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Abstract: The management of companies in the production sector requires a detailed
analysis and knowledge of the incoming, production and outgoing flow of products. The
movement in time and space of raw materials and finished products is carried out by different
types of transportation. The present paper discusses the main costs in road freight transport
(RFT) and their impact on the product cost and final price, in particular on hygiene products.

In the context of growing global logistics challenges, transport costs are
becoming increasingly important for the enterprise cost-effectiveness. Transportation
represents a significant share of the final cost of goods in developing economies (World
Bank, 2022).
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1. Introduction

The purpose of this paper is to investigate the way in which transport costs affect the
cost and market price of transported products. It's the case of Bulgaria road freight transport
(RFT) and the hygiene products.

The costs in road freight transportation - salaries in Bulgaria, fuel and road tolls in
Europe are analyzed in the way they affect in the short and long term the cost and consumer
price of transported goods, in particular hygiene products.

The following data shall be used for this purpose:

1. Average gross monthly salary in the Transport, Warehousing and Post sector in

Bulgaria (National Statistical Institute — NSI)
2. Diesel prices in eight European countries (Eurostat)
3. Toll prices in eight European countries (Eurostat)

4. Purchase Freight Forwarding Price (A) and Selling Freight Forwarder Price (T)
— Own Empirical Data

5. Consumer price indices (CPI) for selected consumer goods. According to the NSI
methodology, the CPI is "a measure of the total relative change in the prices of
goods and services used by households for personal (non-production)
consumption. It is defined as the "net price change" index. The Total Consumer
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Price Index summarises the individual price indices of the observed goods and
services."

2. Hygiene Supply Chain

The establishment of correlations in the supply chain of hygiene materials was
carried out on the basis of empirical data from freight forwarding activities with purchase
freight forwarding price (A) and sales freight forwarding price (T) for the period May 2019 —
May 2024 for a route from northern France to central Bulgaria. The purchase price is related
to the consignor of the land transport for the transported goods. In this case, he is a trader
of a plant for the production of hygiene products in France, which exports to Bulgaria. This
price is part of the cost of transported products, which the importer calculates. The selling
price is the negotiated value at which the cargo carrier transports the goods. This value
depends on the costs it incurs for it’s activities.

Fig.1 represents the supply chain of hygiene materials, which is carried out as follows:

Manufacturer=Trader<>Carrier=Wholesaler =Retailer= End customer
Fig.1. The supply chain of hygiene materials

In this chain, there are short- and long-term dependencies and therefore the
data need to be analysed and the dependencies between the price of fuel, tolls and labour
on the purchase and selling prices, as well as on both CPI prices, and whether the effects
are short-term or long-term.

In this case, part of the chain is represented, and the entire chain includes the
extraction of raw materials and their delivery to the manufacturer, the production process
and the dispatch of the products. This type of commodity has an inelastic? demand. And
this means that any change in the chain will affect the end user.

Under these conditions, its interruption at a certain point will pose a risk for

each subsequent participant in it and will face daily changes for users of hygiene products.
And one of the most critical points is related to transport.

a. Transport costs and product cost

Transport costs act as a barrier to trade, similar to customs tariffs. The "lceberg
transport cost" model shows that part of the value of the product "melts away" during
transport, which increases the effective price. The latter reflects the real economic costs of

' https://www.nsi.bg/sites/default/files/files/metadata/CPI_methodology 2024-BG.pdf
2 "When 1% change in price leads to less than 1% change in the quantity demanded", Microeconomics,
Ustapetkova, Zh. et al., Veliko Tarnovo, 2009, p. 99
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producing a good or service, including any opportunity costs, that means the most rational
use of resources in a competitive environment. High transport costs limit the scope of trade."
Any increase in transport costs increases the cost of production and the final price. This
applies to both the domestic international market.

The "Ilceberg transport cost" model is a concept introduced by Paul
Samuelson in 1954.2 In the context of international trade, where transport costs are treated
as a loss of part of the product rather than as a separate cost. In this case, the Samuelsson
model will not be used, because the impact of fuel, labour and road charges in the RFT on
the cost and final price will be considered.

Fig. 2 shows the main groups of costs that are included in the cost price® (according to
Pancheva, S.).

Raw Material Production Distribution
Costs Costs Costs
Raw Materials Labor (Direct) Transport
Energy Packaging

Depreciation

General Expenses

Fig. 2. Cost of products/services by type of expenditure

b. Costs in road freight transport

The selling (forwarding) price reflects the cost of the transport service, in which the
main costs are as follows (we use the classification of CNR — the French Committee for
Land Transport):

1. Fuel — The cost of diesel fuel, additives such as AdBlue and other
consumables, with fuel being one of the largest cost variables, highly dependent on prices
in the market.

' Pindyck, R., Rubinfeld, D., Microeconomics, Pearson Education Limited 2018, p. 428

2 Samuelson, P., The Transfer Problem and Transport Costs, II: Analysis of Effects of Trade Impediments, The
Economic Journal, v. 64, No. 254, pp. 264—-289

3 Pancheva, S., On the Essence and Characteristics of the Cost of Production and services, 2016 Yearbook
"Economics and Business", New Bulgarian University
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2. Staff (drivers) — includes salaries, social security contributions, business trips
and other payments to drivers. This is the largest cost group, especially in international
transport, where subsistence and accommodation costs are added.

3. Vehicles — It covers truck depreciation, lease payments, tire costs, repairs and
maintenance. These are capital expenditures that are spread over time.

4. Travel and toll costs — includes highway and bridge taxes, parking costs,
accommodation and meals along the route. These costs vary by country and route.

5. Structural costs — Administrative costs, insurance, management costs, office
staff, IT systems and other fixed costs that do not directly depend on the number of courses.

STRUCTURE OFC
COSTS FOR ROAD

Z FREIGHT TRANSPORT
2 (approximate shares
% o of total costs)
A
25
%

Fig. 3. Main costs determining the cost of the transport service in the TAT

In this case, only the costs of fuel, personnel and road tolls will be analyzed, since
the data on the costs of rolling stock are different and difficult to compare in micro, small,
medium and large carrier companies, and the renewal and maintenance of the fleet, as well
as administrative costs, largely depend on the type of companies.

3. Data

Only the data for the destination France-Bulgaria were used. The purchase price is
of company A and the sale price is of company T.
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Fig. 4. Dynamics of the purchase price

Selling price T FR-BG (€)

3500

3000

2500

2000

1500

1000

500

¥20z ‘AeN

¥20z ‘Aeniqad
€70 ‘4aqwanoN
€20T ‘Isn3ny
€20¢ ‘heiN

€207 ‘Aenugay
720t “1aquianon
720z sndny
zeoz ‘Aeiy

720z ‘AMenugad
10T ‘I9qWaAON
120Z ‘¥sndny
120T ‘AeiN

Tzog ‘Aenigay
020¢ “4aquianoN
020z ‘¥snsny
0zoT ‘AeiN

020z ‘Aenugad
6T0C 4aquianoN
670¢ ‘Isndny

6T0C ‘Aen

Fig. 5. Dynamics of the selling price

For both A and T for the destination France-Bulgaria, there was no data only for

November 2019, so the average values from October and December 2019 were used.

39



VANGUARD SCIENTIFIC INSTRUMENTS IN MANAGEMENT, vol. 22, no. 1, 2026, ISSN 1314-0582

The data on the average gross monthly salary in the Transport, Storage and Post
sector are from the NSI:

Average gross monthly salary in the sector "Transport, storage and posts"
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Fig. 6. Dynamics of the average gross monthly salary in the sector "Transport, storage and posts"

The data on diesel prices are only for the countries through which the route from
France to Bulgaria passes:
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Therefore, first of all, the correlations between prices by country were calculated:

Table 1. Correlations between diesel prices by country

Fig. 7. Dynamics of diesel prices by country

The graph shows that prices differ by country, but very similar trends follow.

Austria Belgium Bulgaria Czechia France Germany Hungary Romania
Austria 0,995* 0,981** 0,994** 0,949** 0,985** 0,878** 0,985**
Belgium 0,995** 0,978** 0,994** 0,950** 0,986** 0,890** 0,984**
Bulgaria 0,981** 0,978** 0,987** 0,954** 0,956** 0,898** 0,992**
Czechia 0,994** 0,994** 0,987** 0,951** 0,983** 0,876** 0,987**
France 0,949** 0,950** 0,954** 0,951** 0,918** 0,933** 0,955**
Germany 0,985** 0,986** 0,956** 0,983** 0,918** 0,851* 0,962**
Hungary 0,878** 0,890** 0,898** 0,876** 0,933** 0,851** 0,901**
Romania 0,985** 0,984** 0,992** 0,987** 0,955** 0,962** 0,901*

are lower, but they are still quite high (above 0.85).

Alpha.

explains 95.8% of their total variance.

**. Correlation is significant at the 0.01 level (2-tailed).

The table shows that the correlations between diesel prices by country are very high
(above 0.90). Only the correlations between diesel prices in Hungary and in other countries

In addition, these results were checked with factor analysis and with Cronbach's

The factor analysis aggregated diesel prices in all countries into a single factor that

Cronbach's alpha is 0.992, which is a very high value. Additional diagnostics showed
that if diesel prices in Hungary are eliminated, then Cronbach's Alpha will become 0.995,
that is, it will increase by 3 thousandths. An increase of 3 thousandths is negligible enough
to have to eliminate diesel prices in Hungary. Therefore, the average of diesel prices in all
eight countries was calculated:
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Diesel price excluding VAT (€/l) Average
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Fig. 8. Dynamics of average diesel price

Toll data are only for the countries through which the route from France to Bulgaria
passes, with the exception of Bulgaria and Romania. Bulgaria is excluded because in 2019
there were vignettes that were for time, not for a kilometer. Romania is excluded because
throughout the entire period there were vignettes for time, not for a kilometer.
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Fig. 9. Evolution of road charges by country
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The graph shows that tolls differ by country, but similar trends follow. Therefore, the
correlations between road charges by country were calculated first:

Table 2. Correlations between road charges by country

Germany |Austria  |Czechia |Hungary [Belgium |France
Germany 0,926** | 0,785** | 0,978** 0,816** | 0,785**
Austria 0,926** 0,957** | 0,844* 0,966** | 0,957**
Czechia 0,785* | 0,957* 0,665** 0,987** | 1,000**
Hungary 0,978** | 0,844** | 0,665 0,720** | 0,665**
Belgium 0,816* | 0,966** | 0,987** | 0,720** 0,987**
France 0,785** | 0,957** | 1,000 | 0,665** 0,987**

**. Correlation is significant at the 0.01 level (2-tailed).

The table shows that the correlations between road charges by country are relatively
high (above 0.75). Only the correlations between road charges in Hungary and in other
countries are lower, but still quite high (above 0.65).

In addition, these results were checked with factor analysis and with Cronbach's
Alpha.

The factor analysis aggregated tolls in all countries into a single factor that explains
89.3% of their total variance.

Cronbach's alpha is 0.866, which is a high enough value. Additional diagnostics
showed that if tolls in Hungary are eliminated, then Kronbach's Alpha will become 0.911,
that is, it will increase by 45 thousandths. An increase of 45 thousandths is not negligible,
but it is still small enough to have to eliminate tolls in Hungary. Therefore, an average of
road charges in all six countries was calculated:
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Road charges (€/km) Average
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Fig. 10. Dynamics of average tolls

The data on the consumer price index (CPI) of other appliances, hygiene and

cosmetic products are from the NSI:

CPI dynamics Other appliances, hygiene and cosmetic products (1995
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Fig. 11. CPI dynamics Other appliances, hygiene and cosmetic products
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All data are for the period May 2019 — June 2024.

4, Method

Granger's approach to proving causality was used. The algorithm for applying
Granger's approach is presented in Bulgarian in Haralampiev (2025) and in English in
Khanal et al. (2024).

This algorithm is as follows:

nput data: twa time
series

re the time sernes
stationary?

h 4
Calculation of the first
differences

re the time sernes
cointe grated?

Vector error correction
model (VECM)

Vector autoregression

(VAR) e

Fig. 12. Algorithm for applying the Granger approach
Source: Haralampiev, 2025:; 298

Unlike the cited publications, however, in which it is not clear in advance which of the
two indicators is a independent variable and which is the dependent variable, here it is clear
that the purchase and sale prices depend on the average salary, the average price of diesel
and the average toll, and the CPI Other appliances, hygiene and cosmetic products depends
on the purchase and sale prices. Therefore, it is not necessary to use a model with two
equations, but a model with only one equation can be used.

5. Results
Following the above algorithm, the first step is the stationarity check. It is done with
the Dickey-Fuller Extended Test, which is the most popular and most commonly used test
to check stationarity:
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Table 3. Unit root test (stationarity check)

Indicators Level form 1st difference
t p t p

Purchase price A (€) -0.35| 0.910| -7.51| 0.000
Sale Price T (€) -0.66| 0.848| -7.33| 0.000
Average gross monthly salary of employees under an employment

contract (Transport, warehousing and post) (BGN) 1.63| 0.999| -9.36| 0.000
Diesel price excluding VAT (€/1) Average -1.44| 0.555| -4.88| 0.000
CPI Other appliances, hygiene and cosmetic products (1995 = 100%) 0.20| 0.970| -3.02| 0.038
Tolls (€/km) Average 0.29| 0976 -7.92| 0.000

The results in the table show that all the original time series are non-stationary, but
the time series of the first differences are stationary. Therefore, further analysis should be
done with the first differences.

The cointegration test was done using the Johansson test:

Table 4. Johansson Cointegration Test

Indicator Indicator Trace p | Method
Statistics
Purchase price A (€) Average gross monthly salary of 5.46|0.758 | VAR

employees under an employment
contract (Transport, warehousing and
post) (BGN)

Purchase price A (€) Diesel price excluding VAT (€/1) 15.17 | 0.056 | VAR
Average

Purchase price A (€) Tolls (€/km) Average 2.66|0.980 | VAR

Purchase price A (€) CPI Other appliances, hygiene and 33.26 | 0.000 | VECM
cosmetic products (1995 = 100%)

Sale Price T (€) Average gross monthly salary of 4.69(0.841 | VAR

employees under an employment
contract (Transport, warehousing and
post) (BGN)

Sale Price T (€) Diesel price excluding VAT (€/1) 16.28 | 0.038 | VECM
Average

Sale Price T (€) Tolls (€/km) Average 2.8910.972 | VAR

Sale Price T (€) CPI Other appliances, hygiene and 28.29 | 0.000 | VECM

cosmetic products (1995 = 100%)

The results in the table show that the time series of the purchase price and all three
independent variables are not cointegrated. The time series of the sale price, on the one
hand, and of the average salary and the average toll, on the other, are also not cointegrated.
But the time series of the selling price and the average price of diesel are cointegrated.
Other appliances, hygiene and cosmetic products, on the one hand, and the purchase and
selling prices, on the other hand, are also cointegrated. Therefore, the last column of the
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table indicates the method that is used further to study the relationship between the two

indicators.

Table 5. Influence of the average salary on the purchase and sale prices

AA AT
b t P b t P
AA(-1) 0.05 0.43 0.671 [ AT(-1) -0.01 -0.11 0.915
ASalary(-1) -0.18 -0.85 0.399 | ASalary(-1) -0.19 -0.85 0.401
Constant 11.22 1.30 0.198 | Constant 13.89 1.40 0.166
R? 0.015 R? 0.014
0.43 0.36
p 0.650 p 0.700

The results show that the average salary does not affect either the purchase price or

the selling price.

Table 6. Influence of the average price of diesel on the purchase and sale price

AA AT
b t P b t P
ECT ECT -0.16 -3.80 0.000
AA(-1) -0.05 -0.37 0.715 AT(-1) -0.16 -1.23 0.226
ADiesel(-1) 411.95 2.57 0.013 ADiesel(-1) 1.18 0.01 0.995
Constant 8.12 1.05 0.297 Constant 12.35 1.54 0.131
R? 0.106 R? 0.261
3.39 6.01
p 0.041 p 0.001

The results show that the average price of diesel affects the purchase price. The
impact is short-run. This means that the change in the purchase price in one month depends
on the change in the average price of diesel in the previous month. The relationship is
positive, which means that an increase in the average price of diesel leads to an increase in
the purchase price one month later.

On the other hand, the average price of diesel also affects the selling price. The
impact is long-run. This means that the change in the selling price in one month depends on
the average price of diesel in the previous month. The relationship is positive, which means
that an increase in the average price of diesel leads to an increase in the selling price one

month later.

Table 7. Impact of the average toll on the purchase and sale prices

AA AT
b t P b t 14
AA(-1) 0.05| 0.39 0.697 | AT(-1) -0.01 -0.07 0.946
AToll(-1) 402.00| 0.33 0.740 | AToll(-1) -579.92| -0.44 0.659
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Constant 8.18| 0.99| 0.329|Constant 1164 1.24| 0222
R? 0.004 R? 0.004
F 0.13 F 0.10
p 0.882 p 0.905

The results show that the average toll does not affect either the purchase or sale
price.

Table 8. Impact of the purchase price on the CPI Other appliances, hygiene and cosmetic
products

ACPI ACPI
b t P b t p
ECT -0.13| -5.68| 0.000|ECT -0.11 -4.89| 0.000
ACPI(-1) -0.12| -0.99| 0.326|ACPI(-1) 0.03 0.24| 0.809
AA(-1) -0.08| -1.45| 0.153|AT(-1) -0.14| -2.52| 0.015
Constant 18.82 5.08 0.000 | Constant 18.31 4.59 0.000
R? 0.396 R? 0.391
F 12.22 F 10.89
p 0.000 p 0.000

The results show that the purchase price affects the CPI Other appliances, hygiene
and cosmetic products. The impact is long-run. This means that the change in the CPI Other
appliances, hygiene and cosmetic products in one month depends on the purchase price in
the previous month. The relationship is positive, which means that an increase in the
purchase price leads to an increase in the CPI Other appliances, hygiene and cosmetic
products.

Likewise, the results show that the selling price affects the CPI Other appliances,
hygiene and cosmetic products. The impact is both long-term and short-run. This means
that the change in the CPI Other appliances, hygiene and cosmetic products in a month
depends on both the sales price in the previous month and the change in the sales price in
the previous month. The long-term impact is positive, which means that an increase in the
selling price leads to an increase in the CPI Other appliances, hygiene and cosmetic
products. The short-run impact is negative, meaning that an increase in the selling price
leads to a decrease in the CPI Other appliances, hygiene and cosmetic products one month
later.

All this can be summarized graphically:
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Fig. 13. Established relations between the indicators.

In this figure, long-term influences are presented with a solid line, and short-term
influences with a dotted line. Positive links are presented in green, and negative links are
presented in red.

6. Conclusion

Expenditures in the RFT, namely salaries, road tolls and fuels, which are accepted
as indicators for the study, have a different impact on the cost, which is part of the final price
of hygiene products, reflected in the consumer price index. And "the relationship between
the magnitude of the cost and the amount of costs incurred is directly proportional"’. The
statistical analysis of the empirical and statistical data used shows that the purchase and
sale price of the transport service are influenced respectively in the short and long term by
the change in the price of diesel. But they are not affected by salaries and road tolls.

The consumer price index "Other appliances, hygiene and cosmetic products" is
directly dependent on the change in the purchase and sale prices of transport.

In summary, not all costs related to transport are significant for the cost and,
accordingly, the price of the transported products. The hygiene products supply chain, wich
is particular because of the product nature, depends on the transport financial and operation
management.
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