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Abstract. Sustainable development of a transport corporation is achieved through a consistent 

and balanced improvement of its economic and environmental performance indicators. This is 

largely facilitated by reducing fuel consumption by corporate vehicles, which saves costs and 

decreases harmful emissions into the environment. In this regard, a three-level structure for man-

aging fuel consumption in a transport corporation is considered under uncertainty caused by both 

random external factors and the undesirable activity of corporate employees associated with their 

private goals not coinciding with the goal of the entire corporation. The top level of this structure 

is the Principal, the middle level is the Intendant, responsible for fuel consumption in a corporate 

division, and the bottom level is the Driver of a corporate vehicle. The sustainable behavior of 

corporate employees––the Intendant and Driver––to reduce fuel consumption within their compe-

tence is modeled. An organizational mechanism for the Intendant’s sustainable behavior is devel-

oped, including supervised learning procedures for the Principal and incentive procedures for the 

Intendant. An organizational mechanism for the Driver’s sustainable behavior is also proposed: 

the Principal provides the Intendant with supervised learning opportunities and delegates his au-

thority to incentivize the Driver. As proven, the integration of these two mechanisms reduces fuel 

consumption and ensures sustainable development of the transport corporation. In addition, the 

sustainable behavior of corporate employees––the Intendant and Driver—ensures the sustainabil-

ity of the entire corporation. The results are illustrated by an example of the fuel consumption 

management mechanism in JSC Russian Railways. 

 
Keywords: transport, corporation, sustainable development, control, digitalization, supervised learning, 

sustainable behavior. 
 

 

 

Sustainable development is “a development that 

meets the needs of the present without compromising 

the ability of future generations to meet their own 

needs” [1]. The current global sustainable develop-

ment goals [2] include:  

– efficient use of resources, 

– reduction of emissions harmful to human health 

and the environment, 

– establishment of planning and management 

mechanisms related to climate change. 

Among these goals, the creation of cost-saving and 

environmentally friendly transport systems stands out 

[2]. Transport accounts for 20–25% of global energy 

consumption and carbon dioxide emissions [3]. Al-

most 97% of harmful substance emissions of transport 

into the atmosphere are gases formed during fuel 

combustion [4]. They include nitrogen oxides and 

particulate pollutants, which negatively impact human 

health [5], as well as carbon oxides and hydrocarbons, 

which are greenhouse gases [6]. Among all sectors of 

the economy, the transport industry is characterized by 

the fastest growth of greenhouse gas emissions [7].  

Thus, both efficiency and environmental impact 

are important for the sustainable development of 

transport [8]. To achieve global goals, it is necessary 

for companies to apply sustainable business practices 

[2]. In this regard, ESG––the concept of sustainable 

corporate development based on the principles of envi-

ronmental responsibility (E), social responsibility (S), 

and effective corporate governance (G)––has become 

widespread in recent decades [9]. Accordingly, the 

sustainable development goals of a transport corpora-
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tion are related to the improvement of its economic 

and environmental performance indicators by both 

improving technologies and activating, training, and 

developing employees; for example, see [10, 11]. The 

study of the related psychological aspects of sustaina-

ble development was initiated in [12]. Further research 

led to the concept of sustainable behavior [13]. Such 

behavior implies the employee’s understanding of the 

importance of increasing production efficiency while 

preserving the environment. The consequence of sus-

tainable behavior is a thrifty attitude to the resources 

and environment, which brings satisfaction and intrin-

sic motivation of employees [13]. 

Note that the vast majority of corporate vehicles 

(CVs) are equipped with internal combustion engines. 

These vehicles account for the greater part of the fuel 

consumption by a corporation. For example, up to 

80% of the fuel of JSC Russian Railways is consumed 

by locomotives with diesel engines (diesel shunters) 

[10]. Therefore, fuel saving by CVs directly reduces 

the resource utilization and costs of a corporation as 

well as its harmful emissions in exhaust gases (includ-

ing greenhouse gases). On this basis, transport corpo-

rations strive to minimize CV fuel consumption by 

training and activating employees; for example, see 

[10, 11]. Inculcating employees with the psychology 

of sustainable behavior helps to conserve CV fuel, 

thereby reducing both operating costs and pollutant 

emissions, as well as ensuring compliance with envi-

ronmental regulations.  

Nevertheless, motionless CVs with idling engines 

are regularly encountered. The point is that in the 

planning practice of a large transport corporation, the 

future limits (norms) of fuel consumption by a corpo-

rate division and an individual employee are usually 

lowered when the current fuel consumption decreases. 

However, the lower the limits (norms) are, the less 

fuel will be available to a corporate division and an 

employee to fulfill their tasks. Since fuel consumption 

depends on random factors, a corporate division and 

an employee may fail to fulfill these tasks under unfa-

vorable circumstances, with all the ensuing negative 

consequences. Therefore, a farsighted division manag-

er, as well as an experienced driver, may be uninter-

ested in reducing fuel consumption below the norm. 

This is a typical problem of adaptive planning from 

the achieved level, which is studied within the theory 

of control in organizations [14]. For this kind of prob-

lems, a solution approach is to design organizational 

mechanisms for the operation of corporations [15]. For 

example, an incentive mechanism to implement envi-

ronmental requirements for locomotives in JSC Rus-

sian Railways was considered in [16].  

This paper develops the models of training, activa-

tion, and sustainable behavior of the manager and em-

ployee of a corporate division, with a focus on reduc-

ing the fuel consumption of CVs, and the correspond-

ing organizational mechanisms of sustainable devel-

opment of a transport corporation.  

 

1.1. General Assumptions  

Fuel in a corporation is consumed both to meet the 

needs of CVs (e.g., trucks or diesel shunters) and for 

miscellaneous demands. These needs and demands 

depend on random external and internal factors, and 

many of the latter become known only to a narrow 

circle of involved persons directly in the course of per-

forming their duties. Assume accordingly that the per-

son responsible for fuel consumption in a corporation 

(further called the Principal) has inaccurate infor-

mation about the real possibilities of reducing fuel 

consumption in his division and CVs. But the Princi-

pal can take advice from the Consultant. Both of them 

get information about the factual fuel consumption of 

a division. In addition, the Principal can set consump-

tion norms. Based on the deviation of the factual fuel 

consumption from the norms, the Principal can incen-

tivize the person responsible for fuel consumption in 

the division (further called the Intendant). However, 

the Principal cannot determine whether the factual fuel 

consumption in the division is the minimum achieva-

ble in the current conditions.  

In view of the aforesaid, we consider a three-level 

system for managing fuel consumption in a corpora-

tion, with a control authority (the Principal) at the top 

level, a person responsible for fuel consumption in a 

corporate division (the Intendant) at the middle level, 

and a CV driver (the Driver) at the bottom level. For 

this system, it is required to build an organizational 

mechanism minimizing fuel consumption under uncer-

tainty caused by both random external factors and the 

undesirable activity of corporate employees (the In-

tendant and Driver), associated with their private goals 

not coinciding with the Principal’s goal.  

We introduce the following notation: t  is the time 

period, 0,1,t  ...; td  is the fuel consumption of the 

division in period t , consisting of the fuel consump-

tion tc  of the CV and the miscellaneous fuel con-

sumption ts  of the division: td =   tc + ts . The value of 

tc  is reported by the Driver to the Intendant in peri-

od .t  By assumption,  , ,t tc C L t      where 
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 L t  is a stationary random process determining the 

realization (value) tl  of the random variable of the 

minimum CV fuel consumption in period t , 

   Λ ,L t      with   0   and .    Hence, 

 C , , tc     0, 1,...t   

The miscellaneous fuel consumption ts  in period t  

is specified by the Intendant,  , .t ts S M t      

Here,  M t  is a stationary random process determin-

ing the realization (value)  tm  of the random variable 

of the minimum miscellaneous fuel consumption, 

   Μ ,M t      with 0   and .   Hence, 

 Σ , ,   0, 1,ts t     ....  

As td = tc + ts , we obtain  Ψ , ,t td A t        

where      A t L t M t   is a stationary random pro-

cess determining the realization (value)  ta  of the 

random variable of the minimum fuel consumption by 

the division, ,t t ta l m   0, 1,t   It follows from 

 C ,tc      and  Σ ,ts      that 

   Δ , . td         

Suppose that in period t , the Principal knows the 

factual fuel consumption td  of the division. However, 

he is unaware of the realization (value)  ta  of the ran-

dom variable of the division’s minimum fuel con-

sumption. To incentivize the Intendant’s fuel con-

sumption reduction under uncertainty, the Principal 

assigns him one of two categories, namely, 1 (reason-

able consumption) and 2 (unreasonable consumption), 

using the known consumption ,   0, 1,td t   This has 

to be done with minimum losses. 

 

1.2. The Complete and Partial Awareness of the Principal 

In this subsection, the Principal is assumed to 

know, in period t , the realization ta  of the random 

variable of the minimum fuel consumption of the divi-

sion, ,   0, 1,t t ta l m t     This realization is charac-

terized by the dimensionless relative rate 

     / ,0 1, / , 1],t t t te a e e D             

0, 1,t   The problem is to assign category 1 or 2 to 

the Intendant by relating te  to one of two unknown 

subsets 1D  and 2D  forming the set :D  1 2 .D D D   

Under complete awareness, the Principal knows 

the rate  te  to belong, with a conditional distribution 

density ( | )te   and a prior probability ,  1, 2,  

to one of the two subsets 1D  and 2 ,D  1 2 .D D D   

We denote by 12q  the losses due to the Principal’s er-

roneous relation of e  to the subset 2D  if e  actually 

belongs to the subset 1D . Similarly, 21q  is the losses 

due to the Principal’s erroneous relation of e  to the 

subset 1D  if e  actually belongs to the subset 2D .  

We introduce a classification parameter p  separat-

ing the subsets 1D  and 2D : 1e D

   / , p           if e p  and  2 , 1e D p   

otherwise. Then the optimal dichotomy  1 2,D D  is 

determined by solving the following optimization 

problem over p , with the mean categorization losses 

as the objective function:  

 1 2

2 2

,   
1 1

( | ) min.
D D

D

q e de



 

 

              (1)  

Here, θ is the variable of summation, θ 1, 2 , and 

Dθ, θ 1, 2 , are subsets of 1D  and 2D . 

Under partial awareness, the Principal does not 

know the above probability characteristics. Hence, the 

value of the parameter p  cannot be determined by 

solving problem (1). However, by observing the ran-

dom realization ,ta 0, 1, ,t    of the division’s mini-

mum fuel consumption, it is possible to obtain and 

sequentially refine the estimates tp  of the value ,p  

using the supervised learning algorithm with the help 

of the Consultant [17]. Knowing the fuel consumption 

rate ( te ), the Consultant reports his opinion  tB e  to 

the Principal: the rate is excessive  ( 1)tB e   or not 

 ( 0)tB e  : 

 
1 if 

   
0 if ,

0,1,...

t

t

t

e p
B e

e p

t


 



             
      (2) 

where ( )B   is the consulting procedure. Then the 

Principal can apply the supervised learning algorithm 

[17] 

  

   12 12 21

0

0

1

,

,   0, 1,...

, 0.5t t t t t t

t

p

q q q B e

P p e p

p

p

p t



  





 

   

           (3) 

Where 
1

1

Ι 0 |   , .t t t t



 



 
           

 
  If    t te p , 

the Principal will assign category 1 to the Intendant; 

otherwise, category 2. Thus, the Intendant’s category 

is given by 
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 
1  if   

,
2  if    ,

0,1,...

t t

t t t

t t

e p
k G p e

e p

t


  



 

  (4) 

 

1.3. The Unawareness and Supervised Learning  

of the Principal 

Suppose now that the Principal and Consultant are 

unaware of the above probabilities and the minimum 

fuel consumption .ta  However, they know the factual 

fuel consumption .td  We introduce a relative rate of 

this consumption:  / ,t ti d     0 1,ti   ti D

   / , 1 ,           , t ti e  0, 1,t   Then the 

Consultant determines his opinion using the procedure 

(2) with the observed rate  ti  instead of the unknown 

te . More precisely, having obtained ,ti  the Consultant 

informs the Principal of his opinion  tB i : the con-

sumption is accurate  ( 1)tB i   or not  ( 0) :tB i   

 
1    if    

   
0    if     ,

0, 1,...

t

t

t

i p
B i

i p

t


 



          
       (5) 

Accordingly, the Principal calculates an estimate bt 

of the parameter pt using formula (5), replacing the 

unknown te  in algorithm (3) with the observed one ti :  

  

   

1

12 12 21

0

0

, 0.5

,

, 0, 1,...,

t t t t t t

t

b P b i b b

q q q B i

b p t

     

   

 

              (6) 

where ( )P   is the learning procedure. By comparing 

ti  and tb  similar to formula (4), the Principal deter-

mines the fuel consumption category tg  of the Intend-

ant’s division: 

 
1  if   

,
2  if   

0, 1,...,

,

t t

t t t

t t

i b
g G b i

i b

t


  






  (7) 

where ( )G   is the categorization procedure. The value 

of tb  can be interpreted as the normative value of the 

rate ti , depending on which the Intendant’s category is 

assigned. Since  /t ti d    , the value 

 t th b     means the fuel consumption threshold 

for the division ( )td . If this threshold is not exceeded 

(i.e., ),t td h  the Intendant will receive category 1

 1tg   and an incentive; otherwise, 2tg   and the 

Intendant will not be incentivized (or even penalized). 

The consulting (5), learning (6), and categorization 

(7) procedures make up the Principal’s organizational 

mechanism  Φ ,  ,B P G  for managing the divi-

sion’s fuel consumption.  

 

1.4. The Intendant’s Goals and Decisions  

under the Principal’s Supervised Learning 

Using the mechanism  Φ ,  ,B P G , the Principal 

learns with the prompting of the Consultant, assigns a 

category, and incentivizes the Intendant based on the 

observation td  and the calculated rate ti , 0, 1,...t   

However, the Intendant is more aware of the fuel con-

sumption than the Principal and can use this to his ad-

vantage. By assumption, at the beginning of period t , 

the Intendant knows the factual CV fuel consumption 

  tc  and the realization tm  of the random variable of 

the minimum miscellaneous fuel consumption. The 

Intendant then selects a value of td  from the condition 

 t t t td f c m    so that  ,t t td Y f     and 

 , , tf H       0,1,t   

Consider how the Intendant makes his decisions 

under the mechanism  Φ ,  , .B P G  A farsighted 

Intendant seeks to choose  td  in period t  to improve 

both current and future categories. For this purpose, he 

may control the division’s miscellaneous fuel con-

sumption ts  and the CV fuel consumption   tc . Formal-

ly, the Intendant chooses td  by the desire to increase 

the utility of the categories in period t : 

 1, ,.., ,

, 1, ,   0,1, ,

t t t t

t

T g g g

g

T

T t

 





     
                 (8) 

where Τ[∙] is a monotonically decreasing function of 

its arguments (the utility of any category for the In-

tendant decreases with its number) and   is the In-

tendant’s foresight.  

According to the procedure (7), the category tg  

depends only on the Intendant’s choice of the fuel 

consumption ,td  . t td Y  However, to increase the 

current category utility (8), the Intendant should con-

sider the impact of td  on the category g  in a future 

period ,   1, . t t       Due to formula (7), this cate-

gory g  depends on the Intendant’s choice d  and the 
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estimate b  in the period. In view of the expression 

(6), the estimate b  depends on the Intendant’s choice 

d  and the estimates b  in the previous periods 

,   , 1.t     With formula (6) treated as a recur-

rence relation, it can be easily established that the cat-

egory g  depends on the Intendant’s previous choices 

,   , 1.d t     

Note that at the beginning of period  , the Intend-

ant will know the realization ,f c m     , f H 

1, . t t      Suppose that the Intendant will also 

know the future CV fuel consumption  c  and the mis-

cellaneous fuel consumption ,   1, .  m t       Then 

the Intendant can choose d  by maximizing the objec-

tive function (8) with the known realization 

,   1,f t       subject to the condition , d Y   

1, . t t      As shown above, the Intendant should 

consider the impact of d  on the future categories ,g  

  1, .t      

Repeating this reasoning sequentially from 

t    to 1t   , we obtain that it is reasonable 

for the farsighted Intendant to predict the choice d  

backwards. As a result, the objective function (8) is 

transformed into the predicted category utility  

 

1 1 2 2

1

        

, ,..

,

,

max max max
t t t t t t

o

t t t t

t
d Y d Y

o

t

d Y

T g fT

T

f

     

 

  



 
                  (9) 

which depends on the realizations ,     1, .f t t       

However, the Intendant is unaware of the future 

CV fuel  c  and miscellaneous fuel m  consumptions. 

Therefore, to choose a value of td  that will increase 

the predicted category utility (9), the Intendant should 

predict the fuel consumptions   ,  f c m   

1, .t t      Let the Intendant be guided by the 

principle of maximum guaranteed result [14, 15], ex-

pecting the worst-case predictions 

,   1, . f H t t        Then the function (9) is trans-

formed into the Intendant’s objective function  

 
1 21 1 2 2        

Γ min max min max mi max .n
t t tt t t t t t

t t t
f H f H f Hd Y d Y d Y

Td
           

  (10) 

In this case, the set of his optimal choices *  td  max-

imizing the objective function (10) in period t has the 

form 

    * * Ξ Δ | Γ Γ ,  Δ) ,

0, 1,...

t t t t t t td d d d

t

   


     (11) 

Below, we accept the hypothesis of the Intendant’s 

benevolence towards the Principal: if Ξ ,t tf   then
* ,   0, 1,t td f t   This means that the division con-

sumes more fuel only if it increases the Intendant’s 

objective function (10). 

 

1.5. An Organizational Mechanism for the Sustainable 

Behavior of the Intendant 

The mechanism  Φ ,  ,B P G  is designed to en-

sure the Intendant’s sustainable behavior, aimed at 

improving both the economic and environmental per-

formance indicators of the corporation. Therefore, 

such behavior should be expressed in terms of the In-

tendant’s desire to reduce the division’s fuel consump-

tion. This is formally reflected as follows. 

Definition 1. The Intendant’s behavior is sustaina-

ble if, for any given CV fuel consumption tc , the divi-

sion’s fuel consumption is minimal: 

*  ,t td f 0, 1,...t  ♦                       (12) 

From a practical viewpoint, as already indicated, 

large corporations often plan fuel consumption from 

the achieved level. In this case, the future norm of this 

consumption is reduced when the factual fuel con-

sumption decreases. In the model under consideration, 

this means that the norm 1tb   (the normative value of 

the rate 1ti   in period 1t  ) is reduced when the cur-

rent fuel consumption rate ti  decreases. However, ac-

cording to the procedure (6), the lower the norm 1tb   

is,  the smaller value the fuel consumption rate 1ti   in 

period 1t  , sufficient for the Intendant to receive the 

highest category, will take. Since 1 1,t ti e   where 1te   

is a random variable, the Intendant may receive a low-

er category under unfavorable circumstances. There-

fore, the farsighted Intendant may be uninterested in 

reducing the fuel consumption rate   ti  below the norm 

tb . (He gets the highest category in period t for ful-

filling this norm.) Thus, a control mechanism is need-

ed to incentivize the Intendant’s sustainable behavior.  

Proposition 1. Under the mechanism  

 Φ ,  ,B P G , the Intendant’s behavior is sustaina-

ble .  

P r o o f. By formula (5),  B i  is a non-decreasing 

function of i  under the mechanism  Φ ,  , ,B P G
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1, .t t     Due to formula (6), 1b  does not grow with 

increasing  B i  and, hence, the same property applies to 

1b  when increasing ,i  , 1.t t    Furthermore, ac-

cording to the expression (7),  ,g G b i    does not grow 

with increasing b , 1, .t t     It follows from the 

above considerations that  ,g G b i    is a non-

decreasing function of ,ti  1, .t t      

In addition, by formula (7),  ,t t tg G b i  is a non-

decreasing function of 
ti . Thus, all arguments of the func-

tion  1, ,...,t t tT g g g 
 do not decrease with increasing 

ti . 

Therefore, according to the expression (8), 
tT  does not grow 

with increasing 
ti  for any realizations 

1,.., ,t tc c 

1,..,t tm m 
. Then, due to formula (10), the function 

 Γt td  achieves maximum at the minimum value of .ti  As 

 / ,t ti d    the function  Γt td  achieves maximum at 

the minimum value of .td  Recalling that 
td  = 

tc + ,ts  we 

obtain Ξt t td f   by the expression (11). On the other 

hand, Ξt tf   implies 
*

t td f  based on the hypothesis of 

the Intendant’s benevolence towards the Principal. Hence, 
by definition (12), the Intendant’s behavior is sustainable. ♦ 

Under the mechanism  Φ ,  ,B P G , the divi-

sion’s fuel consumption reduction, first, does not 

worsen the Intendant’s current category (7) and, se-

cond, does not tighten the fuel consumption rates in 

the future. Being benevolent to the Principal, the In-

tendant minimizes the division’s fuel consumption 

(12).  

However, the Intendant’s desire to minimize the 

division’s fuel consumption is not enough. In practice, 

it is common to see motionless CVs with idling en-

gines. To avoid this, the driver of each CV should 

have a vested interest in minimizing fuel consumption. 

 

2.1. The Unawareness and Supervised Learning  

of the Intendant 

With the mechanism  Φ ,  , ,B P G  the Principal 

ensures the sustainable behavior of the Intendant 

aimed at minimizing the fuel consumption 

  , 0, 1,...t t tf c m t    Here, tc  is the fuel consumption 

of the CV reported by the Driver,  ,t t tc C l    (see 

subsection 1.1). But the Intendant does not know the 

realization tl  of the minimum CV fuel consumption. 

The fuel consumption is reduced to the minimum val-

ue if , 0, 1,...t tc l t   

Suppose that the minimum CV fuel consumption  

( tl ) becomes known to the Intendant at the beginning 

of period t . Since the Intendant is unaware of tl , the 

Driver can manipulate the CV fuel consumption tc , 

choosing t tc l  if it is profitable for him. On the other 

hand, the Intendant should minimize the CV fuel con-

sumption ,   0, 1,  tc t    To do this, the Principal pro-

vides the Intendant with supervised learning capabili-

ties and delegates to the Intendant the right to establish 

a Driver’s operation mechanism similar to 

 Φ ,  ,B P G . (The Principal uses this mechanism to 

control the Intendant, see subsection 1.3.)  

We introduce the following dimensionless relative 

rates to measure the CV fuel consumption: 

/ ,t tk l  / ,t tK c     0, 1,t             (13)
 

Then the Intendant should reduce the value of the 

rate tK  to the minimum .tk  Suppose that for this pur-

pose, the Intendant classifies the Driver’s performance 

depending on the CV fuel consumption as satisfactory 

(class 1) or unsatisfactory (class 0). Incorrect classifi-

cation incurs costs. To improve the validity of his de-

cisions, the Intendant learns classification with the 

help of the Estimator, in the same way as the Principal 

learns categorization with the help of the Consultant 

(see subsection 1.3). 

We denote by 10  the losses due to the incorrect 

assignment of class 0 to the Driver (although Driver 

deserves class 1) and by 01  the losses due to the in-

correct assignment of class 1 to him. The Estimator 

observes the CV fuel consumption ( ),tc  calculates tK  

by formula (13), and reports his opinion  tR K  to the 

Intendant (whether the CV fuel consumption in period 

t  is excessive or not). If the Estimator considers the 

consumption to be excessive, then   1tR K  ; other-

wise,   0tR K  . This is formally written as
 

 
1  if   

 
0  if    ,

0, 1, ,

t

t

t

K
R K

K

t

 
 

 

             

        (14) 

where ( )R   denotes the estimation procedure and   is 

the estimation parameter, 0  . Note that the estima-

tion procedure (14) is similar to the consulting proce-

dure (5). With the considerations of Section 1 repeat-

ed, a supervised learning algorithm similar to the pro-

cedure (6) can be used to minimize the average classi-

fication losses. The tunable classification parameter 

(briefly, the norm u ) is calculated using a recurrence 

procedure similar to (6): 
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  

   

1

01 01 10

0

0

, 0.5

,

,   0, 1, ,

t t t t t t

t

u U u K u u

R K

u u t

    

     

  

           (15) 

where  ,t tU u K  is the normalization procedure and 

1

1

Ρ 0 | , , 0, 1,  t t t t t


 



 
       

 
 Com-

paring tK  and ,tu  by analogy with the procedure (7), 

the Intendant determines the Driver’s class  tv :  

 
1  if  

,
0  if  

0,1, ,

,

...

t t

t t t

t t

K u
v V u K

K u

t


  



            

  (16) 

where  V (∙) is the classification procedure. The value

tu  means the norm of the rate tK  used to classify the 

Driver. Since /t tK c  , the value  t tn u   can be 

interpreted as the threshold of the Driver’s fuel con-

sumption  tc . If this threshold is not exceeded  

( ),t tc n  the Driver will receive class 1  1tv   and 

an incentive. The estimation (14), normalization (15), 

and classification (16) procedures make up the Intend-

ant’s organizational mechanism  Π , ,R U V  to 

manage the Driver’s fuel consumption. 
 

2.2. The Goals and Decisions of the Driver Given  

the Unaware Intendant 

Consider how the Driver makes decisions under 

the mechanism  Π , , .R U V  The norm tu  in this 

mechanism is interpreted as an upper bound for the 

CV fuel consumption rate acceptable to the Intendant. 

If the fuel consumption rate tK  does not exceed the 

norm   t t tu K u , the Driver will be assigned class 1  

( 1tv  ) and incentivized. Therefore, the utility of the 

farsighted Driver increases with current and   future 

classes: 

 1, ,..., ,

,  , ,  0, 1,...

t t t tZ Z v v v

Z v t t t

 

 



                   
(17) 

According to formulas (13)–(16), the utility (17) 

depends on the CV fuel consumption c  in period 

  ,  ,t t     . In this case, the Driver knows the cur-

rent realization of the random variable tl  but not the 

future realizations ,l  1, .t t       

Suppose that the Driver is aware only of the inclu-

sions Λl   and ,c C  1, .t t      When elimi-

nating the uncertainty regarding l  and ,c  
1, ,t t      the Driver is guided by the principle of 

maximum guaranteed result [14, 15]. By repeating the 

considerations of Section 1, we establish that the ob-

jective function  Θt tc  of the farsighted Driver is 

equal to the maximum guaranteed utility (17):  

 
1 21 1 2 2Λ Λ Λ        

Θ min max min max min max
t t tt t t t t t

t t t
l l lc C c C c C

c Z
           

  . (18) 

Accordingly, in period t, the set of rates *

tc  maxim-

izing the objective function (18) is 

   * *Ω { |Θ Θ ,  }, 

0, 1,

t t t t t t t t tc C c c c C

t

   

 
     (19) 

Let us accept the hypothesis of the Driver’s benev-

olence to the Intendant: if Ω ,t tc   then 
* ,   0, 1, ...t tc l t   This means that the CV consumes 

more fuel only when increasing the Driver’s objective 

function (18).  

 

2.3. An Organizational Mechanism for the Sustainable 

Behavior of the Driver 

The Intendant’s goal is to reduce the fuel consump-

tion  tc  to the minimum .tl  This can be prevented by 

the Intendant’s planning from the achieved level (see 

the discussion above). In the case under consideration, 

this means that the norm 1tu   is reduced as the fuel 

consumption rate tK  decreases. However, according 

to formula (16), the lower the norm 1tu   is, the less 

fuel the Driver should consume to obtain class 1 in 

period 1t   ( 1 1).tv    Since 1 1,t tK k   and the min-

imum possible fuel consumption value 1  tk   is a ran-

dom variable, under unfavorable circumstances the 

Driver may obtain class 0 ( 1 0tv   ). For these reasons, 

the farsighted Driver may be uninterested in reducing 

the fuel consumption rate  tK  below the norm tu . 

Definition 2. The Driver’s behavior is sustainable 

if the CV fuel consumption in each period is minimal: 

* ,   0, 1,t tc l t  ♦                      (20) 

Proposition 2. Under the mechanism 

 Π , ,R U V , the Driver’s behavior is sustainable.  

P r o o f. With the mechanism  Π , ,R U V  and the 

procedure (16), the current class  ,t t tv V u K  is not re-
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duced with decreasing .tK  Consider the dependence of the 

future class  , , 1, ,v V u K t t        on .tK  Accord-

ing to the expression (14), the estimate  R K  in period   

does not grow with decreasing , 1, .K t t       Due to 

formula (15), the norm  u  is not reduced with decreasing 

 1 .R K  In addition, by the expression (16), the class 

 ,v V u K    is not reduced with decreasing .u  Based 

on the three monotonic dependencies above, the class 

 ,v V u K    in period   is not reduced with decreasing 

tK  for 1, .t t     

According to formula (17), the Driver’s objective func-

tion (18) increases with the growth of the current and future 

classes , , .v t t      From the considerations of the pre-

vious paragraph it follows that this objective function 

 Θt tK  does not decrease with decreasing . tK  On the 

other hand, as 
t tK k , we obtain    Θ Θ , t t t tk K

Κ ,t tK   and, by definition (19), Ω .t tk   Hence, based on 

the Driver’s benevolence hypothesis, 
* , t tK k  and the ex-

pression (13) leads to formula (20). ♦ 

 

Definition 3. A transport corporation is sustainable 

if the fuel consumption of its division (including the 

CV fuel consumption) in each period is minimal: 

*  ,t td a 0,1,...t   ♦                     (21) 

Proposition 3. For the sustainability of a transport 

corporation, it is sufficient to apply the integrated 

mechanism  Σ Φ, Π  consisting of the mechanisms 

 Φ ,  ,B P G  and  Π , , . R U V  

P r o o f. Under the mechanism  Φ ,  , , B P G  the In-

tendant’s behavior is sustainable (Proposition 1). By Defini-

tion 1, this means that for any given CV fuel consumption 

tc , the fuel consumption of the division is minimal: 

*  ,t td f  0,1t  ,...  

Under the mechanism  Π , , , R U V  the Driver’s be-

havior is sustainable (Proposition 2). By Definition 2, the 

CV fuel consumption in each period is minimal: 
* ,   0, 1,t tc l t    Substituting the last equality into formu-

la (12) and using  t t tf c m   and t t ta l m  , we finally 

arrive at the expression (21). ♦ 

Actually, the proof of Proposition 3 is based on the 

fact that the sustainable behavior of the corporate em-

ployees (the Intendant and Driver) ensures the sustain-

ability of the entire corporation. Consequently, the 

integrated mechanism  Σ Φ, Π  can be called the 

organizational mechanism of the transport corpora-

tion’s sustainability. The structure of this mechanism 

is illustrated by the figure below. 

 

 

 
The organizational structure and sustainability mechanism of a 

transport corporation. 
 

 

Large-scale railway corporations design their own strat-

egies for sustainable (cost-saving and environmentally 

friendly) development based on the ESG principles; for 

example, see [10, 11]. To attract passengers and shippers, 

they need to reduce the fuel consumption of diesel locomo-

tives. This leads to significant cost reductions for interested 

persons while reducing the environmental load.  

Consider such an approach to improving the sustainabil-

ity of a railway corporation using the example of JSC Rus-

sian Railways, further also referred to as the holding. Since 

about 80% of fuel in the holding is consumed by diesel lo-

comotives [10], they account for about 80% of fuel costs 

and about 80% of environmental damage due to the emis-

sions of exhaust gases (including greenhouse gases). There-

fore, reducing the fuel consumption of diesel locomotives is 

crucial for the sustainable development of Russian Rail-

ways. 

Organizational mechanisms for reducing fuel consump-

tion by the holding’s locomotives were developed in the 
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paper [18]. These mechanisms include supersized learning 

procedures for corporate employees [19]. The models and 

methods for managing the creation and implementation of 

innovative means and technologies for reducing fuel con-

sumption by the holding’s locomotives were presented in 

the report [10]. These R&D works resulted in a mechanism 

for reducing fuel consumption that ensures the sustainable 

development of Russian Railways [10, 18, 19]. The mecha-

nism is an analog of the integrated mechanism presented in 

the figure.  

Consider this integrated mechanism at the regional lev-

el. Here, the Principal is an official of the regional railway 

traction directorate (a branch of Russian Railways) respon-

sible for reducing fuel consumption on the branch’s railway 

network. The Intendant is an employee of the locomotive 

operation depot (LOD) of this branch responsible for fuel 

consumption (in short, the manager), and the Driver is a 

diesel locomotive motorman assigned to the LOD. The re-

sponsible persons mentioned are assisted by advisors (as a 

rule, appointed from former responsible persons).  

As a CV we take TEM18DM, a shunting diesel locomo-

tive manufactured by Bryansk Machine Building Plant, a 

division of CJSC Transmashholding (hereinafter briefly 

referred to as a/the shunter) [20]. About two hundred shunt-

ers of this brand operate on the Oktyabrskaya Railway. 

Consider the organizational mechanism  Π , ,R U V  as 

applied to the interaction between the manager and driver in 

the LOD of the Oktyabrskaya Railway when operating a 

shunter (e.g., in the “Saint Petersburg–Finlandsky” LOD 

[20]). 

According to Proposition 2, under the mechanism 

 Π , ,R U V , the motorman’s behavior (as the Driver) is 

sustainable. Therefore, to reduce fuel consumption, it is 

sufficient for the LOD manager (as the Intendant) to apply 

this mechanism, e.g., during the weekly control of fuel con-

sumption in the LOD. Assume that the motorman reports to 

the manager the average hourly fuel consumption of his 

shunter over the last week. We denote by t  the week num-

ber, 0, 1,...t   The hourly fuel consumption of TEM18DM 

 tc  varies within 10–12 l/h [20]. Therefore, according to 

subsection 1.1, we set 10,   12,    and 

 C 10, 12 ,tc  
 

0, 1t  ,...  

Thus, within the mechanism  Π , ,R U V , the man-

ager and estimator use the average data on hourly fuel con-

sumption over the previous week  .tc  Following (13), we 

introduce the dimensionless relative rate of fuel consump-

tion by the shunter: /12, 5 / 6 1,t t tK c K   0, 1,t    

Next, according to formula (14), the estimator informs the 

manager of his opinion  tR K :   1tR K   if the consump-

tion is excessive or   0tR K   otherwise. The manager then 

calculates the fuel consumption norm 
tu  of the shunter us-

ing the procedure (15). Finally, the manager determines the 

motorman’s class 
tv  by the procedure (16).  

The estimation (14), normalization (15), and classifica-

tion (16) procedures make up the organizational mechanism 

 Π , ,R U V  used by the manager to reduce the shunter’s 

fuel consumption. To perform model calculations, we sup-

pose that at the end of week  t  during the subsequent quar-

ter (i.e.,   0,11t  ), the motorman reports to the manager the 

average hourly fuel consumption 
tc  of his shunter (see the 

top row of the table). To calculate   , ,t t tR K v u  by formu-

las (14)–(16), we take the following parameter values of the 

mechanism  Π , ,R U V : 0.92 11/12,     
0 0.90,u   

01 0.5,   
10 1,    and  1/ 10 ,   0, 11t t t   . In this 

case, formulas (14) and (15) turn into: 

 
1  if   0.92

 
0  if    0.9

0, ,

2,

11

t

t

t

K
R K

K

t


 





                    (22) 

      1

0

9 1.5 1 / 10 , 

0.9,    .0,11

t t tu u t R K t

u t

       

 
      (23) 

The resulting values of  ,t tv R K , and
tu  calculated by 

formulas (16), (22), and (23), respectively, for 12 weeks of 

the quarter (   0,11t  ) are given in the table.  

This example illustrates the simplicity and transparency 

of the organizational mechanism  Π , ,R U V  as well as 

the applicability of the proposition.  

 

Fuel consumption by the shunter and the calculated values of the organizational mechanism for the quarter 

t  0 1 2 3 4 5 6 7 8 9 10 11 

tc  10.7 11.1 11.0 11.3 10.9 11.0 11.2 10.8 11.2 10.7 10.6 11.1 

tK  0.89 0.93 0.92 0.94 0.91 0.92 0.93 0.90 0.93 0.89 0.88 0.93 

tv  1 1 0 0 0 0 1 0 0 0 1 1 

 tR K  0 1 0 1 0 0 1 0 1 0 0 1 

tu  0.90 0.96 0.87 0.92 0.85 0.90 0.94 0.88 0.92 0.87 0.90 0.93 
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To ensure the sustainability of Russian Railways, the 

requirements for the holding’s locomotives in the field of 

environmental protection were supplemented with this or-

ganizational mechanism, including the flexible adjustment 

of fuel consumption rates and norms for the branch and 

depot level of the traction management hierarchy, and in-

centives for the employees engaged. 

To develop sustainably, a transport corporation 

should reduce both economic costs and environmental 

damage due to its operations. The fuel economy of 

corporate vehicles significantly reduces both the oper-

ating costs of the corporation and the emission of pol-

lutants into the environment. Therefore, the sustaina-

bility of a transport corporation depends on the effec-

tiveness of CV fuel consumption management.  

Nevertheless, motionless CVs with idling engines 

are regularly encountered. To avoid this, a transport 

corporation should ensure the sustainable behavior of 

middle managers and drivers that improves its eco-

nomic and environmental performance indicators.  

The integrated mechanism proposed in this paper 

ensures the sustainable behavior of transport corpora-

tion’s employees by incentivizing them to reduce fuel 

consumption. The results were used to develop con-

ceptual environmental protection requirements for lo-

comotives of JSC Russian Railways. It is recommend-

ed to apply the results also to the vehicles of automo-

bile and water transport corporations. 

Further R&D works in this area can be related to:  

– designing sustainable development mechanisms 

for transport corporations with alternative learning 

procedures; 
– generalizing the results for solving other sustain-

able development problems;  

– implementing the theoretical results in practice. 
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