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Abstract: The primary objectives of transportation system development in European countries
include improving transport efficiency, enhancing national economic competitiveness, and promoting
sustainable mobility. A key aspect of achieving these goals is the evaluation of transport externalities,
particularly external accident costs, which is critical for ensuring the economic and social sustainability
of road transport development. This study comprehensively evaluates external road accident costs
and proposes an innovative approach to internalizing these costs through a cost-benefit analysis
(CBA). By integrating these external costs into CBA, policymakers can better understand the societal
impact of road safety investments, allowing for more informed decisions regarding measures to
reduce road accidents and fatalities. This paper also explores the role of specific safety investments,
such as installing vehicle restrain systems (VRS), buffers, and terminals on the national road network,
as well as installing speed cameras, in reducing accidents and mitigating external costs. The findings
highlight road safety measures” importance in enhancing economic efficiency and social well-being,
providing a solid foundation for the sustainable and efficient development of transportation systems.

Keywords: external accident cost evaluation; internalization of external costs; cost-benefit
analysis; road safety investments; sustainable transportation development; speed cameras;
accident cost mitigation

1. Introduction

Road safety is of utmost importance and significantly impacts people’s daily lives.
Swift action is necessary to minimize traffic accidents and prevent loss of life. Achieving
this objective requires comprehensively examining the situation and implementing policies
prioritizing safe roads. Integral to this analysis is evaluating the socio-economic effects of
road accidents on society [1]. By internalizing the external costs stemming from road traffic
accidents (RTAs), society can gain insight into the expenses incurred due to the current
state of road safety [2]. This understanding justifies the need for effective measures to
reduce accidents and fatalities, leading to the sustainable and efficient development of the
transport system.

Developing transportation infrastructure initiatives is vital for fostering sustainable
growth and enhancing regional connectivity. However, it is crucial to carefully weigh
the merits and drawbacks of such projects, particularly concerning road safety and en-
vironmental preservation. To underscore the societal benefits, carrying out an economic
assessment of the impact of road safety investments in constructing and maintaining road
infrastructure is essential [3].

While many countries, especially in the OECD, have developed methodologies for
estimating road accident costs, this study offers new insights by reflecting recent changes
in economic parameters, inflation, or the cost of healthcare that have not been factored
into previous estimates. So, it provides updated estimates that reflect the current economic
context. Furthermore, advances in econometrics allow for more accurate estimation of
accident costs, and this study highlights how these new techniques refine previous estimates
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by using cost-benefit analysis. On the other hand, traditional studies often focus on direct
costs (medical costs, vehicle repair, etc.) [4,5]. Still, these studies emphasize indirect costs
(loss of productivity, long-term disability, etc.) or intangible costs (pain, suffering, loss of
quality of life).

Internalizing external costs involves integrating these costs into the decision-making
process, such that they are reflected in the pricing of goods and services. Based on that, this
study provides a novel approach by applying cost-benefit analysis to evaluate safety invest-
ments in a more granular or region-specific context [6]. It shows how internalizing these
costs could lead to different decisions than those made under current policies. The study
assesses how internalizing costs might affect different socioeconomic groups, potentially
advocating for policies that balance efficiency with fairness. Furthermore, it accentuates
the long-term effects of internalizing accident costs, such as the impact on overall economic
growth and transport investment planning.

This article emphasizes the importance of economic evaluation of the external costs
caused by road accidents. It highlights the need to identify the benefits of investing in
projects to improve road safety and reduce accidents. This article stresses the importance of
using cost-benefit analysis to determine whether such initiatives are feasible. By doing so, it
aims to encourage policymakers to take a more proactive approach toward road safety and
prioritize investments that benefit society [7]. Investing in road safety can yield substantial
economic and social benefits. It is essential to developing a sustainable transport strategy
and achieving multiple objectives [8]. Improving road safety can reduce the expenses
linked with road accidents and external transportation costs. Furthermore, it can foster
greater collaboration and coordination in road safety initiatives.

This article is structured as follows: Section 2 provides a detailed review of the existing
literature on external accident costs and the theoretical framework for their evaluation.
It highlights key studies and methodologies that form the basis of the current research.
Section 3 outlines the methodology used in this study, including the data sources, the
process of estimating external accident costs, and the rationale behind selecting specific
parameters and indices. Section 4 presents the results of the analysis, with a focus on the
marginal external accident costs by vehicle type and the adjustments made for national
differences using PPP GDP per capita and HICP indices. Section 5 discusses the implications
of these findings for road safety investments, with particular attention to the cost-benefit
analysis of installing vehicle restraint systems, speed cameras, and other safety measures.
Finally, Section 6 concludes the paper by summarizing the study’s main contributions
and offering policy recommendations for internalizing external accident costs in transport
investment decisions.

2. Objectives and Cost Categories in Road Safety Impact Assessment

The road safety assessment considers transportation’s economic and social implica-
tions, particularly road transport, in achieving the Sustainable Development Goals [9].
These goals include the following:

e  Safety and personal security: it is crucial to assess the impact of transport on people’s
quality of life in terms of their safety and security.

e  Accessibility for persons with disabilities: this goal aims to ensure that people with dis-
abilities can access various activities and services, leading to their personal satisfaction
and well-being.

e Impact on human health: this goal evaluates the effect of transport on people’s quality
of life and health.

e  Social inclusion: transport can reduce social inequalities and provide access to work,
education, healthcare, and other public services.

e  Equal opportunities and fair treatment of customers and staff: administrative authori-
ties and transport operators should treat customers equally and avoid discrimination
against their staff.
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Assessing road safety’s economic and social impacts on society involves using indi-
cators organized by specific impact areas [10]. These areas include access to goods and
services, with indicators measuring transportation safety, security, and comfort. Improved
transport services ensure personal safety, reduce transport accidents, and minimize threats
to public health. They also protect passengers’ rights, ensure access to transportation for
remote areas, and provide convenient transportation solutions for individuals with reduced
mobility. Transport infrastructure is about guaranteeing equal access for all road users.

On the other hand, the promotion of public transport, cycling, and walking focuses
on providing a safer and more secure urban and suburban environment. It aims to reduce
congestion and transportation emissions and ensure a positive impact on people’s lives,
health, and well-being. The economic assessment of transportation impacts, particularly
road safety, necessitates using appropriate methodologies.

Road safety entails two categories of costs. The first involves costs associated with
injuries and fatalities from road accidents, such as medical costs, loss of productivity,
and the financial impact on affected families. The second set includes property damage,
administrative expenses, and other costs that are not covered by insurance but are funded
by society through budgetary allocations. It is, therefore, crucial to identify and define the
relevant costs of road traffic accidents for a comprehensive economic evaluation of road
safety’s external costs.

The costs related to loss of life and disability include the following categories:

e  Medical expenses: this covers emergency care, transportation to the hospital, first aid,
hospital treatment, outpatient procedures, rehabilitation, assistive devices, and other
medical costs.

e Loss of output to society: this includes the costs of lost production, non-market
activities, and frictional costs such as hiring and training replacement workers.

e  Costs related to loss of life and injuries in traffic accidents: this encompasses the loss
of quality of life in severe injuries, as well as expenses for the families of the victims.

The second set of external accident costs accounts for the following cost categories:

e  Material costs refer to expenses for property damage compensation, vehicle repair and
purchase, road repair, and compensation for damaged property.

e Administrative costs: this includes expenses for traffic police activities, fire safety and
road accident assistance, insurance claims, and legal and administrative expenses.

e  Other costs: this category covers time losses in traffic jams due to accidents, vehicle
replacement costs, travel expenses for hospital visits, and costs related to adapting the
home for the specific needs of the victims.

The extensive research carried out as part of the Safety Cube project at the European
level [11] reveals that only a portion of the costs associated with traffic accidents is covered
through insurance premiums. The remaining costs are borne by society, leading to bud-
getary and personal expenses across different societal systems. The societal external costs
resulting from traffic accidents are as follows: 50% of the medical expenses for treating
accident victims, 55% of the lost productive output due to accidents, 100% of the impact
on the lives of the victim’s families and relatives, 30% of administrative costs such as
those incurred by the police, fire protection, insurance, legal, and administrative expenses
related to traffic accidents. Material costs are expected to be covered by third-party liability
and third-party insurance. Other costs, such as those of induced congestion, are assessed
separately under another category of external costs.

3. Evaluating the External Accident Costs in Bulgaria

The costs of accidents are a significant concern in the transportation industry [10].
These costs can vary greatly depending on the number of people killed or injured in
accidents, as well as the cost of human life and property damage. The value of human life
is typically assessed using human capital calculations to determine the losses or reduced
production resulting from the damage caused. Additionally, it is possible to evaluate the
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willingness of people to pay extra for transportation in situations with greater risk. When
calculating accident costs, we need to consider the value of human life, damage to people
and property, and production losses due to employee absence. The cost of damage covers
direct (medical expenses, victim transport, etc.), indirect (loss of production), and subjective
(pain and suffering) costs. It is difficult to determine how much of these costs are covered
by transport insurance [11]. Additionally, these external costs are influenced by traffic
volume, vehicle flow, and driving speeds.

The total external costs of accidents can be calculated using a transferring tool based
on econometric studies as recommended in the Handbook on the External Costs of Trans-
port [12]. However, it is essential to consider detailed data on various indicators for specific
types of accidents. The obtained reference values should not be directly applied. Instead,
they should be adjusted based on the year of calculation and respective economic indicators
accounting for the change in economic conditions. The overall workflow of the model,
including input data, model variables, and output, is presented in Figure 1 below.

INPUT DATA MODEL VARIABLES OUTPUT RESULTS
| \ |

Number of

GDP in PPPs

per country accidents per type

;‘ "

Reference value Adjusted external

Total external accident

for external fe==p|  accident costs per type
costs per type of accident
accident costs of accident

b

HICP ratio per
country

Figure 1. Model workflow from data input to output results.

To evaluate the economic impact of the national-level road safety, a step-by-step
approach is used to calculate the economic impact of road safety on the national level, as
follows:

(1) To determine the average external costs of road safety in Bulgaria, the number of
individuals killed or injured in road accidents across the country must be considered.
This information is presented in Figure 2, Figure 3 and Figure 4 and follows the
approaches developed at a European level.

(2) Based on existing research at the European level and the recommendations of the
Handbook for the Assessment of External Costs in Transport, with the latest update
in 2019 [12], the following assumptions are applied when assessing the external costs
of road safety in the country:

e The average value of human life (VHL) in Bulgaria is estimated at EUR 1.55 million
(as of 2016);
the average value of the damage caused by severe injuries—13% of the VHL;
average value of damages for minor injuries—1% of the VHL;
average of direct and indirect costs (medical costs, productivity losses, administrative
costs, etc.)—10% of the VHL
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Figure 2. Number of road traffic deaths in Bulgaria between 2012 and 2023. Source: Traffic police, 2024.
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Figure 3. Number of severe injuries in the country’s road accidents between 2012 and 2023.

Source: Traffic police, 2024.
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Figure 4. Number of slight injuries in the country’s road accidents between 2012 and 2023.
Source: Traffic police, 2024.
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These assumptions form the basis of the cost estimate of the external accident costs in
Bulgaria. The harmonized consumer price index is considered to account for changes in
these costs over time by using the following formula:

TCacc = RV XK nice 2023 1)

HICP 2016

where TC,.. represents the total average external accident costs per type of accident,
RV—reference values for the respective accident costs chosen from the Handbook on the
external costs of transport (recommended on the European level for 2016), Kglgg 2023 —the
coefficient for harmonized indices of consumer prices (HICP) for 2023 relative to 2016.

The calculations provide values for estimating the external costs incurred per injured
person and type of accident, as presented in Table 1.

Table 1. External costs caused per one accident (2023).

Cost of Loss of Capacit Total External Costs
Types of Traffic Pacty 1 oss of Production, Medical Expenses, Administrative per Person Injured
. to Work and Loss . .
Accidents of Life. EUR Euro EUR Costs, EUR in Traffic
! Accidents, EUR
Fatalities 2,112,551 234,219 1765 1237 2,349,772
Severe injuries 307,292 15,591 5432 851 329,166
Slight injuries 23,638 954 468 366 25,426

Source: The Handbook of External Cost Estimation in Transport, 2019 and author’s calculations.

(3) Based on the methodology explained earlier, the total external costs resulting from
severe and slight injuries in road traffic accidents amount to EUR 5.756 billion and
EUR 2.049 billion, respectively, from 2012 to 2023. Furthermore, the total external
cost caused by loss of life in road traffic accidents during the same period is EUR
12.861 billion, as shown in Figure 5. Therefore, the overall external costs of road traffic
accidents during this period amount to EUR 20.666 billion.

External accident costs per type of accident

2500
2000 234
1500

1000

Million EUR

500

0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Wl Fatalities W Severe injuries Slight injuries

Figure 5. Total external accident costs per type of accident between 2012 and 2023. Source: Author’s
calculations.

(4) Road safety’s economic impact could be further demonstrated by evaluating the
external accident costs caused by specific vehicles. The external accident costs for
a single vehicle on particular routes (marginal costs) are calculated following the
recommendations in the External Cost Assessment Manual (tables 8-12, pages 45—49)
and Annex 2: General Guidelines for the Calculation of External Costs [13].

Calculating marginal external costs by vehicle type for specific routes represents the
total marginal external costs incurred by a vehicle traveling along the road. This creates the
possibility to compare costs for different routes. However, it should be noted that estimating
the value of these costs for various EU countries is sensitive to national and local specifications
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and is only conducted because no national studies are available. Therefore, the corresponding
results represent only rough estimates. The costs are determined using reference values per
type of vehicle on the road network. These values are presented in the 2019 Handbook on
the Estimation of the External Costs of Transport as EU averages, measured in euro cents
per vehicle. They are then adjusted using the 2016 PPP GDP per capita ratio by country and
the corresponding ratio linked to the Harmonized Indices of Consumer Prices (HICPs) for
the current year (2023) compared to the base year (2016) with 2020 index = 100, as shown
in Table 2. The selection of these indices is crucial for ensuring the estimates accurately
reflect both economic output and price changes over time. The PPP GDP per capita ratio was
chosen because it provides a standardized measure of economic productivity and purchasing
power across countries, allowing for meaningful cross-country comparisons of external costs.
Similarly, the HICP adjusts for inflationary changes, capturing shifts in consumer prices and
cost structures between 2016 and 2022. By using these indices to update the 2016 reference
values, the analysis accounts for variations in economic conditions and inflation, ensuring
that the estimated external accident costs are representative of current economic realities and
can be reliably compared across different EU countries.

Table 2. Adjustment factors for average and marginal external accident costs (2023).

Adjustment Factors Values
GDP per capita by PPP (2016) 0.49
HICP 2022 vs. 2016 1.36

Source: Eurostat, 2024.

The reference values have been updated to reflect the country’s current and evolving
economic conditions using the following formula:

ECacc = RVXKGpp in PPP 2016 X Kinicep 202 )

HICPP 2016
where EC, represents the external accident costs per type of accident and type of ve-
hicle, RV—reference values for the respective marginal external accident costs chosen
from the Handbook on the External Costs of Transport (recommended on the European
level for 2016), Kgpp in Prp 2016—GDP per capita in PPP coefficient for 2016 for Bulgaria,

K%II%II)’II)’ 203 —the coefficient for harmonized indices of consumer prices (HICP) for 2023

relative to 2016.

Figure 6 shows the adjustment results and the values of external marginal costs per
type of vehicle. These adjustments help determine the marginal external accident costs per
vehicle traveling on the National Road Network (NRN).

External accident costs by type of vehicles operating on the road

network
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Figure 6. Marginal external accident costs per vehicle on the road network. Source: Author’s calculations.
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A similar method is used to calculate external accident costs per type of vehicle and
risk level (Figure 7).

External accident costs by type of vehicles operating on the road network,
assessed by risk level
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Figure 7. Marginal external accident costs per type of vehicle by risk level. Source: Author’s calculations.

Based on the estimated total external accident costs per kilometer and vehicle type,
we can calculate the mark-ups that should be applied to the additional charges for using
high-risk road infrastructure. The findings indicate that the extra fees vary depending on
the type of vehicle, with motorcycles and buses incurring the highest surcharges due to
their elevated risk of causing accidents. It should be noted that it is impossible to directly
compare the respective costs for the different routes, as the traffic and the number of
vehicles traveling in each section are distinct [14]. However, if traffic data are available
(e.g., the number and type of vehicles traveling on each route), it would be possible to
estimate the total external road safety costs of using each route over a period of time [15].

Evaluating external accident costs is a critical first step in understanding the full soci-
etal impact of road accidents. These external costs, including medical expenses, emergency
services, lost productivity, and the emotional toll on families and communities, represent
significant burdens not covered by those directly involved in the accident. Accurately
assessing these costs is essential to capturing the broader consequences of road accidents.
Once these externalities are identified and quantified, they can be effectively internalized
into a cost-benefit analysis (CBA), providing a more holistic view of the benefits of road
safety investments. This approach ensures that decision-makers consider not only the
direct costs of infrastructure improvements but also the significant societal savings, leading
to more informed and efficient resource allocation aimed at maximizing public safety.

4. Assessing the Costs and Benefits of Road Safety Investments

The economic impact assessment of safer road infrastructure investment projects
aims to quantify the effects (internal and external) of implementing these projects. A given
project can be categorized according to its location in urban or suburban areas or its regional
importance—local, regional, or national. In this way, the impact of the project concerned is
assessed proportionally at the local, regional, and national levels.

The step-by-step approach for evaluating the costs and benefits of various safety-
related projects by internalizing the external accident costs includes the following stages:

e  The impact assessment methodology is required as a first step to collect the necessary
statistical information at the city (local), regional, or national level.

e  The second step is to define the main impacts or benefits resulting from the reduction
in PTP. Since not all impacts can be captured and quantified, possible impacts are
described in advance in the general evaluation methodology [13]. Accordingly, the
effects of each project are identified. These are assessed as percentage reductions or
increases in various road traffic injuries and relate to indicators defined in the collected
statistics. This way, the project’s impact on road safety and the country’s national
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economy can be assessed. Summarized elements of the expected impacts will be
described in the following stages of the approach.

e Using the described sequence and after multiplying the statistical data for the rel-
evant indicators (number of road traffic deaths, number of seriously injured, and
number of slightly injured) and the expected percentage impact of the implemented
project on them, the impact of the respective infrastructure project on road safety is
quantified [15].

e  For the cost-benefit analysis, the private or internal costs (project construction and
deployment costs; operational costs for maintaining the facilities) and external costs
(for road accidents) are identified [16].

e  The benefits of project implementation are also identified (reduction in the number of
road accidents by type).

At the European level and in Bulgaria, the recent developments in external cost
evaluation techniques allow the correct identification and evaluation of these costs and
benefits, allowing a reliable assessment of the cost-effectiveness of road safety improvement
projects and break-event points of the respective projects [17].

e  The results obtained from the previous stages are used to prepare a financial forecast
for the project’s yearly operating costs and the expected economic benefits and savings
from the site’s proceeds.

e  The benefit—cost ratio (BCR) is finally calculated by comparing the total benefits
identified for a specific period to the estimated total costs for project implementation.
This evaluation helps understand the project’s effectiveness and impact on road safety.

Evaluating the economic impact of road safety improvement projects is essential
for making decisions about targeted transportation policies and measures to enhance
road safety and reduce accidents. It is vital to conduct thorough analyses and impact
assessments to improve coordination of methods used. However, some societal impacts
and benefits may be challenging to measure [18]. Moreover, existing methods for evaluating
the economic implications of safer road projects may not capture all their effects [19]. Still,
they allow estimation of expected improvements in road safety and societal benefits in
terms of decreasing external accident costs.

Utilizing the proposed approach for internalizing external accident costs through
cost-benefit analysis techniques will help justify the inclusion of specific improvement
projects, measures, and activities in road safety policy. It will also ensure that an assessment
of the full public costs and benefits of these projects is presented clearly. This will inform
the public about the overall economic impact of the proposed projects, and there will be a
high degree of transparency in developing the country’s sectoral road safety strategy.

5. Impact Assessment and Results of the Cost-Benefit Analysis of Projects to Improve
Road Safety in Bulgaria

The impact assessment and cost-benefit analysis were conducted for two case studies
within the framework of projects initiated by the Ministry of Regional Development and
Public Works (MRDP) and the Traffic Police. For this purpose, the authors utilized reports
and guidelines from the MRDP to ensure alignment with national road safety policies and
regulations. The MRDP is a reputable source for understanding governmental investment
strategies and priorities in road safety. On the other hand, data from the Traffic Police
regarding accident statistics, injury severity, and road conditions were incorporated to
provide empirical evidence of the existing safety issues that the VRS and buffers, as well as
speed cameras, aim to address.

These studies aimed to evaluate the impacts of project investments on road safety and
society’s costs. All the values are calculated in EUR (1 BGN = 1.95583 EUR).
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5.1. Case Study 1: Implementing Measures for Renewing and Installing New Vehicle Restrain
Systems (VRS) and Buffers and Terminals on the National Road Network (NRN)

The Ministry of Regional Development has calculated the indicative annual values of
the investments per year as presented in the motives of the Ordinance on the conditions
and procedure for using vehicle restraint systems (VRS) and their requirements [20]. The
costs for installing vehicle restraint systems were derived from recent procurement records
and project budgets from the MRDP, ensuring that values reflect current market conditions
and actual expenditures for similar projects in Bulgaria. This document identifies the need
for investments based on the length of the VRS that needs replacement or new installation
(see Table 3).

Table 3. Identified needs for investment based on VRS length.

Class Road Motorways Class I Class II Class III Road Junctions Total
Length of VRS in km required

for replacement or new 1028 2306 3215 9469 152 16,171
installation

Length of VRS in meters

required for replacement or new 1,028,381 2,306,057 3,215,308 9,469,325 152,141 16,171,211
installation
Value in EUR, excluding VAT 89,386,451 200,441,580 279,473,349 823,070,111 13,224,055 1,405,595,547

Source: Ministry of Regional Development and Public Works, Motives to the Draft Ordinance on the Terms and
Conditions for the Use of Vehicle Restraint Systems for Roads and the Requirements for Them, 2023.

Effectiveness rates were based on empirical studies from the literature, indicating the
percentage reduction in accidents and injuries associated with the implementation of VRS.
This evidence was cross-referenced with international studies documenting the impact of
such measures in similar road networks [21]. Data on traffic volume and vehicle types
on the NRN were obtained from national traffic surveys conducted by the Traffic Police,
providing a realistic context for estimating potential benefits and cost savings from reduced
accidents. This case study specifically addresses the unique characteristics of the Bulgarian
road network, including high accident rates and a need for improved safety measures. The
chosen interventions (VRS and buffers) are tailored to the types of incidents prevalent in
the region, ensuring that the analysis is grounded in the local context.

The economic analysis accounts for local socio-economic factors, such as the cost of
road traffic injuries to society and the economic burden of accidents, which are critical for
understanding the broader impact of road safety investments in Bulgaria.

The advantages of improved transport safety are not considered as a fixed-cost com-
ponent of transport services. The expenses related to addressing the outcomes of transport
accidents are regarded as a distinct category resulting from the operation of the transport
system. The reduction in costs stemming from these incidents due to the execution of the
project is estimated using standard values per accident or per human life lost. The actual
benefits are computed by multiplying the decrease in the estimated number of accidents
(by injury rate) by the standard value per accident. According to expert assessments from
the MRDDP, anticipated benefits from the decrease in accident rates range between 30 and
60% for the entire NRN [20]. A cautious approach has been taken in estimating the antici-
pated benefits of the project’s implementation, with a gradual 30% reduction in road traffic
accidents anticipated by the end of the investment implementation period.

The project’s impact forecast used the corresponding cash flows for VRS investments
with a discount factor of 5.5%.

The total investment costs are calculated by using the following formula:

i+1
TIC =Y " PVig 3)

where TIC represents the total discounted investment costs per installation of new vehicle
restrain systems (VRS) and the installation of buffers and terminals on the national road
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network for ten years, and PVic; represents the present (discounted) values of the annual
investment costs.

The yearly benefits are expressed through the reductions in external accident costs
for fatalities and severe and slight injuries. The calculations are made using the following
formula:

AB = NF x CF; x k¢ + NSI x CFg x kg + NLI x CFy; x ky 4)

where AB is the sum of annual benefits from reduced external accident costs;
NF—decreased number of fatalities due to the implementation of the project;
CFg—cost factor (external costs) per fatality;
k¢—correction factor for underreporting fatalities;
NSI—reduction in the number of serious injuries;
CFgi—cost factor (external costs) per severe injury;
kg—correction factor for underreporting severe injuries;
NLI—decreased number of slight injuries;
CFj—cost factor (external costs) per slight injury;
kp—correction factor for underreporting slight injuries.
Respectively, the total benefits for the project implementation are calculated using the
following formula:

i+1
TB=Y . PVs, (5)

where TB represents the total discounted benefits in external costs per installation of new
vehicle restrain systems (VRS) and the installation of buffers and terminals on the national
road network for ten years, and PVp; represents the discounted values for the annual
benefits of fewer accidents.

The costs and benefits of the specific project are converted into present values before
the benefit—cost ratio is calculated for project evaluation. The base year for this assessment
is 2023. All past investment costs have been adjusted to present values based on the
country’s inflation rate. Similarly, all future costs and benefits beyond 2023 have also been
converted to present values using the standard present value formula as follows:

PV=FV/1 + )N (6)

where PV is the present value;
FV—the future value of the benefits or costs involved;
r—discount rate (for transport projects at EU level, a rate of 5.5% has been set); and
N—years of project use (10 years).
The results of the cost-benefit analysis for the project are outlined in Table 4.

Table 4. Results of the cost-benefit analysis of VRS project implementation by year.

Costs

Year

Investment costs
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Investment costs (EUR million)
Discounted value (EUR million)

77.31 115.96 115.96 154.61 154.61 193.27 193.27 193.27 193.27 154.61
73.28 104.19 98.76 124.81 118.30 140.17 132.86 125.94 119.37 90.52

Benefits
Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Decrease in the number of 6 9 13 19 27 38 55 78 112 159
fatalities
Cost factor (EUR/ fatality) 2,416,076 2,665,507 2,914,937 3,164,368 3,413,799 3663230 3,912,661 4,162,091 4,411,522 4,660,953
Correction factor (K;) 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02

Benefits of reducing the
number of fatalities in road
accidents (EUR million)
Discounted values
(EUR million)

14.79 24.47 38.65 61.32 94.02 141.99 219.50 331.14 503.97 755.91

14.01 21.99 32.92 49.50 71.93 102.97 150.89 227.64 346.45 519.64




Sustainability 2024, 16, 8717

12 of 16

Table 4. Cont.

Costs

Reduction in the number of
serious injuries
Cost factor
(EUR/serious injury)
Correction factor (kgy)
Benefits of reducing the
number of serious injuries in
road accidents (EUR million)
Discounted values
(EUR million)

21 31 44 62 89 127 182 260 371 530

340,544 375,701 410,858 446,015 481,172 516,330 551,487 586,644 621,801 = 656,958
1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

8.94 14.56 22.60 34.57 53.53 81.97 125.46 190.66 288.36 435.23

8.47 13.08 19.25 27.90 40.96 59.45 86.25 124.23 187.89 283.60

Reduction in the number of
slight injuries
Cost factor
(EUR/ slight injury)
Correction factor (kip)
Benefits of reducing the
number of slight injuries in
road accidents (EUR million)
Discounted values
(EUR million)
Overall benefits of reducing
the number of deaths and
injuries in road accidents

81 115 164 235 336 479 685 978 1398 1997

26,275 28,987 31,700 34,412 37,124 39,837 42,550 45,262 47,975 50,687
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

4.25 6.67 10.40 16.17 24.95 38.16 58.29 88.54 134.14 202.45

4.03 5.99 8.86 13.05 19.09 27.68 40.08 60.86 92.21 139.17

26.59 40.90 60.84 90.50 131.91 190.20 277.12 >412.61 626.33 942.31

Total costs (EUR million)
Total benefits (EUR million)
BCR

1128.18
2800.04
2.48

Source: Author’s calculations.

The benefit—cost ratio (BCR) indicates the value of the benefits derived from reducing
the number of road accidents by type due to the project’s implementation compared to the
project’s cost. A higher ratio signifies that the project investment yields more significant
benefits. An assessment of the benefits and costs over 10 years of project implementation
reveals a savings of 2.48 EUR in external accident costs for each 1 EUR of the investment costs.

Analyzing the different types of traffic accidents and the associated injuries can help
determine the cost-effectiveness of investing in road safety. This will help determine for
how long the investment will be recouped.

The data in Figure 8 show that, in terms of the cost of loss of life, the investment cost
will be fully recovered by the seventh year of the project. Correspondingly, external costs
for severely injured and slightly injured are expected to be covered by the beginning of the
eighth and ninth years of the investment.

Costs and benefits of VRS investments in road safety

600.00
500.00
400.00
300.00
200.00
100.00

0.00

——

,___—o—o——“_’—._' -4 o -

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Years

EUR Million

==@==[nvestment costs (EUR million)
Benefits of reducing the number of fatalities in road accidents (EUR million)
Benefits of reducing the number of serious injuries in road accidents (EUR million)

Benefits of reducing the number of slight injuries in road accidents (EUR million)

Figure 8. Break-even point of VRS investment. Source: Authors own calculations.



Sustainability 2024, 16, 8717

13 of 16

5.2. Case Study 2: Deployment of Twenty New (Additional) Speed Cameras along the NRN

This case study is specifically designed to address the context of Bulgaria’s road
safety challenges. By implementing speed cameras along the NRN, the project targets
areas with historically high rates of severe accidents, making deploying these cameras a
pertinent response to the identified issues. The project’s benefits are contextualized within
the broader framework of national road safety strategies and the commitment to reducing
traffic fatalities and injuries, thus enhancing its relevance and importance.

The project involves purchasing 20 speed cameras, that will be deployed nationally
along the NRN to support the existing speed detection cameras’ network monitoring
national roads. Based on recent procurement contracts and market analysis, each camera
was priced at BGN 100,000 (EUR 51,129). This figure includes investment in purchasing
and installing new cameras, ensuring that it accurately reflects the investment needed
for the project. The annual maintenance costs (including operation, cloud services, and
technical maintenance) are reported to be EUR 9500 for each camera for 2024. The projected
reduction in severe injuries and fatalities (5-10%) is supported by a review of empirical
data from other regions where speed cameras have been implemented. This aligns with
findings from various studies that demonstrate the effectiveness of speed enforcement in
reducing accident severity. The conservative estimate of a 0.25-0.5% reduction in all traffic
accidents nationally is based on the limited number of cameras deployed and the wide
distribution across the NRN. This cautious approach acknowledges the variability in traffic
enforcement outcomes and aligns with standard practices in cost-benefit analysis [22].

Data on the effectiveness of speed cameras in reducing traffic accidents and fatalities
were sourced from traffic safety reports published by the Traffic Police and the Ministry
of Regional Development and Public Works (MRDP). These reports provide insights into
the historical impact of speed enforcement measures in Bulgaria and similar contexts [23].
Relevant studies from international road safety literature [24] were reviewed to gather
evidence on the average percentage reduction in severe injuries and fatalities attributable
to speed camera deployments. This helped establish a credible basis for the expected
outcomes of the new camera network.

For the purpose of cost-benefit analysis, the project cost includes the initial investment
and the cameras’ yearly maintenance expenses. The future costs of these expenses have
been estimated in the next stage.

The approach and formulas described above have been used to assess the costs and
benefits of this project implementation (Table 5). A comparison of the benefits and costs
over ten years following the project’s implementation demonstrates savings of 32.06 EUR
in external accident costs per 1 EUR of investment.

Table 5. Results of cost-benefit analysis of speed camera project implementation by year.

Costs
Investment costs
Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Investment costs (EUR million) 1.02 - - - - - - - - -
Maintenance costs
(EUR million) - 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.27 0.28
Discounted value
(EUR million) 1.02 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.16
Benefits
Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Decrease in tl}e: number of B 2 2 2 5 2 2 2 2 5
fatalities
Cost factor (EUR/fatality) 2,416,076 2,665,507 2,914,937 3,164,368 3,413,799 3,663,230 3,912,661 4,162,091 4,411,522 4,660,953
Correction factor (Ky) 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
Benefits of reducing the
number of fatalities in road - 5.44 5.95 6.46 6.96 748 7.98 8.49 9.00 9.51
accidents (EUR million)
Discounted values (EUR million) - 4.89 5.06 5.21 5.33 5.42 5.49 5.84 6.19 6.53
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Reduction in the number of - 5.00 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00
serious injuries
Cost factor
. . 340,544 375,701 410,858 446,015 481,172 516,330 551,487 586,644 621,801 656,958
(EUR/serious injury)
Correction factor (Kgp) 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Benefits of reducing the
number of serious injuries in - 2.35 2.57 2.79 3.01 3.23 3.45 3.67 3.11 3.28
road accidents (EUR million)
Discounted values
(EUR million) - 2.11 2.19 2.25 2.30 2.34 2.37 2.39 2.02 2.14
Reduction in the number of - 25 25 25 20 20 20 18 18 18
slight injuries
Cost factor
(EUR/ slight injury) 26,275 28,987 31,700 34,412 37,125 39,837 42,550 45,262 47,975 50,687
Correction factor (Kpy) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Benefits of reducing the
number of slight injuries in - 145 1.59 1.72 1.48 1.60 1.70 1.63 1.73 1.83
road accidents (EUR million)
Discounted values
(EUR million) - 1.30 1.35 1.39 1.14 1.16 1.17 1.12 1.19 1.25
Overall benefits of reducing
the number of deaths and - 8.30 8.60 8.85 8.76 8.92 9.02 9.35 9.40 9.93
injuries in road accidents
Total costs (EUR million) 2.52
Total benefits (EUR million) 81.13
BCR 32.06

Source: Author’s calculations.

In evaluating the cost-effectiveness of investing in this project, it is evident that it pro-
vides significant benefits in terms of societal cost savings from road traffic accidents, even
with minimal impact—saving just one life (Figure 9). The data show that the investment in
speed cameras will be recovered at the beginning of the investment project.

Costs and benefits of road safety investments in speed cameras

8.00
6.00
4.00
2.00
L=

- s - - - - - - - o
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

EUR million

Years

=== nvestment and maintenance costs
Benefits of reducing the number of fatalities in road accidents (EUR million)
Benefits of reducing the mumber of serious injuries in road accidents (EUR million)

Benefits of reducing the mumber of slight injuries in road accidents (EUR million)

Figure 9. Break-even point of investment in 20 new speed cameras. Source: Authors own calculations.

It is important to note that the cost-benefit model used to estimate the costs of the
two projects does not include savings from other external costs, such as those related
to removing congestion caused by traffic accidents, material costs of compensation for
damaged property, etc. [25]. Additionally, the model does not consider the potential
additional revenues generated by using speed cameras to impose fines and penalties on
drivers breaking road traffic laws and not complying with speed limits. When these
factors are considered, the benefits to society of investing in road safety projects increase
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significantly [26]. This demonstrates that investment in road safety improvement projects
greatly benefits society and improves its economic and social well-being [27].

6. Conclusions

The presented approach for estimating the external costs of road traffic accidents
provides a robust framework for assessing road safety projects’ economic and social impacts.
This methodology not only allows for a precise evaluation of road safety interventions but
also addresses a critical research gap in understanding the nuanced financial implications
of such measures within the Bulgarian context.

Investing in road safety is essential for reducing accidents and the associated societal
losses and delivering significant economic benefits. Our findings indicate that the returns
on investment in road safety measures are substantial, with projected savings from reduced
casualties, lower healthcare costs, and diminished property damage far exceeding the initial
expenditures. This highlights the effectiveness of internalizing the external accident costs
through cost-benefit analysis as a vital tool for evaluating the impacts of investments in
road safety infrastructure [28]. Furthermore, this analysis encompasses a range of benefits,
including reduced travel times, improved road conditions, and lower transportation costs.

Incorporating road safety considerations into national strategies is crucial for fostering
a socially sustainable transport system and advancing broader societal objectives [29]. Our
study underscores the necessity for a national road safety strategy to integrate road safety
measures into the sustainable development of the economy and society. By prioritizing these
considerations, we can better support long-term economic growth and enhance road safety.

Ultimately, this research contributes to the growing body of literature on road safety
by providing empirical evidence and actionable insights that can guide policymakers
in making informed decisions. Future studies should continue to explore the long-term
impacts of road safety investments and consider the potential for further integrating
innovative technologies to enhance road safety measures’ effectiveness.
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