transport Ecological strategy. Also it is 

necessary to use measures that are intended to the most problematic environmental components and 

reduction of indirect damage for all the production processes and their elements. 

http://dx.doi.org/
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From table 1 and table 2 we can compile a set of planned actions which will be intended to solving 

of the identified problems of social, environmental and economic efficiency. The morphological model of 

sections and actions of the plan of increasing of social and ecological and economic efficiency of the 

railway transport enterprises activity is represented in figure 4. It looks like a cube. The sides of the cube 

reveal the production processes and their elements and the environmental components. A planned 

organizational and technical action is located on the intersection of the straight lines which are 

perpendicular to each of the cube sides. In this model: А side – production processes, В – elements of 

production processes, С – environmental components. 

 

 

Figure 04.  Morphological model of sections and actions of the plan of increasing of social and 

ecological and economic efficiency of the railway transport enterprises activity 

 

The developed methodical supply of the plan of social and environmental safety and economic 

efficiency of production processes in the transport enterprises include mechanisms of assessment of risk 

and efficiency of the planned actions (Marchetti & Wanke, 2019). The risk indicators which are described 

in this article, risk-adjusted indicators of assessment of capital investments and operational costs were 

represented by the authors in previous scientific works (Drozdov et al., 2017; Vasilenko et al., 2017). In 

this research ecological and economic effect indicator of planned organizational and technical actions 

implementation is represented. All types of costs, incomes and volumes of pollution are discounted to the 

initial period. Calculation of this indicator may be made by the formula (1). 

 

𝐸𝐸𝐶 = (𝑆1 − (1 + 𝜎) × ∑
𝑆2(𝑝𝑙𝑎𝑛)𝑡−1−𝑆2(𝑝𝑙𝑎𝑛)𝑡

(1+𝑅𝑛)𝑡
𝑛1
𝑡=0 ) + ∑

𝑆𝑉𝑡

(1+𝑅𝑛)𝑡
𝑛1
𝑡=0 − 𝐴 − 𝐵 − ∑

𝑃𝑡

(1+𝑅𝑛)𝑡
𝑛1
𝑡=0           (1) 

 

𝐸𝐸𝐶 − the indicator of an economic effect of implementation of planned organizational and 

technical actions, in rubles.; 
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𝑆1 − the environmental damage value before a planned organizational and technical action 

implementation, in rubles; 

𝜎 − the ecological risk indicator of a planned organizational and technical action; 

𝑛1 − a number of time periods, years; 

𝑅𝑛 − the discount rate which is applied for discounting money flows to the planning initial period; 

𝑆2(𝑝𝑙𝑎𝑛)𝑡−1 − the environmental damage value after a planned organizational and technical action 

implementation in the time period preceding the period t, in rubles; 

𝑆2(𝑝𝑙𝑎𝑛)𝑡 − the environmental damage value after a planned organizational and technical action 

implementation in the time period t, in rubles; 

𝑆𝑉𝑡 − the income that is received from a synergetic effect of permissible emissions contraction and 

increasing of demand for transport services due to their prices decreasing, in rubles; 

𝐴 − the risk-adjusted and discounted to the initial period value of capital investments, in rubles; 

𝐵 − the risk-adjusted and discounted to the initial period value of operation costs, in rubles. 

𝑃𝑡 − the discounted sum of excessive emissions payments in the time period t, in rubles. 

The criterion for the evaluation of the effectiveness of the planned event is determined by the 

formula (2). 

 

𝐶𝐸𝐶 =
𝐸𝐸𝐶

𝐴+𝐵+∑
𝑃𝑡

(1+𝑅𝑛2)
𝑡

𝑛2
𝑡=0

    (2) 

 

𝐶𝐸𝐶 − the risk-adjusted criterion of ecological and economic efficiency of planned organizational 

and technical actions. 

 

 

Figure 05.  Algorithm of the choice of efficient and safe organizational and technical activities for their 

inclusion in the plan 
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In some cases the criterion can show a false negative result. It is possible in the situation when the 

costs are significantly higher than volumes of decreased social and environmental damage. In this case it 

is worthwhile to use the algorithm that is represented in figure 5. The algorithm will ascertain that a 

planned action is efficient, safe and social-oriented. 

As we can see from the algorithm, on the first step an enterprise should assess economic efficiency 

of a planned action. The indicators ‘Net present value (NPV)” and “Modified internal rate of return 

(MIRR)” are used for this. They are necessary for choosing of ways of the action funding 

(Razvadovskaya et al., 2016). If the environmental damage is contracting, indirect damage is contracting 

either we can conclude that the action is environmental and socially oriented. Then it may be financed 

from public resources or from commercial resources or credit money. Also, the algorithm includes the 

assessment indicator of indirect environmental damage of planned organizational and technical actions – 

ID. 

A managerial decision cannot be accepted in the case when a difference between damages before 

and after planning does not meet the efficiency assessment criterion. Also, it is the same for cases when 

the indirect damage contraction is not sufficient. It means that the planned action is harmful to the 

environment and social interests. Thus, by using this algorithm we can choose and add to the plan safe 

and efficient environmental actions. 

   

7. Conclusion 

Thus, the purpose of the scientific research is reached; the scientific and methodical instruments 

are developed. They allow planning the problem-oriented organizational and technical actions. The 

instruments include the developed indicators of assessment of ecological and economic effect and 

efficiency; also the morphological model of the planned managerial decisions formation on the basis of 

the identified production processes and the elements. The research resulted in the algorithm of choosing 

of efficient and safe organizational and technical activities for their inclusion in the enterprises’ plans. 
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