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Abstract. The paper presents the methodological provisions for the organization of logistics operations during the transporta-
tion of household electronic waste in large cities. Human activity is accompanied by the formation of waste, the amount of 
which has recently increased. In modern conditions, households actively use electronic and electrical devices. Therefore, a lot 
of household electronic and electrical waste is generated, which is hazardous to the environment and must be disposed of in 
accordance with legal requirements. The efficiency of disposal of household electronic waste depends on the organization  
of logistics operations for the collection, accumulation and removal of such waste. The main methodological stages of logisti-
cal support for the recycling process include the formation of a hierarchy of territorial formations (taxons), standardization  
of waste generation indicators for taxa of each level in the hierarchy, designing the configuration of a network of collection 
points for acceptance and temporary storage of waste within the boundaries of the service area, substantiating the rational 
storage capacity of each point and deadlines for waste storage; planning the transportation of waste from accumulation points 
to objects of their further processing. When planning the transportation of waste, the actual volume of waste accumulation  
at each collection point is taken into account, transportation routes are designed for the shortest distances, taking into account 
the capacity of vehicles. The main feature of the developed method of waste removal is the operational adjustment of routes 
so that the car drives only to those accumulation points where the actual volume of waste has reached the maximum storage 
capacity. This approach ensures timely waste collection and lower transportation costs compared to existing methods that 
organize waste collection at a specified frequency. The developed methodology was tested on the basis of statistical data from  
Hanoi (Vietnam). The results of numerical experiments show that the application of methods provides a reduction in transport 
costs for the removal of household electronic waste, and also increases the level of their collection and disposal. 
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отходов, количество которых в последнее время возрастает. В современных условиях домохозяйства активно используют 
электронные и электрические устройства. Поэтому образуется много электронных и электрических бытовых отходов, 
которые представляют опасность для окружающей среды и должны быть утилизированы с соблюдением законодатель-
ных требований. Эффективность утилизации электронных бытовых отходов зависит от организации логистических опе-
раций по сбору, накоплению и вывозу таких отходов. Основные методические этапы логистической поддержки процесса 
утилизации включают: формирование иерархии территориальных образований (таксонов), нормирование показателей 
генерации отходов для таксонов каждого уровня в иерархии, проектирование конфигурации сети сборных пунктов для 
приемки и временного хранения отходов в границах обслуживаемой территории, обоснование рациональной складской 
емкости каждого пункта и предельных сроков хранения отходов, планирование перевозки отходов от пунктов накопления 
до объектов их последующей обработки. При планировании перевозки отходов учитывается фактический объем накопле-
ния отходов в каждом пункте сбора, проектируются маршруты перевозок по кратчайшим расстояниям с учетом вмести-
мости транспортных средств. Главная особенность разработанной методики вывоза отходов заключается в оперативной 
корректировке маршрутов, чтобы автомобиль заезжал только в те пункты накопления, в которых фактический объем от-
ходов достиг предельной емкости складирования. Данный подход обеспечивает своевременный вывоз отходов и сниже-
ние затрат на перевозку по сравнению с существующими методами, которые организуют вывоз отходов с установленной 
периодичностью. Разработанная методика апробирована на основе статистических данных г. Ханой (Вьетнам). Результа-
ты численных экспериментов показывают, что применение методик обеспечивает снижение транспортных затрат на вы-
воз электронных бытовых отходов, а также повышает уровень их собираемости и утилизации. 
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Introduction 

 

Sustainable economic development is one of 
the seventeenth Global Goals. Therefore, govern-
ments started paying more attention to environ-
mental pollution issues, including electronic house- 
hold waste (e-waste) pollution. Where e-waste  
is various forms of electric and electronic equip-
ment (EEE) that have ceased to be of value to their 
users. E-waste also contains various toxic compo-
nents such as lead, mercury, cadmium, ba- 
rium, etc. that can be dangerous to the environment 
and human health in case of incorrect collecting 
and treatment. A big amount of recent research 
indicates broadening of the e-waste amount be-
cause of expanding the scale of EEE usage, devices 
breaking down, short product life cycle, etc. [1–4].  

Logistic support for e-waste management 
(LSEWM) is to ensure the contemporary and cost-
effective waste movement along all stages of the 
reverse logistics chain, such as: 

 generation sources of the waste stream 
(GSWS) located within the boundaries of certain 
territorial areas (taxa); 

 the collecting points (CP) of e-waste accep- 
tance and temporary storage; 

 transportation from the CP to the points of 
accumulation and treatment (PAT);  

 further redistribution to the points of e-waste 
disposal (DP) by the established technology of use 
(recycling, regeneration, recovery, etc.). 

Disadvantages of LSEWM cause low e-waste 
disposal efficiency [5–7]. Therefore, studying ne- 
gative factors and improving organizational ap-
proaches for LSEWM is an up-to-day scientific 
objective. The research aim is to study negative 
factors and to improve organizational and econo- 
mic conditions for effective LSEWM. The scien-
tific novelty is to develop theoretical approaches 
for organizing the LSEWM and to create methodo- 
logical recommendations for increasing LSEWM 
efficiency.   

 
Methods 

 

The main functions of LSEWM are: 
– creating the territorial areas (taxa) hierarchy 

for LSEWM; 
– standardizing generation indicators of e-was- 

te for taxa of each hierarchy level; 
– designing the network configuration of e-was- 

te transfer from GSWS within service area bounda-
ries to CP; 

– substantiation for the rational storage capaci-
ty of each CP and relevant deadlines for e-waste 
storing there;  

– planning of e-waste removal with minimal 
transportation costs from the CP to PAT.  

The LSEWM system contains: 
– a complex of standardized regulation of  

e-waste management;  
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– licensing of activities for the e-waste dis- 
posal; 

– the institutional environment of the e-waste 
disposal; 

– interaction models among participants of dis-
posal activities. 

Analysis of e-waste management in Vietnam 
enables us to point out the negative reasons for the 
lack of disposal efficiency: 

– the access of commercial facilities to disposal 
has not been regulated and the efficiency of its im-
plementation has not been controlled; 

– measures have not been taken to develop the 
infrastructure for e-waste collection; 

– economic incentives have not been used to 
motivate stakeholders to increase the collection  
of e-waste and reduce the cost of logistics opera-
tions such as e-waste shifting to the resource re-
covery facilities.  

It is necessary to organize the interaction among 
all participants of the reverse logistic chain by  
the Vietnam administration for planning LSEWM 
and increasing its efficiency. Where clear separa-
tion of power, rights, and duties are implied [8, 9]. 

For the organization of LSEWM, data on the 
average daily volumes of e-waste generation in the 
regions QRD, t/day, and their districts QPD, t/day, 
are required. However, these indicators are not 
usually known or precise. Statistical analysis on  
e-waste generation data in various territorial enti-
ties reviles statistical relation among scopes of  
adjacent taxa hierarchy levels. Correlation analysis 
on the relation between e-waste generation scopes 
in Hanoi and its districts and the number and den-
sity of population has been conducted. Such analy-
sis allows justifying the feasibility of using the cal-
culated data on the average daily volumes of taxon  
e-waste generation (a city QCD, e. g.) and subtaxon 
(lower level of taxon hierarchy, a region QRD, e. g.) 
that is possible due to accounting current popula-
tion. It is feasible through converting average daily 
volumes in cities QCD, t/day, into specific indica-
tors by population. Such a specific indicator is an 
average daily intensity of e-waste generation WCD, 
kg/capita/day, for an urban area that is calculated 
as the ratio of the average daily volume of e-waste 
generation in a city to the number of citizens NC 
(thousand people) 

 

.CD
CD

C

Q
W

N
                           (1) 

 

The possibility of using the value of intensity 
indicators of e-waste generation of higher taxa  
in the hierarchy to determine the generation scale 
of the adjacent lower taxa is substantiated due to  
a comparative analysis of the statistical characteris-
tics of e-waste generation indicators for Hanoi and 
its regions. For instance, the calculated value of the 
city's density WСD is used for assessing the amount 
of e-waste in a region QRD, and the calculated  
value of the region density WRD is used for as-
sessing the amount of e-waste in a district QРD. 
The following are the equations for such cases:  

 

;RD CD R RQ W F P                       (2) 
 

,PD RD P PQ W F P                      (3) 
 

where FR, FP – areas of a region or a district rele-
vantly, km2; PR, PP – population densities of a re-
gion or a district accordingly, people/km2. 

To organize a CP network, it is necessary to 
ensure a high level of accessibility of these points 
for the population, which is feasible by locating the 
CP within the acceptable indicator value of their 
remoteness LP from the locations of potential 
GSWS – citizens and households. The value of the 
LP indicator is determined by various factors, 
mainly of a social nature (such as the population 
age, lifestyle, leisure time, etc.). It is advisable to 
conduct a direct survey of the population to assess 
the preferred value of LP. The value of LP defines 
the area boundaries Di (iP), which are supposed 
to be served by one e-waste collection point. 

Each service area (SA) is a square cell with the 
same width LB, height LH and area FP 

 

24 .P PF L                             (4) 
 

When forming the network for CP, a settlement 
is divided into a set of R “characteristic districts” 
in such a way that all of them have the same popu-
lation density PRi (iP). Where the “characteristic 
district” notion indicates that several “characteri- 
stic districts” can be created within or along the 
boundaries of a regulated administrative area.  

District division makes it feasible to improve 
the accuracy of estimating the volumes of e-waste 
accumulation at each CP, which is crucial for 
planning the parameters of e-waste disposal at  
the PAT.  
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The planned number of the SA by the territorial 
boundaries (MP) is calculated by the equation: 

– for cities MPC, U: 
 

;C
PC

P

F
M

F
                            (5) 

 

– for regions MPR, U: 
 

.R
PR

P

F
M

F
                            (6) 

 

The planned number of the SA for Hoang Mai 
district is (for LP = 0.9 km, that was determined on 
the survey data of GSWS with accounting varies 
economic stimulations) 

 

41
12.65 13 U.

3.24
R

PR
P

F
M

F
            (7) 

 

It is necessary to determine the QPD indicator of 
the average e-waste daily volume within the 
boundaries of the area for planned CP by formu- 
la (3). The obtained values QPD are assigned to all  
CP within the “characteristic region”. The value 
QPD reviles the potential e-waste volume that can 
be collected at one CP per day, provided that all 
GSWS send e-waste for disposal through the offi-
cial CP network.  

The required storage capacity QPB of CP for 
temporary storing of e-waste received from the 
population is calculated based on the QPD indica-
tor. The minimum CP's capacity corresponds to the 
average daily generation volume (QPBmin = QPD), 
and it is set at the daily removal of e-waste, which 
corresponds to the value of the accumulation pe- 
riod TW per day. 

Since the daily removal of small batches of  
e-waste is accompanied by high costs for the trans-
portation STB, to reduce them, it is possible to set 
intervals for the e-waste removal with a longer  
duration (ТWm  1). However, in this case, it is  
necessary to increase the storage capacity of the 
point QPB, t, to store the stock of e-waste to the size 

 

,PB PD WmQ Q T                        (8) 
 

that causes an increase of cost SCB on CP maintain- 
ning.  

The cost SCB for the maintenance of all infra-
structure facilities directly depends on their capa- 
city QPB, while the removing cost STB decreases  

as this capacity increases. This makes it possible  

to find such value *
PBQ  that the total costs SCBТ is 

minimal. This also determines the value of the ca-

pacity *
PBQ , in relevance with the optimal length  

of the *
WT  period. 

The costs SCB of the maintenance of the CP 
network depend on the total capacity of the collec- 
ting points SCB, CU (currency units), and are calcu-
lated by the formula 

 

,CB PB PB Y W PD P PB YS Q U T T Q N U T         (9) 
 

where UPB – cost rate for the maintenance of a sin-
gle capacity of the CP, CU/capita/day. 

The cost SCT, CU, for removal e-waste from CP 
to PAT is determined by the formula 

 

,CT CT TS Q U                        (10) 
 

where QCT – amount of transport work for transporta-
tion the planned e-waste scope QCY, t-km/year;  
UT – cost rate per unit of transport work per-
formed, CU/t-km. 

The amount QMj of the transported e-waste for 
each route is set taking into account the carrying 
capacity of the specialized rolling stock qA, used  
on the line. With full use of the carrying capacity 
of the rolling stock, it is equal: QMj = qA. 

The formula for calculating the SCBT of the total 
cost for LSEWM is as follows:  

 

 

 

 

1

1 1

1

2

2 ,

R

CBT W PB Y PDi PRi
i

R R
Y P A T

PRi Y T PRi PDi Di
i iW

R

Y T P PRi PDi
i

S T U T Q M

T L q U
M T U M Q L

T

T U L M Q



 



 

  





 



  

 

where R – region number; LDi – longest path within 
the boundaries of ith region, km. 

Analysis of the formula (11) shows that all  
indicators are constant values, except for ТW. 

Therefore, it is possible to find such a value of *
WT  

to minimize the cost function of SCBT for LSEWM 
 

min.
W

CBT T
S                      (12) 

 

Let us differentiate the equation SCBT (12) con-
cerning ТW, days, by equating the result to zero and 

find *
WT  

(11) 
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 
* 1

1

2

, 1, 2, ..., .

R

P A T PRi
i

W R

PB PDi PRi
i

L q U M

T i R

U Q M





 



  (13) 

 
Based on the dataset on Hanoi May region the 

optimal period of accumulation for all CP *
WT  

equals to 5 days. The following values are used for 
calculation: TY = 365 days; LP = 0.9 km; qA = 5 t; 
UT = 560 ruble/t-km; MPR = 13 U; UPB = 790 ru-
ble/capita/days; QPD = 0.25 t/days. 

In relation to the equation (21) total costs SCBT 
for LSEWM equals to 13653238 ruble per year, 
where LD = 8.1 km and estimated optimal va- 
lue *

WT  = 5.05 days.  If ТW is rounded value  
to 5 days SCBT = 13653738 ruble/year. 

The transportation route of e-waste is a motion 
scheme of a vehicle along the street and road net-
work of the city that is obtained by the coherent or 
consistent visiting all required by route CP. The set 
of routes is supposed to be optimal within minimal 
common vehicle mileage LM. The route charts of 
vehicles along a route are designed in relevance 
with the time consumption on technological ope- 
rations such as movement among CP, e-waste  
acceptance, etc.  

 

Results 
 

Standard procedure for planning e-waste trans-
portation in the cities provides for determination  
of some parameters such as: 

– frequency (intervals) of e-waste transport  
according to the cyclical nature of its accumu- 
lation; 

– the shortest vehicle path among CP that pro-
vides with cost minimization on transport; 

– the calculation of the required number of rol- 
ling stock AM relevant to the full e-waste transpor-
tation of the volume QPBi from each CP that is ac-
cumulated in optimal period * .WT  

The first parameter is crucially important as  
incorrect intervals can cause a deficit of free space 
in CP that leads to reducing the e-waste disposal 
level. There are two prime approaches relevantly  
to the cyclical waste generation parameter: 

– “by the set frequency” approach; 
– “by the actual filling” approach. 
Frequency property is inherent in the accumu-

lation of all waste categories. For instance, in ci- 
ties, municipal solid waste is accumulated regular-
ly and, as a rule, evenly in all CP that is due to the 
peculiarities of the everyday products' consump-

tion by the population. Therefore, the removal  
of MSW, especially in large cities, is carried out 
according to the principle “by the set frequency”, 
as a rule, daily, covering all the route networks of 
all CP in each district. However, this approach 
does not apply to the organization of e-waste dis-
posal, since such waste is characterized by cyclici-
ty with less regularity and uniformity of volume 
accumulation. 

The actual values of the e-waste generation pa-
rameters are determined by the reliability of the 
functioning of electronic products, which end-of-
life, as a rule, occurs randomly. Consequently, 
even with known values of the e-waste generation 
intensity, it is difficult to predict the moment when 
each electronic product breaks down and enters  
a specific CP. This circumstance means that if you 
plan the removal of e-waste according to the prin-
ciple “by the set frequency” at intervals *

WT , then 
the storage capacity of individual CPs can be  
exhausted ahead of schedule. That means if the 
storage capacity is exhausted, the CP will not be 
able to receive e-waste which is unacceptable. 

To avoid such undesirable situations, it is pro-
posed to plan the removal of e-waste “by the actual 
filling” of the CP storage capacity. This methodo-
logical principle allows the formation of e-waste 
disposal routes for individual days within the *

WT  
period, when the actual accumulated volume of  
e-waste in individual CP reaches the established 
export rate QPB (point capacity limit), calculated  
by the formula (8) taking into account the dura- 
tion of *

WT  
 

.PW PBQ Q                         (14) 
 

The following algorithm is proposed for plan-
ning the removal of e-waste “by the actual filling” 
of the CP capacity with a minimum total mileage 
of vehicles LM: 

– providing with a list of CP for the upcoming 
planned e-waste removal; 

– providing with a matrix of the shortest paths 
among all CP and PAT; 

– providing with a system of optimal routes ac-
cording to the criterion of the minimum total mi- 
leage; 

– calculation of the required number of rolling 
stock units to service all routes during the day. 

For the timely removal of e-waste in each CP, 
the current filling level of the storage capacity 
should be monitored. If condition (8) is satisfied 
CPs are included in the plan for the upcoming re-
moval. To implement this approach, a numerical 
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experiment was carried out for the CPs in the  
Hoang Mai area, which is located on Di sites (one 
site – one CP). 

With an average daily volume of waste genera-
tion, QPD = 0.25 t/day and the optimal accumula-
tion period *

WT  = 5 days, the storage capacity of 
each collecting point is QPW = 1.25 t. Using  
the program module “random number generation” 
MS Excel, for each tth day of the planning pe- 
riod TD = * ,WT  the distribution of CP is simulated 
where the actual level QPWt of accumulated e-waste 
reaches the established limit QPB of the capacity  
of the point. The results of one of the options for 
generating random numbers are presented in Tab. 1.  

The volume of accumulated waste QPWt, t, in 
each TDt day is 

 

, ,PWt PW PDt DQ Q N t T                (15) 
 

and for the entire period TD, the total removal vo- 
lume QRW, t, for all sections of the district is 

 

1

, 1, 2, ..., .
n

RW PWt D
t

Q Q n T


           (16) 

 

The matrix of the shortest paths among all CPs 
and PATs is developed taking into account the ac-
tual data of GIS systems on the locations of these 
objects and the configuration of the transport net-
work [10]. To design the optimal routes, standard 
mathematical methods developed for the “Trave- 
ling salesman problem” [11–15] have been used. 
For instance, the evolutionary algorithm that has 
been implemented in the “Solution Search” soft-
ware module MS Excel. Tab. 2 presents the prime 
characteristics of the optimal “global” route, cove- 
ring all CPs. 

The information presented in Tab. 2 shows that 
the vehicle starts moving in the PAT (number “0”), 
then passes through the CP in the following se-
quence: 1–3–4–8–9–10–11–12–13–7–6–5–2, and 
returns to PAT (number “0”). The total length of 

the global route equals LM = 35.61 km. The global 
route is used to organize waste collection accor- 
ding to the approach “by the set frequency” when 
the vehicle regularly bypasses all CPs. in sequence. 
The volume of WRG transport work for the removal 
of e-waste along the global route is 

 

365
16.25 35.61

5
42242.36 t km,

RG MT RW MU N Q L    

 
   (17) 

 

where NMT – the total cycle number of detour cy-
cles of the global (number of removals) for the pe-
riod TY (a year), 

 

365
73 U.

5
Y

MT
W

T
N

T
                 (18) 

 

When calculating URG, the value QRW is used, 
and the products' QPW volumes and the length of 
individual sections of the route have not been 
summed up, since the work of the vehicle is paid 
regardless of the degree of its filling. Costs SRG for 
the removal of all waste during the TY period along 
the global route is equal to:  

 

42242.36 7.43

313860.73 USD.
RG RG TS U s   


        (19) 

 

where sT – cost rate per unit of transport work per-
formed, and equals to 7.43 USD/(tkm). 

However, in practice, global routes cannot al-
ways be implemented due to the limited vehicle 
load capacity (qA). If the total amount of waste ac-
cumulated at all points exceeds the carrying capa- 
city of the vehicle QRW > qA), then the global route 
is divided into several additional routes NMS,  
U (sub-routes), and their number is determined by 
the formula 

 

.RW
MS

A

Q
N

q
                        (20) 

 

Table 1 
The results of the distribution of e-waste accumulation in Di points by days TD of the period TW 

 

 

 Di, number of CP 1 2 3 4 5 6 7 8 9 10 11 12 13 

 TD, day number  
 of period TW 1 2 5 2 2 4 5 4 3 4 2 3 3 

 
Table 2 

Characteristics of the optimal global route 
 

 

The visiting order  
 of CP, number of CP 0 1 3 4 8 9 10 11 12 13 7 6 5 2 0 

 The distance to the  
 following point, km 12.0 1.7 0.7 1.1 0.7 0.9 0.7 0.7 0.8 0.7 0.7 0.7 1.2 13.0 0 
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At the same time, all sub-routes are served on 
the same day, regardless of the actual amount of 
accumulation. The cost of servicing sub-routes  
is greater than that of servicing one global route, 
and is 330226.6 USD. 

When planning the export “by the actual fil- 
ling”, a system of local routes is developed to con-
nect the PAT only with those CPS in which the 
actual amount of accumulation QPW has reached 
the limit value according to condition (8). The total 
number of NMZ local routes is in the range from 1 
to TD and corresponds to the number of days on 
which e-waste is removed. 

Based on the data on the days of actual accu-
mulation of waste (Tab. 1), five local routes have 
been developed with a traffic pattern between CP 
along the shortest paths (the same methodology is 
used as for the global route). Information about the 
total length LMz (zTD) and volumes QMWz of waste 
removed by each route is presented in Tab. 3. 

The volume of transport work of UTZ, tkm,  
for the removal of e-waste along the z-th number 
of local routes with a length of LMz and with the 
volume of removal QPWz with the total number NMT 
cycles of bypassing all routes during the year  
is determined by the formula 

 

 
1

, 1, 2, ..., .
m

TZ MT PWz Mz Mz
z

U N Q L z N


       (21) 

 

In formula (21), the volume of transport work 
is defined as the product of the total volume of  
e-waste that is removed from all CPs of each route 
by the length of the route, and not as the sum of the 
products of the volumes removed from individual 
CPs but by the length of the corresponding sections 
of the route, since the operation of the vehicle is 
paid regardless of the degree of filling. 

The removal coats STZ, CU, is calculated on the 
equation 

 

.TZ TZ TS U s                         (22) 
 

The volume of transport work for the remo- 
val of e-waste along five local routes is UTZ =  
= 42,549.9 t·km, and the cost of removal is STZ =  
= 316145.76 USD. 

The comparison of the obtained results reviles 
that the transport costs for servicing the local 
routes (STZ) and the global route (STG) are almost 
on the same level. Costs for local routes increase 
by 2285.03 USD (less than 1 %). At the same time, 
the costs for local routes are 4.5 % less than the 
costs for servicing sub-routes (STGs) 

 

SRTs = 330226.6 – 316145.76 = 
= 14080.84 USD,                   (23) 

 

that indicates the effectiveness of the proposed 
model of e-waste removal “by the actual filling”. 

Table 3 
Local route characteristics 

 

 

Local route QMWz, t LMz, km 

First 

The visiting order of CP 0 1.0 0 – – – 1.25 – 

The distance to the following point, km 12 12 0 – – – – 24 

Second  

The visiting order of CP 0 4 11 5 2 0 5 – 

The distance to the following point, km 16.0 2.2 2.5 1.2 13.0 0 – 34.9 

Third 

The visiting order of CP 0 9.0 12 13.0 0 – 3.75 – 

The distance to the following point, km 17.0 1.8 0.7 20.0 0 – – 39.5 

Fourth 

The visiting order of CP 0 8.0 10.0 6.0 0 – 3.75 – 

The distance to the following point, km 17.0 1.2 1.2 18.0 0 – – 37.4 

Fifth 

The visiting order of CP 0 3.0 7.0 0 – – 2.5 – 

The distance to the following point, km 15.0 2 19 0 – – – 36 

Total number 16.25 171.8 



Транспорт 
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CONCLUSIONS 
 

1. Increasing the efficiency of LSEWM is fea-
sible by increasing the volumes of received  
e-waste for disposal through official channels, as 
well as by reducing the cost of collecting and 
transporting e-waste to special facilities for dispo- 
sal. The process of disposal of household electro- 
nic waste is accompanied by active interaction 
among public authorities (state and municipal), 
commercial structures and the population. For high 
efficiency and safety of the recycling process, such 
interaction should include procedures for establi- 
shing measures for economic incentives for parti- 
cipants in this process, competitive selection of 
logistics companies to organize the collection and 
removal of waste, monitoring the volume and qua- 
lity of services performed. 

2. For planning LSEWM, it is necessary to use 
data on the volumes of household e-waste genera-
tion within the boundaries of the respective admini- 
strative-territorial regions. For the case when there 
is no statistical data on such volumes for districts 
of cities and sections of districts, it is proposed to 
determine the volumes of generation by calculation 
using indicators of the intensity of waste genera-
tion and the number of people living in the area or 
on the site. This proposal is based on established 
dependencies between the pointed indicators. 

3. The methodology for planning the removal 
of household e-waste from the collecting points 
based on the actual level of filling of their storage 
capacity provides for the inclusion in the routes  
for the arrival of vehicles only those points where 
the accumulated volume of waste has reached the 
maximum storage volume. The use of the metho- 
dology provides a reduction in the cost of transport 
operation when visiting points with an empty con-
tainer, and also eliminates situations of refusal  
to accept waste at overcrowded points. 

4. The research results are recommended to be 
used to improve the organizational and economic 
mechanisms of the LSEWM, including to adjust 
the system and structure of participants and the 
functions they perform, to clarify the powers of the 
competent state bodies to standardize the costs of 
collecting and removal of e-waste products. 

5. The use of the methodological recommenda-
tions presented in the work is supposed to contri- 
bute to the achievement of sustainable develop-
ment goals because of: 

– recycling of waste products and minimizing 
the volume of their disposal; 

– increasing recycling rates by creating a con-
venient infrastructure of the waste collection for 
the population; 

– organizing proper administration and control 
of spending financial resources on LSEWM; 

– reducing the negative impact of waste pro- 
ducts on the environment. 
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