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ABBREVIATIONS
AHP – Analytical Hierarchical Process
CBA – Cost-Benefit Analysis
B/C ratio – Benefit-cost ratio
CF – Conversion Factor
DALY – Disability Adjusted Life Years
DIV – Dutch Intervention Value
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GW – Groundwater
Ha – hectare
HCH – hexachloro-cyclohexane
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masl – meters above sea level
MCA – Multi-criteria analysis
NEAP – National Environmental Action Plan
NIP – National Implementation Plan on Reduction and Elimination of Persistant Organic Pollutants
NPV – Net Present Value
O&M – Operation and maintenance costs
POPs – Persistant Organic Pollutants
PV – Photovoltaic plant
UNIDO – United Nations Industrial Development Organization
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EXECUTIVE SUMMARY
The document describes applied assessments and reports conclusions from a Cost-Benefit Analysis for
remediation of the OHIS industrial site.
The Organic Chemical Industry of Skopje (OHIS) is a large production unit, which during the period of
its full-sized operation from 1964 until 2001 manufactured a variety of chemical products. The complex
is situated near Skopje, the capital of the Republic of North Macedonia, and is heavily affected primarily
by remnants from past production of lindane. Approximately 30,000 cubic meters (55,000 tons) of α-,
β- and δ-HCH isomers are stockpiled in two open dumpsites at the site, covered with a layer of soil.
Besides lindane, huge quantities of other chemicals and hazardous wastes are disposed off within the
site. Old run-down equipment and production buildings are still present at the location.
A number of field investigations, risk assessment studies and general remediation plans for the OHIS
site have been developed in the past decade. All of these studies confirm that contamination levels
detected in soils and groundwater at the site exceed maximum values, therefore representing an
unacceptable health risk for workers within the plant site, agricultural workers farming the nearby
arable land, and the population living in the surrounding residential districts. Thus, OHIS is considered
to be among the highest priorities on the list of contaminated sites in the country.
North Macedonia has signed the Stockholm Convention in 2001, ratified it in 2004, and in 2005
endorsed its National Implementation Plan on Reduction and Elimination of Persistent Organic
Pollutants (POPs). Lindane and its isomers have been added to the Stockholm Convention as POPs in
2009, making the OHIS site a POPs-contaminated site. All of these facts impose demanding obligations
on the Government of North Macedonia for clean-up and remediation of the site.
Implementation of the UNIDO-funded Project for Removal of Technical and Economic Barriers to
Initiating Clean-up Activities for α-HCH, β-HCH and Lindane Contamination at OHIS provides a unique
possibility to North Macedonia to solve the problem with the OHIS site. The Project has initiated the
preparation of a Cost-Benefit Analysis for remediation of OHIS, presented in this report. The key
objective of the CBA is to quantify expected costs and the social, public health and other benefits from
the intervention, demonstrating how the remediation project will be beneficial to the society and
therefore justifying the clean-up activities.
Given the scope and status of polluted soil and assets coupled with the associated risks, in order to
fully meet stated objectives, the CBA is focused on a stretch of land located within OHIS site that is
identified as the gravity of contamination at the locality. Having surface area of roughly 6.5ha, the
section comprises the following assets: former lindane production plant; two HCH-isomers dumps;
former electrolysis plant; (4) former monochloroacetic acid production facility; (5) former acetylene
production building; and (6) a number of auxiliary buildings in the area – raw material and products
warehouses, storage buildings, workshops, etc.
Six contamination remediation alternatives are identified and analyzed with the CBA: A1.1 –
Contamination containment by construction of an on-site landfill and control of groundwater level by
wells; A1.2 – Contamination containment by construction of an on-site landfill and control of
groundwater pollution by flow barrier wall; A2.1 – Contamination removal/excavation and safe
disposal at new hazardous landfill near the OHIS site; A2.2 – Contamination excavation and safe
disposal at new hazardous landfill at a central location in the country; A3.1 – On-site contamination
treatment; and A3.2 – Off-site contamination treatment.
5

With the aim of reaching stringent target decontamination values and enabling future productive use
of the site, the clean-up works for all alternatives include a vast volume of soil remediation efforts,
demolition of existing contamination-affected buildings and groundwater remediation. The works are
planned to be carried out in phases.
Remediation of the OHIS site is expected to generate the following key socio-economic benefits: (1)
Improved health conditions at the wider OHIS site surrounding; (2) Productive use of the (industrial)
site land; and (3) Increase in residential property values in surrounding areas.
Based on the analysis, the two alternatives dealing with contamination containment (A1.1 and A1.2)
and the two alternatives related to contamination removal (A2.1 and A2.2) represent viable
remediation solutions for the OHIS site. On the other hand, the high investment costs of the
contamination treatment alternatives (A3.1 and A3.2) cannot be justified with the expected level of
direct and indirect benefit values arising from the remediation.
It is concluded that the project will generate sustained beneficial socio-economic impact perceived in
reduced health risk for the general population and significant increase of the local community welfare
through increased economic activities within the OHIS site. Therefore, it is recommended to continue
with further development of the planned project remediation activities. Preference should be given to
the alternatives that represent viable solutions from economic point of view. Final decision on the
selection of preferred remediation alternative can be made after additional site investigations, aimed
at determining any potential limitations in application of the alternatives.
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1. INTRODUCTION
1.1. PROJECT BACKGROUND AND RATIONALE
The Organic Chemical Industry of Skopje (OHIS) is a large industrial production unit, which during the
period since its establishment back in 1964 until the cease of its operation in 2001 manufactured a
variety of chemical products including plastics, detergents, poly-acrylic fibers, plant protection agents,
cosmetics, basic chemicals, pharmaceuticals, and process equipment. The one million square meters
industrial complex is situated in the former floodplain of the Vardar River, near the capital of the
Republic of North Macedonia – Skopje. The OHIS production plant was founded in 1964 for detergent
and pesticides production and in 1965 started with lindane production, an organochlorine pesticide.
Due to changing market conditions and negative environmental impact, in the 1980-ties the lindane
plant equipment was dismantled. In 1998 chlorine alkali electrolysis (chlorine mercury electrolysis) was
also closed. In the 1980's complex's wastewater treatment system was built up but is currently not
working properly.
The OHIS site is heavily affected by the historical production of lindane. Lindane, the gamma (γ) isomer
of hexachloro-cyclohexane (HCH), was produced by the process of photo-chlorination of benzene.
Produced mixture also contained other HCH isomers, i.e. α-, β- and δ-HCH. The γ-HCH was separated
by extraction in methanol and by a further concentration process whereas the remaining HCH-isomers,
making up 86-88% of the batch mixture, were treated as waste. Approximately 30,000 cubic meters
(55,000 tons) of α-, β- and δ-HCH were temporarily stockpiled in open dumpsites, consisting of
concrete pools covered with a layer of soil.
Several other production facilities existed within the OHIS site, including the Malon production plant
producing 70 t/day of polyacrylic fiber. Due to economic situation and global market price of
polyacrylic fiber the plant stopped its operation in 2001. Other production plants such as PVC Mass,
Copolymers, Emulsion and Service Unit remained operative until 2012, when it was decided to
dismantle the equipment from these plants. The rest of the production facilities stopped their
operation in 2015.
Huge quantities of chemicals like chlorine, W-40 initiator, peroxide initiator, AZDN initiator, AIBN
initiator, vinyl chloride, methanol, methyl acrylate monomer or acrylonitrile and hazardous waste were
disposed off in inappropriate dumps within the OHIS borders. Old run-down equipment and buildings
in each of the plants are still at the location of the OHIS plant.
The Republic of North Macedonia signed the Stockholm Convention on 23 May 2001, ratified it on 19
May 2004 and endorsed its National Implementation Plan on Reduction and Elimination of Persistant
Organic Pollutants (NIP) on 2 September 2005. After the inclusion of ten new Persistant Organic
Pollutants (POPs) in the Stockholm Convention Annexes, North Macedonia updated the existing NIP,
giving a basis for implementation of activities linked with priorities and action plans for new POPs.
Lindane and its isomers have been added to the Stockholm Convention as POPs in 2009, and the OHIS
site is now recognized as POPs contaminated site. Among others, one of the priorities of the NIP is
solving the problem with HCH-isomers at the OHIS site.
The realization of the United Nations Industrial Development Organization (UNIDO)-funded Project
Removal of Technical and Economic Barriers to Initiating the Clean-up Activities for Alpha-HCH, BetaHCH and Lindane Contaminated Sites at OHIS provides a unique possibility to the Republic of North
Macedonia to solve the problem with the OHIS site contamination, which has the highest priority on
7

the list of contaminated sites in the country. The project objective is to set up a sustainable mechanism
to ensure a sustainable clean-up operation at the selected HCH contaminated site for future industrial
use, and to protect human health and the environment from their adverse effects by reducing and
eliminating the releases of and exposure to HCHs.
The Cost-Benefit analysis (CBA) presented in this report falls within Component 3 of the Project –
Contaminated site clean-up plan and strategies established and key stakeholders including local
communities ready to cooperate, especially the Output 3.2 “Consensus among the general public and
major stakeholders built for the establishment/improvement of the OHIS contaminated site”.
1.2. GOALS AND OBJECTIVES OF THE COST-BENEFIT ANALYSIS
The Cost-Benefit Analysis (CBA) is the main tool (document) that supports the decisions making
process for financing the remediation of the polluted area of the OHIS site. The key objective of the
cost-benefit analysis is to quantify the expected costs and the social, public health and other benefits
from the intervention, demonstrating how this project will be beneficial to the society and therefore
justifying the clean-up activities.
1.3. METHODOLOGY
The general methodology for CBA preparation and the development of this report is based on the
following documents:
•

Guide to Cost-Benefit Analysis of Investment Projects, Economic Appraisal Tool for Cohesion
Policy 2014 – 2020, December 2014.

•

Guidance on the Methodology for Carrying out Cost-Benefit Analysis, Working Document No. 4,
European Commission, Directorate-General, August 2006.

The sequence for the CBA in the framework of project preparation is the following:
•

Strategic approach and definition of objectives and methodology

•

Feasibility and selection of the most suitable alternative

•

Economic Cost-Benefit Analysis

•

Risk and Sensitivity analysis, and

•

Reporting conclusions.

Besides listed general methodological documents and principles, the CBA is also based on findings,
conclusions and recommendations of a number of reports from previous mainly technical analysis
related to the pollution at the OHIS site. These reports include:
1)

Project: Removal of Technical and Economic Barriers to Initiating the Clean-up Activities for AlphaHCH, Beta-HCH and Lindane Contaminated Sites at OHIS, Project ID 100122; Risk Assessment
Analysis Update (EMGRISA, February 2019).

2)

Project: Provision of services on the Site Investigation related to Removal of Technical and
Economic Barriers to Initiating the Clean-up Activities for Alpha-HCH, Beta-HCH and Lindane
Contaminated Sites at the Organic Chemical Industry of Skopje AD (OHIS); 3-rd Report – Field
Survey Results, Analysis of Data and Field Investigation (POLYECO S.A.; September 2018).

3)

Project: “Enabling activities to facilitate early action on the implementation of the Stockholm
Convention on Persistent Organic Pollutants (POPs)”; “National Implementation Plan for the
8

reduction and elimination of POPs in the Republic of Macedonia” (Ministry of Environment and
Physical Planning –POPs Unit in collaboration with UNIDO, January 2014).
4)

Project: OHIS Site Remediation Project; Conceptual Design; Macedonian Ministry of Environment
and Physical Planning, Skopje; (D’APPOLONIA, June 2010).

5)

Project for Development Cooperation of the Czech Republic and Macedonia, Old Environmental
Burdens in Chemical Plant OHIS, Skopje; Risk Assessment Report (ENACON s.r.o., July 2008).

6)

Project for Development Cooperation of the Czech Republic and Macedonia, Old Environmental
Burdens in Chemical Plant OHIS, Skopje; Feasibility Study for Remediation of the HCH Waste
Dumps and HCH-Contaminated Soil (ENACON s.r.o., July 2008).

7)

Project for Development Cooperation of the Czech Republic and Macedonia, Old Environmental
Burdens in Chemical Plant OHIS, Skopje; Feasibility Study for Remediation of Groundwater and
Unsaturated Zone Contaminated with Chlorinated Hydrocarbons(ENACON s.r.o., July 2008).

8)

Development of Remediation Plans With Financial Requirements For Elimination of Industrial
Hotspots, Feasibility Study – Volume I – OHIS Plant; EUROPEAID/123674/D/SER/MK; (EPTISA in
consortium with DHI, 2007).

9)

Final Report Special Study E, Industrial Contaminated Sites - “ Hotspots ”; National Waste
Management Plan and Feasibility Studies, Annex M: Geo - technical investigations and lab
analysis. Ministry of Environment and Physical Planning, European Agency for Reconstruction
(EAR); Ref. No.: EUROPEAID/115138/D/SV/MK; 2001.

10) Feasibility Study for Urgent Risk Reduction Measures at Hot Spots in FYR Macedonia,
UNEP/DEPI/Balkans Unit, August 2001.
1.4. REPORT FORMAT
The findings of the analysis are presented in Sections 2 through 7 of this report. Supporting information
is provided in the Annexes, wherein of particular importance are several special reports on conducted
background research aimed at providing specific input data for the analysis, as well as the engineering
drawings related to analysis’ technical aspects. Technical information is presented in metric units and
the costs are in Euro (€) or North Macedonia Denars (MKD).
Section 2 of the report provides an overview of the project strategic context by summarizing
information on site location, demography, land-use, weather and geographical conditions, etc.
Overview of project’s scope, applied soil remediation approach and description of analysed
contamination remediation alternatives are presented in Section 3. Detailed cost-benefit analysis is
presented in Section 4. Section 5 provides information on multi-criteria analysis of the remediation
alternatives, while Section 6 provides overview of identified project risks and sustainability aspects.
Conclusions and recommendations from the analysis are provided in Section 7.
The CBA and this report are primarily intended for use by the UNIDO-funded project and the
responsible institutions in North Macedonia as a decision-making tool for further implementation of
activities for clean-up and remediation of the OHIS site.
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2. DESCRIPTION OF THE PROJECT STRATEGIC CONTEXT
2.1. LOCATION OF THE INTERVENTION
The OHIS plant is located at the southeastern edge of the capital city of North Macedonia – Skopje, at
a distance of approximately 5.5 km from the city center. The city of Skopje, which is located in the
northern part of the country, lies in a valley surrounded by the mountain massifs of Jakupica, Osoj,
Zheden and Skopska Crna Gora. The average elevation is 270 masl. The Vardar River divides Skopje
Valley into an (north-)eastern and a (south-)western part. Its major tributaries are the Treska and
Lepenec Rivers.
Practically the entire wider locality of the OHIS site on its south/south-east direction is predominantly
an industrial area that spreads along the road connecting Skopje with the nearby settlement of
Drachevo. To the north and north-west directions of the site the residential districts of Gorno Lisiche
and Aerodrom are located (Annex 1).
The project deals with historic environmental contamination originating from past production of
lindane, monochloroacetic acid and chlorine (from a chlorine mercury electrolysis process). The entire
plant covers an area of approximately 0.9 km2 (90 ha), wherein the facilities of special attention in this
analysis that are related to the past production and storage of lindane, monochloroacetic acid and
chlorine cover an area of roughly 7 ha, located in the western part of the plant. For the most part the
OHIS site is abandoned, but some activities are still performed within its boundaries such as truck
garage and maintenance service, a shoe factory, a galvanization plant, a fire extinguisher storage and
selling facility, a cannabis production facility and several offices.
2.2. DEMOGRAPHY
The total population of Skopje in 2015 equaled 547,6381. There are eight municipalities within the city
wider limits that are considered potentially affected by the OHIS site; in addition, there are three other
Table 2.1: Population living in OHIS site surrounding2
Municipality
Aerodrom
Butel
Centar
Chair
Gazi Baba
Ilinden
Karposh
Kisela Voda
Shuto Orizari
Sopishte
Studenichani
Total
Skopje Total
NMK Total

Population,
2015
79,210
39,769
49,898
31,481
79,444
12,513
65,633
64,038
24,200
6,222
12,265
464,672
547,638
2,070,226

Population
density
(cap/km2 )
7,831
4,155
7,303
9,411
3,428
2,225
5,285
4,848
9,151
2,103
4,945

No. of
settlements
in AOI
0
0
1
1
10
4
4
4
2
0
2
28

municipalities in the area of interest that are also considered as potentially affected. The total

1
2

Based on data from population Census in 2002, adjusted according to official statistical data.
AOI – area of interest.
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population of these eleven municipalities equals 464,6723 (Table 2.1).
The average population density in the area is 4,600 cap/km2, however it ranges from 2,100 cap/km2 in
Municipality of Sopishte to 9,400 cap/km2 in Chair (Table 2.1 and Annex 2). Of special interest are the
municipalities of Kisela Voda with population of 64,038 and Aerodrom with 79,210 residents which are
located nearest to the site.
2.3. LAND USE
The nearest surroundings of the site is presented with the following uses:
•

To the south, along the road connecting Skopje and Drachevo, is a mix of industrial and
commercial area.

•

To the north there are cultivated fields and beyond a railway line. Further there are private
agricultural lands, and within 150m from the site residential houses of the district Gorno Lisiche
(part of Skopje) are situated. The Vardar river is located approximately 2.5 km NW to SE.

•

To the east there are agricultural crop fields and the Markova river, flowing in a south to north
direction within 1.6 km of the project area.

•

To the west and north-west is the residential area of Aerodrom municipality, and further the main
part of the city of Skopje. In northwest direction of the project area is the Usjanski kanal (channel),
flowing in direction SW to NE at roughly 300m of the project area.

The land cover/land use pattern within a broader area of roughly 600 km2 was analyzed based on data
from the European Environment Agency’s CORINE programme4. Twelve land cover classes are analyzed
for the purpose that are combination of programme’s Level 1 and Level 2 nomenclatures (Fig. 2.1 and
Annex 3). The land-use within this section is dominated by Arable land and Heterogenous agricultural
areas, which collectively make 55% of the section area. Other important classes include Urban fabric
and Forests, each of which makes 12% of the area, Scrub and herbaceous vegetation makes 10% and
Pastures make 6% of the area.
Arable land
Artificial, non-agri. vegetated areas

Fig. 2.1: Land-use in OHIS broader
surrounding (~600 km2)

Forests

12%
25%

10%

Heterogeneous agricultural areas
Industrial, commerc. and transport
Inland waters

6%

Inland wetlands
12%

Source: CORINE LCU (Level 2)

Mine, dump and construction sites
Pastures

30%

Permanent crops
Scrub/herbaceous vegetation
Urban fabric

The agricultural areas located in a SW to NE direction from the site within the same 600 km2 section
were analyzed based on data from the national Land Parcel Identification System (LPIS; Annex 4).
Dominant cultivated crops are Annual crops (roughly 45% in the analyzed section) and Mixed use
(30%). Vineyards make approximately 9-10%, Meadows 7%, Permanent crops 3% and Orchards 2.5%.
3

Data for 2015. Only population from the neighboring municipalities living in settlements within the area of
interest are taken into consideration.
4
European Environment Agency (EEA), CORINE (Coordination of information on the environment).
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2.4. GEOLOGICAL AND HYDROGEOLOGICAL CHARACTERISTICS OF THE SITE
This section of the report is adopted from previous studies/analysis of the contamination at OHIS.
The subsoil under the OHIS site is formed by alluvial sediments of the Vardar River (terrace deposits)
and Markova River (floodplain deposits). The surface part is composed of flood deposits from Markova
River, composed of gravel of different size and sand with dust layer thick 10 – 20 m. This deposit is
porous with enhanced water permeability, having filtration coefficient of 10-1 cm/s and even lower for
the pure gravel. Thus, it is exceptionally permeable for pollutants migration.
In a substrate of this deposit, up to a depth of ca 30 m, there is a terrace alluvial deposit of Vardar River
composed of gravel and sand with dusty clay. This deposit is also with enhanced water permeability,
having filtration coefficient of 10-1 cm/s, thus also being exceptionally permeable for pollution
migration.
In the direction of Vardar River the total thickness of the alluvial deposit reaches a depth of ca 150m
(Fig. 2.2). The substrate of the alluvial deposit is composed of Pliocene sediments of layered, poorly
bonded dust-clay sandstones, conglomerates and marls, marl clays, etc. The thin layers of marls and
clays are water non-permeable, while the sandstones and conglomerates are of poor water
permeability with expected filtration coefficient of 10-4 or even lower.

Fig. 2.2: Hydrogeological profile
at OHIS site in the direction of
Vardar River

Source: Feasibility Study, Volume I –
OHIS Plant (EPTISA 2007)

The water table at OHIS is detected at around 8 - 8.5m below ground level as result of several water
table measurement campaigns performed on April, June and August 2009 by ENACON, and the end of
November 2018 by EMGRISA. In general terms, these measures are similar to water table data
recorded by POLYECO on October 2017 and April 2018.
Piezometric contour maps at OHIS have been developed on April, June and August 2009 by ENACON
and end of November 2018 by EMGRISA. These piezometric contour maps permit the following
conclusions:
•

Groundwater flows towards east-southeast, the same direction as the Vardar river.
12

•

The hydraulic gradient estimated in all cases is 0.001 (1‰), what is characteristic of high
permeability media. Water abstractions identified in the area modify locally this hydraulic
gradient.

•

Water table fluctuation observed is 1 m: +231.50 masl on average in June 2009 and +230.50 masl
in November 2018.

2.5. WEATHER AND CLIMATE CONDITIONS
There are two meteorological stations near the OHIS site: (1) MS Zajchev Rid located 9 km northwest
of the site; and (2) MS Petrovec located 11 km southeast of the site. Relevant average key climate data
from these two metering stations for the period 1971 – 2000 are given in Table 2.2.
Table 2.2: Climate data for MS Zajchev Rid and MS Petrovec, Skopje (1971 – 2000)
Month
Relative humidity(%)
Temperature (oC)
Sunshine (h)
Wind speed (m/s)
Rainfall (mm)
Month
Relative humidity(%)
Temperature (oC)
Sunshine (h)
Wind speed (m/s)
Rainfall (mm)

MS Zajchev Rid
Jan
Feb March April May
Jun
July
Aug Sept
Oct
82
74
67
62
63
61
55
56
61
70
0.6
3.1
7.5
12.6 17.6 21.5 24.1 23.6 19.2 13.2
82.2 114.8 155.8 188.1 235.4 282.6 318.9 302.5 234.4 161.4
2.2
2.7
2.9
2.9
2.7
2.7
2.7
2.7
2.6
2.3
25.1 31.4 26.9 40.7
40
39.5 39.4 33.1 31.5 39.6
Jan
82
0.2
53.4
1.2
33.5

Feb
77
3
89.1
1.6
36.1

March
69
7.4
135.5
1.8
35.6

Nov
80
6.6
90.6
2.4
52

Dec
84
1.7
59.6
2.3
42

MS Petrovec
April May
Jun
July
Aug Sept
Oct
Nov Dec
65
66
62
57
58
64
71
80
84
12.2 17.2 21.3 23.5 23.2 18.8 12.6
5.9
1.3
167.8 231.9 256.9 286.7 277.2 206.7 161.3 103.7 69.9
1.8
1.6
1.6
1.7
1.5
1.4
1.2
1.1
1.1
43.2
56
45.1 36.8 28.7 38.2 43.9 54.4 47.8

With respect to the climatology of the area, the average temperature in the area is around 12.5oC,
with maximum temperatures of 41.2oC. The average precipitation is 441.2 mm/year in MS Zajchev Rid
and 499.3 mm/year in MS Petrovec. The average wind speed is 2.6 m/s in MS Zajchev Rid and 1.5 m/s
in MS Petrovec.
2.6. SUMMARY OF THE OHIS PLANT OPERATION
Process description of lindane production at OHIS
The OHIS industrial plant manufactured a variety of chemical products, including plastics, detergents,
poly-acrylic fibers, plant protection agents, cosmetics, basic chemicals (e. g., chlorine-hydrochloric
acid), pharmaceuticals, and process equipment. The OHIS production plant was founded in 1964 for
detergent and pesticides production and in 1965 starting with lindane production. In 1980s lindane
plant's equipment was dismantled. In 1998 chlorine alkali electrolysis (chlorine mercury electrolysis)
was also closed. In the 1980-ties a wastewater treatment system for the complex was built up, but is
currently not operational.
Lindane was produced from 1964 to 1977 with a total amount of 1,545 tons of lindane. The annual
production rates varied from 155 t to 242 tons. Raw materials for lindane production were benzene
and chlorine. Chlorine was dissolved in excess of benzene and the solution was then passed through a
thin-layer photo reactor where it was irradiated by intensive light sources having a high ultraviolet
content. Because of the excess of benzene, the product formed remains dissolved at higher
temperatures. Care was taken that the reaction mixture at no point can come in contact with materials,
which might catalyze substitution, such as iron.
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Photochlorination of benzene leads to a complete reaction only under specific conditions. Impurities
in benzene, too high temperatures, too low light output lead to undesirable substitution products such
as chlorobenzenes with different degree of chlorination, which have a negative impact on the process
to gain pure and also odorless lindane. The chlorination under irradiation resulted in a mix of isomers,
which was practically free of chlorobenzenes, and a 13-14% content of γ-hexachlorocyclohexane
(HCH), which is actually lindane.
The product mixture was washed to remove any untreated chlorine and traces of HCl that might have
been formed during the process. The excess benzene was then stripped off and returned to storage.
The molten product from the bottom of the distillation still was run onto a flaker, i.e. a cooled moving
metal drum, on which it solidified.
The composition of the mixed product was: 65-70% of α–HCH, 7-10% of β–HCH, 10-14% of γ–HCH
(lindane), 7% of δ–HCH and 1-2% of ε–HCH. OHIS used to operate a separate plant for technical HCH,
which was further treated to extract γ-isomer (lindane) thereof. The flakes of technical HCH isomers
were then transferred to the lindane production in which selective crystallization and distillation were
applied to extract γ–HCH (lindane). The mixture was first re-molten and by slaw and careful decreasing
the temperature of the melt, crystallization of α and β HCH occurred. The mixture was filtered on a
centrifuge and crystals washed with methanol to remove any lindane which in turn was recovered via
distillation of the methanol. α, β, δ and some ε HCH isomers make the solid waste arising from the
process. δ-HCH is far more toxic than the rest of the isomers, and therefore it has been deposited
separately on a smaller and more secured dump. All other isomers have been disposed off on a
separate site only few meters away.
Process description of electrolysis plant at OHIS
The chlorine alkali plant of OHIS was in operation from 1964 to 1995. It was based on a mercury cell
electrolysis and designed to produce sodium hydroxide, hydrogen, chlorine and hydrochloric acid.
However, during the whole period of operation only sodium hydroxide and hydrochloric acid were
produced. From the electrolysis plant mercury is the main contaminant. In this plant, mercury has been
used as a cathode in the process of electrolysis of sodium chloride (NaCl). The previously decomposed
NaCl, and cleaned from supplements such as Ca, Mg, etc., as a pure electrolyte get in the electrolytic
cell. The process is carried out in an electrolytic cell consisting of separated positive and negative
electrodes (anode and cathode, respectively) immersed in a NaCl electrolyte solution. During the
production 0.15 t/year mercury were lost, for 35 years of production, which in total is 5,25 tons of
mercury. However, much bigger quantities have been reported. Total mercury loss of about 350–400
tons during the 38-year operation period is estimated.
2.7. SUMMARY INFORMATION FROM ENVIRONMENTAL POLLUTION RISK ANALYSIS
Comprehensive Risk Analysis regarding the historical contamination at the OHIS site has been carried
out at several occasions during the past decade. The most recent risk analysis was performed in late
2018/2019 by EMGRISA5; summary information from the analysis are presented further.
Extent of contamination in soil
The main contamination of the site is associated with the presence of HCH-isomers in most of the
assessed area. Highest concentrations are found in the two dumps of waste isomers, as well as in an
area under and next to them. Soil contamination by HCH isomers ceases with depth due to their low
5

Removal of Technical and Economic Barriers to Initiating the Clean-up Activities for Alpha-HCH, Beta-HCH and
Lindane Contaminated Sites at OHIS, Project ID 100122; Risk Assessment Analysis Update (EMGRISA, February
2019).
14

water solubility and the low permeability of the underlying clay layer. Nevertheless, under the HCH
dumps, in the vicinity of the δ-HCH dump and sporadically also in other locations, HCH concentrations
are still high exceeding the Dutch Intervention Values (DIV) even in the deepest sampled interval until
7m below ground level.
Extent of soil contamination by DDE, DDD and DDT and their intensity are significantly lower compared
to HCH and limited to the surficial soil layer of the former lindane production area. Contamination of
soil by chlorobenzenes in the superficial layer as well as in the depth was found only locally. Elevated
concentrations of Hg in soils and soil gas are detected within the former electrolysis plant and close
the surroundings. A decreasing concentration with depth has been confirmed.
Table 2.3: Maximum concentration and depths of detected contaminants at OHIS site
Contaminants
Hexachlorobenzene
Sum HCH isomers
Aldrin
Sum DDE, DDD, DDT
Monochlorobenzene
1,4-Dichlorobenzene
Tetrachlorobenzene
Pantachlorobenzene
Mercury

DIV
(mk/kg)
/
2.0
/
4.0
30.0
10.0

Highest concentration
(mg/kg)
11,600
970,330
1.83
227
56.99
625
5,900
828
978

Max affected
depth (m)
3.7
7
Surficial soil
4.8
0.7
1.7
4
4
4.8

Extent of contamination in groundwater
The plume of HCH isomers dissolved in groundwater is present in the entire area of study, exceeding
the north boundary of OHIS and affecting external domestic wells.
The plume of Mercury in groundwater comprises all the surface of the former electrolysis and
monochloroacetic acid plants, exceeding site’s north boundary according to groundwater flow.
PCE (tetrachloroethylene) plume is located under former electrolysis and monochloroacetic acid
plants. Maximum concentrations of 740 μg/l have been detected on April 2018.
TCE (trichloroethylene) plume is located under the monochloroacetic acid and electrolysis plants, with
maximum values of 8,150 μg/l measured in 2009. Sampling campaigns conducted on October 2017
and April 2018 present lower concentrations than registered in 2009. Concentrations were also
detected in external domestic wells on September 2009.
Simplified schematic drawing of the contamination with HCH and Hg and other chemicals is shown on
Fig. 2.3. Two zones are identified – surficial soil contamination with depth 0-2m that spreads practically
over the entire project area, and deep soil contamination with depth to 8m below ground level.
Summary information from the conclusions of the Risk Analysis include:
(1) The contamination detected in the soils of the site could represent an unacceptable health risk
for some of the workers identified at the site. Further, for construction workers that will build
future facilities or that will carry out remediation works at the site there is a potential risk by direct
contact with the affected soil (ingestion and/or dermal contact) and by outdoor inhalation of
vapors. The risk is mainly caused by the presence of hexachlorobenzene and HCH-isomers
(carcinogenic and non-carcinogenic risk) and tetrachlorobenzene isomers and mercury (noncarcinogenic risk) in soils.
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Fig. 2.3: Schematic drawing
of contamination of soil and
groundwater at OHIS

Source: OHIS Site Remediation
Project; Conceptual Design
(D’APPOLONIA, 2010).

(2) The contamination detected in the groundwater and the soils of the site could represent an
unacceptable health risk for some of the receptors identified outside of the site: (1) For the
agricultural workers in the northern boundaries of OHIS site there is a potential risk by outdoor
inhalation of vapors; (2) Regarding the off-site residential receptors there is a potential risk by
outdoor inhalation of vapors, using water from wells for irrigation and by the consumption of
home-grown vegetables; (3) The use of groundwater for irrigation of domestic orchards (or
related uses like washing), downgradient the northwest area of OHIS site should be prohibited
immediately, at least in the suggested area (shown in a separate map in the risk report), until a
groundwater monitoring program is established.
(3) The contamination detected in the groundwater and the soils of OHIS site does not pose an
unacceptable risk to the residents that eat fish caught in the Vardar River.
(4) Remedial actions in HCH-dump sites, like elimination through excavation, transport and external
treatment/disposal or capping of the dumpsites applying techniques and materials designed for
landfill sealing, are necessary in the short-term to reduce the risk to the nearby workers and
residents and to improve the quality of the aquifer.
(5) Remedial actions in the surrounding affected soils are necessary in the medium or long-term to
eliminate the potential risk to the nearby workers, residents and future receptors (future land
uses at OHIS site) and to improve the quality of the aquifer.
(6) Soils should be sectorized and prioritized according to its concentration of contaminant and its
contribution to the overall risk. The priority sectors should be remediated in the first term,
applying proven technologies of treatment or measures to confine unpaved areas, with the aim
of suppressing the generation of vapors and particles and the leaching of contaminants to the
aquifer. In the lower priority sectors, low cost techniques like bioremediation should be tested to
optimize the cost of the site remediation. Future land use planning, considering the remaining
contamination, should be made to reduce remedial costs.
(7) The study also sets precise site-specific target levels for soil and groundwater.
2.8. FUTURE INTENDED USE OF THE OHIS SITE
In November 2011 the Municipality of Kisela Voda and the Ministry of Transport and Communications
of North Macedonia have developed a Detailed Urban Plan (DUP) for the OHIS site (Annex 5). Based
16

on the DUP, intended future use of the site is for Light Industry and related commercial uses (Table
2.4).
Table 2.4: Summary information from OHIS DUP (2011)
Land/ parcel-use class
G2, B1
G2, B4
G2, В2
G2
G4
D2
D3
Е2
Е3

Light env.-friendly industry
Light env.-friendly industry
Light env.-friendly industry
Light env.-friendly industry
Warehouse
Green areas
Sport/ recreation
Cummunal infrastructure
Other infrastructure
Roads
Sidewalks/ pavement
Parking lots
Railroad infrastructure

TOTAL

Area (m2)
1,235
30,998
7,308
362,945
57,446
54,293
11,199
143,938
6,515
145,985
59,769
14,208
2,306
898,146

0%
3%
1%
40%
6%
6%
1%
16%
1%
16%
7%
2%
0%

There is uncertainty whether the Plan has been finally adopted. However, it is used as a specific
relevant source of information for the CBA.
2.9. INSTITUTIONAL AND REGULATORY ASPECTS
“Most European countries have national legislation (or in some cases regional legislation) to deal with
local soil contamination, but no legal framework has yet been established at the level of the European
Union….”. “...the cornerstone of policy frameworks for local soil contamination is usually a tiered
management system. Typically, this tiered system provides for the definition of site-specific targets for
remediation and/or safety measures according to the proposed land use, the clarification of liability
issues (who pays for remediation, in particular for cases where liable parties are difficult to identify),
and the establishment of a national or regional monitoring system to assess progress and the efficiency
of the established policy framework”6.
This section of the report provides an overview of international conventions and national policy
documents and legislation applicable to the remediation of the OHIS site7 project.
International conventions
The Stockholm Convention on Persistent Organic Pollutants was adopted at a Conference of
Plenipotentiaries on 22 May 2001 in Stockholm, Sweden. The Convention entered into force on 17
May 2004, ninetieth day after the date of deposit of the fiftieth instrument of ratification, acceptance,
approval or accession in respect of the Convention. The objective if the Convention is to protect human
health and the environment from persistent organic pollutants.
North Macedonia signed the Stockholm Convention on 23 May 2001, ratified it on 19 May 2004 and
endorsed its NIP on 2 September 2005. After the inclusion of ten new POPs in the Stockholm
6

Source: Progress in management of contaminated sites; European Environment Agency, 2014.
Adopted from: Report on the results of the reviews and outlining the literature and legal acts and practices for
the development of the national regulatory acts for management of contaminated cites, Project: Removal of
technical and Economic Barriers to initiating the Clean-up activities for α-HCH, β-HCH and Lindane
Contaminated Sites at OHIS, Skopje, Ekomozaik, Skopje, 2015.

7
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Convention Annexes, the Republic of Macedonia updated the existing NIP, giving a basis for realization
of activities linked with priorities and action plans for new POPs. Lindane and its isomers have been
added to the Stockholm Convention as POPs in 2009. Among others, one of the priorities in the „old“
and „new“ NIP is to face the problem related to historical pollution in the country of HCH-isomers
(lindane, an organochlorine pesticide).
Rotterdam Convention on the prior information consent (PIC) procedures for certain hazardous
chemical and pesticides in International trade. The PIC Convention identifies pesticides and industrial
chemicals of concern, facilitates information sharing about their risks, and provides countries with an
opportunity to make informed decisions about whether they should be imported. Some of the POP
substances are already on the PIC list. The Republic of North Macedonia ratified the Convention with
the “Law on ratification of the Rotterdam convention on the prior informed consent procedure for
certain hazardous chemicals and pesticides in international trade” (OG N° 83 of 23/6/10)
Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their
Disposal which was designed to reduce cross-border movements of hazardous waste. The Convention
focuses on improving controls on the movement of waste, including some POPs waste, preventing
illegal traffic, and ensuring that waste is disposed of as close as possible to its source.
Strategic Approach to International Chemicals (SAICM) is a policy framework promoting global
chemical safety. Adopted in North Macedonia in 2010.
UN Convention to combat desertification is connected to maintain and restore land and soil
productivity, and to mitigate the effects of drought. Adopted in North Macedonia in 2002.
National policy documents
1.

Spatial Plan of RN. Macedonia (2004-2020). Spatial planning is defined as comprehensive, oversectoral planning. Spatial Plan in North Macedonia is a long-term strategic, integrated and
development document which provides the protection, organization, and management of space
in RM, it is adopted for at least 15 years. Spatial planning is based on a set of legal frameworks
and rules. Several environmental regulations point at role of spatial planning: Floods (Law on
Waters and Law on Emergency situations); Strategic Environmental Assessment (SEA – Law on
Environment) and SEVESO (Law on Environment).

2.

National Environmental Action Plan (NEAP) 2006 – 2012. NEAP has been developed with the
objective of integrating environmental issues with the economic and social development
programs of the country. The NEAP highlights the environmental problems and recommends
actions related to policy, institutions, and priority investments.

3.

National Environment and Climate Change Strategy 2014-2020. The goal of the Strategy is to
preserve, protect and promote the quality of the environment and the quality of life of citizens,
in order to secure sustainable growth that will contribute to the achievement of the goals of the
Europe Strategy 2020. The focus of the Strategy is the Environment and Climate Change Sector,
recognizing the challenges set by the goals underlying the Europe Strategy 2020. The Strategy sets
a path towards implementation the full requirements of the European Environment and Climate
Change Acquis whilst meeting the challenges of environmental sustainability and resource
efficiency.

4.

National Strategy for environmental approximation. Approximation of national legislation with
EU legislation, strengthened administrative structure to ensure implementation of the legislation
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and manage the process of accession to the EU. Strategy includes framework of actions and
associated costs for the implementation.
5.

National Strategy for sustainable development. This strategic document’s main objective is to
provide sustainable development (trough improvement of the integration) of the three aspects in
RM: economic (economic resources, development, etc.), social (social resources, solidarity, and
combating poverty) and environmental aspects (natural resources, protecting and exploiting
nature sustainably and preventing and combating pollution) and to ensure socially-balanced
economic development with minimal adverse environmental impact.

6.

National Strategy for Waste management (2008-2020). The objective is to identify the adverse
environmental impacts and adverse impacts on human health as result of improper waste
management and to provide gradual waste management system set-up based on the hierarchy of
the main principles of waste management and on the main principles of sustainable use of natural
resources.

7.

National Water Strategy (2012-2042). The National Water Strategy shall define the long-term
policy that particularly ensures: the sustainable water development by meeting the demands of
all users with quality water in sufficient quantities, rational and cost-efficient use of waters,
protection of waters against pollution and control of pollution, protection and improvement of
the waterside land and water habitats, and protection and mitigation of the consequences from
the harmful effects of waters and water deficiency. The National Water Strategy was adopted for
a period of 30 years.

8.

National Waste Management Plan (2009-2015). Goals and objectives of the National Waste
Management Strategy reflect the generally agreed national policy in waste management and
commitments of all parts of Macedonian society with regard to the significant and closely
interrelated changes in the policy and legislation, in institutional and organizational
arrangements, with regard to human resources and capacity, in financing and cost recovery of
waste management operation, in the stakeholder /public awareness and participation and in
establishment of the information system in order to eliminate or mitigate all environmental
impacts caused by the existing improper waste management operations, and to carry out the
preparation and implementation of an integral and cost effective and sustainable waste
management system, taking into account the EU key principles of waste. The document contains
an analysis of the necessary financial assets for projects for rehabilitation of hot spots through
Feasibility Study of rehabilitation.

9.

National Plan for protection of ambient air (2013-2018). The main objective of the National plan
for the protection of the ambient air quality in the Republic of Macedonia presenting the situation
with the air quality, define the measures for protecting and improving the quality of ambient air
of the Republic of Macedonia, and all relevant institutions responsible for their implementation
for the next 5 years (2013-2018 year)

10. National program for gradual reduction of the quantity of emissions of certain pollutants in
Republic of Macedonia. The objective of the Programme is to identify the measures for reduction
of emissions of the listed pollutants by key sources in order to prevent excess in the emission
ceilings at annual level for 2010 and the levels by 2020. In the National Programme are included
data of adopted and predicted policies and presented basic measures and quantified assessment
of the effects of policies and measures for reduction of the emission of pollutants in the air.
11. National Implementation Plan on Reduction and Elimination of Persistent Organic Pollutants in
the Republic Macedonia (2004) & National implementation plan for reduction and elimination
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of Persistent Organic Pollutants in the Republic of North Macedonia – NIP Update (2014). the
plan aims at the identification, management, control, reduction, and elimination of hazardous
chemicals according the requirements of Stockholm Convention. In the period 2012-2013, the
Republic of North Macedonia acceded to update the National Implementation Plan for POPs
chemicals for already implemented activities and preliminary identification of 9 new POPs
chemicals. The document proposes Action Plan with measures to clean up and remediate the
contamination locations with POPs including their ultimate disposal.
Relevant laws8
1.

Law on Environment (OG No.53/05,81/05,24/07,159/08, 83/2009, 124/2010, 51/2011, 123/12,
93/13, 163/13, 42/14, 44/15). The Law on Environment (LoE) was adopted in July 2005 and was
subject to several amendments in the following years. The LoE is the basis for environmental
policy and management, thus also providing guiding principles and policy instruments. The Law
has transposed several important EU Directives relevant for the OHIS remediation project: (1) the
Environmental Liability - Directive (2004/35/CE), (2) IPPC Directive, (3) Seveso II Directive.

2.

Law of water (OG No. 87/08, 6 / 09, 161/09, 83/10, 51/11, 44/12, 163/13).

3.

Law on ambient air (OG No. 67/04 92/07, 35/10, 47/11, 59/12 and 163/13).

4.

Soil – There is still not accepted a Law on soil protection. Draft version was prepared in 2015 by
the working group of the Ministry of Environment and Physical Planning but it is not introduced
into a procedure for the acceptance. Because of that there are not introduce the regulations about
the maximal permitted levels of harmful substances in soil.

5.

Law on agricultural land (OG No. 135/07, 18/11, 148/11, 95/12, 79/13, 87/13, 106/13, 164/13,
39/14, 130/14, 166/14 and 72/15).

6.

Law on the Waste Management (OG No. 68/04, 71/04, 107/07, 102/08, 134/08, 124/10 and
51/11, 123/12, 147/13, 163/13).

7.

Law on Chemicals (OG of RM, No 145/10, 53/11).

8.

Law on Health Protection (OG No. 43/12, 145/12, 10/13, 87/13, 164/13, 39/14).

9.

Law on Occupational Safety and Health (consolidated text; OG No. 53/2013).

10. Law on Medical Evidence (OG No. 51/2011).
11. Law on Food Safety (OG No. 157/10, 53/11, 1/12, 164/13, 187/13, 43/14, 72/15, 84/15, 123/15,
129/15).
12. Law on Physical and Urban Planning (OG No 1/05; 137/2007; 91/2009; 124/2010; 18/2011;
53/2011 and 144/2012, 70/2013).
13. Rulebook on minimum requirements for safety and health at work of employees from risks
related to exposure to chemical substances (OG No 46/2010).
14. Rulebook on general and special requirements for food safety about the maximum permitted
levels of residues from pesticides in or on food and feed for animals of plant and animal origin
(OG No. 91/2018).
15. Rulebook on water safety (OG No 46/2008).

8

More detailed description of the applicable legislation is given in Annex 17.
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3. PROJECT TECHNICAL ANALYSIS
3.1. PROJECT SCOPE AND EXPECTED BENEFITS
As noted before, the objective of the CBA is to quantify the expected costs and the social, public health
and other benefits from the intervention for clean-up of the OHIS site from historical chemical
contamination, thus demonstrating how the project will be beneficial to the society. More specifically,
the project deals with removal of surface and deep contamination from soil and groundwater with the
key objectives of the remediation activities aimed at:
•

Protecting human health at the wider OHIS site surrounding

•

Protecting land and other assets, including productive and residential ones

•

Decreasing pressure on natural resources.

In order to fully meet these objectives, given the scope and status of polluted assets as well as the
associated risks as described in previous studies, the CBA is focused on the entire northwest area of
OHIS site which is identified as the ‘gravity’ of contamination at the locality (project area). It comprises
the area characterized by EMGRISA in 2019, POLYECO in 2017 and 2018 and D’APPOLONIA in 2010
(Fig. 3.1).

Fig. 3.1: The project
area at the OHIS site

The area covers roughly 6.5 ha (240m x 270m; 7.5% of the entire OHIS site with roughly 90ha). The
main potentially soil-contaminating activities that took place at the area are the following:
•

Former lindane and TCB production plant, which is currently inactive.

•

HCH-isomers dumps:
Ø (1) δ-HCH dump containing 5 concrete basins with total area of roughly 940 m2 and depth
of approximately 1.7m below ground level. The content of the δ-HCH dump is indeed a
heterogeneous mix of α-HCH, β-HCH, γ-HCH and δ-HCH isomers.
Ø (2) α- anb β-HCH dump, which does not have any concrete impermeable bottom protecting
subsoil against the seepage of contaminant leachate.

•

Former electrolysis plant. Mercury (Hg) was used in the process of electrolysis of NaCl in this plant,
and there are still some remnant Hg in the building and probably in underground spaces.

•

Former monochloroacetic acid production facility. There where storage tanks for chlorinated
carbons like trichloroethylene and tetrachloroethane.
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•

Former acetylene production building.

•

A number of auxiliary buildings in the area, such as raw material and products warehouses,
storage buildings, workshops, etc. (Fig. 3.2)

Fig. 3.2: Building inventory –
scope of cleanup/remediation
activities at the OHIS site

Source: OHIS Site Remediation
Project; Conceptual Design
(D’APPOLONIA, 2010).

Legend:
A1 – Former storage of HCH and TCB production
A2, A4 – Former lindane production building
A3 – Former raw material and packaging building
A5 – Workshop, lockers room
A6 – Organophosphates production building
A7 – Granular phosphates production building
A8 – Production of granulated pesticides
A9 – Final pesticide storage building
A10, A11 – Packaging storage

B1 – α+β-HCH Dump
B2 – δ-HCH Dump
C1 – Former monochloroacetic acid production building
C2 – Former acetylene production building
D1 – Former electrolysis plant
D2 – Transformer station (not to be demolished)
D3 – Former salt storage
D4 – Hydrochloric acid production
D5 – Former storage of acetylene

The project benefits, i.e. the positive effects from the clean-up activities, are assumed to affect a much
broader area and are analyzed accordingly. Thus, the protection of human health is expected to have
an effect on the entire wider area of the city of Skopje and the surrounding suburbs, with specific focus
within an area with perimeter of 2.5 km around the OHIS site. Protection of productive assets is
concentrated on the entire area of the OHIS production site (90 ha), while the protection of residential
assets is expected to have a profound effect over an area enclosed within a perimeter of 2 km around
OHIS; more details are provided further in the report.
3.2. KEY PRINCIPLES FOR REMEDIATION OF CONTAMINATED INDUSTRIAL SITES
Notwithstanding the site specifics, managing the associated risks through remediation of
contaminated industrial sites in general can be accomplished in several ways (Fig. 3.3). There are also
numerous remediation examples and best practices found in literature.
In principle, the remediation alternatives are rooted in the various possibilities to avert further
dispersion of the historical contamination, which can be achieved either by eradication of the
contamination source through its’ destruction (treatment/decontamination) and/or removal
(excavation) and safe storage at a designated location, or through source containment (isolation) in
which case the source remains in the original location but all the possible pathways for dispersion to
the receptors (e.g. through air, groundwater, direct contact, etc.) are blocked. The third option refers
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to protection of the contamination receptors through limiting further use of the contaminated land,
which above all depends on the categorization of associated risks – initial and potentially residual after
application of any prior measures – along with the uncertainties.

Fig. 3.3: Contaminated
land remediation
principles

Thus, in general, managing the contamination risk and achieving the activity objectives is the process
by which the possible alternatives to control the risks are evaluated to select the most suitable
considering environmental, technical and economic criteria. However, the risk reduction actions
should be conducted in a specific order. Groundwater remediation will not be successful as long as soil
contamination continues to leach into the groundwater. Similarly, soil remediation efforts will not
succeed as long as chemical waste continues to leach into the soil.
Based on these principles six contamination remediation alternatives for the OHIS site are identified,
which are analyzed and elaborated further. These alternatives include:
A1.1 – Contamination containment by construction of an on-site landfill (capping of all pollution
sources/materials) and control of groundwater level by wells
A1.2 – Contamination containment by construction of an on-site landfill (capping of all pollution
sources/materials) and control of groundwater level by application of groundwater flow
barrier wall
A2.1 – Contamination extraction (removal) of all pollution sources and their disposal at new hazardous
landfill near the OHIS site
A2.2 – Contamination extraction (removal) of all pollution sources and their disposal at new hazardous
landfill at a central location in the country
A3.1 – On-site contamination treatment
A3.2 – Off-site contamination treatment
It should be pointed out that, at least hypothetically, there is one additional alternative – “No remedial
action” (or do nothing). As a matter of fact “no remedial action” is indeed the least expensive
alternative. However, under this alternative the toxic hot-spot is left uncontrolled in place posing
further risk for the surrounding population and environment and thus, given the contamination extent
and the conclusion from the Risk Analysis (EMGRISA 2019), is not taken into consideration.
It should also be pointed out that all analyzed alternatives are long-term remediation measures,
assumed to lead to full and equal accomplishment of all the project objectives – Protection of human
health; Protection of land and other assets; and Decreasing pressure on natural resources. Further,
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acceptance and application of any alternative does not preclude immediate implementation of shortterm risk management measures, as defined in the Risk Assessment Study (EMGRISA 2019). Finally,
the application of any of the analyzed remediation alternatives limits future use of the land at the OHIS
site for light industry and related activities, which is consistent with the DUP.
3.3. REMEDIATION APPROACH AND MAJOR REMEDIATION WORKS
Based on site investigations and Risk Assessment carried out by EMGRISA (2019), POLYECO (2017) and
in the previous analysis, the clean-up works at the OHIS site shall include a vast volume of above all –
albeit varying among the alternatives – soil remediation efforts. In addition, for accomplishment of the
objectives the project shall include works on demolition of the existing contamination-affected
buildings (Fig. 3.2), as well as groundwater remediation. These efforts are necessary for
decontamination of detected contaminants at the site (HCH isomers, Hg and other) and reaching the
stringent target values to enable future use of the site.
Following generally the recommendations given in the “OHIS Site Remediation Project: Conceptual
Design” (D’APPOLONIA 2010), the remediation strategy is envisaged to be implemented in a phased
approach and include the following:
Phase 1: Preparatory works, intended at additional site investigations (for alternatives A1.1 and A1.2),
development of detailed designs, permitting, tender documents, EIA, etc.).
Phase 2: Demolition of affected buildings (for all alternatives; Fig. 3.2).
Phase 3: Excavation of surficial soil up to depth of 2m below ground level, intended at removal for
consequent landfilling or treatment (depending on selected remediation alternative) of the
most contaminated soil layer.
Phase 4: HCH dumps removal (for alternatives A2.1, A2.2, A3.1 and A3.2).
Phase 5: Excavation of deep soil up to 4/6 m below ground level at certain micro-localities within the
project area subject to remediation efforts, intended at removal for consequent landfilling
or treatment of soil contaminated with HCH-isomers, Hg, TCB, etc. above remediation target
values.
Phase 6: Extraction and treatment of groundwater, for all alternatives but pending future site
investigations for accurate determination of the scope.
Phase 7: Long-term monitoring, as a specific contamination risk management activity (all alternatives)
Table 3.1 below provides an overview of the soil remediation efforts.
Table 3.1: Overview of soil remediation efforts (m3 of major earth works items)
Item
Surficial soil excavation (2 m)
Deep soil excavation
HCH dumps removal/treatment
Buildings demolition
Excavation for GW barrier wall
Returned material
New earth material
On-site landfill construction
Transport of excavated material
New landfill construction

A1.1

A1.2

72,490
9,730

72,490
9,730

14,274

14,274
9,951

82,220
96,494

92,171
106,445

A2.1

A2.2

A3.1

A3.2

174,551
9,730
30,350
14,274

174,551
9,730
30,350
14,274

174,551
9,730
30,350
14,274

174,551
9,730
30,350
14,274

214,631
0
228,905
228,905

214,631
0
228,905
228,905

5,000
209,631
0
209,631
0

0
214,631
0
214,631
0
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Apart from earth works (soil remediation efforts), another key aspect in the approach are also the
massive works on demolition and landfilling or clean-up of buildings in the affected area. Table 3.2
provides an overview of these efforts9.
Table 3.2: Overview of building demolition works (m3 of construction materials)10
Buildings to be demolished
Construction Item

Lindane
Production
Buildings

Storage of HCH (A1)
Lindane production plant 1 (A2)
Lindane production plant 2 (A4)
Raw material and packaging building (A3)
Lockers room, workshop (A5)
Organophosphates production plant (A6)
Granular phosphates production plant (A7)
Production of granulated pesticides (A8)

HCH isomer
dumps

Storage of final pesticides (A9)
Packaging storage 1 (A10)
Packaging storage 2 (A11)
α + β HCH isomer dump
δ HCH isomer dump
Monochloroacetic acid production plant (C1)
Acetylene production plant (C2)

Other
Production
Buildings

Electrolysis plant (D1)
Salt storage (D3)
Hydrochloric production plant (D4)
Acetylene storage (D5)

Dimensions
Surface Area
Height (m)
(m2)
259.8
3.5
174.6
14.2
387.1
7.3
193.8
4.5
846.0
2.7 to 7.9
216.2 14.5 to 17.2
1,276.2
6.9
247.0
9.3
34.8
2.8
12.5
3.5
1,317.7
7.5
672.3
5.5
750.2
7.0
5,000.0
5.0
1,225.0
3.8
680.8
30.3
127.0
8.7
124.5
4.5
1,455.6
14.5
180.8
6.7
42.2
5.0
41.6
10.2
772.6
7.5
26.4
17.4
203.1
4.2

No. of
stories
1
4
4
1
1 to 2
3
1
2
1
1
1
1
1

7
2
1
4
2
1
3

1

Construction materials/debris (m3)
AsbestosMetal
Concrete
Masonry
cement
sheets
155.2
514.3
1,020.0
83.6
728.4
360.9
547.6

149.8

1.4

477.0

3.7

505.8
346.3
284.2

5.1
1.3
9.0

163.4

124.9

0.3

1.1

384.2
240.1
265.7
380.0
674.0
1,903.8

184.7
130.2
199.7
HCH waste
+ soil cover
650.4
0.5

24,750.0
4,655.0
0.6

228.6

163.2

1,629.7

1,287.4

608.5
603.0
50.2

110.0
36.9
110.7

0.8

0.8

1.3

It should also be firmly pointed out that all remediation works shall be carried out in a highly
contaminated area, dealing with materials that contain chemical and other contaminants that by far
exceed maximum allowable levels. In addition, the works will be executed in an area where the
presence of pits, cavities, sewage slurry, underground utilities and installations, etc. are evident.
Therefore, all works should be carried out under strict and rigorous Safety and Health Protection
measures, as well as following special techniques and methodologies. Description of these aspects is
provided in the “OHIS Site Remediation Project: Conceptual Design” (D’APPOLONIA 2010). Costing of
the works in such environment for purposes of the CBA also takes these specifics into consideration.
3.4. DESCRIPTION OF ANALYZED CONTAMINATION REMEDIATION ALTERNATIVES FOR THE OHIS SITE
3.4.1. CONTAMINATION CONTAINMENT ALTERNATIVES
In general, containment of a contamination11 is a method for environmental remediation intended to
prevent dispersal of any hazardous substances through any possible pathways to the potential
receptors, thereby avoiding future risks soaring from the contaminated lot. In the case of
contamination having the form of deposited inert hazardous waste and/or contaminated land, the
objective is to devise a structure which will prevent the dispersal of the polluting materials and thus
connection with the receptors through direct contact, air or groundwater. In practice this is
accomplished through construction of an on-site landfill – ‘container’ – where all deposited
contaminants and potentially hazardous materials from the surrounding areas are buried and covered
with inert impervious layer to prevent receptors’ direct contact with such materials, and as well
9

Adopted from “OHIS Site Remediation Project: Conceptual Design” (D’APPOLONIA 2010).
For reference see Fig. 3.2.
11
Also called capping or isolation.
10
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dispersion of contaminants through air or leaching into groundwater. Evading dispersal of the pollution
already present in the soil through contact with groundwater can be accomplished by measures that
enable redirecting (bypassing) the groundwater flow away from the contamination.
One of the key advantages of these methods is the fact that they enable control of the risks arising
from the contamination with no to minimal removal (disturbance) of already deposited hazardous
substances, thereby also minimizing risks during construction works. Two possible alternative
contamination containment methods for achieving the above objectives at the OHIS site are identified
and described further.
The main disadvantage of these methods is the fact that the contaminants remain at the site and
therefore the environmental liability is not eliminated, thus requiring monitoring indefinitely. Having
in mind that the HCH isomers are highly corrosive and might degrade the containment structure,
permanent maintenance of the capping should be established.
Alternative 1.1 – Contamination containment by construction of an on-site landfill and control of
groundwater level by wells
Schematic drawing of the alternative is shown on Fig. 3.4; detailed engineering drawings are given in
Annexes 6 and 7. The solution comprises:
(1) Construction of an on-site landfill covering an area of 3.25 ha (250m x 130m; 32,500 m2) over the
two existing HCH dumps and small part of the surrounding area. The on-site landfill is designed to
contain a total volume of 96,500 m3, which, apart from the two HCH dumps, will include the
volume of: (1) debris from demolished buildings in the project area (Phase 2, as described in
Section 3.3); (2) excavated surficial soil material up to 2m below ground depth from the remaining
part of the contaminated project area (275 x 250 m; Phase 3); and (3) excavated deep soil material
up to 4 m below ground level at certain micro-localities within the project area (Phase 5). The
height of the on-site landfill is 5.5m, which includes the capping layer. The landfill will also be
surrounded by a 1m high concrete wall from all sides, intended for protection of deposited
material from surface runoff and possible flooding, as well as fenced.
(2) Covering (capping) of the entire surface area of the on-site landfill with impervious layer (lining),
designed following the standards for hazardous waste landfills12. The sub-layers of the lining are
shown in Table 3.3.
Table 3.3: Capping system for the on-site landfill
Capping System
Top soil (d=25cm)
Sub soil layer (d=75cm)
Drainage layer (d=50cm, k>1x10-4 m/s)
Collection pipe system
Protection layer (geotextile)
Flexible Membrane Layer
Compacted mineral layer (d=3*0.20=0.6m, k<1x10-9 m/s)

m3
m3
m3
m2
m2
m2
m3

5,000
15,000
10,000
20,000
20,000
20,000
12,000

(3) Construction of a system of wells (boreholes) directed towards reduction of the hydraulic head
(groundwater level) under the entire contaminated area, such that the groundwater does not
come in contact with the contaminated soil layers (Fig. 3.4). The system of wells is designed based
on detailed 3D modeling of the groundwater flux at the OHIS site (Annex 13), and comprises an
array of 17 wells equipped with groundwater pumps. The wells array is intended to maintain a
12

Source: Landfill Manuals, Landfill Site Design; Environmental Protection Agency, Ireland, 2000.
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constant groundwater level under the entire contaminated (project) area at a max level of 230.0
masl, or minimum 9m below the ground level (average of 239 masl at the project area), regardless
of the observed groundwater table fluctuations (232 to 231 masl)13. Real-time operation of the
wells array shall be automated and controlled by a Supervisory Control and Data Acquisition
system (SCADA). Each well shall be equipped with groundwater pump with 5.0 kW installed power
and 10 l/sec discharge capacity. Pumped water will be discharged through a piping system in the
nearby Usjanski Kanal.
Fig. 3.4: OHIS site Remediation Alternative A1.1 – Control of groundwater level under contaminated area
by wells. ① Ground level (239 masl); ② Max depth of detected pollution above DIV (231 masl);
③ GW level (max 232 masl); ④ Controlled GW level (230 masl).

(4) Installation of a Photovoltaic (PV) plant over the artificial surface of the on-site landfill (Annex 6).
The PV plant is intended to basically offset the electric energy used by the array of wells, using
the free top surface of the on-site landfill. The plant characteristics are estimated (pre-designed)
using the EU JRC Photovoltaic Geographical Information System (PVGIS)14, based on input
parameters as shown in Table 3.4. Plant’s installed capacity equals 1,500 kWp; the annual
electricity generation equals 1,940 MWh. It is assumed that the PV plant can be connected to the
electricity grid at an existing trafo station within the OHIS site.
Table 3.4: PV plant characteristics
PV plant
Available area
Instaled capacity
PV technology
Mounting position
Inclination
Azimuth
Estimated total losses
Annual efficiency decrease of PV panels

m2
20,000
MW
1.5
Polycrystalline silicon
Free standing
Degree
33
Degree
0 (south)
%
25.3
0.97%

(5) Refilling of excavated pit – excavated surficial and deep soil material from the area surrounding
the on-site landfill – with suitable borrowed earth material. The refilling shall be in layers, with
compaction and lining (leveling) to form surface usable for future intended purposes.
The total investment of the OHIS site remediation alternative A1.1 is estimated to equal €8.64 mill (Fig.
3.5). Detailed cost-breakdown is given in Annex 12-1.

13

Based on field investigations (POLYECO 2018; ENACON 2009) the max under soil depth at which presence of
HCH-isomers in concentration above DIV are observed equals 8 m (231 masl).
14
http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php.
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Alternative 1.2 – Contamination containment by construction of an on-site landfill and control of
groundwater level by flow barrier wall
The second contamination containment Alternative (A1.2) which was identified and analyzed differs
from Alternative A1.1 in the way the groundwater flux is diverted from the contaminated soil layers
under the project area. Therefore, steps (1), (2) and (5) as described above remain the same.
Fig. 3.5: Investment costs – Alternative A1.1
Investment item
Preparatory works
Buildings demolition
Earthworks
Equipment
On-site landfill
PV plant
Total

A1.1
€ 550,000
€ 778,800
€ 2,339,961
€ 1,242,823
€ 2,416,288
€ 1,312,500
€ 8,640,372

15%

6%

PREPATORY WORKS
9%

BUILDINGS DEMOLITION
EARTHWORKS

27%

28%

EQUIPMENT

ON-SITE LANDFILL
14%

PV PLANT

Separation of the groundwater flow in Alternative A1.2 is projected to be made by construction of a
vertical groundwater barrier (cutoff) wall. As for Alternative A1.1, the construction parameters of the
barrier wall are pre-designed based on detailed 3D modeling of the groundwater flow at the OHIS site
(Annex 13). Schematic drawing of the alternative is shown on Fig. 3.6; detailed engineering drawings
are given in Annexes 8 and 9.
The groundwater barrier wall encircles the entire contaminated project area at the OHIS site (270m x
240m). It shall be made of water-tight concrete with thickness of 0.5m. The height (length) of the wall
is determined by the required depth to reach an impermeable earth layer (depth of confined aquifer).
However, the maximum underground depth (height) of the barrier wall should not exceed 30m,
which is a rather strict limitation to applicability of this alternative that needs to be confirmed with
additional field investigations.
Fig. 3.6: Remediation Alternative A1.2 – Separation of GW flow from contaminated soil by barrier wall.
① Ground level (239 masl); ② GW average level;
③ GW flow barrier wall;
④ Impermeable ground level (max depth 30m from ground)

The total investment of the OHIS site remediation alternative A1.2 is estimated to equal €9.95 mill (Fig.
3.7). Detailed cost-breakdown is given in Annex 12-2.
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Fig. 3.7: Investment costs – Alternative A1.2
Investment item
Preparatory works
Buildings demolition
Earthworks
Equipment
On-site landfill
PV plant
Total

A1.2
€ 550,000
€ 778,800
€ 2,339,961
€ 3,867,600
€ 2,416,288

24%

PREPATORY WORKS
8%

BUILDINGS DEMOLITION
24%

EARTHWORKS
EQUIPMENT

39%

€ 9,952,649

6%

ON-SITE LANDFILL

3.4.2. CONTAMINATION REMOVAL ALTERNATIVES
“Contaminated soil continues to be commonly managed using ‘traditional’ techniques, e.g. excavation
and off-site disposal, which accounts for about one third of management practices”.15 In addition,
excavation and save displacement of contaminated materials represents a fully-fledged management
solution for historical industrial pollution, leaving no legacy of risk behind the remediation efforts. It is
mainly for these reasons that such alternative solutions for the OHIS site are analyzed in this CBA.
From technical point of view excavation and removal (off-site disposal) of the contamination from OHIS
requires implementation of the site remediation works as described in Phase 1 to Phase 7 in Section
3.3. Nevertheless, the key problem with these alternatives is the need for save off-site disposal of the
excavated contamination, which by all means needs to be made on a special landfill for hazardous
waste designed, built and operated according to the most stringent EU standards. However, at present
there is no such landfill in the country. Therefore, the main focus during the appraisal of the solutions
was (pre-)selection of suitable location(s) for the purpose.
The area required for off-site disposal of all contaminated soil and other materials (building demolition
debris, etc.) from the OHIS site equals roughly 5ha (250m x 200m) at assumed landfill height of 5m.
However, given that there is no hazardous landfill in the country, it is clearly logical that any selected
site for construction of a new hazardous landfill should also take into consideration the need for
disposal of contamination from other industrial hot-spots in the country, as well as the overall future
long-term needs for safe disposal of hazardous waste.
For purposes of this CBA, as well as with an intention of supporting the process for selection of a locality
suitable for construction of modern hazardous waste landfill in the country, the consulting team
applied a specific methodology for initial identification of such locations. The methodology is based on
a GIS terrain model, and application of the principles of Multicriteria Analysis (MCA) and the Analytical
Hierarchical Process (AHP). Key aspect in the analysis is the definition of a hierarchical structure for
cross-comparison of a number of selected evaluation criteria, grouped in factor groups. Details and
conclusions from the analysis are given in Annex 14.
Alternative 2.1 – Contamination removal and disposal at new hazardous landfill near the OHIS site
One of the potentially most suitable locations for safe off-site disposal of the hazardous materials from
the OHIS site, which was also confirmed with mentioned methodology, is the wider locality near the
existing landfill used for communal waste disposal for Skopje – Drisla (Fig. 3.8).
The Drisla landfill is located at a distance of approximately 5km southwest from the OHIS site; a local
asphalt road directly connects the two sites. The wider area of the locality is hilly and fairly isolated,
15

Source: Progress in management of contaminated sites; European Environment Agency, 2014.
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with geomorphological and geological features suitable for the purpose.

Fig. 3.8: OHIS site Remediation
Alternative A2.1 – Proposed location
for HW landfill and disposal of
contaminated material from OHIS
near existing Drisla landfill

The total investment for alternative A2.1 is estimated to equal €26.74 mill (Fig. 3.9). Detailed costbreakdown is given in Annex 12-3.
Fig. 3.9: Investment costs – Alternative A2.1
Investment item
Preparatory works
Buildings demolition
Earthworks
Equipment
HCH dumps removal/treatment
Off-site landfill
Total

A2.1
€ 600,000
€ 778,800
€ 7,402,291
€ 66,000
€ 1,652,196
€ 16,241,493
€ 26,740,780

PREPATORY WORKS

2%

BUILDINGS DEMOLITION
28%

EARTHWORKS
EQUIPMENT

62%
5%

HCH DUMPS REMOVAL
OFF-SITE LANDFILL

Alternative 2.2 – Contamination removal and disposal at new hazardous landfill at a central location
Another option for safe off-site disposal of excavated contaminant materials from the OHIS site is the
construction of a new hazardous landfill at a different locality. Applied methodology for identification
of such locations in the country reveals that a number of suitable areas exist, which can be grouped
into four meso-scale localities (Fig. 3.11 and Annex 14).
Therefore, such an option is analyzed as a separate alternative solution for remediation of the OHIS
site (A2.2), with the waste transportation distance (limited to max 80 km) being the key difference
from the ‘Drisla’ (A2.1) alternative. Estimated investment for alternative A2.2 equals €31.48 mill (Fig.
3.10). Detailed cost-breakdown is given in Annex 12-4.
Fig. 3.10: Investment costs – Alternative A2.2
Investment item
Preparatory works
Buildings demolition
Earthworks
Equipment
HCH dumps removal/treatment
Off-site landfill
Total

A2.2
€ 600,000
€ 778,800
€ 10,913,284
€ 66,000
€ 2,876,663
€ 16,241,493
€ 31,476,240

PREPATORY WORKS

2%

BUILDINGS DEMOLITION
36%
53%

EARTHWORKS
EQUIPMENT

7%

HCH DUMPS REMOVAL
OFF-SITE LANDFILL
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3.4.3. CONTAMINATION TREATMENT ALTERNATIVES
Apart from the contamination containment and excavation/removal methods, increasing regulatory
control of landfill operations combined with development of improved treatment techniques makes
the soil remediation alternatives relying on application of such techniques a viable option. However,
aside from inherent uncertainties related to achievement of required site-specific decontamination
target values, in particular when applied to large-scale clean-up activities, it should be noted that these
alternatives are relatively more expensive compared to the ‘traditional’ ones discussed before.
Provided further is a brief overview of several commonly applied soil remediation technologies16.
Application of the technologies, or combination of methodologies for achievement of required
remediation targets, can be on-site or off-site.

Fig. 3.11: OHIS site Remediation
Alternative A2.2 – Possible mesoscale locations for HW landfill
and disposal of contaminated
material from OHIS

Indirect Thermal Desorption (ITD) – Thermal desorption is a separation technique during which heat
is applied to the treated soil to reach temperature higher than boiling point of the contaminant (boiling
point of HCH is approx. 325°C). Indirect means that heating medium is not in the direct contact with
soil. Off-gas resulting from the heating process is cooled down to ambient temperature and
contaminant is condensed and collected. Further off-gas cleaning operations are dust removal or
absorption at activated carbon filters. In general, there are two modes of TDU operation: batch system
(sealed oven) or continual system (rotary kiln), enabling wide range of throughputs (up to 30 tons/h).
Treated soil is ready to be used for back filling. Because thermal is not a destruction technology it has
to be used in combination with further on-site or off-site HCH destruction technology.
Base Catalyzed Decomposition (BCD) – The BCD process involves treatment of liquid and solid wastes
in the presence of a reagent mixture consisting of a high boiling point hydrocarbon such as sodium
hydroxide and a proprietary catalyst. By heating to about 300° C the reagent produces highly reactive
atomic hydrogen, which cleaves chemical bonds that confer toxicity to compounds. The residues
produced are carbon and sodium chloride. After the main dichlorination reaction the inorganic and
carbonaceous solids are separated from the unreacted oil by centrifugation and drying. The oil is
recovered for reuse in following treatment cycles. If it is desired to further separate the solids residues,

16

Adopted from: “OHIS Skopje, Evaluation of the available disposal, remediation technologies for the HCHcontaminated site and development of technology selection screening matrix”, Final Report, UNIDO/Enacon,
2014.
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the salts and excess base can be removed from carbon residue by washing with water. The carbon
residue is nontoxic could be treated as non-toxic material.
Plasma Arc – In the plasma-arc system with a very high temperature (>10 000 °C) the waste is injected
directly into the plasma and rapidly (<1 ms) heated and pyrolysed for about 20 ms in the water-cooled
reaction chamber. At the end of the flight tube, the gas is rapidly quenched to less than 100°C in a
direct spray condenser using an alkaline spray solution. The gas is further cooled and scrubbed of any
remaining acid gases in a packed tower. Chlorine from HCH is utilized into the NaCl in the form of
wastewater.
Mechanochemical Dehalogenation (MCD) – In the MCD unit, HCH is subject to complete detoxification
under non-heating conditions in a closed system by the mechano-chemical principle without
generation of exhaust gas. The chemical reaction between HCH and CaO is activated and accelerated
by the mechanical energy delivered in a ball mill or a vibratory mill. The impaction and frictions
between the ball bearing and the interior surface of the mill produce a large amount of heat and HCHs
react with an alkali-earth metal and a hydrogen donor generating reduced organics and metal salts.
The base metal is typically an alkali-earth metal. The hydrogen donors used include alcohols, ethers,
hydroxides, and hydrides. The by-products generated at the end of the process are nonhazardous
organics and metal salts.
Hazardous Waste Incineration – Hazardous waste incineration uses controlled flame combustion to
treat organic contaminants mainly in rotary kilns at a temperature higher than 1,100 °C. Produced offgas is treated in dedicated emissions abatement system which consists of dust removal, acid gases
removal, dioxin filters and NOx emissions reduction systems. In the case of HCH molecules chlorine is
transformed into HCl, which is removed from off-gas in wet scrubber by addition of alkali (NaOH or
Ca(OH)2) in the form of sodium or calcium chloride.
Cement Kiln Co-Processing – The cement kiln makes portland cement at a temperature of about
1450°C. In the clinker burning process it is essential to maintain kiln charge material temperatures of
approximately 1450°C with the gas temperatures of up to 2000°C and to have oxidizing conditions.
Fuel and wastes fed through the main burner of a cement kiln will be decomposed under oxidizing
conditions in the primary flame burning zone at temperatures up to 2000°C and a retention time up to
8 sec. Fuel and waste fed to the secondary burner kiln inlet or precalciner will be burnt at temperatures
up to 1200°C. Chlorine from HCH will become partially a component of the produced cement.
Alternative 3.1/3.2 – On-site and Off-site contamination treatment
Possibilities for remediation of the OHIS site by treatment of the historical contamination has been
duly elaborated in a number of previously developed studies. Most of these studies provide
comparative analysis regarding the implementability from technical and economic perspective of the
analyzed treatment technologies. However, all of the studies also highlight the fact that the actual
application of any such soil treatment technology will require additional pilot investigations.
Provided in Table 3.5 below is a brief overview of the costs associated with use of such treatment
technologies. Evidently, the costs refer to clean-up of contamination from the two HCH-isomer dumps
only, whereas the approach adopted in this CBA refers to remediation of the OHIS site at a much
broader scope (Sections 3.1 to 3.3). Therefore, for purposes of the analysis, cost estimates for
application of on-site and off-site soil remediation methods are taken from the OHIS Site Remediation
Project: Conceptual Design (D’APPOLONIA 2010; Fig. 3.12) and the Field Survey Results, Analysis of
Data and Field Investigation (POLYECO S.A.; September 2018).
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Fig. 3.12: Investment costs – Alternatives A3.1 and A3.2
Investment item
Preparatory works
Pilot testing phase
Work site installation
Buildings demolition
Earthworks
Equipment
HCH dumps removal/treatment
Surficial soil treatment
Deep soil treatment
Analysis
Total

A3.1
€ 500,000
€ 293,600
€ 1,489,410
€ 626,407
€ 2,424,125
€ 66,000
€ 16,571,148
€ 23,564,385
€ 6,107,535
€ 1,900,000
€ 53,542,609

Investment item
Preparatory works
Pilot testing phase
Work site installation
Buildings demolition
Earthworks
Equipment
HCH dumps removal/treatment
Surficial soil treatment
Deep soil treatment
Analysis
Total

A3.2
€ 500,000
€ 293,600
€ 1,489,410
€ 626,407
€ 2,424,125
€ 66,000
€ 28,158,040
€ 23,564,385
€ 6,107,535
€ 1,900,000
€ 65,129,501

Table 3.5: Overview of cost estimates for soil treatment remediation methods for the OHIS site
Cost estimate for
treatment of the δHCH dump (mill. € )

Cost estimate for
treatment of both
HCH dumps (mill. € )

8.57 / 9.4 mill €

48.7 / 139 mill €

6.4 mill €

84.3 mill €

Pure HCH waste will be firstly treated in a MCD unit and nonchlorinated waste then treated in an ITD unit. Contaminated soil
and debris will be treated directly in the ITD unit.

8.2 mill €

182.8 mill €

Cement kiln

Treatment of contaminated soil and debris and HCH waste in a
cement kiln. Technically, cement kiln located in Zlatna Panega,
Bulgaria is able to treat this type of waste. However, based on the
provided information chlorinated waste is not on the list of waste
permitted by the current IPPC permit to be received and utilized by
the facility. Unit cost for treatment is estimated, not confirmed by
the cement plant.

7.8 mill €

42.6 mill €

ITD + Off-site
incinerator

Destruction of pure HCH waste in a hazardous waste incineration
plant in EU, treatment of contaminated soil and concrete debris in
on-site ITD unit, and consequent incineration of separated HCH in
the incineration plant. HCH waste has to be packed in ADR
approved barrels and transported into the hazardous waste
incineration plant.

4.96 mill €

49.3 mill €

Destruction of pure HCH waste in the cement kiln in Zlatna Panega,
Bulgaria, treatment of contaminated soil and debris in the on-site
ITD + Cement kiln
ITD unit and consequent incineration of separated HCH in the
same cement kiln

3.67 mill €

32.7 mill €

HCH waste incineration in a hazardous waste incineration plant in
Cement kiln + OffEurope. Contaminated soil and debris would be incinerated in the
site incinerator
cement kiln in Zlatna Panega, Bulgaria.

8.1 mill €

57.4 mill €

Underground HCH waste incineration in a hazardous waste incineration plant in
depository + Off- Germany and disposal of contaminated soil and debris in an
site incinerator underground waste depository in Germany.

9.54 mill €

60.7 mill €

Soil treatment
method

ITD + BCD

Brief description
Destruction of pure HCH waste directly in an on-site BCD unit and
separation of HCH from contaminated soil and concrete debris in
an on-site ITD unit and consequent destruction of separated HCH
in the BCD unit.

Destruction of pure HCH waste directly in an on-site Plasma Arc
unit, treatment of contaminated soil and debris in the on-site ITD
ITD + Plasma Arc
unit and consequent destruction of separated HCH in the Plasma
Arc unit.

ITD + MCD
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4. COST-BENEFIT ANALYSIS
4.1. OBJECTIVES AND METHODOLOGY OF THE COST-BENEFIT ANALYSIS
The purpose of the economic cost-benefit analysis is to assess the overall impact of a project on
improving the economic welfare of the citizens of the country/society concerned. An economic CBA of
a project is similar to financial CBA, in terms that they both appraise the profit of an investment. The
concept of financial profit, however, is not the same as economic profit. Hence, the financial analysis
of a project estimates the profit accruing to the project-operating entity, whereas economic analysis
measures the effect of the project on the national economy. Given that in the case of the OHIS site
remediation project financial benefits – or financial revenues, more strictly – as a direct consequence
from the investment will not arise, all further analysis refer to economic CBA.
The process of conducting economic CBA involves calculating inflows and outflows based on the
principles of discounted financial cash flow analysis using conversion factors to reflect real economic
costs, which practically involves conversion from market prices to accounting (or shadow) prices to
take account of market distortions and to include externalities. There are three basic steps in analyzing
the economic viability of a project; these are:
•

Identifying, quantifying and valuing in monetary terms (and to the extent possible) the economic
benefits and costs

•

Fiscal Corrections: conversion from market to accounting (shadow) prices

•

Comparing the benefits with the costs.

The analysis period covers 15 years, including one “0-year” as implementation initiation period, while
all capital expenditures (investments and O&M costs) and benefits take place from year 1 onward,
depending on the alternatives’ specifics. All benefits and costs have been valued in 2019 prices. All
calculations are made in Euro.
The project implementation schedule will depend in particular on the required timing for the soil
remediation works per alternative, which are distinguished in 7 major distinct phases as shown in
Sections 3.3 and 3.4.
Assumed social discount rate used in the analysis equals 5.0%. All project related costs incurred in the
past are considered sunk costs, and therefore are not considered in the analysis. However, residual
values of assets with an economic life beyond the analyzed period have been taken into consideration.
Also a uniform 2% cost increase is applied. All unit costs used for assessment of the capital
expenditures are net (free) of VAT and other taxes.
4.2. FINANCIAL ANALYSIS
Investment costs of identified OHIS site remediation alternatives
The investment costs for implementation of the remediation efforts at the OHIS site for all analyzed
alternative solutions are estimated based on input (mass balances per work items and phases) from
the engineering analysis as described in Section 3.4 and previously developed studies that address the
problem (Section 1.3). Applied unit prices are based on consultant’s experience from prior projects
with similar work items, except for the soil treatment works for Alternative A3.1 and A3.217. Brief
overview per major items are presented in Table 4.1; detailed cost breakdown is provided in Annexes.
17

Unit prices adopted from “OHIS Site Remediation Project: Conceptual Design” (D’APPOLONIA, June 2010).
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Table 4.1: Overview of investment costs for the analyzed remediation alternatives
Investment item
Preparatory works
Pilot testing phase
Work site installation
Buildings demolition
Earthworks
Equipment
HCH dumps removal/treatment
On-site landfill
Off-site landfill
Surficial soil treatment
Deep soil treatment
Analysis
PV plant
Total

A1.1
€ 550,000

A1.2
€ 550,000

A2.1
€ 600,000

A2.2
€ 600,000

€ 778,800
€ 2,339,961
€ 1,242,823

€ 778,800
€ 2,339,961
€ 3,867,600

€ 778,800
€ 7,211,334
€ 66,000
€ 1,652,196

€ 778,800
€ 10,644,912
€ 66,000
€ 2,876,663

€ 2,416,288

€ 2,416,288
€ 16,164,078

€ 16,164,078

€ 1,312,500
€ 8,640,372

€ 9,952,649

€ 26,472,408

€ 31,130,453

A3.1
€ 500,000
€ 293,600
€ 1,489,410
€ 626,407
€ 2,346,710
€ 66,000
€ 16,571,148

A3.2
€ 500,000
€ 293,600
€ 1,489,410
€ 626,407
€ 2,346,710
€ 66,000
€ 28,158,040

€ 23,564,385
€ 6,107,535
€ 1,900,000

€ 23,564,385
€ 6,107,535
€ 1,900,000

€ 53,465,194

€ 65,052,086

The massive differences between the investments for the analyzed alternatives are evident, ranging
from €8.64 mill for A1.1 and nearly €10 mill for A1.2, €26.5 mill and €31.1 mill for A2.1 and A2.2
respectively, to €53.5 mill for A3.1 and even €65. mill for A3.2.
Operating and maintenance costs
Operating and maintenance (O&M) costs in general refer to annual expenses required for the
continuous functioning of the applied technical remediation solutions (infrastructure), including labor
and administration costs, equipment maintenance and repair, electricity costs, etc. However, given the
specific nature of the project, apart from Alternatives A1.1 and A1.2, O&M in this case include only
costs for long-term groundwater monitoring, estimated at €12,000 in the first year of operation.
For Alternative A1.1, however, the O&M cost categories include also costs for continuous operation of
the ‘wells array’ and the PV plant, as well as for maintenance of the on-site landfill infrastructure, as
follows:
•
•

•
•

Labor: it is assumed that long-term monitoring, operation and administration of the entire on-site
landfill and PV plant require four (4) employees, with average monthly gross salary of €800.
Electricity: estimated based on installed capacity of each well pump of 5 kW (17 wells); average
annual operating time for maintaining the groundwater table under the on-site landfill area under
the set max/min level is estimated to be 140 days, equaling an average annual electric energy use
of 180,000 kWh; and unit electricity price for industrial purposes of €0.14/kWh, which equals to
€25,000 in year 1. A uniform annual electricity price increase of 2.5% is also applied.
Well pumps and SCADA system maintenance: a 14% annual depreciation rate is applied
Maintenance of general infrastructure (civil works, pipes, etc.): 1% to 3% annual depreciation rate
is applied for technical alternatives A1.1 and A1.2.

4.3. ECONOMIC COST-BENEFIT ANALYSIS
Overview of socio-economic benefits
The investment in remediation of historical contamination with huge quantities of HCH-isomers, other
chemicals, hazardous waste, obsolete equipment and torn-down buildings at the OHIS industrial site
will result in the following key socio-economic benefits:
•

Improved health conditions at the wider OHIS site surrounding

•

Productive use of the (industrial) site land
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•

Increase in residential property values in surrounding areas.

Above-listed benefits and the applied relative methods for their evaluation are described further.
Improved health conditions
In general, improved health conditions18, as a specific socio-economic benefit triggered by an
environmental remediation project, are valued firstly on an estimate of avoided cases of human
mortality and morbidity based on dose-response functions, and consequently on estimation of the
dose received by members of the polluted site. Quite often the estimate of the dose received by the
affected population is based on scientific studies related to estimation of airborne (or other media)
transmission rates, pollutant toxicity, exposure data, etc. Based on this dose, it is then possible to
estimate the risk of exposure-induced illnesses and/or deaths to which a unit economic cost can be
attached.
With an intention of drawing up of a dose-response function for the OHIS site remediation project the
consulting team working on the CBA carried out a comprehensive research of historical health-related
data in the country, data on demography for the OHIS site surrounding, as well as research on scientific
studies for estimation of previously published risk analysis results to an exposure and risk scenario.
Overview of the conclusions from the research are provided below; more detailed information is given
in a special report (Annex 15).
1.

Comprehensive collection of available health data was performed during the study for health
impact assessment and burden of diseases in the neighborhood of the industrially contaminated
OHIS site with lindane and other chemicals was performed

2.

Unfortunately, health data in the country are collected on a municipal level without any
opportunity for appropriate modeling in accordance with the need for identification of the health
impact of the identified risk factor on a more granular level (lindane and other chemicals from the
industrially contaminated landfill in this case)

3.

Many additional confounding factors were raised during the study as well:
§

The enormous number of different chemicals (more than 50) which are present in the
contaminated area with different mechanisms of effects on health

§

21 of these chemicals are classified as a carcinogenic, possible and probable cancerogenic
chemicals
There is no evidence for direct connection of the identified chemical pollutants with the
sources at the OHIS site
There are no previous epidemiological studies which would provide an opportunity to
follow a time-line (trend) of the observed health effects from possible exposure

§
§
§
§
§

18

There is no biomonitoring study for identification of the chemicals and/or their metabolites
in the human body
There is no evidence or real opportunity to select direct effects of the lindane to the health
of the potentially exposed residents from other additional factors of influence
There is no opportunity to analyze health effects among different population groups by age
and gender, as well as the influence of different socio-economic determinants of health.

Changes in human mortality and morbidity rates.
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Further to the research of data for establishing a clear-cut dose-response function for the OHIS site, it
was also concluded that available data for proper estimation of the direct and indirect health-related
costs in the country are scarce19.
Therefore, given all the uncertainties and in order to avoid any speculation, it was decided that in the
CBA the improved health conditions benefit from remediation of the OHIS site shall be expressed only
in quantitative terms (not economically valued) through expected reduction of the Disability Adjusted
Life Years (DALY) ratio. Hence, based on the assessment the project will result in reduction of
(minimum) 125 DALYs annually for the population residing within a perimeter of 2.5 km from the OHIS
site.
Productive use of land
The second important socio-economic benefit of the OHIS site remediation project is the one related
to the recovery of the land at the site, which, after the implementation of reclamation measures, can
be fully used for industrial purposes without any restrictions because of health risks associated with it.
Therefore, the rationale behind the benefit is that the land value is preserved (re-created) after the
project implementation.
Given that the land in the OHIS site is at present, albeit at very limited rates, sold or rented at marginal
prices, the real (increased) market value can be taken as a proxy for its opportunity cost (economic
value). The conclusion is confirmed by the fact that the real estate market in the country is assumed
to be developed, hence no market distortions exist.
The entire land at the OHIS site at present is property of the state. Its economic value is estimated
based on the available locations that can be sold and the current real value of similar land, derived
from real (recent) market transactions for comparable land in the site vicinity. The size and potential
Table 4.2: Available land parcels and estimated area applicable for sale in OHIS site
Land/ parcel-use class
G2, B1
G2, B4
G2, В2
G2
G4
D2
D3
Е2
Е3

TOTAL

Light env.-friendly industry
Light env.-friendly industry
Light env.-friendly industry
Light env.-friendly industry
Warehouse
Green areas
Sport/ recreation
Cummunal infrastructure
Other infrastructure
Roads
Sidewalks/ pavement
Parking lots
Railroad infrastructure

Area (m2)
1,235
30,998
7,308
334,111
57,446
54,293
11,199
143,938
6,515
145,985
59,769
14,208
2,306
869,312

0%
4%
1%
38%
7%
6%
1%
17%
1%
17%
7%
2%
0%

Area applicable for sale
(m2)
80%
80%
80%
80%
80%

988
24,799
5,847
267,289
45,957

0%
5%
1%
54%
9%

90%

11,199
129,544
6,515

2%
26%
1%

492,138

use categories (classes) of the site land are taken from the DUP for the locality. Overview of available
land parcels and estimated area applicable for sale per category is given in Table 4.2. From the total
area of nearly 870,000 m2, it is estimated that 492, 138 m2 (57%) can be subject for sale. Land parcel
categories (according to the DUP) such as roads/streets, sidewalks, parking lots, green areas etc. are
not taken into consideration.
19

E.g. for use of the human capital approach for mortality and the cost of illness approach for morbidity
valuation.
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Based on available information, the current price at which land within the site is sold equals less than
€2/m2. The real (expected) market value after implementation of the remediation efforts is estimated
based on market research of transactions for comparable land in industrial sites around Skopje –
Ilinden, Petrovec and Vizbegovo – as well as the wider OHIS surrounding area that is also
predominantly used for light industry development. Details from the market research are given in
Annex 16. Overview of projected price increase in given in Table 4.3.
Table 4.3: Available land parcels and estimated area applicable for sale in OHIS site
Land/ parcel-use class
G2, B1
G2, B4
G2, В2
G2
G4
D2
D3
Е2
Е3

Light env.-friendly industry
Light env.-friendly industry
Light env.-friendly industry
Light env.-friendly industry
Warehouse
Green areas
Sport/ recreation
Cummunal infrastructure
Other infrastructure
Roads
Sidewalks/ pavement
Parking lots
Railroad infrastructure

Current unit
land price at
OHIS (€/ m2)

Projected price
after remediation
(€/ m2)

Price
difference
(€/ m2)

2.0
2.0
2.0
2.0
1.5

40
40
40
40
35

38.0
38.0
38.0
38.0
33.5

0.0
0.0
0.0

20
30
30

20.0
30.0
30.0

The price difference before and after the remediation is used for assessment of the economic value.
The ‘sale’ (utilization) of the land in the CBA is simulated to take place within a 5- to 10-year period
after completion of the remediation works.
Increase in land/property values
Increase in property values for the OHIS site surrounding areas is the third analyzed socio-economic
benefit. The rationale behind this benefit is rooted in the concept that, due to amenities and health
hazards, people generally prefer to avoid living in or close to polluted areas. Thus, the remediation
efforts are expected to create a positive impact (externality) on the value of predominantly residential
and ‘social’ properties surrounding the site subject to remediation.
Valuation of the benefit, i.e. estimation of the increase in property values, is based on the hedonic
price method. Quantification of the benefit is carried out based on the following:
•

The maximum reasonable territorial scope of the property increase effect is assumed to equal the
area within a perimeter (distance) of 2 km surrounding the OHIS site20.

•

The surface of the existing residential real estates within the affected area are calculated based
on GIS land model and topographic maps. Two types of real estates are taken into consideration:
(1) residential building land, equaling 4 km2 (4.15 mill m2); and (2) built area used as residential
space (houses and apartments), equaling 0.88 km2 (885, 000 m2) within the 2 km perimeter area.

•

Current market prices for the two analyzed property categories are estimated based on market
research of transactions in the vicinity of OHIS – Drachevo, Lisiche, Pintija, Sopishte and Usje

20

Examples from economic literature suggest a maximum distance of 5 km. However, given that the OHIS site
is in the vicinity of a densely populated residential areas close to the capital of Skopje, a more conservative
approach is assumed.
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(Annex 16). Current average land market price in these localities equals €31.6/m2; the average
residential built area price equals €175/m2.
•

Based on data from economic literature, as a result of the OHIS site remediation project only, the
residential building land price increase is assumed to be 3%, and the residential built area price
increase 5%. The property price increase is assumed to take place over a 5-year period following
the completion of the remediation works.

Conversion of market to accounting prices
In determining the factors of fiscal adjustment of material resources the following assumptions were
considered:
•

VAT is not included in unit costs and therefore the economic analysis makes no fiscal adjustment
for VAT

•

Prices of incoming resources include direct taxes and transfer payments

•

Transfer payments included in labor costs are deducted in determining the conversion factors

•

For traded goods and services it is assumed that they reflect economic prices

•

For skilled labor it is assumed that there are no distortions to market prices and they reflect
economic prices, so there is no conversion to shadow wage.

In the case of the OHIS site remediation project both construction (investment) and O&M costs are
made of local labour, local/domestic materials and equipment and imported materials and equipment.
The structure of investment and O&M costs by types of work and/or other cost categories, as well as
the applied conversion factors (CF), are given in Table 4.4 below. Applied conversion factors for all
items, as presented in the table, are calculated based on the structure of direct materials and goods,
skilled and unskilled labour, and other types of cost elements included in them.
Table 4.4: Conversion factors for major work items and costs
Conversion factors
Preparatory works
Pilot testing phase
Work site installation
Buildings demolition
Earthworks
Equipment
HCH dumps removal/treatment
On-site/Off-site landfill construction
Surficial soil treatment
Deep soil treatment
Analysis
PV plant
Skilled labor
Unskilled labor
Diesel fuel

1.00
0.95
0.72
0.73
0.72
0.95
0.89
0.72
0.89
0.89
1.00
1.00
0.70
0.56
0.80

•

Local goods: majority of the goods (materials and equipment) for both construction and O&M will
come from domestic producers. No cost adjustments are made (conversion factor 1), as financial
costs are VAT free.

•

Imported goods: the major items of imported materials and equipment to be used include steel
products (used mainly for concrete reinforcement), gas/fuel, and major part of the
equipment/machinery. The average fractions (percentages) of these items in the total costs are
estimated based on the breakdown of investment costs.

•

Foreign labor: no cost adjustments are made as financial prices are expressed in border prices.
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•

Local labor (wages): for all categories of local labor the conversion factor is determined according
to the following formula
(1-u) * (1-t), where
u is the unemployment rate, for skilled labor = 0; for unskilled labor 20.7%21
t is percent of social security payments and taxes included in labor costs (30%).

•

Diesel fuel: Applied conversion factor equals 0.80, calculated as a ratio of maximum allowable
production/border diesel fuel prices in Macedonia for the period 2015/2016 and the current
market price.

Aside from described conversion factors, a particular ‘correction’ factor is also used for adjustment of
the Productive use of land benefit for Alternatives A1.1 and A1.2. Namely, although these alternatives
will enable achievement of all desired objectives, because the presence of the on-site landfill within
the boundaries of the OHIS site will still create some visual disamenities, it is believed that the land
market value will not be fully re-created after the project implementation. Therefore, the unit prices
for valuation of the benefit are adjusted to 60% (0.6) of the real market value.
Economic Performance Indicators
The key indicators used for determination of a project economic performance based on the cash flow
analysis are (Economic) Net Present Value (NPV), Internal Rate of Return (IRR) and the Benefit/Cost
ratio (B/C). Calculated values of these indicators for the analysed remediation alternatives are
presented in Table 4.5 and Fig. 4.1. Detailed analysis is given in the Annexes.
Table 4.5: Indicators of project economic performance
Indicators
Investment
Investment (w/ CF)
Discount rate
PV Benefits
NPV
IRR
B/C ratio

A1.1

A1.2

€ 8,640,372
€ 7,054,702
5.0%
€ 20,467,663
€ 12,681,933
49.0%
2.6

A2.1

€ 9,952,649
€ 8,226,194
5.0%
€ 19,018,041
€ 10,492,134
36.3%
2.3

€ 26,472,408
€ 19,778,742
5.0%
€ 25,455,285
€ 8,447,978
13.6%
1.5

A2.2
€ 31,130,453
€ 23,407,086
5.0%
€ 25,455,285
€ 5,406,347
10.0%
1.3

A3.1

A3.2

€ 53,465,194
€ 47,133,219
5.0%
€ 24,243,129
(€ 16,117,338)
-2.7%
0.6

€ 65,052,086
€ 57,433,734
5.0%
€ 24,243,129
(€ 25,460,209)
-5.3%
0.5

Based on the indicators, the two alternatives dealing with contamination containment (A1.1 and A1.2)
and the alternatives related to contamination removal (A2.1 and A2.2) have positive NPV values and
B/C ratio bigger than 1, and therefore represent viable remediation solutions for the OHIS site. On the
other hand, as a consequence of to the very high investments, the contamination treatment
alternatives (A3.1 and A3.2) have negative indicators related to their economic performance.

Fig. 4.1: Investment and NPV
of analyzed alternatives

€ 54,000,000

Investment (w/ CF)

€ 44,000,000

PV Benefits

€ 34,000,000

NPV

€ 24,000,000
€ 14,000,000
€ 4,000,000
(€ 6,000,000)

A1.1

A1.2

A2.1

A2.2

A3.1

A3.2

(€ 16,000,000)
(€ 26,000,000)
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Source: http://www.stat.gov.mk/PrikaziSoopstenie.aspx?rbrtxt=98
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4.4. SENSITIVITY ANALYSIS
In general, the CBA of projects is necessarily based on assumptions and uncertain future events. The
sensitivity analysis assesses risks by identifying the variables that most influence a project’s net
benefits and quantifies the extent of their influence. It consists of testing the effects of variations in
selected cost and benefit variables on the project’s IRR. The elements on which the sensitivity analysis
is based vary +/- 20% from the initial values and show how much each variation will change the
financial outcome (IRR) of the project.
The sensitivity analysis carried out in this CBA shows the dependence of the IRR from changes in
estimated investment costs and productive use of land (as an indicator or project’s socio-economic
benefits) for Alternatives A1.1, A1.2, A2.1 and A2.2. The results are presented in Fig. 4.2.
The chart clearly shows that the IRR (project’s economic performance) is critically sensitive on the
investment, i.e. the bigger the investment the bigger the variation of IRR. Thus, for Alternative A1.2 a
+/- 10% change in the investment results in changes of IRR of roughly +/- 15%, while for Alternative
A2.2 +/- 10% change in the investment results in changes of IRR of +/- 25%.
Invest-A1.1
Invest-A1.2
Invest-A2.1
Invest-A2.2

60%
50%
40%

Land-A1.1
Land-A1.2
Land-A2.1
Land-A2.2

30%
20%

Fig. 4.2: Sensitivity analysis

10%
0%
-10%

-20%

-15%

-10%

-5%

0%

5%

10%

15%

20%

-20%
-30%
-40%
-50%
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5. MULTI-CRITERIA ANALYSIS OF REMEDIATION ALTERNATIVES
The CBA enables apparent determination of the project performance from economic point of view,
thus supporting the decision making process by providing clear preferences for further project
financing. However, analyzed contamination clean-up alternatives differ among each other in features
that cannot be fully accurately embraced with purely economic cash-flow analysis. Therefore, a multicriteria analysis (MCA) is applied for the four remediation alternatives that represent viable solutions
to the contamination problem – A1.1, A1.2, A2.1 and A2.2.
The MCA used in the study is based on the Analytical Hierarchical Process (AHP). The AHP is a widely
accepted decision-making support method, used to determine the relative importance of selected
criteria in a specified decision making problem. One of the critical steps in any multiple criteria problem
is the accurate estimation of the relevant data. Although qualitative information about a criterion
importance can be found, it is difficult to quantify it correctly. The AHP method is an effective approach
to extract the relative importance weights of the criteria. The AHP is based on pairwise comparisons,
which are used to determine the relative importance of each criterion.
The evaluation criteria used in this analysis include:
•

Investment costs: detailed analysis of investment costs are made in the CBA. The application of
this criterion in the MCA is intended to reflect the relative effectiveness of the alternatives in
terms of unit costs for the remediation, as well as to enable comparison of the same with other
criteria.

•

Complexity of the solution: the criterion addresses primarily the technical feasibility for
implementation of analyzed alternatives and the availability of required services and materials,
taking into account: (1) reliability of the technology; (2) ability to apply (construct and operate)
the remediation method in the country; (3) availability of necessary equipment and specialists to
implement intended remediation method; (4) ease of performing additional remedial work if
necessary; (5) requirements and abilities for monitoring the effectiveness of the solution; and (6)
ability to obtain approvals from authorities, as well as the compliance with environmental
regulations in the country.

•

Short-term effectiveness: the criterion basically addresses the effects of the alternative during
the construction/implementation phase. Under this criterion the alternatives are compared
against their positive or negative effects on human health and the environment by addressing the
following factors: (1) effectiveness of protection of the community during remedial actions; (2)
effectiveness of protection of workers during remedial actions; and (3) potential environmental
impacts that may result from the implementation of the remediation alternative.

•

Long-term effectiveness: the criterion addresses analyzed remediation alternatives in terms of
the risk remaining at the site after the construction/implementation phase. Long-term
effectiveness is evaluated according to: (1) magnitude of residual risk remaining at the site after
implementation of the remedial alternative; and (2) the adequacy and reliability of remedial
controls, assessed according to the potential need for replacing components of the remedial
alternative and as well any potential consequences of failure of these components.

•

Time for completion: the criterion refers to the estimated time for the remedial alternatives to
be implemented and objectives achieved, and as well the relative implication of these.
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Pairwise comparison among selected criteria is presented in Table 5.1. The weights (ratings) for each
criteria against the others is based on the assessed intensity of importance, with numerical values as
shown in Table 5.2.
Table 5.1: Pairwise comparison of selected criteria
Criteria
Investment costs
Complexity
Short-term effectiveness
Long-term effectiveness
Time for completion

Investment
costs
1.00
2.00
1.00
6.00
1.00

Complexity
0.50
1.00
3.00
6.00
1.00

Short-term
effectiveness
1.00
0.33
1.00
3.00
0.50

Long-term
effectiveness
0.17
0.17
0.33
1.00
0.17

Time for
completion
1.00
1.00
2.00
6.00
1.00

The consequent step in the analysis is comparison based on expert judgement between the
alternatives on each selected criteria, resulting in pairwise matrices for each criterion. The results of
the analysis are presented in Annex 19.
Table 5.2: Criteria rating scale
Intensity of
importance
1

Definition
Equal importance

Explanation
Two factors contribute equally to the objective

Somewhat/moderately Experience and judgement slightly favors one
more important
over the other
Experience and judgement strongly favors one
Much more important
over the other
Very much more
Experience and judgement very strongly favors
important
one over the other
Absolutely more
The evidence favoring one over the other is of
important.
the highest possible validity

3
5
7
9
2,4,6,8

Intermediate values

When compromise is needed

Based on the results shown in the Criteria Pairwise Comparison Matrix, it is evident that the Long-term
effectiveness criterion is assigned the highest (dominant) importance, followed by Short-term
effectiveness and then Complexity, which is in line with the vision of achieving desired remediation
objectives in a sustainable manner at acceptable cost.
The final ranking of the four alternatives is shown in Table 5.3. Based on these results (criteria weights),
analyzed alternatives have more balanced priority ranking compared to the CBA results (B/C ratio), as
a result primarily of the ability of the contamination removal alternatives (A2.1 and A2.2) for solving
the problem without living any legacy of the future period.
Table 5.3: Summary MCA results
Alternatives
A1.1
A1.2
A2.1
A2.2

Investment
costs
0.036
0.036
0.015
0.010

Complexity
0.057
0.026
0.011
0.007

Short-term Long-term
Time for
effectiveness effectiveness completion
0.098
0.024
0.036
0.045
0.053
0.032
0.017
0.218
0.011
0.017
0.240
0.011

CRITERIA
25%
19%
27%
29%
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6. RISK ASSESSMENT
Risk assessment is the basis for risk management, which is the identification of strategies to reduce
risks, including how to allocate them to the parties involved. The OHIS site remediation project is
followed by certain risks which are identified and classified in the table below, and analyzed through
the following:
•

Description of the risk (adverse event)

•

Probability of risk occurrence, classified as: A. Very unlikely (less than 10% probability); B. Unlikely
(10–33% probability); C. Medium likely (33–66% probability); D. Likely (66–90% probability); E.
Very likely (90–100% probability)

•

Severity/impact of the risk, classified as: Low; Moderate; High; Very High

•

Risk mitigation strategy, or actions how to minimize or overcome the risk.
Adverse event (risk)

Unexpected political
or regulatory factors
affecting the project

Inadequate surveys
and field investigation

Effect on cashflows
Delay in
project start
up.
Delay in
benefits
materialization

Extra costs to
remediate the
site

Probability

C

B

Severity of
the risk

High

Low

Mitigation measures
• Fervent promotion of the project
and its benefits to political decision
makers.
• Obtain support and ‘buy-in’ from
highest Government and local public
institutions for the project.
• Site investigations to determine the
scope of contamination have been
carried out at several occasions in
the past decade.
• Additional surveys and field
investigations are planned and
budgeted in the CBA.
• Preparation of design documents
and EIA are planned and budgeted in
the CBA.

Procedural delays

Delay in
benefits
materialization

C

Moderate

• EIA procedure should start as soon
as possible after financing decision is
reached.
• Preparation of design documents
and EIA should be fully aligned with
permitting requirements.

Delays in construction

Delay in
establishing a
positive cash
flow including
benefits
materialization

B–C

Moderate

• Analyzed/promoted remediation
alternatives are relatively
straightforward, requiring mainly
standard construction works for
their implementation.
• Construction design and tender
documents should be prepared by
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independent professional
engineering team.
• Construction design shall be based
on highest standards and best
practices for required works.
• Construction contractor should be
selected following set/required
performance standards, selection
criteria, past experience and
competitive bidding procedure.
• Special attention should be given to
preparation of Safety and Health
Protection Plan prior to
commencement of construction
works.
• Independent construction
supervision should be arranged.
• Independent supervision for
implementation of the Safety and
Health Protection Plan (measures)
should be arranged.
Cost overrun

Legal constraints/
environmental risk

Surface of the land
devoted to economic
activities lower than
expected

Lack of public
acceptance of the
project

Higher (social)
costs of the
project

Delay in
establishing a
positive cash
flow including
benefits
materialization

N/A

B-C

Moderate

• Independent supervision for
implementation of the Safety and
Health Protection Plan (measures)
should be arranged.
• Any potential legal aspects/
constraints should be identified as
soon as possible by independent
professional legal advisor.

C–D

Moderate – • EIA procedure should start as soon
High
as possible after financing decision is
reached.
• Preparation of design documents
and EIA should be fully aligned with
permitting requirements.

A

Low

• Construction design documents
should be prepared in accordance
with DUP.
• Outside the scope and control of the
project promotor.

N/A

C–D

• Continuous promotion of the project
and its benefits with the local
population.
Moderate –
High
• Obtain support from highest
Government and local public
institutions for the project.

Overall, the project is considered to have a moderate risk to its success and sustainability. Highest risks
represent the aspect of potentially unexpected political or regulatory factors and the acceptance of
the general public of proposed remediation alternatives. All other risks, albeit with different potential
possibility of incidence and impact, are considered manageable.
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7. CONCLUSIONS AND RECOMMENDATIONS
[1] The Organic Chemical Industry of Skopje (OHIS) is a large industrial production unit, which during
the period since its establishment back in 1964 until the cease of its operation in 2001
manufactured a variety of chemical products. The nearly one million square meters industrial
complex is situated near the capital of the Republic of North Macedonia – Skopje. The site is
heavily affected by past production of lindane, with approximately 40,000 cubic meters of α-, βand δ-HCH temporarily stockpiled in open dumpsites covered with a thin layer of soil. Besides
lindane, huge quantities of other chemicals and hazardous wastes are disposed off within the
OHIS site borders. Old run-down equipment and production buildings are still present at the
location of the OHIS plant.
[2] A number of field investigations, risk assessment studies and general remediation plans for the
OHIS site have been developed in the past decade. All of these studies confirm that contamination
levels detected in soils and groundwater at the site exceed maximum values, thus representing
an unacceptable health risk for workers within the plant site, agricultural workers farming the
nearby arable land, and the population living in the surrounding residential districts.
[3] The Republic of North Macedonia has signed the Stockholm Convention in 2001 and ratified it in
2004; National Implementation Plan (NIP) on Reduction and Elimination of Persistent Organic
Pollutants (POPs) was endorsed in 2005. Lindane and its isomers have been added to the
Stockholm Convention as POPs in 2009, thus the OHIS site is recognized as POPs contaminated
site. In addition, one of the priorities of the NIP is solving the problem with HCH-isomers at the
OHIS site, imposing obligations to the Government for clean-up and remediation of the site.
[4] Implementation of the UNIDO-funded Project for Removal of Technical and Economic Barriers to
Initiating Clean-up Activities for α-HCH, β-HCH and Lindane Contamination at OHIS provides a
unique possibility to North Macedonia to solve the problem with the OHIS site, which is
considered to be among the highest priorities on the list of contaminated sites in the country. The
Project has initiated the preparation of a Cost-Benefit Analysis for remediation of OHIS, presented
in this report. The key objective of the CBA is to quantify expected costs and the social, public
health and other benefits from the intervention, demonstrating how the remediation project will
be beneficial to the society and therefore justifying the clean-up activities.
[5] Given the scope and status of polluted assets as well as the associated risks, in order to fully meet
stated objectives the CBA is focused on a wider belt of land located northwest of the OHIS site,
which is identified as the ‘gravity’ of contamination at the locality. It comprises the area
characterized by previous studies with surface of roughly 6.5ha, and includes: (1) former lindane
production plant; (2) two HCH-isomers dumps; (3) former electrolysis plant, contaminated with
remnant Mercury; (4) former monochloroacetic acid production facility; (5) former acetylene
production building; and (6) a number of auxiliary buildings in the area – raw material and
products warehouses, storage buildings, workshops, etc.
[6] Six contamination remediation alternatives are identified and analyzed with the CBA: A1.1 –
Contamination containment by construction of an on-site landfill and control of groundwater level
by wells; A1.2 – Contamination containment by construction of an on-site landfill and control of
groundwater pollution by flow barrier wall; A2.1 – Contamination removal/excavation and safe
disposal at new hazardous landfill near the OHIS site; A2.2 – Contamination excavation and safe
disposal at new hazardous landfill at a central location in the country; A3.1 – On-site
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contamination treatment; and A3.2 – Off-site contamination treatment. With the aim of reaching
stringent target decontamination values and enabling future productive use of the site, the cleanup works for all alternatives include a vast volume of soil remediation efforts, demolition of
existing contamination-affected buildings and groundwater remediation. The works are planned
to be carried out in phases.
[7] Remediation of the OHIS site is expected to generate the following key socio-economic benefits:
(1) Improved health conditions at the wider OHIS site surrounding; (2) Productive use of the
(industrial) site land; and (3) Increase in residential property values in surrounding areas.
[8] Values of the key indicators used for determination of the project economic performance are
presented below:
Indicators
Investment
Investment (w/ CF)
Discount rate
PV Benefits
NPV
IRR
B/C ratio

A1.1
€ 8,640,372
€ 7,054,702
5.0%
€ 20,467,663
€ 12,681,933
49.0%
2.6

A1.2
€ 9,952,649
€ 8,226,194
5.0%
€ 19,018,041
€ 10,492,134
36.3%
2.3

A2.1
€ 26,472,408
€ 19,778,742
5.0%
€ 25,455,285
€ 8,447,978
13.6%
1.5

A2.2
€ 31,130,453
€ 23,407,086
5.0%
€ 25,455,285
€ 5,406,347
10.0%
1.3

A3.1
€ 53,465,194
€ 47,133,219
5.0%
€ 24,243,129
(€ 16,117,338)
-2.7%
0.6

A3.2
€ 65,052,086
€ 57,433,734
5.0%
€ 24,243,129
(€ 25,460,209)
-5.3%
0.5

Based on the indicators, the two alternatives dealing with contamination containment (A1.1 and
A1.2) and the alternatives related to contamination removal (A2.1 and A2.2) represent viable
remediation solutions for the OHIS site. On the other hand, the high investment costs of the
contamination treatment alternatives (A3.1 and A3.2) cannot be justified with the expected level
of direct and indirect benefit values arising from the remediation.
[9] It is concluded that the project will generate sustained beneficial socio-economic impact perceived
above all in reduced health risk for the general population. It will also result in significant increase
of the local community welfare through increased economic activities within the OHIS site.
[10] Therefore, it is recommended to continue with further development of the planned project
remediation activities. Notwithstanding the associated shortcomings (section 3.4.1), preference
should be given to the alternatives that represent viable solutions from economic point of view.
[11] Final decision on the selection of preferred remediation alternative can be made after additional
field investigations, aimed at determining any potential limitations in application of the
alternatives. The additional field investigations should focus on detailed determination of the
hydrogeological characteristics of the OHIS site (e.g. groundwater table fluctuations, permeability,
filtration, flow gradient, etc.) and in particular the depth of an impermeable earth layer (confined
aquifer depth) which is critical for alternative A1.2. In parallel, the application of alternatives A2.1
and A2.2 (contamination removal) involves detailed planning and environmental impact
assessment for selection of a hazardous waste landfill location in the country, which require
extended period of time and thus should be initiated promptly.
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