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Roads in Lithuania are financed only from collected
road taxes; however, this funding is not sufficient for road
maintenance  and  improvement.  Lithuanian — Road
Administration under the Ministry of Transport and
Communications allocates the funding received from
European Regional Development Fund as follows:
improvement of pavement of regional roads, implementation
of traffic safety and environmental measures, and
implementation of Gravel Roads Paving Programme. Since
2004 road projects in Lithuania have been financed from
European Union funds. Unfortunately these financial
resources are not sufficient for the implementation of all
road investment projects in Lithuania.

The problem of selecting the most effective road
investment projects is becoming more and more acute.
Road investment project alternatives have to be appraised
in an integrated manner using mathematical models in
addition to economic, social and environmental criteria.

Scientific problem — road investment projects are often
appraised from economic, social and environmental
viewpoints separately by applying different mathematical
models and without using the principle of sustainable
development and multi-criteria appraisal methods for
integrated analysis of road investments.

The authors propose to select criteria from sustainable
environment components, which best reflect economic,
social and environmental aspects. It should be noted that
these economic, social and environmental aspects are
interrelated and complementary, and therefore influence
the appraisal of road investment projects.

The article analyses and evaluates the effectiveness of
road investment project alternatives by combining
economic, social and environmental aspects and processing
the data using expert and multi-criteria appraisal methods.

Scientific novelty — an integrated evaluation of
economic, social and environmental aspects by using
multi-criteria appraisal methods is proposed.

The aim of the research — to present the road
investment project appraisal methodology based on the
principle of sustainable development and perform the
appraisal of the alternative projects by making
computations according to expert and TOPSIS (Technique
for the Order Preference by Similarity to Ideal Solution)
appraisal methods.

The object of the research — road investment projects.

The methods of the research — expert and multi-
criteria appraisal method TOPSIS is applied.

Keywords: investment projects, roads, evaluation of
effectiveness, sustainable environment, multi-
criteria appraisal methods.

Introduction

Transport has become an integral part of human life. It
helps to meet the existing needs of a human being and at
the same time creates new needs. Unfortunately, the
changes and benefits bring about new problems such as
traffic jams, time loss, growing levels of noise and
pollution (Skrodenis et al, 2009).

Transport intensity increases in our country because
Lithuania is a transit country convenient for
communication. The condition of roads deteriorates,
pavements wear down. New technologies have to be
implemented to improve the strength of pavement
structures and new methods of building road pavement
layers have to be developed; structural performance of
road pavements has to be investigated under real
conditions (Cygas et al, 2008). Foreign transport
companies may bypass our roads due to poor
communication infrastructure and that would cause big
loss to transport business and the country’s economy.
Roads and their infrastructure are important for the
country’s economic development as 60 per cent of cargo in
Lithuania is transported by road (Lithuanian Road
Administration under the Ministry of Transport and
Communications Progress Report, 2009).

Since 2004 road projects in the Republic of Lithuania
have been financed from EU funds. These funds are EU
structural instruments aimed to stimulate economic
development of member states. The main goal of EU funds
is to promote the development and structural adjustment of
regions whose development is lagging behind. As
Lithuania is still lagging behind the EU average, the
regional policy is often pointed out as the most vivid
benefit of EU membership (Kilijoniene et al, 2010). Road
Administration under the Ministry of Transport and
Communications of the Republic of Lithuania administers
the funds of Road Maintenance and Development
Programme designated for national roads (75 per cent in
2008). The programme has the following objectives: to
ensure traffic safety, to maintain roads and bridges, to
develop road infrastructure, to implement the principles of
the National Sustainable Development Strategy in road
construction (Lithuanian Road Administration under the
Ministry of Transport and Communications Progress
Report, 2009).
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International practice and tendencies reveal that a
growing numbers of vehicles generate higher tax revenue
to finance roads. Unfortunately, the central government
often uses road financing funds to cover the budget deficit
or to finance other programmes. Such practice results in
deteriorated condition of roads due to inappropriate
management of the Road Fund and insufficient financing
of the infrastructure, higher road accident rates, and higher
time and vehicle operation costs suffered by consumers. To
avoid these problems the most countries in the world seek
to modernize road infrastructure.

Scientific problem — road investment projects are often
appraised from economic, social and environmental
viewpoints separately by applying different mathematical
models and without using the principle of sustainable
development and multi-criteria appraisal methods for
integrated analysis of road investments.

Scientific novelty — an integrated evaluation of
economic, social and environmental aspects by using
multi-criteria appraisal methods is proposed.

The aim of the research — to present the road
investment project appraisal methodology based on the
principle of sustainable development and perform the
appraisal of the alternative projects by making
computations according to expert and TOPSIS (Technique
for the Order Preference by Similarity to Ideal Solution)
appraisal methods.

The object of the research — road investment projects.

The methods of the research — expert and multi-criteria
appraisal method TOPSIS is applied.

Funding of road investment projects in Lithuania
and abroad

According to Snieska, Simkunaite (2009), financial
support for infrastructure development from the European
Union and other financial mechanisms meets one of the
major priorities in the development of countries because
uniform development of infrastructure creates conditions
for the growth of business, social welfare and better quality
of life. However, the relation between investment into
infrastructure and the country’s development is not so
widely analyzed in scientific literature in the Baltic States
(Lithuania, Estonia and Latvia) as in other European Union
states (Snieska, Simkunaite, 2009).

Different road taxes and fees are imposed in foreign
countries; entrance to cities or old towns and certain parts
of the cities is tolled. Increasing traffic in narrow streets in
the Old Town of Vilnius creates environmental, traffic
safety, economic and social problems (Grigonis, Pauliulis,
2009). Such a situation has raised discussions to charge
entrance fees for driving into Vilnius Old Town. Every city
is a complex system, the structure of which is influenced
by the needs of inhabitants and developers’ ideas, global
and local economic conditions (Grigonis, Paliulis, 2007).

Central governments lack funds to finance road
projects, therefore Public-Private Partnerships (hereinafter
PPP) are formed to this end. The investment and
experience of the private sector enable to realize road
infrastructure projects. The following major elements of
effective PPP management have been distinguished:

demand, political, legal and administrative environment,
and communication (Skietrys et al, 2008). PPP projects in
transport sector are often realized as concession projects.
The concessionaire is granted the right to collect fees from
the users of the constructed object (road, viaduct, bridge)
for a certain period of time. In foreign countries projects
used to be appraised in financial terms: the Net Present
Value, Internal Rate of Return, Payback Period, the best
value for investment (European Investment Bank, 2005;
Salman et al, 2007; Abdelrahman et al, 2008; Ye, Liu,
2008; Liou, Huang, 2008; Ye, Tiong, 2008; Ke, Liu,
Wang, 2008; Abdel Aziz, 2007; Glenting, 2008; Zavadskas
et al, 2004; Brzozowska, 2007). Later, the distribution of
risk between public and private sectors was taken into
consideration, several risks were distinguished and the
risks having the greatest effect on successful
implementation of the project were analyzed (Li et al,
2001; Medda, 2006; Mattar, Cheah, 2006; Jin, Doloi
2007); attention was also paid to technical data of the
project: project implementation time, complexity,
technological solutions etc. (Zhang 2004, 2005a, 2005b)
and selection of the private concessionaire (Zhang 2006a,
2006b), which is also important for the success of a road
investment project.

According to Antov et al. (2009) and Lama et al.
(20006), traffic safety is one of the key problems in many
countries, including the Baltic States, irrespective of the
progress made in this area in the last years. At present
traffic safety on Lithuanian roads is the worst among other
EU member states (Ratkeviciute et al, 2007); therefore
Lithuania is regarded as a high-risk country from road
traffic safety point of view (Zilioniene, Laurinavicius,
2007). Improvement of road traffic safety and halving the
number of road accident victims is provided in Road
Safety Action Programme 2003-2010 of the European
Commission (Macek, Mestanova, 2009). Causes of road
traffic accidents are analyzed in other Baltic States too, e.g.
in Latvia (Lazda, Smirnovs, 2009). Five major groups of
traffic regulation measures are used to remove the causes
of road traffic injuries: road lighting, fencing and barriers,
vertical road traffic signs, horizontal road traffic signs and
traffic lights (Lundkvist, Isacsson, 2008).

Reconstruction of regional roads has started in
Lithuania not long ago. Most of these roads have not been
reconstructed for 30 years. Although these roads have
asphalt paving, they are in poor shape: the roads are just 6
meters wide, paving edges are crumbled, road surface is
potholed. The following works are performed for the
strengthening of paving and widening of the road:
widening of track bed, sub-base construction, laying of
asphalt concrete pavement, restoration of water drainage
systems, reconstruction of exit roads and public transport
stops, posting of traffic signs and traffic bollards,
construction of soft shoulders, final rehabilitation of
slopes, reconstruction of electric and communication lines
and rainwater drainage systems.

Another programme under implementation is asphalt
paving of gravel roads. Gravel reconstruction projects are
made under the Gravel Road Paving Programme (Gintalas
et al, 2007). However the experience of gravel road paving
has revealed that road accident rates have increased on
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newly paved roads (Gintalas et al, 2008). This shows that
project solutions are very important in gravel road
reconstruction because inadequately selected solutions may
lead to higher numbers of road traffic injuries.

PPP is not employed in road investment projects that
are currently implemented in Lithuania. The main reasons
are lack of practice, experts and methodology, absence of
relevant legislation. The investors from the private sector
are ready and willing to implement transport projects based
on PPP principle, however, they need assistance and
support of the central government. Therefore road projects
in Lithuania are realized with the support from EU funds.

Appraisal of road investment project alternatives
from sustainable development viewpoint

The authors propose to appraise the planned road
projects from sustainable development viewpoint.
According to Ciegis, Streimikiene (2005), sustainable
development indicators are grouped by major dimensions
of sustainable development: economic, social and
environmental. These three dimensions are interrelated and
complementary. Traditionally the concept of sustainable
development comprises three equal components:
environment protection, economic development and social
development, and three welfare dimensions: economic,
environmental and social, as well as their integration and
interconnectivity (Ciegis et al, 2009). Combination of these
aspects with mathematical methods enables to find the
most effective proposal of road investment projects.

Economic aspects are evaluated by wusing the
methodology developed by Cygas et al. (2006). Cygas et
al. (2006) propose economic appraisal of road investment
projects by using the following economic indicators:

e Net Present Value (NPV);

e Internal Rate of Return (IRR);

e Payback Period (PP);

Profitability Index (PI).

These economic indicators show the feasibility of the
selected project. If several road projects are compared, the
results of economic appraisal can be used to decide which
project is the most beneficial.

NPV, IRR, PP and PI are calculated by using cash
flow and cost-benefit analysis method. The following
benefits are distinguished in the cost-benefit matrix (Cygas
et al, 2006):

e object maintenance savings;

e vehicle operating cost savings;

e time savings;

e road accident prevention.

Road maintenance savings are calculated by finding the
difference between maintenance costs at market prices of
the road in the present condition (without the project) and
maintenance costs of the road after an investment project.
Gravel road maintenance costs consist of annual grading
costs while maintenance costs of damaged asphalt concrete
pavement consist of compulsory repair costs. These data
are obtained from aggregate construction price indices or
from questionnaire survey of road maintenance service
contractors and providers.

Vehicle operating cost savings consist of savings on
fuel and spare parts. Fuel is saved when vehicles drive at
higher speed on better quality roads. The following data is
required for the calculation of fuel savings: Annual
Average Daily Traffic (AADT) and its distribution by
vehicle types; average vehicle fuel consumption, which is
determined by the vehicle type and driving territory (town,
out of town); road length; change in vehicle speed (before
the road project and forecasted after the implementation of
the project); fuel economy factor of asphalt paved gravel
road selected by vehicle type; average fuel price selected
by the vehicle type.

Savings on spare parts due to better ride quality of the
pavement can be calculated from the following data: AADT
and its distribution by vehicle types; road length; average
market prices of new vehicles, determined by their types;
current and forecasted values of International Roughness
Index (IRI, m/km) selected from the chart showing the
correlation of the percentage of a new vehicle’s market price
with IRI and vehicle type (see. Miskinis, 1999).

Time savings from better ride quality of the road are
calculated from the following data: AADT and its
distribution by vehicle types; road length; change in
vehicle speed (before the road project and forecasted after
the implementation of the project); cost of time spent,
which depends on vehicle type.

Road accident prevention depends on the influence of
different properties of the road and its elements: some
elements increase road accident rate, while other elements
reduce it. The cost of time spent calculations by vehicle
types are presented in the Appendix 1. The financial loss of
road accidents are calculated according to the methodology
developed by Cygas et al. (2006) and adjusted according to
the prices of 2009 (Appendix 2). The feasible rate of road
accidents per annum is obtained from the consolidated
Road accident data provided by the police for the previous
period.

Considering the social aspect in project appraisal, the
authors emphasize the need of road projects for public
transport: better roads attract the development of new
residential districts (public transport stops, schools,
kindergartens, shopping centres etc.). Therefore the
criterion “the importance of the road for public transport”
has been selected for the assessment of the social factor.

Road investment projects are not commercial projects,
therefore social and environmental (noise, dust) effectiveness
have to be evaluated in addition to economic effectiveness.

According to Griskevicius (2002), negative effect of
noise consists of noise duration, frequency and recurrence.
Up to now, no generally accepted method for appraising
this effect in terms of money has been developed. Most
often the following methods are used: determination of the
effect on the market value of the building (used irrespective
of the impact of noise on non-residential buildings;
presumption is made that people well understand the
impact of noise although it is not true), evaluation of noise
elimination or reduction costs (this method better than the
previous one evaluates the impact of noise, although it is
difficult to determine the level of acceptable (normal)
noise), evaluation of damage and remedy costs (most often
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it has a negative effect on health, which is hard to evaluate
in terms of money).

Damage caused by noise depends on the level of the
country’s urbanization and landscape. Research data are
very different; therefore, especially in small-scale projects, it
is easier to evaluate noise damage by qualitative methods —
rates. If the project reduces the level of noise — it is rated by
1, if the project has no influence on noise — it is rated by 0.

Due to the worn-down pavement vehicles move
slower, exhaust more pollutants, produce more dust, and
create low-frequency noise. These factors negatively affect
not only the quality of life and human health but also the
environment. Therefore, for the appraisal of road
investment projects from environmental viewpoint the
authors use the following qualitative criteria: noise
reduction with a road project, dust reduction with a road
project,

To summarize the integrated project appraisal from
sustainable development viewpoint the authors point out
that the effectiveness of road investment projects depends
on many factors. Road investment project alternatives have
to be appraised by selecting such criteria which have the
biggest influence on the value of the project (Table 1).

Table 1
Criteria selected for the appraisal of road investment project
alternatives
Name of criterion Criterion symbol
in calculations

Net Present Value (NPV) K;
Internal Rate of Return (IRR) K,
Payback Period (PP) K;
Profitability Index (PI) K,
Noise reduction with a road project K
Dust reduction with a road project Ks
Importance of the road for public transport K;

According to Zavadskas, Liias, Turskis (2008), multi-
criteria analysis is often used for solving various economic,
management, construction problems. The selection of
multi-criteria appraisal method depends on the problem to

be solved, therefore Simple Additive Weighting (SAW),
Technique for the Order Preference by Similarity to Ideal
Solution (TOPSIS), Complex Proportional Assessment
(COPRAS) and the newly developed Additive Ratio
Assessment (ARAS) method can be used (Tupenaite,
2010). In this paper the alternatives of the road investment
projects are ranked by using the TOPSIS method. The
calculation algorithm and methodology of this method is
presented by Ustinovicius (2001). The method shows the
proximity of alternatives under consideration to the
positive-ideal solution and to the negative-ideal solution.
Under this method a matrix of initial data of alternative
solutions is made. In this matrix the investment alternatives
are appraised by using the quantitative and qualitative
criteria described above. The calculated rate of
effectiveness, which composes the effectiveness criteria of
all analyzed alternatives, enables to decide which project is
the most effective.

Evaluation of the effectiveness of road

investment projects

In the analysis part the authors present road (street)
reconstruction projects in Garliava, Ringaudai and
Uzliedziai villages administered by the local government of
Kaunas district and financed from European Union funds
and the allocations of Lithuanian Road Administration under
the Ministry of Transport and Communications. Table 2
contains a short description of these projects.

Calculations of road investment project alternatives
were based on the initial data from feasibility studies (UAB
EIP Kaunas, 2009a, 2009b, 2009¢), enclosed in Appendix 3.

Calculation of cash flows and appraisal criteria are
presented in Table 3.

The importance of seven criteria (K; ..., K;) defined
above and selected by the authors for the appraisal of road
investment projects was determined experimentally by
questionnaire survey. The aggregate importance weights of
these criteria are presented in Table 4.

Table 2

Local road (street) reconstruction projects in Kaunas district

Reconstruction of the driveway, installation of

Reconstruction of Berzy

Reconstruction of the road section from

Title: lightning and rainwater drainage systems, | street in Ringaudai ward of | highway Al (Vilnius-Kaunas-Klaipeda) to
building of sidewalks in Vasario 16-osios | Ringaudai village (A, the village of Naujosios Muniskes in
street in Garliava ward (A Uzliedziai ward (Aj)

Develop transport infrastructure in Kaunas | Develop transport | Develop transport infrastructure in Kaunas
Goal: region, build junctions with main and regional | infrastructure in Kaunas | region, by improving traffic conditions in
. roads, create a network of reliable | region by improving traffic | the road section from highway Al to the
£ communication infrastructure. conditions in Ringaudai | village of Naujosios Muniskes.
i ward in Kaunas district.
g Objective: Reconstruct 0.6 km section of Vasario 16- | Reconstruct 0.6 km section | Reconstruct 2.0 km road section from
3 osios street in Garliava (rainwater drainage | of  Berzy  street in | highway Al to the village of Naujosios
g and lightning systems, sidewalk and | Ringaudai ward. Muniskes.
.% driveway)
& | Expected results: | Improved traffic conditions, higher traffic safety, reduced negative effect on environment and the quality of life, lower road
maintenance and vehicle operating costs, shorter travelling time, better aesthetic view.
Implementation
time: 2009-2010
Project value: 1120 000 LTL [ 710 000 LTL | 820 000 LTL
Financing: Joint financing from EU funds and national budget of the Republic of Lithuania

Source: hittp://www.krs.lt/index.php?576919877 (2010 03 15)
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Table 3
Cash flow from road reconstruction projects
Cost, LTL Benefit, LTL =
= S = = § - 8 s Vehicle operating cost *qé 2
= - £ g = Z = £ 2 = S g o savings, LTL g i s H=
2 5 SSA | -3 g EEE| B = = 2=
= ] € . = o S = @ i Q= z - = Z S
o >~ 892 S 9 = [=7 N QL @ b = & e - Eol-3
& 2z | 2EE E- | SzS| 5=E sE2| E¢E g 2w =2
$%3 g~ Sg| 382| - E= | HE= Ea | 5% £ =
og: o gg S = S E — :Q‘F S = - = ﬁ‘”
B oR = A S % %2 g = g g2 O | S 2 51
228 E £ = 3 a3 cHE -
a - E 3 a @ 2
Cash flow from road reconstruction project in Garliava
0| 2010 1.056.021 1.056.021 0 | -1056.021
1| 2011 0 40.818 1.550 228.238 197 | 255.642 255.642
2 | 2012 0 793.453 40.818 1.612 237.367 204 | 956.633 956.633
8 | 2018 171.987 108.479 40.818 2.040 300.345 259 | 216.634 108.155
9 | 2019 0 40.818 2.121 312.359 269 | 211.714 211.714
10 | 2020 0 171.987 40.818 2.206 324.853 280 | 303.613 303.613
16 | 2026 171.987 68.421 40.818 2.792 411.043 354 | 181.015 112.593
17 | 2027 0 40.818 2.903 427.485 368 | 177.103 177.103
18 | 2028 0 171.987 40.818 3.019 444.584 383 | 234.273 234.273
21 | 2031 0 40.818 3.396 500.096 431 | 162.477 162.477
Cash flow from road reconstruction project in Ringaudai
0 | 2010 | 511.367 511.367 | 1.012 1.012 -510.355
1| 2011 1.012 120.435 800 104.720 25 | 214.285 214.285
2 | 2012 1.012 120.435 832 108.909 26 | 206.052 206.052
8 | 2018 1.012 120.435 1.053 137.804 33 | 164.205 164.205
9 | 2019 1.012 120.435 1.095 143.317 34 | 158.320 158.320
10 | 2020 1.012 120.435 1.139 149.049 36 | 152.705 152.705
16 | 2026 1.012 120.435 1.441 188.595 45 | 123.935 123.935
17 | 2027 1.012 120.435 1.499 196.139 47 | 119.853 119.853
18 | 2028 1.012 120.435 1.559 203.984 49 | 115.947 115.947
21 | 2031 1.012 120.435 1.753 229.454 55 | 105.201 105.201
Cash flow from road reconstruction project in Naujieji Uzliedziai
0| 2010 657.249 657.249 2.736 2.736 -654.513
1| 2011 0 2.736 0 317 56.320 36 56.084 56.084
2 | 2012 0 2.736 0 330 58.573 38 54.964 54.964
8 | 2018 0 2.736 0 417 74.113 48 48.765 48.765
9 | 2019 0 2.736 0 434 77.078 50 | 47.811 47.811
10 | 2020 0 2.736 0 451 80.161 52 46.879 46.879
16 | 2026 0 2.736 0 571 101.429 66 41.693 41.693
17 | 2027 0 2.736 0 594 105.486 68 40.892 40.892
18 | 2028 0 2.736 0 617 109.706 71 40.109 40.109
21 | 2031 0 2.736 0 694 123.404 80 37.854 37.854
Table 4
The aggregate importance weights of the criteria
K Kz Ks Ky Ks Ksg Ky Si Qi Place of criteria importance
Ky 5 5 5 5 4 5 29 0,28 1
Kz 0 4 3 1 1 2 11 0,10 5-6-7
Ks 0 1 3 3 1 2 10 0,10 5-6-7
Ka 0 2 2 2 3 1 10 0,10 5-6-7
Ks 0 4 2 3 2 3 14 0,13 3
Ke 1 4 4 2 3 4 18 0,17 2
Kz 0 3 3 4 2 1 13 0,12 4
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Table 5
Matrix of initial data of road investment projects
Appraisal criteria
Alternatives Ki Kz Ks Ks Ks Ke K7
A, Garliava 3931927 0,35 1,84 4,19 1 0 0
A, Ringaudai 2678558 0,38 3,38 6,24 1 1 0
A; Uzliedziai 318479 0,04 13,14 1,48 1 1 1
Criteria optimality max max min max max max max
a’ 3931927 0,38 13,14 6,24 1 1 1
a 318479 0,04 1,84 1,48 1 0 0

Based on TOPSIS method a matrix of the initial data of
alternative solutions is made where road investment project
alternatives are appraised by using the selected quantitative
and qualitative criteria (K;. ..., K;) described above (Table
5).

The essence of TOPSIS method is the modelling of a
generalized factor Kbit,i based on the deviation of compared

variant from the so-called ideal variant consisting of the
best criteria of alternatives under consideration
(Liaudanskiene et al, 2009). The effectiveness rate
computed mathematically shows which one of the three
road investment projects is the most effective (Fig. 1).

Evaluation of the effectiveness rate

s of road investment projects

[}

& 100.00 100.00

@ 80.00

2 60.00 50.85 40.68

O 40.00

=

8 "o -

= 0.00 +

]
Reconstruction Reconstruction Reconstruction of
of Vasario of Berzu street in  road section

16-osios Street
in Garliava (A1)

Ringaudai (A2) from highway Al to
Naujosios Muniskes

Village in Uzliedziai (A3)

Figure 1. Evaluation of the effectiveness rate

According to the results of TOPSIS, the investment
projects were ranked as follows: the highest priority
project is reconstruction of Berzu street in Ringaudai (A2),
in the second place is reconstruction of Vasario 16-osios
street in Garliava (A1) and reconstruction of road section
from highway Al to the village of Naujosios Muniskes in

Uzliedziai (A3) represents the lowest priority. Thus,
reconstruction of Berzy street in Ringaudai ward of
Ringaudai village (A2) is the most effective. This result
among the analyzed projects is explained by the following
criteria: the lowest NPV, the highest IRR, average PP and
the highest PI, as well a reduction of noise and dust with
the implementation of the project.

Conclusions

1. Funding of road investment projects in Lithuania is
insufficient. Due to this, low standard roads cause a
number of road accidents to increase, safety of
passengers and pedestrians is undermined, and drivers
suffer high time, fuel and vehicle operation costs.

2. The appraisal of road investment project effectiveness
needs an integrated approach combining economic,
social and environmental aspects. Integrated appraisal
by using combined key criteria of the said three
aspects gives more valuable information about the
provided benefits of the analyzed projects.

3. Private investment in road projects would be an
attractive solution for the public sector with the aim to
improve the present condition of roads. Investment
from the private sector would help to solve the
problem of insufficient financing.

4. By applying developed road investment project
appraisal methodology the authors determined that
reconstruction of the street in Ringaudai is the most
effective investment project. This alternative was
ranked best by six from seven criteria chosen by the
authors (NPV, IRR, PP, PI, noise and dust reduction
with the project).

Appendix 1
The cost of time spent by vehicles (data adjusted to the prices of 2009, according to Cygas et al (2006))
Vehicle category Cost of time, LTL/hour

Cars 22,77
Heavy vehicles (>3,5 t) 42,11
Minivans 76,98
Busses 247,26

Appendix 2

The financial loss of road traffic accidents (data adjusted to the prices of 2009, according to Cygas et al (2006))

The financial loss of road traffic accident if the human died

1.339.974 LTL

The financial loss of road traffic accident if the human was injured

108.343 LTL

The financial loss of road traffic accident if the material losses occurred

5.890 LTL
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Appendix 3

Initial data for calculations of road investment project alternatives (Feasibility studies UAB EIP Kaunas, 2009)

Discount rate is equal to 12 months VILIBOR 5.93%,
Life cycle of the road 20 years
Gravel road grading cost per time ~240 Lt/km
Average car fuel consumption 91/100 km
Average heavy vehicle fuel consumption 251/100 km
Average market prices of new vehicles by categories: cars — LTL 55000; heavy vehicles — LTL 300000
Fuel economy factor of asphalt paved gravel road selected by vehicle type: for cars — 0.2 ; for heavy vehicles — 0.27
The assumed rate of traffic growth per annum 4%
The average car fuel (diesel, petrol, LPG) price 3.17LTLAN
Paving of asphalt concrete layer on the old pavement 38,39 LTL/m’
The average heavy vehicle fuel (diesel) price 3,5LTL/
Street reconstruction cost 177.11 LTL/m’
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Rita Rudzianskaité-Kvaraciejiené, Rasa Apanaviciené, Algirdas Butauskas
Investiciniy automobiliy keliy projekty efektyvumo jvertinimas
Santrauka

Automobiliy keliai Lietuvoje finansuojami tik i§ surenkamy mokesciy, taciau Sie mokesciai neuztikrina finansavimo, kuris reikalingas visy keliy buklei
palaikyti ir gerinti. Lietuvos automobiliy keliy direkcija prie Susisiekimo ministerijos gauta finansavima i§ Europos regioninés plétros fondy skiria: krasto ir
regioniniy keliy dangoms stiprinti, eismo saugos ir aplinkosaugos priemonéms diegti, zvyrkeliy asfaltavimo programai igyvendinti. Todél vis dazniau iskyla
problema, kaip atrinkti tuos automobiliy keliy investicinius projektus, kurie teikty didziausig nauda valstybei bei visuomenei. Analizuojami automobiliy keliy
investiciniai projektai turi bati vertinami kompleksiniu biidu, apimant ekonominius, socialinius ir aplinkos apsaugos aspektus. Siame straipsnyje siekiama
iSanalizuoti ir nustatyti automobiliy keliy alternatyviy investiciniy projekty efektyvuma, kompleksiskai sujungiant ekonominj, socialinj bei aplinkosaugini
aspektus.

Moksliné problema — labai daznai automobiliy keliy investiciniai projektai analizuojami ekonominiu, socialiniu, aplinkosauginiu aspektais atskirai, tatiau
néra kompleksiskai taikoma automobiliy keliy investiciniy projekty vertinimo metodika darnaus vystymosi principu, taikant daugiakriterinius vertinimo
metodus.

Mokslinis naujumas — sitilomas kompleksinis ekonominio, socialinio ir aplinkosauginio aspekty vertinimas, taikant daugiakriterinio vertinimo metodus.

Tikslas — pateikti automobiliy keliy investiciniy projekty vertinimo metodika darnaus vystymosi aspektu ir jvertinti $iy projekty efektyvuma, taikant
ekspertinj ir daugiakriterinio vertinimo TOPSIS metodus.

Objektas — automobiliy keliy investiciniai projektai.

Tyrimo metodai — taikomi ekspertinis ir daugiakriterinio vertinimo metodas TOPSIS.

Autoriai sitilo kompleksing investiciniy projekty jvertinimo metodika, projektams vertinti parenkant darniosios aplinkos sudedamuyjy daliy, t. y.
ekonominius, socialinius ir aplinkosauginius, kriterijus.

Taikant Cygo ir kt. (2006) sukurta metodika, vertinamas ekonominis aspektas, apskaiGiuojant §iuos ekonominius rodiklius: grynaja dabarting verte
(NPV), viding grazos norma (IRR), atsipirkimo laika (AL), pelningumo indeksa (PI). Pagal Siuos rodiklius galima spresti apie projekto vykdymo ekonominj
tikslinguma. Tuo atveju, kai tarpusavyje lyginami keli investiciniai automobiliy keliy projektai, gauti rezultatai parodo, kuris projektas teikty didziausig
ekonomine nauda. Prie§ apskaiGiuojant NPV, IRR, AL, PI ekonominius rodiklius, sudaroma naudos ir i§laidy suvestiné (Cygas ir kt. 2006) skiriant keturias
naudos grupes: statinio priezitirai isliesty 1éSy ekonomija, automobiliy eksploataciniy i$laidy ekonomija, laiko vertés nuostoliy ekonomija ir autoavarijy
nuostoliy ekonomija.

Vertinant socialiniu aspektu, svarbu jvertinti naujy gyvenamyjy kvartaly formavimasi prie naujy keliy, nes prie ju jsikuria mokyklos, vaiky darzeliai,
gydymo jstaigos, todel didziausias démesys turéty biiti skiriamas investiciniy automobiliy keliy projekty poreikiui vieSajam transportui.

Autoriai, analizuodami investicinius automobiliy keliy projektus aplinkosauginiu aspektu, atkreipia démesi i tai, kad susidévéjusi kelio danga ne tik
mazina automobiliy judéjimo greitj, didina tar$a, kelio dulkétuma ir daro neigiama jtaka Zmoniy gyvenimo kokybei ir sveikatai, bet taip pat daro neigiama
poveikij aplinkai.

Investiciniy automobiliy keliy projekty efektyvumui jvertinti darniosios aplinkos aspektu autoriai pasirenka Siuos kriterijus: grynoji dabartiné verté
(NPV) — K, vidiné grazos norma (IRR) — K, atsipirkimo laikas (AL) — K, pelningumo indeksas (PI) — Ky, triuk§mo lygio mazéjimas taikant projekta — K,
dulkétumo mazéjimas taikant projekta — Ky, kelio poreikis visuomeniniam transportui — K.

I§ taikomy daugiakriterinio vertinimo metody SAW, TOPSIS, COPRAS, ARAS autoriai pasirinko alternatyviy varianty prioriteto eilei nustatyti taikoma
TOPSIS metoda. Sis metodas parodo, kaip analizuojamos alternatyvos yra ar&iausiai idealaus teigiamo sprendinio reik§més ar toliausiai nuo idealaus neigiamo
sprendinio reik§meés. Pagal pasirinktas alternatyvas ir kriterijus sudaroma pradiné duomeny matrica ir atlikus matematinius skaiiavimus gaunama prioritety
eilé, kuri parodo analizuojamy projekty efektyvuma.

Efektyvumo jvertinimo skai¢iavimams atlikti autoriai pasirinko tris alternatyvius investicinius automobiliy keliy projektus: gatvés vaziuojamosios dalies
rekonstrukcija, apSvietimo, Saligatvio ir lietaus nuoteky tinkly jrengimas Vasario 16-osios gatvéje, Garliavos senilinijoje (alternatyva A;); Berzy gatvés
rekonstrukcija Ringaudy kaime, Ringaudy senifinijoje (alternatyva A,); rekonstrukcija kelio ruozo nuo automagistralés Al (Vilnius—Kaunas—Klaipéda) iki
Naujuju Muniskiy kaimo UzliedZiuy senifinijoje (alternatyva Aj). Siy alternatyviy investiciniy automobiliy keliy projekty ir efektyvumo jvertinimo
skai¢iavimas buvo atliktas remiantis pradiniais parengty galimybiy studijy duomenimis (UAB EIP Kaunas, 2009).

Atlikus naudos ir iSlaidy suvestinius skaifiavimus ir jvertinus socialinius bei aplinkosauginius aspektus, gautos atitinkamos analizuojamy kriterijy
reik§més. [vertinus alternatyvas 4;, A, A4, pagal kriterijus K, ..., K7 sudaryta alternatyviy sprendimy pradiniy duomeny matrica:

1. Alternatyva 4, : K;=3 931 927 LTL, K= 0,35, K= 1,84 m., K,=4,19 %, Ks=1, K~0, K~=0;

2. Alternatyva 4, : K;=2 678 558 LTL, K= 0,38, K5=3,38 m., K,= 6,24 %, K= 1, K~ 1, K~=0;

3. Alternatyva 4;: K;=318 479 LTL, K= 0,04, K5= 13,14 m., K~=1,48 %, K~=1, K= 1, K~ 1.

Autoriy apibtdinti ir parinkti automobiliy keliy investiciniams projektams vertinti septyni kriterijai (K, ... K7), kurie buvo {vertinti ekspertiniu budu,
nustatytas iy kriterijy reikSmingumas. Atlikus skaiciavimus TOPSIS metodu, gauta tokia investiciniy projekty prioritety eilé:

1. Berzy gatvés rekonstrukcija Ringaudy kaime, Ringaudy senitinijoje (alternatyva A,), efektyvumo rodiklis — 100 %,

2. Gatvés vaziuojamosios dalies rekonstrukcija, ap$vietimo, Saligatvio ir lietaus nuoteky tinkly jrengimas Vasario 16-osios gatvéje, Garliavos

senilinijoje (alternatyva A,) — 50,85 %,

3. Rekonstrukcija kelio ruozo nuo automagistralés A1 (Vilnius—Kaunas—Klaipéda) iki Naujyjuy Muniskiy kaimo Uzliedziy senitinijoje (alternatyva As)
—40,68 %.

I$vados:

1. Automobiliy keliy investiciniy projekty finansavimas Lietuvoje yra nepakankamas. D¢l to daugéja nelaimingy atsitikimy keliuose, neuztikrinamas
keleiviy ir pés¢iyjy saugumas, vairuotojai kelyje patiria didziulius laiko, kuro ir automobiliy eksploatacijos nuostolius.

2. Bitinas kompleksinis automobiliy keliy investiciniy projekty efektyvumo jvertinimas, kompleksiskai sujungiant ekonominj, socialini ir
aplinkosauginj aspektus. Svarbiausiy kriterijy sujungimas vertinant kompleksiskai teikia daugiau informacijos apie analizuojamy projekty teikiama
nauda visuomenei.

3. Privataus sektoriaus investicijy pritraukimas { transporto projektus biity patrauklus sprendimo btidas vieSojo sektoriaus atstovams, siekiant pagerinti
esama keliy buklg. Privataus sektoriaus investicijomis biity i§spresta nepakankamo keliy finansavimo problema.

4.  Taikant autoriy pasitilyta automobiliy keliy investiciniy projekty ivertinimo metodika, buvo nustatyta, jog efektyviausias projektas i$ analizuojamy
alternatyvy yra alternatyva A, — gatvés rekonstrukcija Ringauduose. Si rezultata 1émé esi i septyniy autoriy parinkty kriteriju (NPV, IRR, AL, PI
bei triuk§mo ir dulkétumo sumazéjimai jgyvendinus projekta).

Raktazodziai: investiciniai projektai, automobiliy keliai, efektyvumo vertinimas, darnioji aplinka, daugiakriteriniai vertinimo metodai.
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