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1. INTRODUCTION  

1.1. PROJECT BACKGROUND 

Located in the south-western part of the island of Cyprus, the project area corresponds to the most 
urbanized part of the Pafos district, including the city of Pafos, on the coast, and some eighteen 
surrounding municipalities and villages. 

With a total present population of 47.500 inhabitants (including some 25.000 for the sole Pafos 
Municipality), this agglomeration can be considered as one of the most populated in Cyprus, after 
Greater Nicosia, Limassol and Larnaca.  In 2020, it is expected that this figure could reach more 
than 66.000 inhabitants. 

The activity of this region is mainly dedicated to tourism along the coastal strip.  The District of 
Pafos is presently receiving 1 million tourists in the year, i.e. one third of the total tourists visiting 
Cyprus, of which 70% are accommodated in hotels and residential facilities located in the project 
area.  Taking into consideration the trends and the policy presently adopted by the Government 
Authorities, it is estimated that the capacity of accommodation could increase by some 3.000 
additional beds in the future, reaching a total figure of around 22.000 beds in the project area. 

The Municipal Council of Pafos realized the need of the implementation of a centralized sanitary 
and storm drainage system at the early 1980’s.  The efforts started immediately with the 
preparation of the necessary documents and contracts for the financing of the project, but due to 
budgetary and financial and other reasons the implementation of the project was delayed by over 
10 years. 

The infrastructures corresponding to the first phase (Phase A) of works have been realized, with 
about 140 km of sewerage pipes, one interceptor (the Main Gravity Collector along the shore), two 
Pumping Stations (PSA and PSB) on this collector and five smaller in the network already 
achieved. 

Both sewerage and drainage systems are placed under the responsibility of the Sewerage Board of 
Pafos (SBP), created in 1996.  Phase 2 (or Phase B) will be the continuation of the program taking 
into consideration the increase of the demand and the perspective of a quick saturation of the 
sewerage treatment facilities. 

A first stage of the Sewage Treatment Plant has been constructed, with a design capacity of 
8,000 m3/day.  The plant has been in operation since December 2002. It was constructed by the 
German company AWATECH (Abwasser + Technik) to service the Phase 1 are of the Pafos 
District sewerage network.  Some civil works were placed to facilitate for the future extension as 
that was predicted by the company. 

The treatment plant is located within the administrative boundaries of the Akhelia community.  The 
plant consists of two parallel treatment lines which are interconnected.  Due to the location of these 
two lines, one being closer to the sea, they are referred to as “seaside” and “landside” lines.  The 
plant consists of primary sedimentation tanks, secondary treatment (activated sludge process) and 
tertiary treatment with sand filtration and disinfection with chlorination.  The plant also consists of 
an odour control unit.  Sludge is treated within two aerobic sludge digesters and then dewatered 
before being loaded onto trucks to be carried away.  A more solid plan for the management of 
sludge is required for the extension of the Pafos STP, in order to accommodate for the increased 
production of sludge. 
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1.2. PROJECT SCOPE AND EXPECTED OUTPUT 

Following the completion of the first phase of the Pafos Sewerage and Drainage Project, the 
second phase was launched by SBP. The main characteristics of the extension works scheduled in 
Phase B can be summarized as follows: 

• 6 km of main collectors; 
• 190 km of secondary (laterals) sewers; 
• Upgrading of Pumping Station A and of Pumping Station B; 
• Addition of Pumping Station C ; 
• Addition of small intermediate Pumping Stations; 
• Extension of the Sewage Treatment Plant. 

After competitive bidding, a contract for consulting services was awarded to the consortium formed 
by Sogreah (France) and A.F Modinos & S.A Vrahimis (Cyprus). The contract was signed on 16th 
May 2005. 

The scope of the consulting services includes four stages: 

• The Design Stage, related to the Draft and Final Design of the whole infrastructures included 
in the revised Phase B and the preparation of the corresponding tender documents; 

• The Tendering and Contract Award Stage, related to the prequalification, tendering, 
evaluation, and award process; 

• The Contract Administration and Supervision Stage, related to the assistance to the SBP 
through the construction period; 

• The Maintenance Stage, corresponding to the contractual maintenance period defined in the 
construction contracts. 

1.3. SCOPE OF THE SLUDGE MANAGEMENT REPORT 

The scope of this sludge management study is: 
– to find the most suitable sludge management strategy for the disposal of the sludge from 

the new future Sewage Treatment Plant of the Sewerage Board of Pafos 
– to study the consequences of this strategy on the project of the new STP sludge 

treatment, especially concerning the options of digestions and solar drying 
– to define possible new works at the STP 
– to estimate capital costs and operating costs 

This report will help to finalise the terms of reference of the tender documents for the next 
tendering of a Design-Build-Operate Contract for the SBP’s STP. 
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2. THE PLANNED WASTEWATER TREATMENT PLANT OF 
PAFOS 
The current STP in Pafos has been in operation since 2002 with a planned useful life-cycle until 
2020.  As additional parts of the sewerage collection network were eventually connected to the 
system it became apparent that the STP would reach maximum capacity long before the end of its 
useful lifetime.  As a result the operating capacity which was supposed to be reached in 2020 was 
reached in 2005. 

In order to accommodate for this increasing flow, the STP is currently undergoing an upgrade to its 
facilities in order to regulate the flow to the plant and as a result to allow the plant to operate as 
efficiently as possible and to prevent peak flows which would ‘shock’ the plant operation, until the 
‘Extension’ of the STP is complete.  The flow regulation will be accomplished with the 
transformation of the emergency storage lagoon to a buffer tank.  The tank will be supplied with 
aerators in order to keep the solids suspended and to prevent odour problems.  Additional 
modifications to be performed during the ongoing upgrade (since essentially June 2006) include 
the addition of a grit and scum chamber which will also service the plant at its full extension. 

2.1. PROJECT STATUS AND EARLIER STUDIES 

The history of the sewage flow coming to the STP is shown in the following table.  The data 
presented in the table span a time-period starting from December of 2002 and up to the end of May 
2005 and can be summarized with Table 1. 
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FIGURE 1.  DAILY INCOMING FLOW TO STP 

The STP was designed setting a maximum day sewage flow of 8,000 m3/d to be reached in the 
peak months of the year 2010 (Phase 1) whereas the requirements were set up for an ultimate 
capacity of 16,000 m3/d to be reached during the peak months of the year 2020.   
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The increasing trend observed in Figure 1 and the values of the statistics calculated and displayed 
in  indicate that the STP is currently operating above the capacity it was designed for.   

 

TABLE 1. INCOMING FLOW STATISTICS 

Date Minimum Flow (m3/d) Maximum Flow (m3/d) Mean Flow (m3/d) 95th percentile (m3/d) 

2002 827 6,445 2,813 5,890.60 

2003 656 7,013 3,308 5,128.80 

2004 2,675 7,939 5,744 7,399.95 

2005 4,817 8,387 6,645 8,027.55 

The STP was designed setting a maximum day sewage flow of 8,000 m3/d to be reached in the 
peak months of the year 2010 (Phase 1) whereas the requirements were set up for an ultimate 
capacity of 16,000 m3/d to be reached during the peak months of the year 2020.  The septage daily 
flow considered for the design was 100 m3/d.   

The second phase of the STP construction and operation had to be realized sooner than planned.  
Moreover, the second phase shall include the extension of the existing plant to a capacity of 
19,500 m3/d.  In order to cope with the additional load until the completion of the second phase, the 
STP has to undergo an upgrade which is currently underway as of June 2006. 

2.2. BRIEF DESCRIPTION OF THE PLANNED PLANT 

2.2.1. WASTEWATER TREATMENT 

The sewage treatment process described hereafter is an activated sludge treatment.  This 
guarantees the compliance with discharge levels and can cope with flow and pollutant load 
variations.  The described process is a reference solution.  The tender documents will allow the 
Tenderers to propose their own processes, within the limits of a certain number of constraints and 
requirements concerning performance and quality of materials. 

2.2.2. SEPTAGE RECEPTION AND TREATMENT 

The current septage reception and treatment facilities are creating a number of problems in the 
operation of the plant.  The existing facilities are located directly in front of the administration 
building and are creating nuisances both from the odours and from the truck movements.  The pre-
treatment facilities for the septage are manual which implies health and safety problems for the 
operation staff.  It is therefore recommended to abandon the existing septage reception facilities 
and construct new facilities located further away from the administration building. 

The new facilities will include: 

 Septage reception with quick-couplings, 
 pre-treatment of septage, including automatic fine screening and compaction of screenings, 
 septage buffer tank including horizontal mixers and transfer pumps. 

The pre-treatment of sludge and the screenings skip will be located inside a building in order to 
control odours. 
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2.2.3. INLET WORKS 

The raw water inflow will be via a single section.  The hydraulic conditions will be defined so as to 
pass all of the peak flow over the entire pre-treatment facility. 

Wastewater will be distributed downstream of the grit chambers/grease traps. 

A diversion will be installed on the incoming forcemain from PS A to divert the incoming wastewater 
towards the new pre-treatment building. 

All the pre-treatment facilities (screening, grit and grease removal, skips for screenings and grit) will 
be installed in a closed building provided with odour treatment in order to avoid any noise and 
odour disturbances to the neighbourhood. 

2.2.4. BIOLOGICAL TREATMENT AND SECONDARY SEDIMENTATION 

Biological treatment will be carried out on 4 lines: 

 the existing plant, considered as one line, 
 2 new lines in Phase 2 
 1 new line in Phase 3. 

The three new lines will be designed for identical flows and loads. 

2.2.5. DEGASSING AND FLOATING MATTER PIT 

To allow the bubbles of gas trapped in the turbulent mixed liqueur to escape into the open air, one 
degassing structure per clarifier will be provided. 

Each structure will be fitted with a surface scraper. 

2.2.6. CLARIFICATION 

On leaving the aeration basins and after degassing, the mixed liquor will be clarified in order to 
separate the activated sludge from the treated water, to recover this sludge and circulate it back to 
the aeration basin. 

The clarification surface area was calculated so as to allow an upward velocity of 0.60 m/h at peak 
flow 3,519 m3/h, hence the total clarification surface area of 5865 m². 

These upward velocities are related to the sludge loading in the aeration basins, i.e. to the nature 
of the biological floc created from the pollution. 

In order to provide a sufficient clarified water depth above the top level of the sludge, the peripheral 
water depth will be 3.50 m for a floor slope of 0%. 

A surface scum and light sludge scraping device will trap floating matter, which is sent to the 
floating matter storage pit of each degassing structure. 

To simplify plant operation, a sludge blanket measuring device will be fitted to each structure. 

The clarified water chute will be cleaned automatically. 
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2.2.7. SLUDGE RECIRCULATION 

The biological sludge is recycled to the contact zones. 

As a precaution, the possibility of recycling 100% of the peak flow will be allowed for, i.e. 902 m3/h 
per line 

Each sludge pit will be individual to each treatment line. They will be fitted with an immersed stirrer.  

2.2.8. TREATED WATER METERING 

The treated effluent will be metered in a Venturi type channel after being stilled in a feeder channel. 
The channel will be sized for the peak day peak flow. 

A set of stop-logs (upstream and downstream) will be used to bypass the channel for maintenance 
or cleaning.  

Flows will be recorded and totalled using an ultrasound upstream/downstream level measuring 
system. 

Unit characteristics: 

 Peak flow        :   3 600 m3/h 
 Approach channel width    :   1 200 mm 
 Total channel length      : 12 000 mm 

With zero flow, the channel will be completely dewatered. 

An automatic sampling device with a thermostat will be fitted at the channel outlet. 

2.2.9. ANCILLARY SERVICES 

2.2.9.1. COMBINED SEWAGE PUMPING UNIT 

Wastewater produced by the process (sludge treatment, scum pits, pre-treatment, etc.) is collected 
by a drippings network and sent to a combined sewage pumping unit to be sent to the inlet works. 

The internal wastewater will be pumped by two immersed pumps (1 + 1 backup) slaved to an 
ultrasound level probe. 

 Unit max. flow     : 400 m3/h 
 Total head     : 11 m 
 Delivery pipe diameter    : 200 mm 
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2.2.10. TERTIARY TREATMENT 

2.2.10.1. SAND FILTRATION 

There are currently 5 continuous sand filters, each with a filter area of 20 m², thus a total of 100 m² 
filter area. The filter velocity, at peak flow, is 8.1 m/h. 

Respecting the same filter velocity, additional 17 filter units will be required at design horizon, of 
which 11 units shall be implemented in phase 2 and 5 units in phase 3. 

The new filters will be constructed as an extension of the existing filters. 

The capacity of the filter washing facilities will be increased accordingly. 

2.2.10.2. CHLORINATION 

The chlorination contact tanks are designed for a resident time of 30 minutes.  

Two new chlorine contact tanks will be implemented: 

 for phase 2: volume 1320 m3 
 for phase 3: volume 900 m3 

2.3. PLANNING AND PHASING OF THE IMPLEMENTATION 

2.3.1. PHASING OF WORKS 

The phasing of the works will tentatively be as follows: 

 Implementation of the Phase 2 extension 
 Start of operation of the Phase 2 extension 
 Implementation of the modifications of the existing sewage treatment plant  
 Start of operation of all facilities of the sewage treatment plant 
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3. REGULATORY FRAMEWORK 
The legal framework under which sludge falls is as in all cases both the European Directives and the 
local legislation.  Also, in terms of how the sludge is decided to be handled, permits and legislations 
vary.  Following is a summary of the EU Directives and the local regulation which might be 
applicable. 

3.1. EU REGULATIONS 

In Cyprus, the treated sludge has thus far primarily been reused in agriculture and in cement 
factories.  The most important EU Regulation which applies for sludge reuse in agriculture is 
86/278/EEC which is the Council Directive of June 12 on the protection of the environment, and in 
particular of the soil when sewage sludge is used in agriculture.  With this Directive, the EU aims 
on taking full advantage of the sludge’s useful constituents while controlling any harmful effects to 
the soil, the agricultural crops, to humans and/or to animals. 

A copy of this directive is included in Annex F.  The Directive provides with regulations on heavy 
metal concentration limits in the agricultural soil (Annex IA of 86/278/EEC) and the sludge (Annex 
IB of 86/278/EEC), it provides with instructions on record keeping.  Not only that, but it imposes 
compulsory sludge analyses to be performed once every 6 months (Annex IIA of 86/278/EEC).  
Soil analyses are also imposed by this regulation in order to allow for monitoring of the agricultural 
soil quality.   

In general, the sludge, if not deemed appropriate for agriculture, falls under the Council Directive 
75/442/EEC of 15 July 1975 on waste.  More specifically this directive applies to sludge when it is 
disposed of as waste.  The directive’s main objective is “of all provisions relating to waste disposal 
must be the protection of human health and the environment against harmful effects caused by the 
collection, transport, treatment, storage and tipping of waste”.   

This directive deals with waste categories (including sludge) which are listed in Annex I of the 
Directive.  In order to ensure the protection of the environment, the Directive imposes issuing 
permits “for undertakings which treat, store, or tip waste on behalf of third parties, for a supervisory 
system for undertakings which dispose of their own waste and for those which collect the waste of 
others, and for a plan embracing the essential factors to be taken into consideration in respect of 
the various waste disposal operations”.  For example, disposal to landfill and composting of sludge 
would require a permit be issued under this Directive. 

The Waste Framework Directive (2006/12/EC repealing 91/156/EEC and 75/442/EEC on waste) 
aims to clarify matters and to rationalize regulation for waste but does not change the content of 
applicable rules.  Directive 91/156/EEC confirms the waste management hierarchy already outlined 
in the Communication on Community strategy for waste management.  According to this hierarchy 
preference has to be given to waste prevention followed by waste reduction, re-use, recycling and 
energy recovery.  The Directive establishes principles for the use and disposal of waste, waste 
management plans, approval procedures and monitoring.  In addition, this Directive provides the 
definition for the term "waste".  A list of the different type of waste is provided by the Commission 
Decision 2001/573/EC which amends Decisions 2000/532/EC, 2001/118/EC and 2001/119/EC . 
Directives specific to certain wastes (e.g. sludge) are applied additionally to the Waste Framework 
Directive. 
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The Council Directive of 21 May 1991 concerning urban waste water treatment (91/271/EEC), 
known as the Urban Waste Water Treatment Directive, is aimed at protecting the environment from 
the adverse effects of waste water discharges.  This Directive sets minimum sewage treatment 
standards to be achieved in stages by the end of 2005, and provides for advanced waste water 
treatment for the removal of nitrogen and phosphorus from sensitive areas.  Sensitive areas are 
defined as: areas particularly susceptible to eutrophication, surface waters intended for the 
abstraction of drinking water with high nitrate levels, and other waters that require a higher 
standard of treatment to satisfy the requirements of other Directives.  The Directive 91/271/EEC 
supports the use of sewage sludge in article 14: "Sludge arising from waste water treatment should 
be re-used whenever appropriate.  Disposal routes should minimise the adverse effects on the 
environment”.  The same article also prohibits the disposal of sludge to surface waters since 
31/12/1998, and specifies that from 31/12/1998 onwards, the disposal of sludge from urban waste 
water treatment plants is subject to general rules, registration or authorisation.  In addition, this 
Directive introduces detailed monitoring requirements and requires Member States to submit 
reports every two years on their sludge disposal activities. 

The Council Directive 91/676/EEC of 12 December 1991 concerning the protection of waters 
against pollution caused by nitrates from agricultural sources, known as the nitrates Directive, 
requires identification by Member States of Nitrates Vulnerable Zones (NVZ).  These zones are 
defined as areas where water quality has or will exceed EC drinking water standard in terms of 
nitrates concentration (defined in Directive 75/440/EEC concerning the quality required of surface 
water intended for the abstraction of drinking water in Member States).   

In addition to these Directives the Commission Decision 98/488/EC, establishing the ecological 
criteria for the award of the Community eco-label to soil improvers, specifies that these 
products must not contain sewage sludge. 

Some other Directives related to waste management have also implications on sludge 
management: 

o The Directive on the landfill of waste 1999/31/EC will contribute to making disposal of 
sludge to landfill more difficult, as this Directive aims at reducing the quantity of biodegradable 
waste going to landfills, and prohibits the landfilling of both liquid and untreated wastes. 

o The Directive on the Incineration of Waste 2000/76/EC sets limit values for emissions of 
pollutants to air due to waste incineration. 

Lastly we can mention the Directive 2001/77/EC on renewable energy which was adopted with 
the purpose of promoting an increase in the contribution of renewable energy sources to electricity 
production.  It concerns electricity produced from non-fossil renewable energy sources such as 
wind, solar, geothermal, wave, tidal, hydroelectric, biomass, landfill gas, sewage treatment gas and 
biogas energies. 

Aside these existing Directives, it is interesting to mention relevant Directives under project for 
Sludge management, such as: 

o Sludge Directive (3rd draft, April 2000)  

o And Composting Directive (2nd draft, February 2001). 

3.2. LOCAL REGULATIONS 

Local laws and consequent regulations follow the trend set by the European Union in order for 
Cyprus to become harmonized with the other Member States.  The effective legislation for sludge 
reuse is 106(I)/2002, the Water and Soil Pollution Control law.  
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In the case of reuse of sludge in agriculture, regulation 517/2002 (Κ.Δ.Π. 517/2002) of this law is 
prevalent.  This regulation clearly states that unless otherwise approved by the Minister of 
Agriculture, Natural Resources and the Environment the sludge needs to be treated in order to be 
used in agriculture.  Like the EU Directive, the regulation imposes limits on heavy metal 
concentration in soil (Annex A) and in sludge to be reused in agriculture (Annex B).  Instructions on 
analyses to be performed on both the soil and the sludge are also provided in the regulation. 

The law also consists of another regulation which includes the “Code of Good Agricultural Practice” 
(Κ.Δ.Π. 407/2002).  More specifically, Part V of this regulation deals with “Use of domestic waste 
sludge for agricultural purposes”.  It is important to note that this regulation provides with 
instructions on areas to be avoided for sludge spreading.  These two regulations are included in 
Annex F in greek. 

In the case that sludge is not used in agriculture but is waste by itself, or combined with different 
waste then law 215(I)/2002 in the management of solid and dangerous wastes is also in effect.  
This law serves as the local legislation equivalent of the Council Directive 75/442/EEC.  The local 
law also includes an application for a permit to waste management (Κ.Δ.Π. 160/2003).  In the case 
the sludge is incinerated the then this law is also in effect.  However, there is different legislation 
relating to gas emissions that also needs to be taken into consideration.  The Department of 
Agriculture provides with information flyers on the “Code of Good Agricultural Practice” for the 
farmers’ education (see the following chapter). 

All applications for permits need to be done through the Environmental Services of the Ministry Of 
Agriculture, Natural Resources and the Environment. 

3.2.1. GOOD AGRICULTURAL PRACTICES 

As previously mentioned, the Department of Agriculture has prepared some informational flyers for 
the farmers to implement the “Code of Good Agricultural Practice” in their fields and animal farming 
units («Κώδικας Ορθής Γεωργικής Πρακτικής», Έκδοση 14/2003, Λευκωσία – Κύπρος, Υπουργείου 
Γεωργίας, Φυσικών Πόρων και Περιβάλλοντος).  In this flyer, the department states that the sludge 
of Sewage Treatment Plants of domestic wastes can be used for agricultural purposes if: 

o “it comes from facilities which have been given a permit and are operated and supervised by 
specialized personnel 

o the treated sludge storage is done in such a way that it does not create any risk on public 
health and the environment 

o the sludge quantity that is added in the soil depends on the type of soil, the crop, the time 
period during which the sludge is added and the sludge quality 

o for dry cereal crop, it is recommended that a quantity of approximately 500 kg/decare/yr of 
dry sludge is added and on the irrigated fodder crops a quantity of 700 kg/decare/yr of dry 
sludge.” 

The flyers also include the constraints as far as sludge use in agriculture for the farmers to know 
and namely when and where the sludge use must be avoided: 

o “in areas where it is possible that the surface water and groundwater quality might be 
affected (dams, lakes, rivers, water sources, aquifers, etc) 

o in grasslands that are used for animal grazing 

o in fodder crops that are to be collected within three weeks after sludge spreading 

o in fields in which fruit or vegetable crops are grown with the exception of fructiferous trees. 
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o In fields that will be used for fruit and vegetable production which will be in contact with the 
soil and will be consumed raw, unless the sludge is added at least 12 months prior 
harvesting. 

o In lawn fields, unless the sludge is added at least 12 months before they are put in use.” 

Finally, the farmers are provided with information as far as control and monitoring of the sludge 
and soil for the appropriate and safe usage of sludge for agriculture.  More specifically, the flyers 
include information on the analyses to be performed as well as their frequency: 

o “Sludge analyses must take place once every 6 months unless the results do not differ 
drastically within the year, in which case testing can be performed at least once every 12 
months. 

o Soil analyses must be performed according to their initial content in heavy metals, the 
frequency, the quantity and the consistency of the sludge in heavy metals. 

o The responsibility of the testing falls on the “sludge producers” (the Sewerage Boards).” 
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4. OPTIONS FOR SLUDGE MANAGEMENT AND DISPOSAL 

4.1. CURRENT TRENDS IN EUROPE 

Past and current events show that it is possible to divide countries up into the following groups: 

o In the Netherlands and Flanders, the debate on the use of sludge in agriculture is 
over, as the regulatory requirements have prevented almost all use of sewage 
sludge in agriculture since 1991 in the Netherlands and 1999 in Flanders. 

o In countries such as Denmark and the United Kingdom, the debate is now mostly 
over. In Denmark, new regulations on the use of sludge in agriculture (Statutory 
Order no. 49 of January 20, 2000 on the Application of Waste Products for 
Agricultural Purposes) have played a large part in ending the debate, as they are 
considered sufficiently strict to reduce risks to an acceptable level. In the United 
Kingdom, the debate on sludge recycling was heated until an agreement was 
reached in September 1998 between Water UK, representing the 14 UK water and 
sewage operators, and the British Retail Consortium (BRC), representing the major 
retailers. In addition, farmers’ associations support the agricultural use of sludge, 
both for economic and for agronomic reasons. 

o The cases of Germany and Sweden are special. In Sweden, a voluntary 
agreement was signed in 1994 between the Swedish Environmental Protection 
Agency (SEPA), the Swedish Federation of Farmers (LRF) and the Swedish Water 
and Waste Water Association (VAV) concerning quality assurances relating to the 
use of sludge in agriculture. However, in October 1999 the LRF recommended that 
their members stop using sludge because of concerns about the quality of sludge. 
In Germany, opinion has recently swung in favour of agricultural land spreading, 
mainly because this practice is considered economically viable and it is considered 
that the potential risks are sufficiently reduced by the existing legislation. However, 
political developments in 2001 have considerably heated the debate, which is quite 
high at present as some Länder support an increase of regulatory constraints on 
sludge landspreading. 

o In Austria, France and Walloon, a national (or regional) agreement is currently 
under negotiation between the different parties, and hence the debate is heated. 
The situation is particularly tense in France where the farmers' unions supported, 
until recently, the development of the agricultural recycling of sewage sludge, on 
the condition that additional quality controls and an insurance fund system were 
set up. The situation has now changed, as farmers' unions (the FNSEA and CDJA) 
have asked for a ban on the use of sewage sludge, officially because the current 
methods used are not considered to be sufficient to address the risks related to the 
agricultural recycling of sludge. 

o In Finland and Luxembourg, the farming community is generally hostile towards 
the use of sludge for land spreading, mainly because of the pressure to use animal 
manure for land spreading. For example, the Finnish Union of Agricultural 
Producers asked for a ban on the use of sewage sludge for land spreading in 
1990, and have renewed their stand against the use of sludge in agriculture in 
2001. 
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o In Ireland and Portugal, farmers support, in some cases, the agricultural use of 
sludge, both for economic and for agronomic reasons (mainly in terms of organic 
matter and phosphorus content), although it is difficult to obtain information on this 
matter. In both countries, the use of sludge seems to be too recent an issue to 
generate much public debate. 

o In Spain, Italy and Greece, the debate remains limited, as far as can be judged 
from the available information. 

The above summary indicates that the debate is in more “advanced” stages in 
Northern Europe but is still limited in Southern Europe.  In addition, it is important to 
mention that the debate is currently heated in certain countries (Ausrtia, Wallon, 
France, Germany and Sweden). 

4.2. AGRICULTURAL REUSE 

4.2.1.   GENERAL 

Agricultural reuse of sludge from Sewerage Treatment Plants is by all accounts considered to be 
one of the most sustainable of sludge management options.  

Organic matter and nutrients such as Nitrogen and Phosphorus return beneficially to the soil 
allowing the farmer to lower his fertilizer consumption, they improve water retention and increase 
production since they benefit crop yield.  

For the sludge producer, agricultural reuse can be an attractive option if the following conditions 
are met: 

–  enough farm land within a forty- to fifty-kilometre radius around the STP 
–  reduced sludge volume and thus lower transportation costs 

However, sludge acceptance by farmers cannot be guaranteed as they might be reluctant to 
change their habits and could be concerned for agricultural effects such as crop yield, health issues 
and annoying odours.  Active marketing of sludge is, thus, very important to encourage its use.  
Providing farmers with information on the benefits of sludge use and reassurance that it will be safe 
to use is very crucial for the success of such a plan.  

The Sewerage and Drainage Board of Larnaca with the help of the Agricultural Department of the 
Ministry of Agriculture, Natural Resources and the Environment has implemented a sludge 
management strategy where all sludge is reused in agriculture.  It would be encouraging to farmers 
to visit both the establishment as well as the farmers to encourage sludge use and increase sludge 
demand by the farmers in Pafos. 

The SBP would be advised to employ a “Sludge Marketing Manager” to develop sufficient sludge 
demand by farmers, coordinate sludge transport and spreading and ensure appropriate monitoring 
and record keeping. 

4.2.2. SLUDGE QUALITY 

For agricultural use to be secured, the quality of the sludge must comply with Cypriot sludge use 
regulations and also have appropriate physical and agronomic quality to be attractive to farmers. 
For more information on Cypriot regulations, refer to chapter 3. 

In Annex A some analyses for the sludge of the existing Pafos STP are given.  These analyses 
show that the sludge quality generally meets the regulation requirements. 
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There were two exceptions for the Mercury parameter (on 17/04/03 and on 1/7/03), which can be 
difficult to explain as the Pafos STP receives no industrial wastewater.  The origin could be 
inappropriate quality of “septage” or illegal dumping in the sewage pipe. 

The SBP would be advised to do some regular monitoring on the heavy metal parameters of the 
septage and have a strict control on unloading of septage in the septage tanks. 

The requirements for sludge treatment are non-specific.  According to regulations, sludge should 
be treated before spreading, in order to reduce fermentability and health hazards.  The treatment 
can be biological, chemical (lime treatment) or drying. 

For agricultural conditions in Cyprus, lime treatment is particularly inappropriate.  Soils are 
calcareous and the use of lime-treated sludge could induce deficiency and adversely affect crop 
yield and quality. 

When regarding the tourist areas of Pafos it is necessary to consider that any unpleasant odours 
coming from either sludge storage, its transport or the spreading conditions must be avoided. 

In this particular case, we highly recommend to reduce organic matter by digesting the sludge to at 
least 60% of dry matter.  This treatment avoids fermentation during long-term storage which is 
responsible for unpleasant odours.  It is also a way to produce friable sludge which is easy to 
handle and has no negative effects on human health. 

A pleasant look without any nuisances is very important to help the acceptance of the sludge by 
farmers and make the sludge more appealing. 

4.2.3. POTENTIAL SURFACE FOR SPREADING 

Agricultural statistics for the Pafos region are summarised in the following table.   

TABLE 2.  AGRICULTURAL STATISTICS IN THE PAFOS REGION 

Land Use No. of holdings Area (ha) Avg. holding size (ha) 
Temporary crops 1.836 12.484 6,8 
Tree crops 6.264 6.940 1,1 
Vines 3.303 5.535 1,7 
Permanent grasslands & 
pastures 6 64 10,7 
Fallow land 1.139 2.258 2,0 
Kitchen gardens 156 12 0,1 
Nurseries for fruit trees and 
other permanent crops 0 14 *** 

The largest area of agricultural land in Pafos is cultivated by temporary crops, with a great 
percentage of 46% (12,484 ha) whereas the tree crops follow with a total area of approximately 
7,000 ha, 25% of the total agricultural area.  The average holding size for temporary crops is 
approximately 7 ha which is the second largest (permanent grasslands and pastures have an 
average holding size of approximately 11 ha).  The total surface area that can be made available 
for sludge spreading is theoretically equal to 27,307 ha but after a more detailed investigation 
depending on the various constraints, this might decrease.   

The application rate of sludge is controlled by nitrogen addition. 



SEWERAGE BOARD OF PAFOS 
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT 

DRAFT SLUDGE MANAGEMENT STUDY 

SOGREAH – MODINOS & VRAHIMIS– MHR – 2 70 0052 SEPTEMBER 06 PAGE 15 
SLUDGE_MANAGEMENT_AYL_MTS_ALU_12SEP2006 

The recommendation of the Ministry of Agriculture is 110 kg of N/ha (according to a feasibility study 
performed by the Agricultural Research Institute, «Τεχνοοικονομική ανάλυση των λιπάνσεων στην 
Κύπρο». Ι. Παπαδόπουλος και Στ. Παπαχριστοδούλου του Ινστιτούτου Γεωργικών Ερευνών του 
Υπουργείου Γεωργίας, Φυσικών Πόρων και Περιβάλλοντος).  On the basis of a yearly production of 
2074 tons of dry solids for the year 2020 horizon and assuming that sludge contains 5% N, the 
theoretical need for a spreading surface will be 934 ha. 

It can be seen that the need for surface area can be fully covered by the temporary crops areas.  
The required area is only less than 10% of the total area of temporary crops. 

4.2.4. STORAGE AND SPREADING 

The period when sludge application is feasible is between July and September; which is a short 
duration of 3 months.  During the rest of the year, sludge will have to be stored. 

This 9-month storage facility would have to protect the sludge from rain in order to avoid increase 
in the sludge’s moisture content and the consequential initiation of fermentation.  The storage 
facility however need not be sealed since no unpleasant odours are expected. 

The SBP will have to cover the costs of the transportation and spreading of sludge.  According to 
the Agricultural Department, demand for sludge is not very high and the imposition of any charge 
would suppress demand even more. 

In Larnaca, for example, the Sewerage and Drainage Board and the STP provide a free service for 
farmers that includes the transportation and spreading of sludge on the site.  In this case, the 
Department of Agriculture makes spreading equipment and operators for hire, available.  A similar 
arrangement could be considered for the sludge of Pafos.  

However, the Agriculture Department only has one piece of equipment for sludge spreading and as 
the spreading period is very short it is recommended and will be more practical if the SBP owns 
and operates its own spreading equipment, instead of renting it out from the Department of 
Agriculture. 

When the extended STP is put in operation, the number of operating staff will have to increase.  It 
is assumed that two employees will be assigned on the sludge management on a full -time basis 
during the operating period, as it is currently done at the Larnaca STP.  Their job requirements will 
consist of loading of the trucks, spreading, monitoring, and cleaning the equipment. 

4.3. LAND RECLAMATION 

Some industrial sites such as mines or quarries, need restoration at the end of their life for reasons 
having to do with landscape aesthetics and recovery of the natural environment or the productive 
land-use. 

Land reclamation involves soil-forming materials, which are often deficient in organic matter and 
nutrients.  The addition of sludge can improve soil conditions and ensure the establishment of a 
sustainable plant cover. 

In Cyprus, there are a number of mining sites in and around the Troodos Mountains.  Most of the 
abandoned mining sites are of a private ownership and currently there is no obligation to restore 
the land, even if it is unclear whether these sites could fall under the scope of the proposed EC 
Directive on the management of waste from extractive industries. 

Basically, the best known outlet for land reclamation is the Amiantos asbestos mine in the heart of 
the Troodos Mountains. 
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The Ministry of Agriculture, Natural Resources and the Environment (MANRE) commenced a long-
term restoration programme in 1995, concerned with tip stability, the health risks from the asbestos 
fibres, and the return of the site to a natural forest.  The major objective of the programme is to re-
establish natural vegetation cover.  Consequently due to lack of suitable soil, large quantities of soil 
and animal manure are imported. 

It is estimated that about 2million m3 are required to complete the restoration within 30 years. 

The reclamation of the Amiantos mine represents a significant potential outlet for the SBP sludge. 
The estimate for Amiantos would be almost 1000 t DS/yr for at least 15 years, which is about half 
of the sludge production.  The advantages of this outlet are: 

– activities on-site are carried out starting in late April and continuing to late November, 6 to 
7 months of demand, making the option more flexible than the sludge reuse in agriculture. 

– the Forestry Department could subsidise part of the costs on the basis of what they 
currently pay for other materials (CY₤2/m3) 

The disadvantage is: 
– significant transportation costs because of the long distance (~100 km from Pafos), the 

elevation of 1400 m and the narrowness of the road. 

To develop the land reclamation outlet, the requirements are: 
– to dry the sludge, at least to 60% of dry solids, to reduce transportation costs and 

handling and odour problems at the site 
– to build a storage for about 6 months 

Currently, the reclamation of the Amiantos site uses a lot of animal manure but has never used 
STP sludge.  Thus trials should be conducted, involving the Environmental Services, the Forestry 
Department and the SBP to determine the maximum amount of sludge that can be integrated 
safely into the reclamation activities. 

The Kannaviou quarry which was used during the construction of the recently built Kannaviou dam 
may also be a possible site to use sludge for land reclamation.  However the volume of sludge will 
be small. 
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4.4. CEMENT PRODUCTION 

In Cyprus, a strategic plan for the reduction of the greenhouse gas emissions has been developed, 
including the use of wastes in the cement industry to achieve a net reduction of CO2 emissions.  
There are two cement factories in Cyprus: Vasiliko Cement Works and Cyprus Cement Company 
both located near Limassol.  It is frequent to use sludge and other wastes as a supplementary fuel 
in cement production. 

For the sludge producer, this outlet has the following advantages: 

o no need to meet heavy metal requirements  

o no need of storage because of the continuous activity of the factory  

o no ash to be disposed (on the contrary to an incineration solution) since the ash 
becomes an integral part of the cement product. 

Vasiliko factory holds a licence from the Environmental Services to use a variety of wastes 
including sewage sludge, tyres and municipal solid waste.  The Cyprus Cement Company has also 
recently acquired a permit to burn wastes.  These permits would have to be renewed in order to 
accommodate the sludge coming from the Pafos STP since the quantities of sludge accepted will 
increase. 

Sludge from the Limassol STP has been used at Vasiliko for the last 2 years.  

The moisture content of the sludge directly affects the net calorific value.  Thus, the current policy 
of Vasiliko is to take sludge free of charge if the moisture content is less than 20%.  A sludge 
moisture content between 20% and 30% can also be negotiated to be accepted for free. 

From 30% up to 50% moisture content there could be a fee of ₤2.80/m3 and for more than 50% 
moisture content the charge will be ₤9.00/m3.  It must be underlined that currently, Limassol is not 
charged for their sludge which has 65% moisture content. 

When Cyprus enters the market of trading in emission allowances of wastes, using sludge will 
become more attractive for the cement industry.  The use of wastes as renewable fuel sources is a 
sustainable means of reducing net CO2

 emissions.  If the cement factories can exceed the 
requirements on reducing CO2 they will be able to trade allowances with industries that cannot 
meet their targets.  Consequently, the commercial value of the sludge is likely to increase in the 
coming years. 

Even if raw sludge has a higher calorific value than digested sludge, the net value depends mostly 
on the moisture content.  Anaerobic digestion is thus not required by cement industry, but if 
treatment could be useful: 

o in reducing the global tonnage of dry solids to disposal 

o in improving sludge ability for dewatering 

o in reducing odour risks 

Moreover, digestion works represent a significant investment cost for the STP.  The digestion 
interest in this particular case has to be proved by economic calculations. 

We highly recommend completing the treatment by drying the sludge at least until 60% of dry 
solids: 

o to reduce transportation costs because of the long distance from Pafos (80 km)  
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o to avoid odour problems during transportation 

o to improve the attractiveness of the sludge for the cement factory 

4.5. INCINERATION 

Sludge can be incinerated in a special incinerator on site or in co-incineration with other wastes. 

A special incineration on the site is suitable for larger treatment plants, generally ones with a 
capacity of more than 400,000 inhabitants or if there is no other solution left: in the case when 
sludge has high heavy metal contents, or in the case there is no cement factory or household 
waste incinerator.  This solution also has certain drawbacks: 

o It requires highly qualified operators 

o It requires heavy operating and investment costs 

o The production of ash has to be eliminated to landfill for hazardous wastes 

The Ministry of Interior is considering the establishment of a centralised incineration facility for 
separated wastes with calorific value to generate electrical power.  The most likely location for the 
plant will be at Kotsiatis.  In theory, sludge, especially dried sludge, could also be incinerated in this 
plant. 

A study for this plant should have started at the beginning of the year and there is no information 
on how it is progressing.  Until this study has been completed, it will be difficult to judge whether 
sludge could be incinerated in this plant and how much of it could be accepted at this facility.  This 
solution can be considered as a possible average-term outlet, but not as an immediate solution. 

In this case the sludge requirement should probably be the same as for the cement industry that 
has a high level of dryness, at least more than 60%.   

It must be noted that the Kotsiatis location is even further than the location of the 2 cement 
factories.  

Actually this solution seems to be of poor interest in the case of SBP.  

4.6. BIOGAS PRODUCTION  

A biogas plant for power generation is being developed in the Nicosia Area (Cypra Ltd.) and 
construction is supposed to commence during 2006.  The main feedstock for digestion would be 
pig manure but a certain capacity has been reserved for other wastes such as sewage sludge.  The 
purpose of this plant is to produce electricity from a renewable energy source as a part of the 
package of measures needed to comply with the Kyoto Protocol.  The government supports this 
project.  The price that will be paid for electricity generated from renewable sources is 
6.8 cents/kWh compared to the cost of conventional power generation of 3.7.  Of course, the plant 
of Cypra Ltd. cannot be considered as a possible outlet for the SBP sludge, because all the STPs 
around Nicosia will have a priority access to this facility. 

Nevertheless, the development of this project can be interesting to follow.  If this project proves to 
be commercially viable, other plants in Cyprus could be built closer to Pafos (two other applications 
have been made).  This could provide another average-term outlet to SBP. 



SEWERAGE BOARD OF PAFOS 
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT 

DRAFT SLUDGE MANAGEMENT STUDY 

SOGREAH – MODINOS & VRAHIMIS– MHR – 2 70 0052 SEPTEMBER 06 PAGE 19 
SLUDGE_MANAGEMENT_AYL_MTS_ALU_12SEP2006 

4.7. COMPOSTING 

Composting of sludge can be considered as a treatment process that improves the quality of 
sludge.  After this treatment the sludge is no longer considered as a “waste” but as a “product”. 
This point is significant because according to the EU regulations the producer is responsible for his 
waste from the beginning to the end.  This is the reason why the STP owners have to do some soil 
monitoring, in the case of agricultural reuse, even if sludge is given to the farmer.  

Sludge compost has to meet the requirements of the “EU Compost Standard”.  Once the 
requirements have been met, the compost becomes a “product” and can be sold or given to any 
user.  Therefore, the producer of the sludge is no longer responsible for the use of the product. 

The outlets for the compost are wider than those for sludge.  It can be used for all agricultural 
purposes for soil improvement.  It can be used for municipal parks and private gardens, nurseries 
or forest spreading.  

Composting is a thermophilic aerobic fermentation process which comprises of the following steps: 
 

– mixing sludge with a bulking agent (saw dust, tree bark, green wastes etc.) to provide 
open physical structure;  

– providing air by diffused air aeration (compressor) or by turning the sludge over.  
The duration of this step is about 6 weeks.  Temperatures will rise up to 70 degrees 
Celsius due to the biological reactions thus killing all the pathogen germs. 

– Maturation step without oxygen provided for several months 

At the end of the process the compost is black, with a slight and pleasant odour, low organic matter 
content, and safe.  Mature compost does not have the look of sludge but of humus.  

Composting can be part of the treatment process or can be considered as an outlet if undertaken 
by a third party.  

In the particular case of the SBP, composting at the STP is not suitable for several reasons: 
 

– The main point before undertaking such a project is to be sure to have sufficient outlets 
for the compost and also to get the bulking agent in adequate quantities and price.  
This point needs a detailed market study out beyond the scope of the present study.  

– Composting at the site requires a high surface availability and generates some 
nuisances, odours and noise.  

– Composting is expensive either due to investment costs or operating costs. 

Composting is of interest only if there is no other solution. 

The other way can be to transport sludge to a third party who will undertake the composting on a 
special site.  This is interesting for the producer of sludge because: 

 
– There are no worries about providing the bulking agent or finding the outlet for compost. 
– There are no investments or nuisances on the site. 
– There is no need for staff to process the composting. 
– There is no need for digestion or for drying.  Dewatering to 20% of D.S. is enough for 

composting.  Partial drying could possibly be necessary depending on the location of the 
composting plant. 

The only known project for a composting facility is the Kotsiatis site developed by the Ministry of 
Interior.  This facility is designed to treat about 100,000 t/yr of green waste and a separate fraction 
from domestic waste.  Sludge was not considered in the design but it could be feasible to add 
sludge to the feed material for composting.  
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Nonetheless, the location of this facility is too far from Pafos.  The cost of transport added to the 
estimated gate fee for the sludge make this outlet unappealing to the SBP compared to other 
existing solutions.  

4.8. LANDFILL DISPOSAL 

The landfill disposal of sludge would not be acceptable as it would be contrary to EC requirement 
(EC Directive 99/31) to minimize the disposal of organic wastes that could be recycled, which is 
actually the case of STP sludge. 

Nevertheless, there may be circumstances where landfill disposal is necessary as an emergency 
measure.  This is the case when sludge cannot temporarily comply with agricultural reuse 
requirements (heavy metal contents). 

If sludge disposal is necessary, this should be as dry as possible to minimise problems of site 
stability.  The minimum requirement is generally 30% DS. 
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5. COMPARISON OF OPTIONS 

5.1. CHOICE FOR OPTIONS AND CRITERIA 

The survey of options made in chapter 4 shows that only 3 solutions can be realistic at the 
moment: 

a) Agricultural reuse 

This solution includes: 
– Digestion and solar drying treatment at the STP site to avoid all environmental risks and 

to make the sludge as attractive as possible for the farmers 
– 9 months storage 
– loading, transportation and spreading at the cost of SBP.  SBP will probably have to buy 

its own equipment for loading and spreading, and hire a truck company for transportation 
– monitoring of the soils 

b) Cement factories  

This solution includes: 
– Digestion and solar drying treatment at the STP site.  Digestion is not strictly necessary 

for this solution but it lowers the sludge production by 20% for a cost of CYP 1.000.000 so 
the two possibilities have to be studied. 

– Transportation to the cement factories  

c) Reclamation land on Amiantos site: 

This solution includes: 
– Digestion and solar drying treatment at the STP site for environmental and economical 

reasons 
– Transportation to Amiantos site with a likely subsidy of CYP 2.00/m3 

These solutions will be compared, hereafter, on the basis of the following criteria: 
– Feasibility: convenience or difficulty to carry out the solutions due to technical and 

administrative aspects. 
– Operating aspects: convenience or difficulty to operate each solution. 
– Environmental risks: interest of the solutions in the reduction of nuisances such as odours 

and noise. 
– Sustainable development aspects: interest of the solutions considering the plan for 

reduction of CO2 emissions under the EC Directive or the Kyoto Protocol and nature 
protection. 

– Costs: comparison of investments and operation costs 
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5.2. CONSEQUENCES ON SLUDGE TREATMENT IN THE STP 

Agricultural reuse and land reclamation options need a long storage of the sludge (9 months and 6 
months respectively) because of the short duration of the activity of their outlet. 

Drying at a high level is a good way to avoid fermentation and as a consequence, odours.  High 
level means 80% DS or even 90%, and this level requires a thermal drying facility and a lot of 
energy consumption. 

A Solar drying facility is more economic and very suitable for a sunny country like Cyprus. 
Nevertheless, the efficiency of this sort of facility is lower and the performance will be 60% DS or a 
maximum of 70% DS at optimal operation conditions. 

For raw sludge (without digestion) this dryness is enough to avoid odour problems for a short time 
(less than a month).  By that time, fermentation nevertheless starts, especially with wet weather, 
and produces a foul-smelling gas.  Nuisances occur during handling operations, loading and 
unloading and especially with spreading. 

To avoid odour problems after long storage it is necessary to lower organic matter by the means of 
anaerobic (or aerobic) digestion and to dry the sludge to least at 60% DS. 

In the case of the cement factory option there is no need for long-term storage, because sludge is 
transported continuously to the factory all throughout the year.  Drying treatment is still necessary 
for the cement factories needs (low moisture content) and in order to lower transportation cost.  
There is no direct need for digestion of the sludge.  The interest of the digestion is to reduce the 
sludge quantity but this interest has to be compared with the heavy investment of the digestion. 
The economic comparison is made in §5.3.6. 

The works to be carried out at the STP according to the different sludge management options are:  

Agricultural reuse: 
– Digestion and drying works (included in STP works) 
– Sludge storage for 9 months with a capacity of 3,200m3 

The storage facility will be constructed with a 2-m average height.  The global surface 
area will be 1,800 m2 split into 3 sections, with concrete walls and covered with canvas for 
rain protection. 

– Purchase of equipment for the handling of the sludge (loading and unloading) and for 
spreading 

Cement factory: 
– Digestion works can be built or not  
– Solar drying facility (included in STP works) 
– Purchase of handling equipment for loading and unloading sludge. 

Reclamation of land: 
– Digestion and solar drying works (included in STP works)  
– Sludge storage, same design as Agricultural reuse, for 6 months (1,200m2) 
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5.3. ANALYSIS OF CRITERIA 

5.3.1. FEASIBILITY 

Agricultural reuse: 

The main difficulty to carry out the agricultural reuse solution is to convince the farmers to have an 
interest in spreading sludge over their lands.  As agricultural reuse is a new practise in the Pafos 
area, there is no demand for sludge and the SBP will have to fight against suspicion. 

The potential surface available in the Pafos area is widely sufficient to cover the needs of SBP (934 
hectares at the 2020 horizon), as shown in §4.1.  With the help of the Department of Agriculture, 
the success of the Larnaca experience and the hiring of a ”Sludge Marketing Manager”, there is no 
doubt that by that time the entire sludge production could be used in agricultural reuse in the area 
of Pafos. 

Nevertheless, the implementation of the program could be slow at the beginning and SBP would be 
well advised to have a conservative objective of no more than half of the production to be spread at 
the onset of operations of the extended STP. 

The second point that could affect the feasibility of the reuse in agriculture solution is the heavy 
metal content. 

Of course the risk not to meet requirements is very low because there is no industrial influent. 
However, this phenomenon was already observed at least two times at SBP’s STP with no 
identified reasons.  The SBP will have to be very careful on this particular point. 

Cement Industry: 

This solution can be made feasible without any problem.  The only unknown factor is the real price 
that SBP will be charged by the cement factory after negotiation.  The economic context is very 
positive for negotiating because: 

– the sludge will be dried to 40% moisture content, which is attractive for the factory 
– there are two different factories that can take the sludge, so there will be some 

competition 
– the upcoming opening of the allowance market of CO2 emission reduction, will make 

sludge, as a renewable fuel source, more attractive for the cement industry. 

Reclamation of land at Amiantos site: 

The feasibility of the solution is a little more uncertain than the other two solutions.  This outlet is 
potential and has never been attempted in Cyprus.  The Forestry Department and the 
Environmental Services will probably conduct some trials to determine optimum rates, benefits and 
problems for tree growth, means to protect water from possible pollution etc. 

These studies could take a long time before the SBP could be allowed or not to develop this outlet 
and how much could be taken each year.  At a first estimate the site could accept no more than 
half of the yearly production. 
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5.3.2. SUSTAINABILITY 

Agricultural reuse 

The availability of lands for spreading firstly depends on the quality of the product and on services 
offered to the farmers. 

If farmers get satisfaction with the sludge spreading, they will continue to demand sludge and with 
the positive example of the first users, the demand could rise. 

This point depends on the good operation of the STP, including wastewater treatment and sludge 
treatment.  The SBP has to be very vigilant on sludge characteristics such as dryness, organic 
matter content, heavy metal content, odours, and also correct spreading, and respect of the 
monitoring planning.  The hiring of a sludge manager for supervision of all these aspects is highly 
recommended. 

The second point to be considered is the general kind of agricultural activity in the Pafos area.  The 
current trend seems to be the development of the tourist activity rather than the development of 
agriculture.  Whether this trend will be confirmed in the next ten years or not is difficult to predict, 
but this point makes the sustainability of the agricultural option uncertain. 

Other risks for no sustainability are rather weak: 
– Drastic evolution of the regulation: it is unlikely because the new regulations (1998) are 

already rather stringent; 
At this moment there is no project for new regulation and as new regulations take a long 
time to be implemented there will probably be no change, at least within the next 10 
years. 

– Deterioration of the sludge as far as heavy metal content: it is unlikely if SBP keeps being 
vigilant for any industrial connection by appropriately monitoring and checking incoming 
sewage and septage quality. 

Cement Industry: 

The risk is for a negative evolution of economic conditions. This could affect: 
– The gate fee that SBP will be charged by the cement factory. It is unlikely in the current 

economic context, but SBP will be well advised to negotiate for fixed economic conditions 
for at least 5 years with cement factories. 

– The transportation costs, depending on gas prices, a crucial factor on the global budget 
because of the long distance from Pafos. 

– Competition with other STPs on the island (Limassol STP in particular) may limit the 
capacity and the gate pricing policy. 

Reclamation of land: 
The reclamation of Amiantos is planned for a time-duration between 15 and 30 years.  It 
would thus be necessary to find another solution in the long-term.  No other reclamation land 
project is known at the present moment. 

5.3.3. OPERATING ASPECTS 

Agricultural reuse: 

This solution requires a lot of work from the operating staff of the STP.  It is assumed that a part of 
the staff, at least 2 people during 3 months will be working full time for loading and spreading of the 
sludge and also cleaning and maintaining all sludge-related equipment.  Monitoring aspects could 
be covered by a private company (sludge manager). 
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Cement factory and reclamation of land solutions are lighter on the staff: staff contribution will be 
only for loading the trucks.  Transportation will be done by hiring a truck company. 

5.3.4. ENVIRONMENTAL RISKS 

One of the objectives of the different solutions is to reduce odour nuisances.  The choice of 
digestion and drying eliminate the problem of odours. 

The difference between agricultural reuse and other solutions is mainly based on the distance the 
sludge will be required to be transported.  Transportation by a truck can be disturbing for the 
environment (odours, gas emission, traffic, etc).  Calculations show that the volume to be 
transported (60% DS sludge) is about 4300m3/y. 

In the cement factory solution one can use 15-m3 trucks (highway).  The transportation will require 
287 trucks per year; that is less than 1 truck per day, which creates very moderate traffic.  

For the Amiantos site reclamation because of the mountain road, only small trucks of 5-m3can be 
used.  The traffic that will be created will consist of 860 trucks per year (2 or 3 trucks per day).  This 
solution produces more traffic disturbances. 

5.3.5. SUSTAINABLE DEVELOPMENT ASPECTS 

Each solution can improve sustainable development in different ways: 
– Agricultural reuse: the use of the sludge improves crop production and minimises the 

consumption of fertilisers.  The fertiliser factories produce CO2 emissions, waste and soil 
pollution. 

– Cement factory: the use of dried sludge (especially solar dried sludge) as renewable fuel 
is a means to reduce CO2 emissions.  On the other hand, transportation by trucks 
produces CO2 emissions.  The net value remains positive. 

– Reclamation of land: the long-distance transportation produces CO2 emissions with no 
reduction as was the case of the cement factory.  The net value is negative.  On the other 
hand, the reclamation of land of the Amiantos site is planned to reduce pollution risk of 
asbestos (protection of public health) and to restore the nature’s forest. 

5.3.6. COSTS 

5.3.6.1. ASSUMPTIONS 

All details for the calculation of the costs are given in Annex B (calculation notes) 

Calculations are made on the basis of the following assumptions: 
 Transportation costs: 

– Agricultural reuse: short or average distance, small roads 

< 20 km: CYP 0.09/km.m3 

> 20 km: CYP 0.07/km.m3 
– Cement Factories: long distance on highways/ with 15-m3 trucks 

→CYP 0.07/km.m3 
– Reclamation of land, Amiantos site: long distance on mountain roads with small trucks 

→CYP 0.12/km.m3 
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 Operating cost  

It is calculated at first sight on the basis of: 
• civil works (storage, digestion): 25 years 
• equipment (handling and spreading equipment): 12 years; 
• spreading (agricultural reuse): 2 workers are hired at full time for 3 months 
• Storage: CYP 100/m2 
• Soil and sludge analysis: CYP 150 each (heavy metals). 
• Sludge marketing manager: CYP 50/d for 40 days/year. 
• Gate fee for incineration at cement factory:  The real cost will be fixed by negotiation.  On 

the basis of a 60% DS sludge, calculations are done based on three different assumptions: 
– Conservative assumption: CYP 2.80/m3 (announced price for more than 50% DS sludge) 
– Average assumption: CYP 1.40/m3 
– Optimistic assumption: free of charge, as the announced price could be free for 70% DS 

and as the Larnaca STP is not changed for their sludge which is only 35% DS. 
• Subsidy for land reclamation: CYP 2.00/m3 

5.3.6.2. INVESTMENT COSTS 

The Investment costs shown in the following table are given as complementary costs of the new 
STP including digestion treatment and solar drying facilities. 

In the specific case where there is no digestion (cost estimation of 1.000.000CYP) the cost appears 
in the following table as a negative cost, because this value is saved from the total cost of the STP. 

TABLE 3.  INVESTMENT COSTS (CYP WITHOUT VAT) 

OPTIONS CIVIL WORK EQUIPMENT TOTAL AMORTISATION   
(CYP/YEAR) 

1) Agricultural Reuse 180,000 35,000 215,000 10,000 
2) Cement Factory with Digestion - 25,000 25,000 ~2,000 
3) Cement Factory without 
digestion -1,000,000 25,000 -975,000 -38,000 

4) Land Reclamation 120,000 25,000 145,000 7,000 
 

5.3.6.3. DIRECT OPERATING COSTS 

The costs in the following table concern all direct operating costs with the exception of 
Amortisation.  For the Cement factory option there are 3 estimations given according to the 
different assumptions for incineration costs. 
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TABLE 4.  DIRECT OPERATION COSTS (CYP/YEAR) 

OPTIONS TRANSPORT ANALYSIS INCINERATION SUBSIDY OTHERS TOTAL 
1) Agriculture reuse 6,500 5,300 - - 2,000 ~14,000 
2) Cement factory with 

digestion 
      

- Conservative 
assumption 

24,000 - 12,000 - - 36,000 

- Average assumption 24,000 - 6,000 - - 30,000 
- Optimistic assumption 24,000 - 0 - - 24,000 

3) Cement Factory 
without digestion 

      

- Conservative 
assumption 

30,000 - 15,000 - - 45,000 

- Average assumption 30,000 - 7,500 - - 37,500 
- Optimistic assumption 30,000 - 0 - - 30,000 

4) Land Reclamation 57,000 -  -8,600 - ~48,000 
 

5.3.6.4. YEARLY COSTS INCLUDING AMORTISATION 

TABLE 5.  YEARLY COSTS INCLUDING AMORTISATION (CYP/YEAR) 

OPTIONS OPERATING COSTS AMORTISATION TOTAL 
1) Agricultural reuse 14,000 10,000 24,000 
2) Cement factory with digestion    

- Conservative assumption 36,000 2,000 38,000 
- Average assumption 30,000 2,000 32,000 

- Optimistic assumption 24,000 2,000 26,000 
3) Cement Factory without 

digestion   * 
   

- Conservative assumption 45,000 -38,000 7,000 
- Average assumption 37,500 -38,000 ~0 

- Optimistic assumption 30,000 -38,000 -8,000 
4) Land Reclamation 48,000 7,000 55,000 

*all options assume STP works include digestion. There is an exception for option 3, where digestion is not necessary and 
appears as a negative investment (a save for STP costs) 
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5.4. SUMMARY TABLE 

 

 Feasibility  Sustainability Operating Aspects 
Environmental 

Risks  
Sustainable 

Development  
Yearly Costs * 

Agricultural 
Reuse 

 
 
           Certain 
 
→But could be slow to 
develop at full scale 
 
→Half of the sludge 
production can be spread 
by 2008  

 
Good                                
Sustainability 
 

→Sludge quality must 
stay constant 
 
 
 
 

 
Heavy 

 
→A lot of work for the  
operating staff of the 
STP (loading, 
spreading, cleaning and 
monitoring) 

 
Low 

 
→If digestion and drying 

 
 
 
→Lower consumption of 
fertilizers 
 

CYP 40,000/y 

Cement 
Factory 

 
Certain 

 
→Price to be negotiated 

 
Uncertain 

 
→Evolution of transport 
costs 
→Evolution of gate fee 
from factory 

 
Light 

 
Low 

 
But long distance 
transport 

Reduction of CO2 
emission 

 
Long distance 
transport 

CYP 35,000 to 
45,000/y 

Land 
Reclamation 

 
Uncertain 

 
→Trials to undertake 
→Administration 
agreement 

 
Uncertain 

 
→Reclamation of 
Amiantos planned for 15-
30 years 

 
Difficult 

 
→Long distance and 
mountain roads difficult 
for trucks 

 
Low 

 
But long distance 
transport 

Reduction of 
asbestos pollution 
and restoration of 
nature 
 
But long distance 
transport 

CYP 50,000/y 

* for full sludge production at the 2020 horizon, see §5.7 and calculation note (Annex B) for details 
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6. PROPOSAL FOR A SLUDGE MANAGEMENT STRATEGY 

6.1. DISCUSSION 

Chapter 5 concerns the main possible options and compares them on the basis of the nominal 
capacity of the STP at the 2020 horizon. 

This study shows clearly that the ”Land Reclamation“ option is not suitable for the SBP case. 

The drawbacks for this option are: 
– It is the most expensive (CYP 11.00/m3 for direct operation costs) 
– difficult transportation 
– uncertain administrative feasibility  

The three options left can be classified into two categories, concerning the use or not of digestion.  
Because of the heavy investment on this work, this point has a significant effect on the global cost 
of the project.  The advantage of keeping the digester is to be open to the use of several outlets.  
Without the digestion, the only outlet is the cement factory. 

Agricultural reuse has lower operating costs than the cement factory option. 

According to the assumptions made in chapter 5, calculations show that the direct operating rate 
costs are: 

– Agricultural reuse: CYP 3.90/m3 
– Cement factory: from 5.1 to 7.90 CYP/m3 (average: CYP 6.50/m3) 

Remarks for Cement Factory costs: 
– Cost is depending on the real gate fee, the cement factory could offer after negotiation 

(The lower cost assuming that the incineration fee is free of charge) 
– It must be mentioned that the main part of the operating cost is the transportation cost.  If 

a better solution can be implemented, for instance boat transportation, the operation 
costs could be reduced at the same level than the agricultural reuse. 

It has been seen that the agricultural option will most likely be quite difficult to implement in the 
beginning.  We assume only half of the production could be used in agriculture in 2008, having to 
convince the farmers with the interest of spreading. 

As a result, the other part would have to be burnt in the cement factory. 

On the basis of these general ideas, we can propose two different strategies for the sludge 
management: 

– Strategy No.1 

The sludge is digested and dried at 60% DS.  It can either be used in agriculture or 
cement.  The construction of the storage will be done in 3 phases of equal capacity.  The 
first phase, built for 2008, will be designed for the storage of the half-production for the 
2012 horizon.  The next phases could be built in the horizons 2012 and 2016, depending 
on the evolution of the general context.  SBP will have the opportunity to adjust by the 
time the quantity of sludge to be used in Agriculture and in the cement factories. 
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– Strategy No.2 

This strategy is 100% for the cement factory outlet.  The main interest is to avoid the 
construction of the digestion.  Secondly, the operating of the sludge management is 
easier. 

6.2. STRATEGY NO.1: MIXED OUTLETS 

The evolution of the sludge production related to the different horizons is shown in Annex C.  The 
production expressed in m3 of sludge is 60% of DS, will be: 

– at the beginning of the new STP (2008): 2400m3/y 
– at the nominal horizon (2020): 4300 m3/y 

The progression of the production is assumed to be linear.  The phasing of the storage construction 
is based on the following design: 

 

 STORAGE CAPACITY 
DESIGN FOR TOTAL CAPACITY (m3) TOTAL SURFACE (m2) 

Phase 1 50% of 2012 
production 1,100 600 

Phase 2 75% of 2016 
production 2,200 1,200 

Phase 3 100% of 2020 
production 3,300 1,800 

Therefore, the proposition for the phasing of storage construction is: 

 

 COMMISSIONING 
DATA 

CAPACITY TO BUILD 
(m2) 

Phase 1 2008 600 

Phase 2 2012 600 

Phase 3 2016 600 

Only the construction of the first phase is certain and will happen at the same time as the 
construction of the new works of the STP. 

The investment costs for the first phase are: 
– Civil works :  CYP 60,000 
– Equipment : CYP 35,000 

TOTAL CYP 95,000 
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The direct operating costs for the 2008 horizon are: 

 

OUTLET QUANTITY (M3/Y) OPERATING RATE COST 
(CYP) 

YEARLY OPERATING 
COSTS (CYP) 

Agricultural reuse 1,200 3,90 4,680 

Cement Factory 1,200 6,50 7,800 

Total 2,400 - ~12,500 

6.3. STRATEGY NO.2 

Strategy No.2 allows saving the investment cost of the digestion.  The only investments concern 
the purchase of loading equipment. 

Global investment cost figures are: 
– Civil works:          -1,000,000 
– Equipment:    25,000 

Total investments   CYP –975,000 

Direct operating costs for the 2008 horizon can be calculated as follows: 
– Sludge quantity: 3,040 m3/y 
– Average operating rate cost: 6,60 CYP/m3 
– Total yearly: CYP 20,000 
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7. CONCLUSION, RECOMMENDATIONS 
The present study arrives to the conclusion that two different strategies can be suitable for the 
SBP. 

The first strategy mixes the outlets of agriculture and the cement factory.  The sludge will be 
digested and dried.  Its main characteristics are lower operating costs and flexibility. 

The second strategy is based only on the cement factory outlet.  Sludge does not need to be 
digested.  Its main characteristics are the saving of the digester construction cost and easiness of 
the operating.  A summary of the costs, advantages and drawbacks of each strategy are given in 
the tables hereafter. 

TABLE 6.  COSTS OF THE PROPOSED STRATEGIES 

PROPOSED STRATEGIES INVESTMENT COSTS (CYP) DIRECT OPERATING FOR 2008 
(CYP/Y) 

No.1: mixed outlets agriculture/ 
cement factory 

Phase 1: 95,000 * 

Phase 2: 60,000 

Phase 3: 60,000 

12,500 

No.2: cement factory -975,000 20,000 
*phase 1 2008; phase 2: 2012; phase 3: 2016 
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TABLE 7.  SUMMARY OF ADVANTAGES AND DRAWBACKS 

Strategy No.1: mixed outlets Strategy No.2: cement factory Criteria Advantages Drawbacks Advantages Drawbacks 
Investment  Digestion and storage No digestion, no storage  

Operating Costs Best costs   +60% compared to 
strategy No.1 Costs 

Possibility to improve operating 
costs   

- cement factory 
negotiation 

- transport by cost 
 

Feasibility  Have to find enough land   
Technical Aspects 

 Operating conditions  
Heavy operating: storage 

handling, loading, spreading 
and monitoring 

Easy  

Sustainability  Risks for agricultural activity 
reduction in Pafos Area  Risks for transport cost 

increases 
Sustainable Development - helps local agriculture 

- reduces fertiliser 
consumption 

 Renewable fuel for 
cement factory 

Long distance 
transport 
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The terms of the alternative are very clear: 

– On the one hand, strategy No.1, with flexibility and lower operating costs 
– On another hand, strategy No.2, with no flexibility and higher operating costs, but which 

saves around CYP 1,000,000. 
By defining the relative value of these different criteria it will be possible to make the choice. 

In any case, our recommendation for the implementation of the sludge management strategy are 
given hereafter: 

 For agricultural reuse 
– Make some regular monitoring of heavy metal contents for current sludge and septage  
– Hire a sludge monitoring manager for land studies, information to the farmers, contracts 

with the farmers, sludge and soil quality control 
 

 For cement factory 
– Quickly get in touch with the 2 cement factories in order to negotiate the best price for the 

gate fee. 
– Sign a 5-year contract with the factory to secure the outlet. 
– Study a shipping alternative solution for transportation to reduce operating costs 
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ANNEX A SLUDGE ANALYSIS 
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SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY

Maximum limits1 Maximum limits 2

mg/kg dry solids mg/kg dry solids
1750 1000 to 1750
400 300 to 400
40 20 to 40

4000 2500 to 4000
1200 750 to 1200

25 16 to 25
1000  - 

1 Regulation 269/2005: " General Terms of disposal from Urban Wastewater Treatment Plants for populations with a population equivalent under 2000."
2 Regulation 517/2002: " Use of sludge in Agriculture ", "maximum concentration values of heavy metals in sludge which is used in agriculture"

Parameter

Copper
Nickel

Cadmium
Zinc
Lead

Mercury
Chromium

Iron
Aluminum

Dewatered Cake
(17/04/03)           

mg/kg dry solids

355
7.1
53
70

7353
8967

Dewatered Cake
(19/05/03)           

mg/kg dry solids
3.9
7.6
0.2

627.7
10.7
4.5
27

22281
4385

Dewatered Cake
(05/06/03)             

mg/kg dry solids
250.6
47.9
1.1

1194
27.6
7.4
83

40900
13426

Dewatered Cake
(1/7/03)              

mg/kg dry solids
204
22.4

<0.05
735
9.2

Dewatered Cake
(23/11/05)           

mg/kg dry solids

no measurement

94.5
44

39771
3447

13.1
0.59
18.8

no measurement

124
12.4
<1
621
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PROJECT SRV050408P G.G. AQUA CONTROL
Client: SEWERAGE BOARD OF PAFOS
Sample point: STP Filtration Effluent Sampling Date: 23/11/05
Ref.: SBP051204FO Received Date: 23/11/05
PARAMETER Symbol Unit Value PARAMETER Symbol Unit Value
Total Solids TS mg/lt Boron B mg/lt 0.25
Total Dissolved Solids TDS mg/lt Aluminium Al3+ mg/lt
Fixed Dissolved Solids FDS mg/lt Mercury Hg mg/lt <0.001
Volatile Dissolved Solids VDS mg/lt Cadmium Cd mg/lt <0.05
Suspended Solids SS mg/lt Calcium Ca2+ mg/lt
Fixed Suspended Solids FSS mg/lt Chromium Cr mg/lt <0.1
Volatile Suspended Solids VSS mg/lt Copper Cu mg/lt <0.05
Settleable Solids ml/lt Iron Fe3+ mg/lt
pH 7.19 Lead Pb mg/lt <0.05
Biochemical oxygen demand BOD5 mg/lt Magnesium Mg2+ mg/lt
Chemical oxygen demand COD mg/lt Manganese Mn mg/lt
Hydrogen Sulphide H2S mg/lt Nickel Ni mg/lt <0.1
Total Nitrogen t-N mg/lt 3.8 Potassium K+ mg/lt
Ammonium Nitrogen NH4

+-N mg/lt Sodium Na+ mg/lt
Nitrites Nitrogen NO2

--N mg/lt Zinc Zn mg/lt 0.53
Nitrates Nitrogen NO3

--N mg/lt Phenols mg/lt
Total Phosphorus t-P mg/lt 6.5 Total Alkalinity mg/lt
Organic Phosphorus o-P mg/lt Conductivity μS/cm
Phosphates Phosporus PO4

3--P mg/lt Temperature oC
Bicarbonates HCO3

- mg/lt Fat Oil Grease FOG mg/lt
Carbonates CO3

2- mg/lt Coliform Bacteria per 100ml
Chlorides Cl- mg/lt Faecal Coliforms per 100ml
Fluorides F- mg/lt E. Coliforms per 100ml
Sulphates SO4

2- mg/lt Intestinal Worms Ova per littre
COMMENTS

CHECKED BY: SAMPLED BY:

Gregory Georgiades Gregory Georgiades
Chemical Engr, MSc Chemical Engr, MSc
CyChU Reg. No. 0029 CyChU Reg. No. 0029   

G.G. AQUA CONTROL
P.O.Box 57149
3313 Limassol

tel.: + 357 25 877727
fax.: + 357 25 877726

e-mail: aquacontrol@cytanet.com.cy
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ANNEX B  
 

CALCULATION NOTES 



SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY
SIZING

1 SLUDGE PRODUCTION 2020 2008
With digestion Without digestion With digestion Without digestion

BOD5, average kg/d 8880 8880 4994 4994
production rate kgDS/kgBOD 0.8 0.8 0.8 0.8
day production before digestion DS kg/d 7104 7104 3995.2 3995.2
digestion DS reduction % 20.00% 20.00%
digested sludge production kg DS/d 5683.2 3196.16

Annual production DS t/y 2074 2593 1167 1458
dryness % 60.00% 60.00% 60.00% 60.00%
dried sludge density 0.8 0.8 0.8 0.8
"humid" tonage t/year 3457 4322 1944 2430
volume m3/year 4322 5402 2430 3038

2 AGRICULTURE REUSE

Nitrogen in the sludge % of DS 5.00%
N application rate N kg/ha.year 110
total N in sludge N kg/year 104
farm land needs ha 943
60%DS sludge application rate m3/ha.y 4.58

3 AGRICULTURAL STORAGE;
storage duration month 9
storage volume m3 3241.2
average storage height m 2
utile surface m2 1620.6
total surface m2 1783
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY

AGRICULTURE REUSE COSTS
m2 of storage: 1783

1 INVESTMENTS CYP/m2 of storage: 100.00
Construction costs Amortisation Annual costs Storage cost, CYP: 178,266.00

CYP years
Civil works 178,266.00 25 7,130.64
Equipments 35,000.00 12 2,916.67
Total 213,266.00 10,047.31

Transport <20km, CYP/km.m3: 0.09
2 TRANSPORTS (dried sludge, 60%DS) Transport > 20km, CYP/km.m3: 0.07

Farmers Lands Surface Application rate Applied Sludge Transport cost rate Transportation costs
km ha m3/ha.year m3 per year CYP/m3 CYP/year
5 70 4.58 320.6 0.45 144.27

10 100 4.58 458 0.90 412.20
20 450 4.58 2061 1.40 2,885.40
30 323 4.58 1479.34 2.10 3,106.61
40 0 4.58 0 2.80 0.00
50 0 4.58 0 3.50 0.00

TOTAL 943 4319 6,548.48

3 ANALYSIS
Number Frequency/y Total analysis/y Unit price CYP Annual cost CYP

Sludge 1 2 2 150.00 300.00
Soil 100 1 100 50.00 5,000.00
TOTAL 5,300.00

4.SPREADING
Duration of the job months 3
Number of workers 2
Salary CYP/month 500.00
Total CYP 3,000.00

5.SLUDGE MANAGER
Duration of the job months 2
Salary CYP/month 1,000.00
Total CYP/y 2,000.00

6  ANNUAL COSTS FOR AGRICULTURE REUSE
CYP/year

Investments amortisation 10,047.31
Transport 6,548.48
Hired staff for spreading 3,000.00
Sludge manager 2,000.00
Soil analysis 5,300.00
TOTAL 26,895.79

(for 2020 production)
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY
CEMENT FACTORY COSTS ( 2020 production)

1 SLUDGE QUANTITY With Without With Without With Without
digestion digestion digestion digestion digestion digestion

Sludge production DS t/year 2056 2593 2056 2593 2056 2593
Dried sludge DS% 60 60 60 60 60 60

density 0.8 0.8 0.8 0.8 0.8 0.8
t/year 3427 4322 3427 4322 3427 4322
m3/year 4283 5402 4283 5402 4283 5402

2 OPERATING COSTS

km from PAFOS to factory 75
Transportation CYP/m3.km 0.07 0.07 0.07 0.07 0.07 0.07
Transportation cost CYP/y 22,487.50 28,360.50 22,487.50 28,360.50 22,487.50 28,360.50

Cost rate assumption
Cost rate CYP/m3 2.80 2.80 1.40 1.40 0.00 0.00
Incineration costs CYP/y 11,993.33 15,125.60 5,996.67 7,562.80 0.00 0.00
Amortisation CYP/y 2,083.33 2,083.33 2,083.33 2,083.33 2,083.33 2,083.33
STP save costs for no digestion CYP/y -40,000.00 -40,000.00 -40,000.00
total CYP/y 36,564.17 5,569.43 30,567.50 -1,993.37 24,570.83 -9,556.17

Digestion investment CYP 1,000,000.00 1,000,000.00 1,000,000.00
Amortisation duration years 25 25 25
Civil works amortisation CYP/y 40,000.00 40,000.00 40,000.00
Equipement investment CYP 25,000.00 25,000.00 25,000.00 25,000.00 25,000.00 25,000.00
Duration m3 12 12 12 12 12 12
Equipement amortisation CYP/y 2,083.33 2,083.33 2,083.33 2,083.33 2,083.33 2,083.33

Transportation

Cement factory Incineration

3 Amortisation

Conservative Medium Optimistic
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY
LAND RECLAMATION COSTS (2020 production)

SLUDGE volume m3/y 4322

unit price CYP/m3.km 0.12
Pafos Amiantos km 110
Cost CYP/year 57,045.12

Subsidy CYP/m3 -2.00
Total CYP/y -8,643.20 Costs Years Amortisation

Civil works 118,844.00 25 4,753.76
Storage month 6 Equipment 25,000.00 12 2,083.33
Volume m3 2161 Total 6,837.09
Height m 2
Total surface m2 1188
Cost rate CYP/m2 100.00
Investment CYP 118,844.00

RECLAMATION COSTS

Transport 57,045.12
Subsidy -8,643.20
Amortisation 6,837.09
TOTAL 55,239.01

Amortisation

Transport
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY
2020 YEARLY COSTS

1 INVESTMENTS COSTS, CYP

Civil works Equipment Total Amortisation
Agricultural reuse 180,000.00 35,000.00 215,000.00 10,000.00
Cement factory with digestion 25,000.00 25,000.00 2,000.00
Cement factory without digestion -1,000,000.00 25,000.00 -975,000.00 -38,000.00
Reclamation land 120,000.00 25,000.00 145,000.00 7,000.00

2 OPERATING COSTS, CYP/Year
Cost assumption Transport Analysis Incineration Subsidy Others Total

Agricultural reuse 6,500.00 5,300.00 5,000.00 16,800.00
Cement factory with digestion conservative 22,000.00 12,000.00 34,000.00

average 22,000.00 6,000.00 28,000.00
optimistic 22,000.00 0.00 22,000.00

Cement factory without digestion conservative 28,000.00 15,000.00 43,000.00
average 28,000.00 7,500.00 35,500.00
optimistic 28,000.00 0.00 28,000.00

Reclamation land 57,000.00 -9,000.00 48,000.00

3 YEARLY TOTAL COSTS, CYP/Year

Cost assumption Operating costs Amortisation TOTAL
Agricultural reuse 16,800.00 10,000.00 26,800.00
cement factory with digestion conservative 34,000.00 2,000.00 36,000.00

m3 28,000.00 2,000.00 30,000.00
optimistic 22,000.00 2,000.00 24,000.00

cement factory without digestion m2 43,000.00 -38,000.00 5,000.00
m2 35,500.00 -38,000.00 -2,500.00
optimistic 28,000.00 -38,000.00 -10,000.00

Reclamation land 48,000.00 7,000.00 55,000.00

COMPARISON OF 4 OPTIONS
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE  PROJECT

SLUDGE MANAGEMENT STUDY 

STRATEGY 1:    from 2008 to 2011: 50% to agriculture, 50% to cement factory
from 2012 to 2015: 75% to agriculture, 25% to cement factory
from 2013 to 2025: 100% to agriculture, 0% to cement factory

STRATEGY 2:    no digestion; 100% to cement factory

OPERATING COSTS FOR STRATEGY 1
Sludge Agriculture Cement% Agriculture Cement Agriculture Cement Total

Year Total m3 % m3 m3 CYP/yr CYP/yr CYP/yr
8 2430 0.50 0.50 1215 1215 4,738.50 7,897.50 12,636.00
9 2588 0.50 0.50 1294 1294 5,045.63 8,409.38 13,455.00

10 2745 0.50 0.50 1373 1373 5,352.75 8,921.25 14,274.00
11 2903 0.50 0.50 1451 1451 5,659.88 9,433.13 15,093.00
12 3060 0.75 0.25 2295 765 8,950.50 4,972.50 13,923.00
13 3218 0.75 0.25 2413 804 9,411.19 5,228.44 14,639.63
14 3375 0.75 0.25 2531 844 9,871.88 5,484.38 15,356.25
15 3533 0.75 0.25 2649 883 10,332.56 5,740.31 16,072.88
16 3690 1.00 0.00 3690 0 14,391.00 0.00 14,391.00
17 3848 1.00 0.00 3848 0 15,005.25 0.00 15,005.25
18 4005 1.00 0.00 4005 0 15,619.50 0.00 15,619.50
19 4163 1.00 0.00 4163 0 16,233.75 0.00 16,233.75
20 4320 1.00 0.00 4320 0 16,848.00 0.00 16,848.00
21 4478 1.00 0.00 4478 0 17,462.25 0.00 17,462.25
22 4635 1.00 0.00 4635 0 18,076.50 0.00 18,076.50
23 4793 1.00 0.00 4793 0 18,690.75 0.00 18,690.75
24 4950 1.00 0.00 4950 0 19,305.00 0.00 19,305.00
25 5108 1.00 0.00 5108 0 19,919.25 0.00 19,919.25

Agriculture cost, CPY/m3 3.9 (2006 value)
Cement fac cost, CPY/m3 6.5 (2006 value)

OPERATING COSTS FOR STRATEGY 2

Sludge Total
Year Total m3 CYP/yr

8 3038 19,747.00
9 3235 21,027.50

10 3432 22,308.00
11 3629 23,588.50
12 3826 24,869.00
13 4023 26,149.50
14 4220 27,430.00
15 4417 28,710.50
16 4614 29,991.00
17 4811 31,271.50
18 5008 32,552.00
19 5205 33,832.50
20 5402 35,113.00
21 5599 36,393.50
22 5796 37,674.00
23 5993 38,954.50
24 6190 40,235.00
25 6387 41,515.50

INVESTMENTS (digestion included when required)
CYP, 2006 value

Strategy 1 Strategy 2
2008, phase1 1,095,000.00 25,000.00
2012, phase2 60,000.00
2016, phase3 60,000.00

STRATEGY 1 AND STRATEGY 2 COSTS
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ANNEX C  
 

SLUDGE PRODUCTION EVOLUTION 
(GRAPHS) 
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SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY

BOD loading 
(kg/d)

2005 (observed data) 4000
2008 (start of new STP) 5000
2020 (nominal loading) 8880

Horizon
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY
Sludge Production t of DS/yr

With 
digestion

Without 
digestion

2005 934 1168
2008 (start of new STP) 1168 1460
2020 (nominal loading) 2074 2593
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY
Sludge Production in m3/yr for 60% (after solar drying)

With 
digestion

Without 
digestion

2005 1946 2434
2008 (start of new STP) 2434 3042
2020 (nominal loading) 4322 5403
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ANNEX D  
 

DISTANCES (MAPS) 
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MEETING REPORTS, LETTERS 
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Meeting held on July 28th at the Department of Agriculture office in Engomi. 

 

Agricultural Department:  Meeting with Christos H”Georgiou 

SOGREAH CY Consultants:  Christoforos Christoforou, Anna Lyssandridou 

 

Agenda / Questions: 

 

1.  Introduction of the project and the study at hand. 

2.  The types of crops for which the treated sludge can be used for. 

3.  The sludge quality , is it still according to the EU Directive (86/278/EEC and the amendments 
91/692/EEC & reg. (EC) No. 1882/2003)? Any Cypriot legislation besides the one relating to the 
treatment of domestic waste for the p.e. of 2,000? 

4.  Soil characteristics in the Pafos area? (pH and other as in the Directive) 

5.  Current practices to sludge use for agriculture 

6.  Under whose jurisdiction is the spreading of sludge? 

7.  What is the burden (financial or otherwise) to the farmers by the use of sludge? 

8.  Do you have any recommendations as to the treatment processes in order for the sludge to be 
used in agriculture? 

9.  Who performs the testing  (SBP, AD, ES)? Who’s responsible? 

10.  The crop yield and how it is affected by the sludge (where it’s better to use the sludge)? 
(Agricultural research institute, Any studies publishes?) 

11.  Sludge Management Strategies (existing)? 

12.  Irrigated areas 

13.  Statistics on fertilizer usage (ratio/ hectare of P, N , for different crops). 



SEWERAGE BOARD OF PAFOS 
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT 

 DRAFT SLUDGE MANAGEMENT STUDY 

SOGREAH – MODINOS & VRAHIMIS– MHR – 2 70 0052 SEPTEMBER 06 PAGE 41 
SLUDGE_MANAGEMENT_AYL_MTS_ALU_12SEP2006 

Meeting outcome notes: 

 

o Transportation costs distributor and cost to SBP 

o Preferably to be used for grain; large and solid areas, it is also good because the areas that 
are cultivated with wheat are far –off 

o Note that what is primarily needed is a soil analysis and a sludge analysis 

o Moisture content is a very important characteristic of sludge (the more humid the sludge the 
higher the dosage) 

o Mr H”Antonis provided with a study performed by the Agricultural Research Institute; 
«Τεχνοοικονομική ανάλυση των λιπάνσεων στην Κύπρο».  Ινστιτούτο Γεωργικών Ερευνών 
Υπουργείου Γεωργίας, Φυσικών Πόρων και Περιβάλλοντος.  Ι.  Παπαδόπουλος, Στ. 
Παπαχριστοδούλου. Ιούνιος 1995. 

o Mr H”Antonis said that the required qty of Nitrogen is 9 kg N/ decare ( 90 kg/hectare) for 
cereal.  However, in the previous paper it is stated that 11 kg N/decare is necessary.  The 
value of 11 kg N/decare was verified by Mr Hadjiantonis later on. 

o According to the Department of Agriculture calculations in order for a farmer to use sludge 
(instead of normal fertilizer) he/she suffers an extra financial burden of 6CYP/decare (cost of 
transport and integration of sludge) 

o Larnaca Sewerage and Drainage Board (good practice of sludge reuse in agriculture) 

o Check w/ Forestry Department if they are interested in using sludge for reforestation. 

o Usual spreading time in July through September therefore need to build storage facilities for 
sludge for 9 months 
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Meeting held on July 31st in the Environmental Services office. 

 

Environmental Services:  Meeting with Mrs Chrystalla Stylianou 

SOGREAH CY Consultants for the SBP:  Christoforos Christoforou, Anna Lyssandridou 

 

Agenda / Questions: 

 

1.  Introduction of the project and the study at hand. 

2.  The sludge quality , is it still according to the EU Directive (86/278/EEC and the amendments 
91/692/EEC & reg. (EC) No. 1882/2003)? Any Cypriot legislation besides the one relating to the 
treatment of domestic waste for the p.e. of 2,000? (517/2005) 

3.  Current practices to sludge management in the whole island.  Preferences to any particular use 
as far as the environment is concerned 

4.  Do you have any recommendations as to the treatment processes in order for the sludge to be 
used in agriculture? 

5.  Problems in implementing policy 

6.  Who is responsible to check if the criteria are met? 

7.  Biogas generation/ incineration and disposal of waste from incinerators at Vasiliko for example.  
Who is responsible for disposal? 
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Meeting outcome notes: 

 

o Any kind of permitting needs to go through the Environmental Services for approval/rejection 
by the Minister of Agriculture, Natural Resources and the Environment. 

o The law which is in effect for sludge is 106(I)/2002, however, when the sludge goes to a waste 
management facility where is it mixed with other waste, the effective law is 215(I)/2002. 

o The Environmental Services is promotes the use of sludge in agriculture as it is a sustainable 
one and since it is also beneficial when soils are poor in organics 

o The Services use of technology that produces energy (i.e. anaerobic digestion) 

o The General Terms for disposal (a form to be filled by the “waste producer”) is a regulation 
(Κ.Δ.Π. 269/2005). 

o The Environmental Services is also responsible to check whether the criteria are met. 

o Mrs Stylianou also stated that a good program of implementation of reuse of sludge in 
agriculture is the one done by the Larnaca Sewerage and Drainage Board. 
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Meeting held on August 8th at the Larnaca Sewage Treatment Plant 

 

Larnaca STP Plant Manager:  Mr Yiannakis Ventouris 

SOGREAH CY Consultants:  Christoforos Christoforou, Anna Lyssandridou 

 

Agenda / Questions: 

 

1.  Introduction of the project and the study at hand. 

2.  Procedures:   *  of selecting farmers 

    *  of educating and updating farmers on sludge usage 

              *  of the implementation of the system (treatment/ transport/ spreading) 

3.  If the Larnaca Sewerage and Drainage Board does the tests on both the soil and the sludge. 

4.  Cost-benefit evaluation of options for sludge usage 

5.  Alternate options instead of usage in agriculture 

6.  Availability and difficulties in using the Ministry spreader 

7.  Annual cost/volume of sludge i.e. CYP/ton for the Larnaca Sewerage and Drainage Board 

8.  Suggestions from the LSDB to the SBP. 



SEWERAGE BOARD OF PAFOS 
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT 

 DRAFT SLUDGE MANAGEMENT STUDY 

SOGREAH – MODINOS & VRAHIMIS– MHR – 2 70 0052 SEPTEMBER 06 PAGE 45 
SLUDGE_MANAGEMENT_AYL_MTS_ALU_12SEP2006 

Meeting outcome notes: 

 

o The plant employees work on all plant processes (maintenance, operation, sludge spreading 
etc) on rotation.  They have planned time-periods for each task.  The also work with shifts 

o The program of reuse of sludge in agriculture in the Larnaca district costs the Larnaca 
Sewerage and Drainage Board (LSDB) approximately CYP30,000.  

o The LSDB mostly give out their sludge in Koshi and Athienou farmers and it mostly goes to 
cereal plots. 

o LSDB people originally went out to the farmers with representatives from the Agricultural 
Department to inform them of this program and of the sludge.  Once it was accepted by one 
farmer and the remaining saw its result it became popular. 

o There have been some complaints on odor, according to Mr Ventouris, the sludge smells for 
about 1 week after it is spread. 

o Mr Ventouris provided with a power-point presentation of this sludge management program 
where most of the information is included. 
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Phone Conversation with Mr Andreas Christou of the Forestry Department  

 

o According to Mr Christou, it is very costly to use the sludge for reforestation, for transport, and 
spreading 

o At an experimental stage the sludge has been known to cause pests which is also something 
that is costly to the Forestry Department since these must be cleaned out every spring 

o Mr Christou recommended to apply the sludge in degraded areas for rehabilitation. 
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ANNEX F  
 

REGULATIONS 
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COUNCIL DIRECTIVE

of 15 July 1975

on waste

(75/442/EEC)

THE COUNCIL OF THE EUROPEAN COMMUNITIES,

Having regard to the Treaty establishing the European Economic
Community, and in particular Articles 100 and 235 thereof;

Having regard to the proposal from the Commission;

Having regard to the Opinion of the European Parliament (1);

Having regard to the Opinion of the Economic and Social Committee (2);

Whereas any disparity between the provisions on waste disposal already
applicable or in preparation in the various Member States may create
unequal conditions of competition and thus directly affect the
functioning of the common market; whereas it is therefore necessary
to approximate laws in this field, as provided for in Article 100 of the
Treaty;

Whereas it seems necessary for this approximation of laws to be
accompanied by Community action so that one of the aims of the
Community in the sphere of protection of the environment and
improvement of the quality of life can be achieved by more extensive
rules; whereas certain specific provisions to this effect should therefore
be laid down; whereas Article 235 of the Treaty should be invoked as the
powers required for this purpose have not been provided for by the
Treaty;

Whereas the essential objective of all provisions relating to waste
disposal must be the protection of human health and the environment
against harmful effects caused by the collection, transport, treatment,
storage and tipping of waste;

Whereas the recovery of waste and the use of recovered materials should
be encouraged in order to conserve natural resources;

Whereas the programme of action of the European Communities on the
environment (3), stresses the need for Community action, including the
harmonization of legislation;

Whereas effective and consistent regulations on waste disposal which
neither obstruct intra-Community trade nor affect conditions of
competition should be applied to movable property which the owner
disposes of or is required to dispose of under the provisions of national
law in force, with the exception of radioactive, mining and agricultural
waste, animal carcases, waste waters, gaseous effluents and waste
covered by specific Community rules;

Whereas, in order to ensure the protection of the environment, provision
should be made for a system of permits for undertakings which treat,
store or tip waste on behalf of third parties, for a supervisory system for
undertakings which dispose of their own waste and for those which
collect the waste of others, and for a plan embracing the essential factors
to be taken into consideration in respect of the various waste disposal
operations;

Whereas that proportion of the costs not covered by the proceeds of
treating the waste must be defrayed in accordance with the ‘polluter
pays’ principle,

!B

(1) OJ No C 32, 11. 2. 1975, p. 36.
(2) OJ No C 16, 23. 1. 1975, p. 12.
(3) OJ No C 112, 20. 12. 1973, p. 3.
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HAS ADOPTED THIS DIRECTIVE:

Article 1

For the purposes of this Directive:

(a) ‘waste’ shall mean any substance or object in the categories set out in
Annex I which the holder discards or intends or is required to
discard.

The Commission, acting in accordance with the procedure laid down
in Article 18, will draw up, not later than 1 April 1993, a list of
wastes belonging to the categories listed in Annex I. This list will be
periodically reviewed and, if necessary, revised by the same
procedure;

(b) ‘producer’ shall mean anyone whose activities produce waste
(‘original producer’) and/or anyone who carries out pre-processing,
mixing or other operations resulting in a change in the nature or
composition of this waste;

(c) ‘holder’ shall mean the producer of the waste or the natural or legal
person who is in possession of it;

(d) ‘management’ shall mean the collection, transport, recovery and
disposal of waste, including the supervision of such operations and
after-care of disposal sites;

(e) ‘disposal’ shall mean any of the operations provided for in Annex II,
A;

(f) ‘recovery’ shall mean any of the operations provided for in Annex II,
B;

(g) ‘collection’ shall mean the gathering, sorting and/or mixing of waste
for the purpose of transport.

Article 2

1. The following shall be excluded from the scope of this Directive:

(a) gaseous effluents emitted into the atmosphere;

(b) where they are already covered by other legislation:

(i) radioactive waste;

(ii) waste resulting from prospecting, extraction, treatment and
storage of mineral resources and the working of quarries;

(iii) animal carcases and the following agricultural waste: faecal
matter and other natural, non-dangerous substances used in
farming;

(iv) waste waters, with the exception of waste in liquid form;

(v) decommissioned explosives.

2. Specific rules for particular instances or supplementing those of this
Directive on the management of particular categories of waste may be
laid down by means of individual Directives.

Article 3

1. Member States shall take appropriate measures to encourage:

(a) firstly, the prevention or reduction of waste production and its
harmfulness, in particular by:

— the development of clean technologies more sparing in their use
of natural resources,

— the technical development and marketing of products designed
so as to make no contribution or to make the smallest possible
contribution, by the nature of their manufacture, use or final

!B
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disposal, to increasing the amount or harmfulness of waste and
pollution hazards,

— the development of appropriate techniques for the final disposal
of dangerous substances contained in waste destined for
recovery;

(b) secondly:

(i) the recovery of waste by means of recycling, re-use or
reclamation or any other process with a view to extracting
secondary raw materials, or

(ii) the use of waste as a source of energy.

2. Except where Council Directive 83/189/EEC of 28 March 1983
laying down a procedure for the provision of information in the field of
technical standards and regulations (1) applies, Member States shall
inform the Commission of any measures they intend to take to achieve
the aims set out in paragraph 1. The Commission shall inform the other
Member States and the committee referred to in Article 18 of such
measures.

Article 4

Member States shall take the necessary measures to ensure that waste is
recovered or disposed of without endangering human health and without
using processes or methods which could harm the environment, and in
particular:

— without risk to water, air, soil and plants and animals,

— without causing a nuisance through noise or odours,

— without adversely affecting the countryside or places of special
interest.

Member States shall also take the necessary measures to prohibit the
abandonment, dumping or uncontrolled disposal of waste.

Article 5

1. Member States shall take appropriate measures, in cooperation with
other Member States where this is necessary or advisable, to establish an
integrated and adequate network of disposal installations, taking account
of the best available technology not involving excessive costs. The
network must enable the Community as a whole to become self-
sufficient in waste disposal and the Member States to move towards that
aim individually, taking into account geographical circumstances or the
need for specialized installations for certain types of waste.

2. The network must also enable waste to be disposed of in one of the
nearest appropriate installations, by means of the most appropriate
methods and technologies in order to ensure a high level of protection for
the environment and public health.

Article 6

Member States shall establish or designate the competent authority or
authorities to be responsible for the implementation of this Directive.

Article 7

1. In order to attain the objectives referred to in Article 3, 4 and 5, the
competent authority or authorities referred to in Article 6 shall be
required to draw up as soon as possible one or more waste management
plans. Such plans shall relate in particular to:

— the type, quantity and origin of waste to be recovered or disposed of,

— general technical requirements,

!M1
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— any special arrangements for particular wastes,

— suitable disposal sites or installations.

Such plans may, for example, cover:

— the natural or legal persons empowered to carry out the managment
of waste,

— the estimated costs of the recovery and disposal operations,

— appropriate measures to encourage rationalization of the collection,
sorting and treatment of waste.

2. Member States shall collaborate as appropriate with the other
Member States concerned and the Commission to draw up such plans.
They shall notify the Commission thereof.

3. Member States may take the measures necessary to prevent
movements of waste which are not in accordance ance with their waste
management plans. They shall inform the Commission and the Member
States of any such measures.

Article 8

Member States shall take the necessary measures to ensure that any
holder of waste:

— has it handled by a private or public waste collector or by an
undertaking which carries out the operations listed in Annex II A or
B, or

— recovers or disposes of it himself in accordance with the provisions
of this Directive.

Article 9

1. For the purposes of implementing Articles 4, 5 and 7, any
establishment or undertaking which carries out the operations specified
in Annex II A must obtain a permit from the competent authority
referred to in Article 6.

Such permit shall cover:

— the types and quantities of waste,

— the technical requirements,

— the security precautions to be taken,

— the disposal site,

— the treatment method.

2. Permits may be granted for a specified period, they may be
renewable, they may be subject to conditions and obligations, or, notably,
if the intended method of disposal is unacceptable from the point of view
of envrionmental protection, they may be refused.

Article 10

For the purposes of implementing Article 4, any establishment or
undertaking which carries out the operations referred to in Annex II B
must obtain a permit.

Article 11

1. Without prejudice to Council Directive 78/319/EEC of 20 March
1978 on toxic and dangerous waste (1), as last amended by the Act of

!M1
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Accession of Spain and Portugal, the following may be exempted from
the permit requirement imposed in Article 9 or Article 10:

(a) establishments or undertakings carrying out their own waste disposal
at the place of production;

and

(b) establishments or undertakings that carry out waste recovery.

This exemption may apply only:

— if the competent authorities have adopted general rules for each type
of activity laying down the types and quantities of waste and the
conditions under which the activity in question may be exempted
from the permit requirements,
and

— if the types or quantities of waste and methods of disposal or
recovery are such that the conditions imposed in Article 4 are
complied with.

2. The establishments or undertakings referred to in paragraph 1 shall
be registered with the competent authorities.

3. Member States shall inform the Commission of the general rules
adopted pursuant to paragraph 1.

Article 12

At intervals of three years Member States shall send information to the
Commission on the implementation of this Directive, in the form of a
sectoral report which shall also cover other pertinent Community
Directives. The report shall be drawn up on the basis other of a
questionnaire or outline drafted by the Commission in accordance with
the procedure laid down in Article 6 of Directive 91/692/EEC (1). The
questionnaire or outline shall be sent to the Member States six months
before the start of the period covered by the report. The report shall be
made to the Commission within nine months of the end of the three-year
period covered by it.

The first report shall cover the period 1995 to 1997 inclusive.

The Commission shall publish a Community report on the implemen-
tation of the Directive within nine months of receiving the reports from
the Member States.

Article 13

Establishments or undertakings which carry out the operations referred
to in Articles 9 to 12 shall be subject to appropriate periodic inspections
by the competent authorities.

Article 14

All establishments or undertakings referred to in Articles 9 and 10 shall:

— keep a record of the quantity, nature, origin, and, where relevant, the
destination, frequency of collection, mode of transport and treatment
method in respect of the waste referred to in Annex I and the
operations referred to in Annex II A or B,

— make this information available, on request, to the competent
authorities referred to in Article 6.

Member States may also require producers to comply with the provisions
of this Article.

!M1
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Article 15

In accordance with the ‘polluter pays’ principle, the cost of disposing of
waste must be borne by:

— the holder who has waste handled by a waste collector or by an
undertaking as referred to in Article 9,
and/or

— the previous holders or the producer of the product from which the
waste came.

Article 16

1. Every three years, and for the first time on 1 April 1995, Member
States shall send the Commission a report on the measures taken to
implement this Directive. This report shall be based on a questionnaire,
drawn up in accordance with the procedure referred to in Article 18,
which the Commission shall send to the Member States six months
before the above date.

2. On the basis of the reports referred to in paragraph 1, the
Commission shall publish a consolidated report every three years, and
for the first time on 1 April 1996.

Article 17

The amendments necessary for adapting the Annexes to this Directive to
scientific and technical progress shall be adopted in accordance with the
procedure laid down in Article 18.

Article 18

The Commission shall be assisted by a committee composed of the
representatives of the Member States and chaired by the representative of
the Commission.

The representative of the Commission shall submit to the committee a
draft of the measures to be taken. The committee shall deliver its opinion
on the draft within a time limit which the chairman may lay down
according to the urgency of the matter. The opinion shall be delivered by
the majority laid down in Article 148 (2) of the EEC Treaty in the case of
decisions which the Council is required to adopt on a proposal from the
Commission. The votes of the representatives of the Member States
within the committee shall be weighted in the manner set out in that
Article. The chairman shall not vote.

The Commission shall adopt the measures envisaged if they are in
accordance with the opinion of the committee.

If the measures envisaged are not in accordance with the opinion of the
committee, or if no opinion is delivered, the Commission shall, without
delay, submit to the Council a proposal relating to the measures to be
taken. The Council shall act by a qualified majority.

If, on the expiry of a period of three months from the date of referral to
the Council, the Council has not acted, the proposed measures shall be
adopted by the Commission.

Article "M1 19 3

Member States shall bring into force the measures needed in order to
comply with this Directive within 24 months of its notification and shall
forthwith inform the Commission thereof.

Article "M1 20 3

Member States shall communicate to the Commission the texts of the
main provisions of national law which they adopt in the field covered by
this Directive.

!M1
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Article "M1 21 3

This Directive is addressed to the Member States.

!B
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ANNEX I

CATEGORIES OF WASTE

Q1 Production or consumption residues not otherwise specified below

Q2 Off-specification products

Q3 Products whose date for appropriate use has expired

Q4 Materials spilled, lost or having undergone other mishap, including any
materials, equipment, etc., contaminated as a result of the mishap

Q5 Materials contaminated or soiled as a result of planned actions (e.g.
residues from cleaning operations, packing materials, containers, etc.)

Q6 Unusable parts (e.g. reject batteries, exhausted catalysts, etc.)

Q7 Substances which no longer perform satisfactorily (e.g. contaminated
acids, contaminated solvents, exhausted tempering salts, etc.)

Q8 Residues of industrial processes (e.g. slags, still bottoms, etc.)

Q9 Residues from pollution abatement processes (e.g. scrubber sludges,
baghouse dusts, spent filters, etc.)

Q10 Machining/finishing residues (e.g. lathe turnings, mill scales, etc.)

Q11 Residues from raw materials extraction and processing (e.g. mining
residues, oil field slops, etc.)

Q12 Adulterated materials (e.g. oils contaminated with PCBs, etc.)

Q13 Any materials, substances or products whose use has been banned by law

Q14 Products for which the holder has no further use (e.g. agricultural,
household, office, commercial and shop discards, etc.)

Q15 Contaminated materials, substances or products resulting from remedial
action with respect to land

Q16 Any materials, substances or products which are not contained in the above
categories.

!M1
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ANNEX IIA

DISPOSAL OPERATIONS

NB: This Annex is intended to list disposal operations such as they occur in
practice. In accordance with Article 4 waste must be disposed of without
endangering human health and without the use of processes or methods
likely to harm the environment.

D 1 Deposit into or onto land (e.g. landfill, etc.)

D 2 Land treatment (e.g. biodegradation of liquid or sludgy discards in soils,
etc.)

D 3 Deep injection (e.g. injection of pumpable discards into wells, salt domes
or naturally occurring repositories, etc.)

D 4 Surface impoundment (e.g. placement of liquid or sludgy discards into
pits, ponds or lagoons, etc.)

D 5 Specially engineered landfill (e.g. placement into lined discrete cells
which are capped and isolated from one another and the environment, etc.)

D 6 Release into a water body except seas/oceans

D 7 Release into seas/oceans including sea-bed insertion

D 8 Biological treatment not specified elsewhere in this Annex which results in
final compounds or mixtures which are discarded by means of any of the
operations numbered D 1 to D 12

D 9 Physico-chemical treatment not specified elsewhere in this Annex which
results in final compounds or mixtures which are discarded by means of
any of the operations numbered D 1 to D 12 (e.g. evaporation, drying,
calcination, etc.)

D 10 Incineration on land

D 11 Incineration at sea

D 12 Permanent storage (e.g. emplacement of containers in a mine, etc.)

D 13 Blending or mixing prior to submission to any of the operations numbered
D 1 to D 12

D 14 Repackaging prior to submission to any of the operations numbered D 1 to
D 13

D 15 Storage pending any of the operations numbered D 1 to D 14 (excluding
temporary storage, pending collection, on the site where it is produced)

!M3
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ANNEX IIB

RECOVERY OPERATIONS

NB: This Annex is intended to list recovery operations as they occur in practice.
In accordance with Article 4 waste must be recovered without endangering
human health and without the use of processes or methods likely to harm
the environment.

R 1 Use principally as a fuel or other means to generate energy

R 2 Solvent reclamation/regeneration

R 3 Recycling/reclamation of organic substances which are not used as
solvents (including composting and other biological transformation
processes)

R 4 Recycling/reclamation of metals and metal compounds

R 5 Recycling/reclamation of other inorganic materials

R 6 Regeneration of acids or bases

R 7 Recovery of components used for pollution abatement

R 8 Recovery of components from catalysts

R 9 Oil re-refining or other reuses of oil

R 10 Land treatment resulting in benefit to agriculture or ecological
improvement

R 11 Use of wastes obtained from any of the operations numbered R 1 to R 10

R 12 Exchange of wastes for submission to any of the operations numbered R 1
to R 11

R 13 Storage of wastes pending any of the operations numbered R 1 to R 12
(excluding temporary storage, pending collection, on the site where it is
produced)

!M3
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▼B
COUNCIL DIRECTIVE

of 12 June 1986

on the protection of the environment, and in particular of the soil,
when sewage sludge is used in agriculture

(86/278/EEC)

THE COUNCIL OF THE EUROPEAN COMMUNITIES,

Having regard to the Treaty establishing the European Economic
Community, and in particular Articles 100 and 235 thereof,

Having regard to the proposal from the Commission (1),

Having regard to the opinion of the European Parliament (2),

Having regard to the opinion of the Economic and Social
Committee (3),

Whereas the aim of this Directive is to regulate the use of sewage
sludge in agriculture in such a way as to prevent harmful effects on
soil, vegetation, animals and man, while encouraging its correct use;

Whereas the disparity between the Member States' provisions on the
agricultural applications of sewage sludge might affect the functioning
of the common market; whereas in this field the approximation of laws
provided for under Article 100 of the Treaty should therefore be insti-
gated;

Whereas sewage sludge used in agriculture is not covered by Council
Directive 75/442/EEC of 15 July 1975 on waste (4);

Whereas the measures for which provision is made in Council Direc-
tive 78/319/EEC of 20 March 1978 on toxic and dangerous waste (5)
also apply to sewage sludge containing or contaminated by substances
or materials listed in the Annex to that Directive which are of such a
nature or are present in such quantities or concentrations that they
represent a hazard to human health or to the environment;

Whereas special arrangements should be made to ensure that man,
animals, plants and the environment are fully safeguarded against the
harmful effects arising from the uncontrolled use of sludge;

Whereas this Directive also aims at establishing certain initial Commu-
nity measures in connection with soil protection;

Whereas sludge can have valuable agronomic properties and it is there-
fore justified to encourage its application in agriculture provided it is
used correctly; whereas the use of sewage sludge must not impair the
quality of the soil and of agricultural products;

Whereas some heavy metals may be toxic to plants and also to man
through their presence in crops and whereas it is necessary to lay
down mandatory limit values for these elements in the soil;

Whereas the use of sludge should be prohibited when the concentration
of these metals in the soil exceeds these limit values;

Whereas, moreover, it is necessary to prevent these limit values from
being exceeded as a result of the use of sludge; whereas, to this end,
it is necessary to limit the amount of heavy metals added to cultivated
soil either by setting maximum quantities for the amounts of sludge
used per annum and ensuring that the limit values for the concentration
of heavy metals in the sludge used are not exceeded or by seeking to
ensure that limit values for the quantities of heavy metals that can be
added to the soil on the basis of a 10-year average are not exceeded;
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▼B
Whereas sludge must be treated before being used in agriculture;
whereas Member States may nevertheless authorize, on certain condi-
tions, the use of untreated sludge, without risk to human or animal
health, if it is injected or worked into the soil;

Whereas a certain period must elapse between using the sludge and
putting stock out to pasture or harvesting fodder crops or certain crops
which are normally in direct contact with the soil and normally
consumed raw; whereas the use of sludge on fruit and vegetable crops
during the growing season, except for fruit-tree crops, must be prohib-
ited;

Whereas sludge should be used under conditions which ensure that the
soil and the surface and ground water are protected, in accordance with
Directives 75/440/EEC (1) and 80/68/EEC (2);

Whereas to this end it is necessary to monitor the quality of sludges
and of the soils on which they are used and hence to make analyses
and to communicate certain results to the users;

Whereas a certain amount of essential information should be kept to
ensure better awareness of the use of sludge in agriculture and whereas
such information should be forwarded in the form of periodic reports to
the Commission; whereas, in the light of these reports, the Commission
will if necessary draw up proposals to ensure greater protection for the
soil and the environment;

Whereas sludge from small sewage-treatment plants which treat
primarily domestic waste water represents little danger to human,
animal and plant health and to the environment and should therefore
be exempt from some of the obligations laid down relating to informa-
tion and analysis;

Whereas Member States should be able to draw up more stringent
provisions than those laid down in this Directive; whereas such provi-
sions should be communicated to the Commission;

Whereas technical and scientific progress may make necessary the
rapid adaptation of certain of the requirements laid down in this Direc-
tive; whereas, in order to facilitate the introduction of the measures
required for this purpose, a procedure should be laid down whereby
close cooperation could be established between the Member States
and the Commission; whereas such cooperation should take place
within a Committee on Adaptation to Technical and Scientific
Progress;

Whereas the Treaty has not provided the necessary powers, other than
those of Article 235,

HAS ADOPTED THIS DIRECTIVE:

Article 1

The purpose of this Directive is to regulate the use of sewage sludge in
agriculture in such a way as to prevent harmful effects on soil, vegeta-
tion, animals and man, thereby encouraging the correct use of such
sewage sludge.

Article 2

For the purposes of this Directive:

(a) ‘sludge’ means:

(i) residual sludge from sewage plants treating domestic or urban
waste waters and from other sewage plants treating waste
waters of a composition similar to domestic and urban waste
waters;
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(ii) residual sludge from septic tanks and other similar installations

for the treatment of sewage;

(iii) residual sludge from sewage plants other than those referred to
in (i) and (ii);

(b) ‘treated sludge’ means:

sludge which has undergone biological, chemical or heat treatment,
long-term storage or any other appropriate process so as signifi-
cantly to reduce its fermentability and the health hazards resulting
from its use;

(c) ‘agriculture’ means:

the growing of all types of commercial food crops, including for
stock-rearing purposes;

(d) ‘use’ means:

the spreading of sludge on the soil or any other application of
sludge on and in the soil.

Article 3

1. The sludge referred to in Article 2 (a) (i) may only be used in
agriculture in accordance with this Directive.

2. Without prejudice to Directives 75/442/EEC and 78/319/EEC:

— the sludge referred to in Article 2 (a) (ii) may be used in agriculture
subject to any conditions that the Member State concerned may
deem necessary for the protection of human health and the environ-
ment,

— the sludge referred to in Article 2 (a) (iii) may be used in agricul-
ture only if its use is regulated by the Member State concerned.

Article 4

Values for concentrations of heavy metals in soil to which sludge is
applied, concentrations of heavy metals in sludge and the maximum
annual quantities of such heavy metals which may be introduced into
soil intended for agriculture are given in Annexes I A, I B and I C.

Article 5

Without prejudice to Article 12:

1. Member States shall prohibit the use of sludge where the concentra-
tion of one or more heavy metals in the soil exceeds the limit values
which they lay down in accordance with Annex I A and shall take
the necessary steps to ensure that those limit values are not
exceeded as a result of the use of sludge.

2. Member States shall regulate the use of sludge in such a way that
the accumulation of heavy metals in the soil does not lead to the
limit values referred to in paragraph 1 being exceeded. To achieve
this, they shall apply one or other of the procedures provided for in
(a) and (b) below:

(a) Member States shall lay down the maximum quantities of sludge
expressed in tonnes of dry matter which may be applied to the
soil per unit of area per year while observing the limit values for
heavy metal concentration in sludge which they lay down in
accordance with Annex I B; or

(b) Member States shall ensure observance of the limit values for
the quantities of metals introduced into the soil per unit of area
and unit of time as set out in Annex I C.

Article 6

Without prejudice to Article 7:

(a) sludge shall be treated before being used in agriculture. Member
States may nevertheless authorize, under conditions to be laid
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down by them, the use of untreated sludge if it is injected or
worked into the soil;

(b) sewage-sludge producers shall regularly provide users with all the
information referred to in Annex II A.

Article 7

Member States shall prohibit the use of sludge or the supply of sludge
for use on:

(a) grassland or forage crops if the grassland is to be grazed or the
forage crops to be harvested before a certain period has elapsed.
This period, which shall be set by the Member States taking parti-
cular account of their geographical and climatic situation, shall
under no circumstances be less than three weeks;

(b) soil in which fruit and vegetable crops are growing, with the excep-
tion of fruit trees;

(c) ground intended for the cultivation of fruit and vegetable crops
which are normally in direct contact with the soil and normally
eaten raw, for a period of 10 months preceding the harvest of the
crops and during the harvest itself.

Article 8

The following rules shall be observed when using sludge:

— the sludge shall be used in such a way that account is taken of the
nutrient needs of the plants and that the quality of the soil and of
the surface and ground water is not impaired,

— where sludge is used on soils of which the pH is below 6, Member
States shall take into account the increased mobility and availability
to the crop of heavy metals and shall, if necessary, reduce the limit
values they have laid down in accordance with Annex I A.

Article 9

Sludge and soil on which it is used shall be analyzed as outlined in
Annexes II A and II B.

The reference methods for sampling and analysis are indicated in
Annex II C.

Article 10

1. Member States shall ensure that up-to-date records are kept,
which register:

(a) the quantities of sludge produced and the quantities supplied for
use in agriculture;

(b) the composition and properties of the sludge in relation to the para-
meters referred to in Annex II A;

(c) the type of treatment carried out, as defined in Article 2 (b);

(d) the names and addresses of the recipients of the sludge and the
place where the sludge is to be used.

2. The records shall be available to the competent authorities and
shall provide a basis for the consolidated report referred to in Article
17.

3. Information on the methods of treatment and the results of the
analyses shall be released upon request to the competent authorities.

Article 11

Member States may exempt from Article 6 (b) and Article 10 (1) (b),
(c) and (d) and paragraph 2, sludge from sewage treatment plants with
a treatment capacity below 300 kg BOD

5
per day, corresponding to

5 000 person equivalents, which are designed primarily for the treat-
ment of domestic waste water.
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Article 12

Where conditions so demand, Member States may take more stringent
measures than those provided for in this Directive.

Any decision of this nature shall be communicated to the Commission
in accordance with existing agreements.

Article 13

Adaptation to technical and scientific progress, in accordance with the
procedure referred to in Article 15, shall cover the provisions of the
Annexes to the Directive, except for the parameters and values listed
in Annexes I A, I B and I C, any factors likely to affect the evaluation
of the values, and the parameters for analysis referred to in Annexes II
A and II B.

Article 14

1. A committee for adapting this Directive to technical and scientific
progress (hereinafter called ‘the Committee’) is hereby set up. It shall
consist of representatives of the Member States with a representative of
the Commission as chairman.

Article 15

1. The Commission shall be assisted by the Committee for adapting
this Directive to technical and scientific progress.

2. Where reference is made to this Article, Articles 5 and 7 of Deci-
sion 1999/468/EC (1) shall apply.

The period laid down in Article 5(6) of Decision 1999/468/EC shall be
set at three months.

3. The committee shall adopt its rules of procedure.

Article 16

1. Member States shall bring into force the laws, regulations and
administrative provisions necessary to comply with this Directive
within three years of its notification.

They shall forthwith inform the Commission thereof.

2. Member States shall communicate to the Commission the texts of
the provisions of national law which they adopt in the field governed
by this Directive.

Article 17

At intervals of three years Member States shall send information to the
Commission on the implementation of this Directive, in the form of a
sectoral report which shall also cover other pertinent Community
Directives. The report shall be drawn up on the basis other of a ques-
tionnaire or outline drafted by the Commission in accordance with the
procedure laid down in Article 6 of Directive 91/692/EEC (2). The
questionnaire or outline shall be sent to the Member States six months
before the start of the period covered by the report. The report shall be
made to the Commission within nine months of the end of the three-
year period covered by it.

The first report shall cover the period 1995 to 1997 inclusive.
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The Commission shall publish a Community report on the implementa-
tion of the Directive within nine months of receiving the reports from
the Member States.

Article 18

This Directive is addressed to the Member States.
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ANNEX I A

LIMIT VALUES FOR CONCENTRATIONS OF HEAVY METALS IN
SOIL

(mg/kg of dry matter in a representative sample, as defined in Annex II C,
of soil with a pH of 6 to 7)

Parameters Limit values (1)

Cadmium 1 to 3

Copper (2) 50 to 140

Nickel (2) 30 to 75

Lead 50 to 300

Zinc (2) 150 to 300

Mercury 1 to 1,5

Chromium (3) —

(1) Member States may permit the limit values they fix to be exceeded in the case of the
use of sludge on land which at the time of notification of this Directive is dedicated to
the disposal of sludge but on which commercial food crops are being grown exclu-
sively for animal consumption. Member States must inform the Commission of the
number and type of sites concerned. They must also seek to ensure that there is no
resulting hazard to human health or the environment.

(2) Member States may permit the limit values they fix to be exceeded in respect of these
parameters on soil with a pH consistently higher than 7. The maximum authorized
concentrations of these heavy metals must in no case exceed those values by more
than 50 %. Member States must also seek to ensure that there is no resulting hazard
to human health or the environment and in particular to ground water.

(3) It is not possible at this stage to fix limit values for chromium. The Council will fix
these limit values later on the basis of proposals to be submitted by the Commission,
within one year following notification of this Directive.
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ANNEX I B

LIMIT VALUES FOR HEAVY-METAL CONCENTRATIONS IN
SLUDGE FOR USE IN AGRICULTURE

(mg/kg of dry matter)

Parameters Limit values

Cadmium 20 to 40

Copper 1 000 to 1 750

Nickel 300 to 400

Lead 750 to 1 200

Zinc 2 500 to 4 000

Mercury 16 to 25

Chromium (1) —

(1) It is not possible at this stage to fix limit values for chromium. The Council will fix
these limit values later on the basis of proposals to be submitted by the Commission
within one year following notification of this Directive.
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ANNEX I C

LIMIT VALUES FOR AMOUNTS OF HEAVY METALS WHICH MAY
BE ADDED ANNUALLY TO AGRICULTURAL LAND, BASED ON A

10-YEAR AVERAGE

(kg/ha/yr)

Parameters Limit values (1)

Cadmium 0,15

Copper 12

Nickel 3

Lead 15

Zinc 30

Mercury 0,1

Chromium (2) —

(1) Member States may permit these limit values to be exceeded in the case of the use of
sludge on land which at the time of notification of this Directive is dedicated to the
disposal of sludge but on which commercial food crops are being grown exclusively
for animal consumption. Member States must inform the Commission of the number
and type of sites concerned. They must also ensure that there is no resulting hazard to
human health or the environment.

(2) It is not possible at this stage to fix limit values for chromium. The Council will fix
these limit values later on the basis of proposals to be submitted by the Commission
within one year following notification of this Directive.
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ANNEX II A

SLUDGE ANALYSIS

1. As a rule, sludge must be analyzed at least every six months. Where changes
occur in the characteristics of the waste water being treated, the frequency of
the analyses must be increased. If the results of the analyses do not vary
significantly over a full year, the sludge must be analyzed at least every 12
months.

2. In the case of sludge from the treatment plants referred to in Article 11, if a
sludge analysis has not been carried out in the 12 months preceding the
implementation, in each Member State, of this Directive, an analysis must
be carried out within 12 months of such implementation, or, where appro-
priate, within six months of the decision authorizing the use in agriculture
of sludge from such a plant. Member States shall decide on the frequency
of further analyses on the basis of the results of the initial analysis, any
changes in the nature of treated waste water and any other relevant factors.

3. Subject to the provisions of paragraph 4, analysis should cover the following
parameters:

— dry matter, organic matter,
— pH,
— nitrogen and phosphorus,
— cadmium, copper, nickel, lead, zinc, mercury, chromium.

4. In the case of copper, zinc and chromium, where it has been shown, to the
satisfaction of the competent authority of the Member State concerned that
they are either not present at all or present only in negligible quantities in
the waste water treated by the sewage plant, Member States shall decide on
the frequency of the analyses to be carried out.
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ANNEX II B

SOIL ANALYSIS

1. Whenever sludge other than sludge from the treatment plants referred to in
Article 11 is used, Member States must first ensure that the heavy metal
content of the soil does not exceed the limit values laid down in accordance
with Annex IA. For this purpose, Member States shall decide what analyses
to carry out, taking account of available scientific data on soil characteristics
and homogeneity.

2. Member States shall decide on the frequency of further analyses, taking
account of the metal content of the soil prior to the use of sludge, the quan-
tity and composition of the sludge used and any other relevant factors.

3. Analysis should cover the following parameters:

— pH,
— cadmium, copper, nickel, lead, zinc, mercury and chromium.
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ANNEX II C

SAMPLING AND ANALYSIS METHODS

1. Soil sampling

The representative soil samples for analysis should normally be made up by
mixing together 25 core samples taken over an area not exceeding 5 hectares
which is farmed for the same purpose.

The samples must be taken to a depth of 25 cm unless the depth of the
surface soil is less than that value; however, the sampling depth in the latter
case must not be less than 10 cm.

2. Sludge sampling

Sludge must be sampled after processing, but before delivery to the user, and
should be representative of the sludge production.

3. Methods of analysis

Analysis for heavy metals must be carried out following strong acid diges-
tion. The reference method of analysis must be that of atomic absorption
spectrometry and the limit of detection for each metal should be no greater
than 10 % of the appropriate limit value.
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY

Amortisation Calculations for Strategy 1

PHASE 1

Year CAPITAL Balance Year # Principal Interest Payment Total
1,095,000.00         0

2008 1,072,057.06         1 -22,942.94 £ -54,750.00 £ -77,692.94 £
2009 1,047,966.97         2 -24,090.09 £ -53,602.85 £ -77,692.94 £
2010 1,022,672.38         3 -25,294.59 £ -52,398.35 £ -77,692.94 £
2011 996,113.06            4 -26,559.32 £ -51,133.62 £ -77,692.94 £
2012 968,225.77            5 -27,887.29 £ -49,805.65 £ -77,692.94 £
2013 938,944.12            6 -29,281.65 £ -48,411.29 £ -77,692.94 £
2014 908,198.38            7 -30,745.73 £ -46,947.21 £ -77,692.94 £
2015 875,915.36            8 -32,283.02 £ -45,409.92 £ -77,692.94 £
2016 842,018.19            9 -33,897.17 £ -43,795.77 £ -77,692.94 £
2017 806,426.16            10 -35,592.03 £ -42,100.91 £ -77,692.94 £
2018 769,054.52            11 -37,371.63 £ -40,321.31 £ -77,692.94 £
2019 729,814.31            12 -39,240.21 £ -38,452.73 £ -77,692.94 £
2020 688,612.08            13 -41,202.23 £ -36,490.72 £ -77,692.94 £
2021 645,349.75            14 -43,262.34 £ -34,430.60 £ -77,692.94 £
2022 599,924.29            15 -45,425.45 £ -32,267.49 £ -77,692.94 £
2023 552,227.57            16 -47,696.73 £ -29,996.21 £ -77,692.94 £
2024 502,146.01            17 -50,081.56 £ -27,611.38 £ -77,692.94 £
2025 449,560.37            18 -52,585.64 £ -25,107.30 £ -77,692.94 £
2026 394,345.44            19 -55,214.92 £ -22,478.02 £ -77,692.94 £
2027 336,369.77            20 -57,975.67 £ -19,717.27 £ -77,692.94 £
2028 275,495.32            21 -60,874.45 £ -16,818.49 £ -77,692.94 £
2029 211,577.15            22 -63,918.17 £ -13,774.77 £ -77,692.94 £
2030 144,463.06            23 -67,114.08 £ -10,578.86 £ -77,692.94 £
2031 73,993.28              24 -70,469.79 £ -7,223.15 £ -77,692.94 £
2032 0.00                       25 -73,993.28 £ -3,699.66 £ -77,692.94 £

Total -1,942,323.52 £
Total Interest 847,323.52 £

Sludge Management Study 
Amortisation Calculations - Strategy 1
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY

Amortisation Calculations for Strategy 1

PHASE 2

Year CAPITAL Balance Year # Principal Interest Payment Total
60,000.00              0

2012 58,320.23              1 -1,679.77 £ -3,000.00 £ -4,679.77 £
2013 56,556.48              2 -1,763.75 £ -2,916.01 £ -4,679.77 £
2014 54,704.54              3 -1,851.94 £ -2,827.82 £ -4,679.77 £
2015 52,760.00              4 -1,944.54 £ -2,735.23 £ -4,679.77 £
2016 50,718.23              5 -2,041.77 £ -2,638.00 £ -4,679.77 £
2017 48,574.38              6 -2,143.85 £ -2,535.91 £ -4,679.77 £
2018 46,323.33              7 -2,251.05 £ -2,428.72 £ -4,679.77 £
2019 43,959.73              8 -2,363.60 £ -2,316.17 £ -4,679.77 £
2020 41,477.95              9 -2,481.78 £ -2,197.99 £ -4,679.77 £
2021 38,872.08              10 -2,605.87 £ -2,073.90 £ -4,679.77 £
2022 36,135.92              11 -2,736.16 £ -1,943.60 £ -4,679.77 £
2023 33,262.95              12 -2,872.97 £ -1,806.80 £ -4,679.77 £
2024 30,246.33              13 -3,016.62 £ -1,663.15 £ -4,679.77 £
2025 27,078.88              14 -3,167.45 £ -1,512.32 £ -4,679.77 £
2026 23,753.05              15 -3,325.82 £ -1,353.94 £ -4,679.77 £
2027 20,260.94              16 -3,492.11 £ -1,187.65 £ -4,679.77 £
2028 16,594.22              17 -3,666.72 £ -1,013.05 £ -4,679.77 £
2029 12,744.16              18 -3,850.06 £ -829.71 £ -4,679.77 £
2030 8,701.61                19 -4,042.56 £ -637.21 £ -4,679.77 £
2031 4,456.92                20 -4,244.69 £ -435.08 £ -4,679.77 £
2032 0.00 -                      21 -4,456.92 £ -222.85 £ -4,679.77 £

Total -98,275.09 £
Total Interest 38,275.09 £

Sludge Management Study 
Amortisation Calculations - Strategy 1
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY

Amortisation Calculations for Strategy 1

PHASE 3

Year CAPITAL Balance Year # Principal Interest Payment Total
60,000.00              0

2016 57,678.05              1 -2,321.95 £ -3,000.00 £ -5,321.95 £
2017 55,240.01              2 -2,438.05 £ -2,916.01 £ -5,354.06 £
2018 52,680.06              3 -2,559.95 £ -2,827.82 £ -5,387.77 £
2019 49,992.11              4 -2,687.95 £ -2,735.23 £ -5,423.17 £
2020 47,169.77              5 -2,822.34 £ -2,638.00 £ -5,460.34 £
2021 44,206.31              6 -2,963.46 £ -2,535.91 £ -5,499.37 £
2022 41,094.68              7 -3,111.63 £ -2,428.72 £ -5,540.35 £
2023 37,827.46              8 -3,267.21 £ -2,316.17 £ -5,583.38 £
2024 34,396.89              9 -3,430.58 £ -2,197.99 £ -5,628.56 £
2025 30,794.78              10 -3,602.10 £ -2,073.90 £ -5,676.00 £
2026 27,012.57              11 -3,782.21 £ -1,943.60 £ -5,725.81 £
2027 23,041.25              12 -3,971.32 £ -1,806.80 £ -5,778.12 £
2028 18,871.37              13 -4,169.89 £ -1,663.15 £ -5,833.03 £
2029 14,492.99              14 -4,378.38 £ -1,512.32 £ -5,890.70 £
2030 9,895.69                15 -4,597.30 £ -1,353.94 £ -5,951.24 £
2031 5,068.52                16 -4,827.16 £ -1,187.65 £ -6,014.82 £
2032 0.00                       17 -5,068.52 £ -1,013.05 £ -6,081.57 £

Total -96,150.25 £
Total Interest 36,150.25 £
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Amortisation Calculations - Strategy 1
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY

Amortisation Calculations for Strategy 1

Total

Year CAPITAL Balance Year # Phase 1 Phase 2 Phase 3 Total
1,095,000.00 £ 0

2008 1,072,057.06 £ 1 -77,692.94 £ -77,692.94 £
2009 1,047,966.97 £ 2 -77,692.94 £ -77,692.94 £
2010 1,022,672.38 £ 3 -77,692.94 £ -77,692.94 £
2011 996,113.06 £ 4 -77,692.94 £ -77,692.94 £
2012 1,026,546.00 £ 5 -77,692.94 £ -4,679.77 £ -82,372.71 £
2013 995,500.60 £ 6 -77,692.94 £ -4,679.77 £ -82,372.71 £
2014 962,902.92 £ 7 -77,692.94 £ -4,679.77 £ -82,372.71 £
2015 928,675.36 £ 8 -77,692.94 £ -4,679.77 £ -82,372.71 £
2016 950,414.47 £ 9 -77,692.94 £ -4,679.77 £ -5,321.95 £ -82,372.71 £
2017 910,240.54 £ 10 -77,692.94 £ -4,679.77 £ -5,354.06 £ -82,372.71 £
2018 868,057.91 £ 11 -77,692.94 £ -4,679.77 £ -5,387.77 £ -82,372.71 £
2019 823,766.15 £ 12 -77,692.94 £ -4,679.77 £ -5,423.17 £ -82,372.71 £
2020 777,259.80 £ 13 -77,692.94 £ -4,679.77 £ -5,460.34 £ -82,372.71 £
2021 728,428.13 £ 14 -77,692.94 £ -4,679.77 £ -5,499.37 £ -82,372.71 £
2022 677,154.89 £ 15 -77,692.94 £ -4,679.77 £ -5,540.35 £ -82,372.71 £
2023 623,317.97 £ 16 -77,692.94 £ -4,679.77 £ -5,583.38 £ -82,372.71 £
2024 566,789.22 £ 17 -77,692.94 £ -4,679.77 £ -5,628.56 £ -82,372.71 £
2025 507,434.02 £ 18 -77,692.94 £ -4,679.77 £ -5,676.00 £ -82,372.71 £
2026 445,111.07 £ 19 -77,692.94 £ -4,679.77 £ -5,725.81 £ -82,372.71 £
2027 379,671.97 £ 20 -77,692.94 £ -4,679.77 £ -5,778.12 £ -82,372.71 £
2028 310,960.91 £ 21 -77,692.94 £ -4,679.77 £ -5,833.03 £ -82,372.71 £
2029 238,814.30 £ 22 -77,692.94 £ -4,679.77 £ -5,890.70 £ -82,372.71 £
2030 163,060.36 £ 23 -77,692.94 £ -4,679.77 £ -5,951.24 £ -82,372.71 £
2031 83,518.72 £ 24 -77,692.94 £ -4,679.77 £ -6,014.82 £ -82,372.71 £
2032 0.00 £ 25 -77,692.94 £ -4,679.77 £ -6,081.57 £ -82,372.71 £

TOTAL -2,040,598.61 £

Payment
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Amortisation Calculations - Strategy 1
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SEWERAGE BOARD OF PAFOS
SECOND PHASE OF PAFOS SEWERAGE AND DRAINAGE PROJECT

SLUDGE MANAGEMENT STUDY
Net Present Value Comparison Calculations

Strategy 1 Strategy 2 Strategy 1 Strategy 2
YEAR (CYP) (CYP) (CYP) (CYP)
2008 1,095,000.00     25,000.00       12,636.00     19,747.00        
2009 -                     -                  13,455.00     21,027.50        
2010 -                     -                  14,274.00     22,308.00        
2011 -                     -                  15,093.00     23,588.50        
2012 60,000.00          -                  13,923.00     24,869.00        
2013 -                     -                  14,639.63     26,149.50        
2014 -                     -                  15,356.25     27,430.00        
2015 -                     -                  16,072.88     28,710.50        
2016 60,000.00          -                  14,391.00     29,991.00        
2017 -                     -                  15,005.25     31,271.50        
2018 -                     -                  15,619.50     32,552.00        
2019 -                     -                  16,233.75     33,832.50        
2020 -                     -               16,848.00   35,113.00      

Discount 
Rate

5% 1,128,545.25     23,809.52       138,206.64   249,504.40      
10% 1,058,155.68     22,727.27       103,342.92   183,009.47      
15% 999,060.26        21,739.13       80,384.81   139,875.06    

Investment Cost Operating Costs

Net Present Value (2008)

Sludge Management Study 
Net Present Value Comparison 
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