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The article produced imitation modeling which allows to determine the optimum value was signifi-

cantly off-season supply of fuel wood as a user stock, and at intermediate warehouses of the enterprises 
in the light of uneven supply and consumption of raw materials during the year, humidity, and loss of 
wood substance during long-term open-cumulus storage covering areas such as warehouse and used a 
system of machines. With the use this method is possible to solve design problems between seasons 
storage of firewood without capital construction costs, the definition of load-store and used machines 
for a year. 

Introduction. On average Belarus consumes 
energy equivalent of 35 million tons of fuel per year 
and only 16% is provided with its own resources. 
The annual cost of imported energy resources (FER) 
exceeds $ 2 billion. To enhance energy security of 
the country from external suppliers of FER is a stra-
tegic objective for the country for the next five 
years. Realization of the potential of wood fuel in 
Belarus, which is a renewable source of energy will 
further cover up to 12–14% of its energy needs, 
solve the problem of utilization of waste in timber 
industry, create new working places, reduce the 
emission of pollutants into the atmosphere [1, 2]. 

The solution of this problem is complicated 
due to the irregularity and stochasticity of the 
process of harvesting and consumption of wood 
raw materials, lack of practical experience in the 
joint gathering of assortment and fuel wood, and 
the necessity of use for these purposes one and the 
same system of machines. Sustainable supply of 
power plants by wood fuel, the seasonal nature of 
its production and consumption makes possible to 
create off-season storage of firewood. 

Designing of intraseasonal warehouses without 
regulatory base leads to an overestimation or un-
derestimation of fuel, disruption in supply and in-
crease in the cost of energy [3, 4]. 

1. Simulation of functioning of intraseasonal 
storage of firewood. For the purpose of integrated 
assessment of the collection, transport, storage, 
milling and wood fuel consumption, which are 
characterized by stochasticity of the process, ne-
cessity of operation of systems of machines in dif-
ferent natural and industrial environments, as well 
as changes over time in the characteristics of the 
wood open storage, the algorithm of calculating the 
probabilities of state warehouse wood and common 
unit operating costs, takes into account the above 
factors [5]. 

To assess the operation of enterprise storage 
between seasons with different capacities and the 
annual consumption of raw materials, the concept 
of the relative capacity of the warehouse is intro-
duced. This parameter is a dimensionless value, 

and expresses the possibility of placing off-season 
supply of wood fuel in the amount of the average 
monthly production volume [5]. 

In order to study the optimal capacity of the 
off-season storage of firewood a mathematical 
model in which the warehouse is considered as a 
system of “supplier (vehicle) – storage of fire-
wood – the consumer (boiler or mini-power plant)” 
of limited capacity was developed. For this system, 
the state of the basic phases at the end of each 
month, monthly coefficients are characterized by 
irregularity of supply and consumption. The pro-
posed model works with the assumption that the 
amount of supplies of wood fuel and its consump-
tion for the year are equal. 

We derive the objective function unit of oper-
ating costs of maintaining off-season storage of 
wood fuel, which takes into account the probabil-
ity of lack of raw materials in the warehouse and 
its overflow, depending on the relative capacity of 
the warehouse, parameters of supply, and con-
sumption of wood fuel, the system of used ma-
chinery and infrastructure, the optimality criterion 
is chosen. 

2. The results of simulation of functioning of 
intraseasonal storage of firewood. As an example, 
taking into account the previously established laws 
and the distribution functions of the coefficients of 
uneven supply (KP) and burning (Kc) of timber for 
storage of the municipal utilities of the Vitebsk re-
gion, Gorodok municipal utilities, and Vileyka 
mini-power plant with a simulation model of the 
wood fuel warehouse the computer calculated the 
probability of a lack of raw wood in stock (P1) and 
overflow (P2) depending on the relative capacity of 
the warehouse off-season storage of wood fuel (W). 
To get the result with certainty 0.99 the required 
number of iterations was calculated. The number of 
repetitions for each value is 1200, corresponding to 
100 years of off-season storage. 

Results are presented graphically in Fig. 1. 
Fig. 1 shows that the probability of overflow 

storage of wood fuel (P2) and the lack of it in stock 
(P2) for the various companies is sharply reduced 
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with the increase of the relative storage capacity of 
up to 3.5–4.5 average monthly income for a raw 
material, regardless of its capacity and location. In 
the future, this decline is inconsiderable. 

 

 
Fig. 1. Dependance of probabilities of absence  

of raw materials at warehouse and overflow raw materials 
at warehouse on relative capacity of the warehouse 

 
Thus, the increase in the relative capacity of 

the storage housing W in Vitebsk region and in 
Gorodok mini-power plant from 0.5 to 4.5 average 
monthly production volume decreases P1 from 
0.45 to 0.08 (82%) and from 0.45 to 0.11 (75%), 
respectively, and a decrease P2 from 0.45 to 0.03 
(93%) and from 0.43 to 0.04 (90%), respectively. 

With a further increase to 6.0 W monthly produc-
tion values P1 and P2 reduced only to 0.05, 0.09, 
0.01 and 0.01, respectively (7, 5, 5, and 7%). 

Increase in the relative capacity of the ware-
house W Vileyka mini-power plant from 0.5 to 3.5 
average monthly production decreases P2 P1 and 
from 0.41 to 0.07 (83%) and from 0.41 to 0.08 (on 
80%), respectively. With a further increase to 6.0 
W monthly production values P1 and P2 reduced 
only to 0.01 and 0.02, respectively (14 and 15%). 

Significant effect on the probability of the data 
limits (P1 and P2) has wood turnover of warehouse 
and its geographical location. On the basis of these 
studies it was found that for larger providers and 
consumers of wood fuel in the south of the country, 
these probabilities are much lower than for the 
smaller north of the country. Thus, when W amounts 
4.5 monthly production volume, the probabilities P1 
and P2 of Gorodok municipal utilities by 27% and 
25% are respectively, higher than the utility of the 
Vitebsk region, and by 82% and 25%, respectively, 
are higher than Vileyka mini-power plant. 

Probabilities for lack of raw materials in stock 
(P1) and overflow (P2) allowed on the basis of the 
objective function to determine the optimal storage 
capacity of the enterprise in wood, calculated by 
computer. 

The target function in addition to the prob-
ability parameters, which vary depending on the 
relative capacity of the storage of wood fuel, 
comprise also permanent economic parameters 
of its operation (taken as the average production 
for Belarus). 

In Fig. 2 on the basis of the developed mathe-
matical models and computer calculations, the op-
timal values of the relative capacity of different 
intraseasonal storage of firewood are presented. 

Fig. 2 shows that the stable and efficient opera-
tion of warehouses of intraseasonal wood achieved 
due to the capacity and location, providing their 
relative capacity within 3.5-4.5 average monthly 
production volume. 

When Vitebsk and Gorodok municipal utilities 
increased the relative capacity of the storage of fire-
wood from 0.5 to 4.5 average monthly production, 
unit operating costs were reduced for 33% and 29% 
respectively. A further increase in the relative storage 
capacity from 4.5 to 6.0 average monthly production 
leads to an increase in unit operating costs for 19% 
and 18%, respectively, primarily due to rising opera-
tional costs of maintaining the site of the warehouse. 
For Vileyka mini-power plant increase of capacity of 
the relative stock of firewood from 0.5 to 3.5 average 
monthly production unit reduce operating costs for 
38%. A further increase in the relative storage capac-
ity from 3.5 to 6.0 average monthly production leads 
to an increase in unit operating costs for 31% for a 
similar reason. 
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Fig. 2. Determination of target function of specific op-

erating expenses, when wood is stored 
in the warehouse without any intermediate storage 
 
For consumers of wood fuel in the south of 

the country a relatively smaller capacity is re-
quired (3.5 average monthly production), if 
compared to consumers in the north of the Re-
public (4.5 average monthly production volume). 
Annual unit operating costs for consumers in the 
southern Belarus are 15–20% lower than in the 
northern Belarus. 

Large consumers (mini-power plants) of wood 
fuel which are located, for example, in regional or 
major regional centers, face the problem of lack of 
space for the construction of storage of required ca-
pacity (3.5–4.5 average monthly production volume). 
The solution of this problem is the use of intermedi-
ate warehouses, which are located outside the city, 
but have reliable transportation to the warehouse  

users. In this case some wood is stored in intermedi-
ate storage, and some – in the customer stock. 

To determine the optimal values of intrasea-
sonal supply of wood fuel at different ratios (in-
termediate storage / warehouse user) of raw mate-
rials shares in the developed model, we performed 
a series of studies. The results concerning Vileyka 
mini-power plant are shown in Fig. 3. 

 

 
Fig. 3. Determination of target function of annual 
specific operating expenses in the organization of 
supply of wood fuel warehouse with intermediate 

storage in Vileyka mini-power plant 
 
Fig. 3 shows that, for the effective implementa-

tion of sustainable supply of wood fuel it is rea-
sonable to reserve materials placed on intermediate 
storage at roads of all-year-round use. It will give a 
significant reduction (2–2.2 times) of annual unit 
operating expenses. 

An important practical value of the target func-
tion is the lack of a pronounced minimum. This 
allows you to adjust the wide range of storage ca-
pacity of wood without the risk of significant 
growth in cash costs. This range of regulation is a 
preferred orientation in the direction of increasing 
the relative capacity of the warehouse W where 
storage costs are relatively low. 

Conclusion. 1. Assessment of sustainable en-
ergy facilities with wood fuel is made with the use 
of storage between seasons (with or without inter-
mediate storage) for the most common conditions 
of the Republic of Belarus, the system of used ma-
chines, the type of coverage of warehouse area, 
peculiarities of storage of wood fuel. 

2. Based on the results of theoretical and ex-
perimental investigations simulation of off-season 
storage of wood fuel is carried out. Taking into 
account the availability of intermediate storage it is 
ascertained that: 

– The probability of overflow storage wood 
for fuel and lack of it in stock decrease sharply 
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with increase of relative storage capacity to 3.5–
4.5 average monthly income for a material which 
ensures a stable and efficient operation of power 
facilities; 

– The extreme value of the target function of 
unit operating costs are also achieved when the off-
season supply over 3.5 monthly production vol-
umes is available; 

– For mini-power plant in the south of Belarus, 
an optimal relative storage capacity of wood will 
be less by 15–20%, than for the boiler industry and 
regional enterprises; 

– Taking into account the significant costs for 
the bulk of consumer storage off-season warehouse 
it is advisable to place the stock in the intermediate 
storage, which will allow to make annual costs 2–
2.2 times lower to maintain it. 
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