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1 Introduction

In order to address nutrient pollution in the Black Sea region measures in the agricultural,
industrial and urban sector have to be taken. In order to use the limited financial resources
most efficient, measures to tackle the pollution should be selected against the cost
effectiveness criteria.

This report is based on the methodology developed under Task l1a/2a/3a and analyses of
previous work carried out mainly in the EU Member States and addresses:

- Based on previous work in EU Member states (development of programs of
measures for the Nitrate Directive and the WFD), an indicative list of measures for
reducing nutrient emissions from agriculture has been developed.

- Cost effectiveness in waste water treatment including estimations of emissions
reduced and costs of different upgrading options in municipal sewage treatment
works; the costs wil | consider effects of the feconomy
on the design capacity of the plant). The assessment compares the situation in
Austria with Bulgaria, Czech Republic, Hungary, Romania, Slovakia, Slovenia and
Turkey.

- Nutrient emissions from industrial sources in selected Danube countries (Austria,
Hungary, Romania and Bulgaria) have been evaluated based on information from the
ICPDR emission inventory 2002 (http://danubis.icpdr.org), which compiles emissions
from major industrial facilities on the national level. Due to the limited resources in this
project, one industrial sector was selected to evaluate potential measures to reduce
nutrient emissions to surface waters - the fertiliser manufacturing industry. Depending
on different types of fertiliser products (N-, P-, NP- or NPK-fertiliser) different
production lines have been investigated in terms of liquid process waste waters
containing nitrogen and/or phosphorus, which are discharged to surface waters after
an adequate treatment. Emission levels have been defined which can be associated
with the application of best available techniques for production and emission
abatement to water and to air in accordance with EU IPPC directive 96/61/EC.

The comparison of the results of all case studies is discussed in a further report called
0Compari songwifdealeisrudds son how to select the most
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2 Case study on nutrient reduction in agriculture

Agriculture is a major land user in the Black Sea Region contributing importantly to
eutrophication in the Black Sea region. For example, one-t hi r d of Turkeyods ant
agriculture lands are in the Black Sea basin. UNDP (2007). As a consequence, agriculture

has an important responsibility for maintaining or improving the quality and quantity of water

resources to reach the environmental targets set for the Black Sea region.

Although agriculture has played a significant role in nutrient leaching in the past, economic
recession in the former c¢omnrasaliesin: countries in t
- dramatic reductions in the application of mineral fertilizers
- closures of large livestock farms (significant point sources of agricultural pollution)

Table 1: highlights the significant decrease in livestock numbers in the region. Current
livestock numbers (2004) are only 1/3 of the total livestock in 1998 UNDP (2007).

Table 1: Dynamics of livestock numbers in the six Black Sea coastal country sub-basins (in
millions) UNDP (2007).

1960 1970 1988 1997 2003
Cattle 47.8 56.2 65.6 35.3 23.4
Pigs 27.0 31.4 40.3 20.6 15.2
Sheep & | 46.7 46.2 47.1 22.3 154
goats
Poultry 207.7 262.0 452.4 290.6 356.5

Although fertilizer application decreased significantly after the economic crisis (e.g. in
Romania application levels fell below 1970 rates), recent, desirable economic development
in these countries are likely to increase nutrient application and emissions in the future.

As indicated in the Black Sea Transboundary Diagnostic Analysis (UNDP (2007), data from
the 2005 World Bank World Development Indicators database revealed that the Black Sea
country with the highest rate of fertilizer application rates is Turkey. On the other hand,
Russia and Ukraine have the lowest application rates, with application rates in Bulgaria,
Georgia and Romania in the middle. However, a rough assessment of data from Georgia,
Russia and Romania does indicate that between 1997 and 2004, inorganic fertiliser
application rates have increased for cereal, oilseed and leguminous (bean and pea) crop
production UNDP (2007). As shown in Figure 1, fertilizer application rates can be directly
linked to the mean concentration of N and P in surface waters.
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Figure 1: Mean concentrations of nitrate and phosphate in surface waters of the Black Sea,
2000-2005 UNDP (2007)

Since the role of agriculture has been mi
Region now has a vast potential, especially to apply best farming practices. If mobilized, the
region can turn self-sufficient in food which will act as a strong stimulant in intra and inter-
regional trade. Privatization and application of advanced agricultural extension services and
other techniques including introduction of modern animal husbandry, poultry, and dairy
industry supported with adequate capital inputs are considered as the key elements to
agricultural development. Its growth will lay the ground for agro-industry, help self-sufficiency
in the supply of food-stuffs and save precious hard currency which can be diverted to more
productive sectors of the economy.

The challenge will be, therefore, to cancel out these possible increases by actively reducing
emission levels from agricultural sources, in order to keep nutrient inputs at their current low
levels while also allowing for the effects of economic development in countries in the middle
and lower regions of the Danube Basin.

This reports aims to support this target by proposing a list of potential measures that reduce
environmental pressures from agriculture without limiting the economic growth in general.

2.1 Introductory remark

As usually defined, the aim of cost-effectiveness analysis (CEA) is to develop a ratio that
indicates the costs of achieving a per unit change in a specified physical outcomel, with an
alternative being to determine the minimum cost of meeting a specified physical outcome.

The numerator or 6costd el ement represents

meeting the specified target of adopting a particular option, while the denominator reflects
the relevant physical outcome.

Within CEA, costs are typically defined in terms of the direct financial or economic costs of
implementing a proposed measure, with effectiveness measured in terms of some physical
measure of environmental outcome. When comparing different European approaches® it
comes obvious that the calculations of cost effectiveness for agricultural measures can suffer
from a number of problems, such as:

! United Kingdom, Austria, Helsinki Commission for the Baltic Sea, Sweden, Netherlands, France
-7-

nor

t

he



Methodology for Cost effective Measures to minimise Nutrient Pollution

1 Lack of a common framework for the calculation of agricultural measures. While in the
UWWTP and for industry such a framework exists for at least 30 years no such
framework was developed for agricultural measures.

1 when the proposed measure has more than one benefit (e.g. improvements in
morphology, nutrients and chemical quality), it might be difficult to allocate the share
of costs to each benefit.

1 Missing cost data. While data on costs has been systematically been collected for
measures tackling point sources

9 Effectiveness of measures is often difficult to judge as it might depend on the local
conditions under it is applied (e.g. soil conditions)

However there are also some similarities between the different European approaches, from
which BS countries can learn:

1 The list of measures to tackle diffuse pollution from agriculture contain similar sets of

measures

Quialitative descriptions are mostly used to describe cost and effects.

In order to better understand the effectiveness of measures it is described by several

attributes. The attributes vary in detail, but contain mostly effect, time frame,

geographical scale

9 Cost calculations vary widely and do not necessary cover all direct or indirect cost
categories. Cost calculations are often based on local case studies or modelling.

T
T

Due to this data gaps, inconsistencies, different approaches, the lack of modelling capacity
and the limited resources it is impossible to generate the same clear picture as for the urban
waste water and industry sector with respect to cost effectiveness. Nevertheless the
information presented in the following section allows making judgments on the cost efficiency
of measures taken to tackle agricultural diffuse pollution

2.2 Measures to reduce agricultural pressures

This aims at identifying the cost effectiveness of measures taken in agriculture to reduce
nutrient leaching into groundwater and/or surface waters. Based on previous work in EU
Member States (development of programs of measures for the Nitrate Directive and the
WFD), an indicative list of measures for reducing nutrient emissions into groundwater and
surface waters has be developed based on former UNDP/GEF projects? in the Black Sea
and Danube Basin. However this list of potential measures is not closed / exhaustive and
other measures may also be considered. The measures are grouped into the following
categories:

Land use

Soil management

Fertilizer and manure management
Animal feeding

Farm infrastructure

Education and Training

S

Each category contains one or more sub-measures. The list of these sub-measures
is not exclusive and several more measures exist. The focus in the selection was on
measures that could easily be established

% For example: Development of Black Sea Strategic Action Plan (adopted by the six boarding countries
in 1996); Introducing Integrated Coastal Zones Management practices to Black Sea coastal zones as
endorsed by the Odessa Declaration of 1993; Marine Environmental Assessment of the Black Sea.
For a more comprehensive list of past UNDP/GEF projects related to Black Sea management, please
visit: http://www.undp.org/gef/05/portfolio/writeups/iw/blacksea_envmanagement.html

-8-
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The assessed measures are not presented in any order of cost effectiveness as detailed
calculations where not possible for three main reasons i) lack of a consistent methodological
framework for calculating costs, ii) lack of detailed cost data, iii) lack of detailed
models to estimate effectiveness for the Black Sea region, and i) finally the limited
resources given in this project. However based on previous work carried out by
Austria, UK, Germany and Denmark and the Helsinki Commission as wall as
additional scientific research the following information has been compiled, allowing
first indications on cost effectiveness.

Each measure is presented by nine attributes, which are (for details see methodology part®):

I. Primary Effect: Mainly the way or the extent to which this measure could contribute
to the achievement of the set environmental objective
II. Water-related side effects: additional water-related effects beside the primary
effects.
lll. Non-water-related side effects: all other effects which are not directly related to
water such as social effects, effects on other environmental aspects or income.
IV. Geographical scale of the effect: local, regional, basin wide scale of the effect
V. Time scale: required for measures to become effective (short term refers to three
years, medium to five and long term moiré than five years)
VI. Durability of an effect: Time the effects holds on
VII. Adaptability: Provides information on how a measure can be improved or adapted to
circumstances
VIIl. Certainty of the effect: How certain a effect will take place
IX. Costs: Costs refer to direct costs and if available to indirect wider economic costs.

2.2.1 Land Use

2.2.1.1 Converting Arable Land to Extensive Grassland

Replacing intensive agriculture with permanent grassland reduces nitrogen and phosphorus
losses, which is of particular importance for drinking water protection areas.

Effect analysis
Primary Effect

The conversion of arable land to extensive grassland effectively reduces the nitrogen content
in soils, since applying additional nutrient inputs, which is a common agriculture practice, is
avoided. This measure has the potential to reduce nitrate losses by 95%. With respect to
phosphorus, significant reductions in P leaching takes time in areas with initial high P levels;
however, P losses due to surface run-off are immediately reduced. It is estimated that
conversion to un-utilised grassland can reduce phosphorus by 50% Helsinki Commission
(2007). Additionally, permanent plant cover reduces the potential for soil erosion.

Water-related side effects

An increase in the biodiversity on extensively managed grassland is possible.

Non-water-related side effects

% See also Report on Tasks la/2a/3a - Methodology for selecting cost-effective measures to tackle
nutrient pollution from the agricultural, municipal and industrial sectors in the Black Sea
-0-
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The conversion of arable land is likely to significantly affect the market balance, since it
means that land is taken out of production (and replaced by extensively used grassland).

Geographical scale of the effect

X local X regional X Basin- wide

Time scale

Until implementation: medium-term

Until effectiveness: Measures may become effective in the short-term, as well as in

the medium- or long-term, depending on regional peculiarities.

Durability of an effect:

The durability depends on the time the land is used as grassland. When arable fields are
permanently set aside then over time the danger of leaching compared to rotational fallows
reduces and is relatively low.

Adaptability
High

Certainty of the effect
High

Costs

For the conversion of arable land into extensively used arable land or grassland, farmers
may apply for compensation for the reduction in market revenue.

2.2.2 Soil Management

2.2.2.1 Plant Cover in Winter

A winter cover crop is planted in late summer or fall to provide soil cover during the winter. A
cover crop will take up residual nitrate and other nutrients from the soil after the main crop
has been harvested in the summer or early autumn, leaving less nitrate available for leaching
over winter. Ensuring that the land is not left exposed helps reduce soil erosion and the
mobilisation of associated pollutants.

Effect analysis
Primary Effect

Plant cover in winter can reduce nitrate leaching resulting from excess winter rainfall, as well
as phosphorus leaching, which occurs through sediment transport in surface run-off.
According to a Finnish study plant cover in winter can reduce erosion 10-40 % and nitrate
leaching 10-70 %. (Helsinki Commission, 2007)

According to Culttle, et al, (2007), cover crops in the UK have shown to reduce nitrate
leaching by up to 50% compared with soils that were left bare over the winter. For

-10-
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effectiveness against N leaching, the crop needs to take up N before the onset of winter
drainage but thereafter the date of destruction is less critical. For effectiveness against P
transfer, the crop does not have to be alive (i.e. straw or even a rough seedbed are equally
effective) but the soil must be protected throughout the period when runoff would occur.

Water-related side effects

Plant cover in winter protects the topsoil of the fields against the erosive forces of rain, melt
and runoff waters during winters. This also reduces soil erosion into waters.

Non-water-related side effects

This measure can improve soil structure by increasing the amount of organic matter in the
topsoil of the fields, whi ch decreases the topsoilés susceptib
Further, cover crops can improve soil fertility. Legumes can add substantial amounts of

available nitrogen to the soil. Non-legumes can be used to take up excess nitrogen from

previous crops and recycle the nitrogen as well as available phosphorus and potassium to

the following crop.

Geographical scale of the effect

X local X  regional X  Basin- wide
Time scale

Until implementation: Short-term

Until effectiveness: Short term

Durability of an effect:

As long as applied.

Adaptability
High, as the selection of crops can be based to local conditions

Certainty of the effect
High

Costs

Implementation is rather easy. Costs depend on the plant in question, area and whether the
farm has its own machinery or contractor. Cost savings can occur due to savings of
purchased nutrients.

-11-
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Example from the UK:

The root balls of the harvested crop plants will hold the soil together well. In these cases, a
light spring tine harrowing may be all that is necessary to assist re-growth and ground cover
at a cost of £10/halyear.

In other crops, ground cover may be poor due to the lack of re-growth and the time of year of
the harvest operation. Cultivation costs would be applicable after the main cultivation of the
field. These would be some £17.50/ha plus £50/ha average cost for the seed, a total of
£67.50/ha. (Cuttle, et all, 2007)

2.2.2.2 Catch Crops

Catch crops help to reduce the mobilisation of agricultural pollutants by increasing nutrient
uptake and reducing surface run-off and soil erosion. Catch crops are fast-growing crops that
are grown simultaneously with or between successive plantings of a main crop.

Effect analysis
Primary Effect

Catch crops protect the surface of the soil and catch the extra nutrients. The longer the soil is
covered with vegetation the smaller is the nitrate leaching. Catch crops can also improve the
soil structure and increase the amount of organic matter in the soil.

Water-related side effects

Plant cover in winter protects the topsoil of the fields against the erosive forces of rain, melt
and runoff waters during winters. This also reduces soil erosion into waters.

Non-water-related side effects

Despite the effective reducing of nitrate leaching risk, some catch crops (e.g. mustard) can
lead to a decrease in nitrogen uptake by following cereals (Mdller, et al, 2007).

Geographical scale of the effect
X local X regional A Basin- wide
Time scale

Durability of an effect:
As long as applied

Adaptability
High

Certainty of the effect
High

-12-
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Costs

This method is relatively easy to implement. The costs of this method consist of buying the
seeds, sowing and finishing the catch crop. Danish estimates show that catch crops reduce
the economic rent from cash crops by about 10 percent (Schou, J.S, et al., 2006)

2.2.2.3 Erosion-minimising Cultivation Systems

Erosion-minising cultivation systems incorporate discs or tines to cultivate the soil or drill
directly into stubbles (no-till), thus maintaining organic matter and preserving good soil
structure. This will improve infiltration and retention of water and thereby decrease total
phosphorus concentrations in surface run-off.

Effect analysis
Primary Effect

Such cultivation systems will decrease phosphorus in surface run-off, as phosphorus then
concentrates in the shallow topsoil, which can increase the amount of dissolved phosphorus
in the long term. This is especially valid in areas containing steep slopes with high
phosphorus content. To increase effectiveness of this measure, buffer zones and more
accurate phosphorus fertilization should be utilised. With respect to nitrogen, nitrate leaching
is slightly decreased through reduced mineralization of organic soil matter in the autumn.

Water-related side effects
Not known

Non-water-related side effects

Not known

Geographical scale of the effect

X local X regional X Basin- wide

Time scale

Until implementation: short-term

Until effectiveness: The measures may become effective in the short-term, as well

as in the medium- or long-term, depending on the regional
peculiarities (Interwies et al, 2004)

Durability of an effect:

As long as applied.

Adaptability
High

Certainty of the effect
-13-
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The method must be used with judgement. It is less universally applicable on light soils and
those which are liable to capping or compaction. Inappropriate use of the technique could
cause more harm than benefit, due to soil damage, resultant poor crop growth and enhanced
surface runoff in areas prone to capping.

Costs

The costs of this method are dependant on t he s ui tceor rotationt methoal,f a f al
the soil type and whether it is profitable to use a contractor or purchase the machinery to the

farm.

In cases where mulch sowing can be done with existing equipment, by definition no

additional costs are incurred. Due to the reduced amount of time and petrol needed

compared with conventional techniques, the costs may in fact be reduced in some cases.

2.2.3 Fertilizer and Manure Management

2.2.3.1 Nutrient Balances

The preparation of nutrient balances is a beneficial tool for long-term planning of fertilizer
use. Nutrient balances inform farmers on the efficiency of nutrient utilization and help to
identify the cropping phases in which nutrients are lost. The calculation of nutrient balances
help to strengthen water protection measures for each farm and parcel.

Effect analysis
Primary Effect

Creating a nutrient balance spread sheet helps to accurately account for fertilizer use to
decrease application, which in turn helps to keep excess nutrients in the soil to a minimum. It
also maximises efficient use of nutrients already in the soil by ensuring that the soil is in a
sufficiently fertile state |. Accurate fertilizer application, which is based on the crop type, its
yield and the characteristics of the parcel to the economic optimum, will ensure that the
necessary quantities of the essential crop nutrients are only available when required for
uptake by the crop.

Example UK:

For arable land, there is a reduction of about 5 kg N/ha leached per year. For grassland,
reductions are 1-5 kg/ha per year (dairy) and 2 kg N/ha per year (beef). With respect to P,
expert analysis estimates that the method reduces the fertiliser component of the baseline
loss by 20% (Cuttle et al (2007).

Water-related side effects

By reducing nutrient application due to nutrient balance analysis, eutrophication and
excessive algal growths caused by nutrient leaching from fields can be minimised or avoided.
Additionally, groundwater (used for drinking water supplies) contamination resulting from
high nitrate content can also be minimised or avoided.

Non-water-related side effects

As nutrient management systems incorporating nutrient balances encourage efficient use of
manure, there is a good possibility that ammonia emissions into air can be reduced.

Geographical scale of the effect
-14-
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X local X regional X Basin- wide

Time scale

Until implementation: Short-term

Until effectiveness: Short term once farmers complete their nutrient balance
analysis.

Durability of an effect:
As long as a farmer carries out such balances and take the appropriate decision afterwards.

Adaptability

Fertiliser recommendation systems can be used in all farming systems, but are most
effective in intensive grassland, arable and horticultural systems. The method would have
less impact in extensive grassland systems, since such systems tend to receive less N input
than other systems do.

Certainty of the effect

Depends on the accuracy of the calculation and if the results are considered in farm
management.

Costs

This method is cost-effective. Reduction in fertilizer application reduces farm costs; however,
investment will be required to provide farmers with education and guidance.

Example from Scotland

In 2002 the Scottish Environment Protection Agency (SEPA) commissioned a study looking
at agricultural environmental management on six different farm types. Based on the results of
the study, which showed excess fertilizer and manure use on all farms analysed, farmers can
save on average £1500 a year on fertiliser bills through better accounting of soil and organic
nutrients. (SEPA, 2005)

2.2.3.2 Application Techniques of Manure

This measure involves cutting slots in the soils, injecting the slurry and then closing these
slots after application. Injecting slurry as opposed to applying it to topsoil makes it is possible
to directly reach the active soil layer in order to reduce nutrient leaching. In addition, direct
ground injection systems directly inject pressurized slurry into the ground.

Effect analysis
Primary Effect

The injection of slurry effectively increases the utilization of manure nutrients compared with
surface application, thus reducing potential run-off and need for more application. However it
should be noted that most of the emission reduction ion water occur due to decreased
deposition of ammonium. So the direct effect on water is rather low, while the indirect effect
can be considered as high.

-15-
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Water-related side effects

Decreasing surface application of manure and promoting injection techniques and mulching
will immediately decrease leaching into water bodies as well prevent the exposure of manure
to the surface run-off and drain flow losses.

Eutrophication resulting from emissions can be avoided by applying manure more effectively
into the soil. Reduced groundwater and surface water pollution from nitrate leaching and
phosphate run off.

Non-water-related side effects

Using trailing hose technology for slurry application can reduce emissions (ammonia) into air
significantly.

Geographical scale of the effect

X local X regional A Basin- wide
Time scale

Until implementation: Short-term

Until effectiveness: Short term

Durability of an effect:
As long as farmers applies the measure and machinery is in a good shape.

Adaptability

Steeply sloping ground or stony soils may not suitable for slurry injection, as these soils can
cause increased nitrate leaching and watercourse pollution.

Certainty of the effect

Medium as there are limitation in the application of the measures (see adaptability above)

Ccosts

Costs associated with better application technology can be high (Replacing manure
spreading equipment is a major capital investment), but costs can be saved through
reduction in mineral nitrogen application.

2.2.3.3 Integration of Fertilizer and Manure Nutrient Supply

Determining the amount of nutrients supplied to soils during manure application helps
farmers to judge the amount and ideal timing of additional fertilizers required by the crop.
Taking better account of the nutrients contained manure can reduce the need for fertilizer
inputs, which in turn minimises nitrate and phosphorus losses.

Effect analysis
Primary Effect
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Excessive application of mineral fertilizer applications is avoided, so optimum economic
production level can be reached and soils can be adequately maintained. The method is
most effective on farmers where manure is supplemented by mineral fertilizers.

Water-related side effects

Reduced nitrogen and phosphorus leaching can be expected from this measure, as less N
and P are applied to land.

Non-water-related side effects

Long-term manure applications can lead to a build up of excessive soil P reserves. By
integrating fertilizer and manure application, dentrification, which leads to increased levels of
nitrogen oxide emissions, can be minimised as a result of proper scheduling.

Geographical scale of the effect

X local X regional X Basin- wide
Time scale

Until implementation: Short-term

Until effectiveness: Short term

Durability of an effect:

As long as farmers applies the measure

Adaptability

This measure is most applicable to intensive grassland and arable systems, but is also
relevant to extensive grassland systems where breeding ewes are brought onto more fertile
low-lying ground in late autumn to early winter. Additionally, this method is effective for
systems that use mineral fertilisers to top-up nutrients supplied by organic manure.

Certainty of the effect

On arable land, there ia potential for a reduction in N leaching by 5-10 kg/year (Cuttle et al
(2007).

Costs

This method achieves savings rather than incurring costs; however investment will be
required for education and guidance.

2.2.3.4 Avoiding the application of Fertilizers and Manure to High-Risk Areas

Never applying mineral fertilizers and manure to high risk areas helps to prevent run-off of
nitrate and phosphorus in the watercourses. Risk areas include areas with flushes draining to
a nearby watercourse, cracked soils over field drain or fields with high phosphorus number
(Helsinki Commission, 2007). To determine Phosphorus risk areas, a risk index or specific
risk factors can be used.
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Effect analysis
Primary Effect

Areas with a high phosphorus index have a significant risk of losing P through eroded soil
particles and by leaching. Applying manure to these areas will increase the excessive
phosphorus content of the soil and increase the amounts lost. This method is most effective
against losses of phosphorus where the primary mechanism of transport is surface run-off.

Water-related side effects

High risk areas are field areas with direct flow paths to watercourses. A reduction or
complete avoidance of manure application in such areas reduces the risk of manure or
fertiliser draining into field drains and transporting pollutants into surface or groundwater.
Further, the method also allows for a reduction in ammonium-N losses and nitrous oxide
emissions.

Non-water-related side effects

On those farms that usually have a high rate of P use and spread manure on the same fields,
the soils may have a high P index and should thus be excluded from receiving further
applications. In these circumstances, it may be necessary to export surplus manure to other
farms. Transportation may thus increase and concerns related to biosecurity may arise.

Geographical scale of the effect

X local X regional A Basin- wide

Time scale
Until implementation:  short-term

Until effectiveness: The time scale required for the measure to take effect will vary
greatly according to the P content already in the soils, the type of soil
and its erosion rate, and rainfall patterns.

Durability of an effect:

As long as farmers applies the measure and machinery is in a good shape.

Adaptability

This method is potentially applicable to all farms applying manure that are directly adjacent to
watercourses or in areas with risks of field drains. It may be most applicable to the extensive
grassland sector, where open drains are common. (UK manual, 49)

Certainty of the effect

The certainty of the effect depends on a set of local factors, soil consistency playing a major
role

Ccosts
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Applying this measure could reduce crop yield and thus production potential, so costs can be
seen in terms of income loss. Additionally, if there is a need to increase manure storage,
there will be additional construction costs. However, no costs may be incurred if ground is
available elsewhere on the farm.

2.2.3.5 Avoiding spreading Fertilizers and Manure at High-Risk times

By avoiding the spreading of mineral fertilizers or manure at high risk times, the nitrate
leaching and loss of phosphorus through surface run off is diminished. High risk times
include when there is a high risk of surface flow, rapid movement to field drains from wet
soils or when there is little or not crop uptake. The measure requires adequate collection and
storage facilities.

Effect analysis
Primary Effect

Surface run off poses the greatest risk in slope areas that are saturated, frozen or snow
covered soils. Rapid flow of nutrients through the soil is most likely to occur from drained
soils when they are wet and rainfall follows soon after applying fertilizers. A way to avoid
leaching in the winter due to rainfall is to apply nitrogen in the autumn. Estimates expect a
reduction of the P baseline losses of 50% on the sandy loam and 20% on clay loam soil
(Cuttle et al, 2007)

Water-related side effects

In case of inappropriate storage or leakages point pollution might occur.

Non-water-related side effects

Storage can lead to some increases in ammonia and methane emissions, so minimum
specifications are required to reduce such losses.

The method may limit opportunities for manure application before some spring crop are
sown.

Geographical scale of the effect

X local X regional A Basin- wide

Time scale
Until implementation: Short- to medium-term

Until effectiveness: Medium- to long-term

Durability of an effect:

As long as farmers applies the measure and machinery is in a good shape.

Adaptability

The method is particularly relevant to livestock farms with limited manure storage facilities.
Adequate storage facilities are most important on those farms that produce dirty water or
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handle their manure as slurry. Solid manure however can be stored in field heaps, or
sometimes in the animal house until it is spread at a period presenting little or less risk of
pollution.

Education and advisory activities may be necessary to convince farmers that they should not
spread fertilisers and manure at high risk times.

Certainty of the effect
High

Costs

Livestock and dairy farms will face costs to handle and store the manure appropriately. Costs
associated with increasing manure storage capabilities include general construction costs,
soil quality, regulations on manure storage etc. In the Netherlands, for example, costs for
manure storage is estimated at USD$50 per cubic meter®. In Poland the construction costs
(excluding VAT) for a dung plate are between 28 and 39 Euros per m2 and for fully under
the ground level covered tanks (for slurry and dung water storage) between 103 and 122
Euros per m2°.

2.2.3.6 Transporting Manure to Neighbouring Farms

Farms with manure surpluses can avoid the need to increase storage capacity be exporting
the surplus to neighbouring farmland. This reduces the nutrient load on the farm that has an
excess of manure thereby reducing the risk of diffuse pollution. It also enables the remaining
manure to be managed in a more integrated way.

Effect analysis
Primary Effect

Farms with soils that have high N rates or are located in high risk zones (close to
watercourses) transport their excessive organic manures to other farms. This reduces the
pressure to apply manure during high risk periods, thus restricting the nutrient load on the
farm site and the risk of diffuse pollution. The input of nutrients is balanced and the land is
given enough capacity to absorb the nutrients

Water-related side effects

In the case of contaminated manure (e.g. heavy metals, pathogens) pollution might be
spread

Non-water-related side effects

This method results in increased transportation, which can be linked to potential odour
emissions associated with the transport of manure and increased concerns about
biosecurity.

Geographical scale of the effect

4 http://lead.virtualcentre.org/en/dec/toolbox/Tech/21Mansto.htm
° http://www.baap.lt/nitrate/poland/chap_3.htm
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X local X regional A Basin- wide

Time scale
Until implementation: Medium to long-term, depending on the political constraints

Until effectiveness: Medium- to long-term

Durability of an effect:
As long a critical mass of farmers takes place in such a system.

Adaptability

The method is most easily applied where receiving farms are close. These must also have
the land capacity to absorb the transported organic N (and P) load

Certainty of the effect

Medium to High, depending on farmers participation.

Costs

This method is easiest applied when the receiving farm holding is close, that is within 5-20
km. Costs increase with distance. Composting manure before transporting over long
distances increases transportation ease.

2.2.3.7 Slurry Separation

Slurry separation divides slurry into liquid and solid components. The liquid part contains
lower nutrient concentration and is able to be used at the production site. The solid
component is made up of high dry matter content and high nutrient concentration and can be
transported to the other farms. This can either be done slowly by a weeping wall system or
more quickly by mechanical separation. There are a number of different types of mechanical
separators including rotary screens, roller presses, screw presses, inclined screens and
vibrating screens.

Effect analysis
Primary Effect

Although slurry separation does not change the total phosphorus content of the slurry, it will
help to decrease the cost of transportation to other areas when there is not enough arable
land to spread the slurry. Slurry separation provides for greater flexibility in spreading times
and application and thus can optimize the full nutrient potential of slurry.

Water-related side effects

Not known

Non-water-related side effects
Potential reduction in slurry storage capacity requirements.
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Geographical scale of the effect

X local X regional A Basin- wide
Time scale

Until implementation: Short-term

Until effectiveness: Short term

Durability of an effect:

As long as farmers applies the measure and machinery is in a good shape.

Adaptability

High, several technical solutions are available.
Certainty of the effect

High

Costs

Slurry separation requires equipment for the separation process, the separate storing and
the spreading. This can represent an important burden for the farmer in terms of space
and/or costs.

2.2.4 Animal Feeding

2.2.4.1 Optimization of Animal Nutrition

The optimization of animal manure is not directly linked to water protection. It reduces the
pressure only in cases where animal manure is applied on the field again. Due to the
increasing demand of bioenergy this measure might be replaced in the future by increasing
biogas production from manure (Dworak, et al 2007)

The most effective measure to reduce nitrogen content in animal manure is the adjustment,
in terms of N, of the protein supply to the nutritional demand of cattle, pigs and poultry. With
a consistent N-adjusted feeding regime for pig fattening, sow keeping and poultry fattening
nitrogen excretion is reduced and the nitrogen content in the manure is limited.

Further, supplementation of synthetic phytase (which is a microbially produced enzyme) to
pig feed reduces the need for addition of mineral phosphate. Phytase increases the
availability of phosphorus in the feed and allows total phosphorus contents to be reduced
without affecting productivity.

Effect analysis
Primary Effect

The potential for reducing nutrient excretion with an N-adjusted feeding regime varies
between 5 and 40 %, depending on animal species, performance and the initial situation
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(Doéler, et al. 2002, Gronauer 2002, Hartung 2002). The effects of reduction are determined
by how frequently the N is adjusted during the fattening period (two, three or multi-phase
feeding), or in sow keeping (two phase feeding: lactation and pregnancy) and by the
proportion of the amino acids added.

The resulting reduction of P excreted during pig and poultry production from the above-
mentioned measures ranges between 30% (Helcom, Comission, 2007) and 70 %
(Umweltbundesamt, 2004)

Example : Denmark

Jacobsen et al. (2004) investigated the countrywide economic effects of different measures
in Denmark. The most effective measure is through a change in feeding practices (increase
use of phytase and use of phase feeding). According to the authors this measure, which will
reduce total P surplus by more than 40%, is almost cost neutral. A further measure is a
nationwide norm that limits the phosphorous surplus to 10 kg per ha (and thereby reduce the
surplus by 25% on average). If implemented after the change in feeding practice, this would
mean that 5 % of all manure would need to be redistributed, affecting intensive dairy and
poultry farms in particular. This would increase the transportation costs by 2.4 million Euro in
total. From this, cost savings on P in mineral fertiliser of 2.3 million Euro have to be
subtracted, so that the net costs are relatively low. As a third measure, achieving a balance
between incoming and outgoing phosphorus at the farm level is expected to cost around 47
million Euro. This measure would also lead to substantial redistribution of animal manure
between parts of the country. However, the authors also underline that these calculations
represent rough estimates only, and should therefore be treated with caution.

Water-related side effects

Not known

Non-water-related side effects

If there is too little phosphorus in the pig feed or the ratio between different minerals is
wrong, the condition of pig legs and the ability to move can weaken. This can have an effect
on the economical output.

The reduction of nitrogen in animal manure leads to a reduction in the emission of ammonia.

Geographical scale of the effect

X local A regional A Basin- wide
Time scale

Until implementation: short-term

Until effectiveness: short-term

Durability of an effect:

Requires continuous application
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Adaptability

High. When new scientific knowledge, new products and feeding techniques is available it
can be introduced easily.

Certainty of the effect
High

Costs

The implementation of phased feeding requires the appropriate technical equipment on the
farm. Costs arise for this additional feeding technology, although costs for the raw protein in
feed can be reduced. Depending on the implementation of the phased feeding (two or multi-
phase feeding) and the size of the farm, these costs could be balanced for a farm with many
animals. (Umweltbundesamt, 2004)

2.2.5 Farm Infrastructure

2.2.5.1 Buffer Zones

Establishing vegetated and unfertilized buffer zones alongside watercourses decreases
erosion and the movement of nutrients into watercourses. Buffer zones can reduce pollution
by changing land use (i.e. they stop agricultural activity on the area), there by reducing direct
pollution from inorganic fertilizers and organic manure additions. They also act as a shield
against overland flow from agricultural area and prevent run-off to reach the watercourse.

Effect analysis
Primary Effect

The potential of this measure is dependent on the establishment of buffer stripes along
watercourses and the corresponding distance requirement and use restrictions by the
executive of the state or within the framework of agri-environmental programs. The filtering
effect with respect to nutrient flows into the surface waters is expected to be low and
therefore the contribution of this measure to reduce pollution is not expected to be high. This
is because the structure and width of the margins are usually insufficient for effective filtering
and because the topography alongside only a few surface waters allows for a filtering
function by the vegetation on the bank anyway (DVWK 1995). A quantitative assessment of
this reduction measure is not possible. The efficiency of buffer zones in removing suspended
solids and nutrients is affected by the width of the zone, gradient of the drained field, soil type
and particularly by the variety and density of zone vegetation (Wenger, 1999).

Water-related side effects

Further scientific research has shown that vegetative buffers are effective at trapping
sediment from runoff and at reducing channel erosion. Buffers, as narrow as 4.6 m (15 ft)
have proven fairly effective in the short term. Although wider buffers provide greater
sediment control, especially on steeper slopes. Long-term studies suggest the need for much
wider buffers (30 m). Further the protection against pesticides and heavy metals is judged to
be very positive (Wenger, 1999).
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Non-water-related side effects

1 buffer stripes form structural element in the landscape and maintain the cross linking
of biotopes
1 Reduced yields due to a reduction in usable agricultural land and due to shading.

Geographical scale of the effect

X local X regional 2& Basin-wide

Time scale

Until implementation: Short- to long-term (depending on the availability of land)
Until effectiveness: short to medium-term (depending on the vegetation planted)

Durability of an effect:
See: Certainty of the effect

Adaptability
High

Certainty of the effect

Buffers are short-term sinks for phosphorus, but over the long term their effectiveness is
limited. Buffers can provide very good control of nitrogen, include nitrate but widths
necessary for reducing nitrate concentrations vary based on local hydrology, soil factors,
slope and other variables. Wenger, 1999 refers to a width between 15 and 30 m, which is
often impossible to implement in agricultural areas.

Costs

Buffer zones require a certain amount of investments to establishment but once established
require little maintenance.

Example from Germany:

Land purchase for Agricultural areas: ~30 | G/ mj
areas: Agricul tur al (Unweimredesant, 4999 > 5. 00 4/ m]
Pl ant copse barrier: Pl ant al der s at suijtabl e

Umweltbundesamt,1999)
Mai ntenance: @{#Gu@20861» u/ m * a

2.2.6 Education and Training
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2.2.6.1 Systematic On-Farm Individual Advice

Agri-environmental measures are implemented by close co-operation between farmers and
advisors. Advisory services can lead to reducing stocking density, crop coverage over winter,
intercropping, fixed value for nitrogen utilization of farm manure, limited nutrient budget,
fertilizer plans and nutrient balances.

Effect analysis

Method can be used to enforce measures mentioned above. So no direct effect can be
estimated.

Geographical scale of the effect

X local X regional X Basin- wide
Time scale

Until implementation: Short- to medium-term

Until effectiveness: Medium-term

Durability of an effect:
This is strongly dewilhgndssng on the far mero6s

Adaptability

High, as each training can be adapted to regional circumstances and needs of the farmers

Certainty of the effect
The Certainty of the effect depends strongly on the willingness of the participating farmers to
implement the trained issues. It can be low to high.

Costs
Costs depend on the salary of the lectors and/or the support given to farmers to participate.

Example from Austria:

For Austria the cost for a one day training to 15 farmers are estimated to be 1.200 Euros
(Bundesamt fur Wasserwirtschaft, WPA, 2007 unpublished)

2.2.7 Selection of measures i Final remarks

As one can see from the above list of measures quantifying costs and effects of these
measures is a difficult task. Currently several EU Member States and the EU Commission
are working to implement cost-effectiveness analysis for agricultural measures but the
approaches and the existing data and methodologies are varying widely. It clearly appears
that there is no common approach for integrated cost-effectiveness analysis for agricultural
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measures. Further information on costs varies widely and the effectiveness of a measure
often depends on local natural conditions.

Even if there are a lot of uncertainty and data gaps, there is enough knowledge to take action

in the Black Sea region. The most important action to be taken is the development and
establishment of @goodtagrmomndlyt uarf@iR)’e Blckiagredd GAR
should besetas mi ni mum a baseline (a fr ed andshoudo)
include the following issues:

- Focus on closed nutrient cycles and environmental friendly application of fertilizer and
manure. This includes:

0 Appropriate application rates: The amount of plant nutrients to be applied in the
form of mineral fertilizers has to be calculated each year to ensure that it matches
the nutrient requirements of the crop. This requires carrying out nutrient balances
on a regular basis Cop residues and animal manure should be used first. In
environmentally sensitive areas standard practices may need to be modified and
restricted.

o Correct time of application: Depending on crop variety, planting date and the crop
rotation, as well as on external factors such as soil type and local weather
conditions the amount and timing of nutrient uptake by the crop varies. Nitrogen
fertilizers should not be applied in high risk times..

0 Suitable type of fertilizer: Selecting the type of fertilizer to be used should include
an assessment of likely environmental impact and agronomic efficiency. Both
chemical form and physical characteristics are important. The choice of fertilizer
and chemical form of the nutrient components depends on the chemical
properties and analysis of the soil and the nutritional requirements and
physiological sensitivities of the crop.

However it should be noted that not all aspects of BAP will be relevant in all DRB
countries. The detailed implementation of the BAP should be viewed as a broad
spectrum of measures that can be interpreted according to local environmental, social
and economic circumstances.

- Limitations of the intensity of agricultural production to limit future pollution due to
increasing economic growth;

- In order to reduce point pollution from agriculture large animal farms are point sources
which should be subject to legislation for industry (e.g. IPPC-Directive) (see also
UNDP/GEF Danube Regional Project, 2003);

- Regularly training and education measures.

® Please note that all EU Member states had to develop such GAP under the Nitrate Directive. An
example for some Black Sea countries can be found
http://www.bseanetwork.org/pdf/GoodAgriculturalPractice-DRPII-21728. pdf
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3 Case study on nutrient reduction in the municipal sector

This task aims to evaluate the cost effectiveness of different upgrading options in municipal
sewage treatment works. The evaluation will also consider the impact of policies e.g. the
compulsory introduction of P-free or reduced-P detergents on the cost effectiveness.

Within the Danube countries the status of waste water management differs considerably.
Differences exist in (1) the degree of the population connected to sewer systems, (2) the part
of waste water collected that is treated in a waste water treatment plant (wwtp) as well as (3)
the level of waste water treatment. Many countries within the Danube Basin are already
members of the European Union. These countries have to implement the legislation of the
EU within fixed deadlines. With respect to municipal waste water treatment, the Urban Waste
Water Treatment Directive (91/271/EEC) has to be considered. All agglomerations above
2000 p.e. have to be connected to sewer systems. The waste water entering collecting
systems shall be subject to secondary treatment or an equivalent treatment before
discharge. Furthermore, requirements for discharges from urban waste water treatment
plants to sensitive areas that are subject to eutrophication are stipulated. For the parameters,
TN and TP concentrations as well as a percentage of reduction are fixed. For one or both of
these elements removal efficiency standards be applied depending on the local situation.
The values for concentration or for the percentage of reduction shall apply. To comply with
the full implementation of the EU Urban Waste Water Treatment Directive (UWWTD)
requires high efforts from the member states. Numerous new plants have to be erected and
several existing plants have to be upgraded to meet the effluent requirements.

3.1 Overview of requirements according UWWTD
agglomerations > 2,000 pe: secondary treatment (C-removal)

agglomerations 10,000 i 100,000 pe, sensitive areas:
Ntot: 15 mg/l or 70 - 80 % min. percentage of red.
Ptot: 2 mgl/l or 80 % min. percentage of red.

agglomerations > 100,000 pe, sensitive areas:
Ntot: 10 mg/l or 70 - 80 % min. percentage of red.
Ptot: 1 mg/I or 80 % min. percentage of red.

The use of UWWT-Directive standards is used for demonstration purposes only. In some
Black Sea countries (e.g. the Russian Federation), discharge standards are not based on
concentrations, but on loads. These load limits depend on the level of dilution offered by the
receiving waterbody, since the aim is to achieve compliance with environmental quality
standards. As the level of rainfall/dilution varies from year-to-year, so can the discharge
standards be adapted. The methodology presented in section 3.2 will, therefore, require
modification to be used in these countries.

Cost effectiveness in waste water treatment is assessed as ratio of costs of the additional
treatment process (nitrification/denitrification; P-precipitation) versus the obtained additional
emi ssion reductiehf ecSted®ctiekle ish @ er gClavaveadl
2005) or the potential improvement of groundwater as a result of measures in waste water
management (especially regions that are connected to sewer systems) will be discussed only
in a qualitative manner.

The cost effectiveness analysis will be carried out in two main steps:
- estimations of emissions reduced for different treatment levels: C-removal (C-plants),
-28-

of



Methodology for Cost effective Measures to minimise Nutrient Pollution

C-removal + nitrification (CN-plants, C-removal + nitrification + denitrification (CND-
plants), C-removal + P removal (CP-plants) and C-removal + nitrification +
denitrification + P removal (CNDP-plants)

- costs of different upgrading options in municipal sewage treatment works; the costs
wi || consider effects of ndyefcdste onothreaesign

capacity of the plant).
{> CND-removal

add. costs for N-removal [U]
add. N-removal [kg]

C-removal

add. costs for P-removal [U]
add. P-removal [kg]

> CP-removal

Figure 2: Framework for cost effectiveness in the UWWTD sector

The general approach will be as follows: Existing cost functions for annual capital costs as

well as operationcost s f or (Awesternd) treatment plants

in the Black Sea catchment using Al ocal 6/ nati

support the derivation of the cost functions.

For the case study-plants, information originally provided to support the upgrading of
municipal waste water treatment plants should be used. The selected case studies should

meet one of the following criteria: (i) fAnewo

plant or (iii) plant which will be upgraded soon. Data was gathered via questionnaires. The
detailed questionnaires developed are enclosed in the Annex. A translation of the
guestionnaire into Russian language was carried out.

In the questionnaire two different types of information were requested:

1) general "national" information which is not plant specific, e.g. labour costs per month, price
of electricity, costs of precipitants, effluent standards in the country, etc.

2) specific data including economic data (operation costs, investment costs) of the case
study plant. An important part of information is also the costs of sludge management
(disposal charges, etc.) (this information is partly plant specific but probably regulations on a
national level exist).

It has to be expected that not all (detailed) information requested will be delivered. However
the more local and national data will be obtained, the more the results are reflecting the
specific national situation.

Up to now contacts to treatment plants in Ukraine, Romania and Bulgaria have been
established. For four Hungarian treatment plants data was provided from the Technical
University of Budapest. A further case study is foreseen for the Czech Republic.

3.1.1 Short description of C, CND and CNDP plants

In our investigations only single stage activated sludge systems are considered as they are
commonly used worldwide. In Europe it is the prevalent system.

C-plants are designed for Carbon removal (= organic matter removal) only. Usually they
consist of an aeration tank and a subsequent settling tank. In the SBR-type (Sequencing
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Batch Reactor) aeration and settling take place in the same tank.

CND plants: Two systems are commonly used: (a) activated sludge without primary settling
and with simultaneous aerobic sludge stabilisation and (b) activated sludge with primary
settling and with anaerobic sludge stabilisation. Nitrogen removal is achieved via a
nitrification step (biological conversion of Ammonium to Nitrate) in the aerobic zone and a
subsequent dentrification step (biological conversion of Nitrate into molecular Nitrogen) in
anoxic zones of the aeration tank. In the SBR-type aeration, nitrification/denitrification and
settling take place in the same tank.

a) This system usually is applied for small(er) plants (up to 100000 pe) as the use of
biogas only becomes economically advantageous at plants > 50000 pe. The
sludge stabilisation takes place simultaneously in the aeration tank. The
stabilisation is achieved due to a high sludge age (25 days). A high sludge age
requires a larger volume of the aeration tank. These plants do not have a primary
sedimentation as this would produce unstabilised sludge. Due to the high sludge
age high N-removal efficiencies exceeding 90% can be achieved. Usually effluent
concentration of Nitrate < 2mg/l and Ammonia of <1 mg/l can be reached,
exceeding by far the legal requirements for effluent quality. Especially during
winter time sludge is not well stabilised.

b) The sludge stabilisation takes place in an anaerobic digester producing biogas
that can be used for electricity and heat production. The sludge age (10-13 days)
is considerably lower compared to simultaneous aerobic stabilisation system
requiring less aeration tank volume (minus 1/3 to minus 50%). On the other side
additional investments are necessary for the primary settling, the sludge
digestion, the biogas collection and the cogeneration unit. A removal efficiency for
Nitrogen up to 80% can be achieved as by primary settling the removal efficiency
for organic substances is higher than for nitrogenous compounds which results in
lower DN capacities.

CNDP plants: these plants have in addition to the N-removal described above a P-removal
step. Usually the P-removal is achieved by adding precipitants (e.g. Fe-salts, Al-salts)
depending on the plant to the influent of the primary settling (pre-precipitation) and/or in the
secondary treatment tank or to the activated sludge circle (simultaneous precipitation).
Chemical precipitation can be combined with enhanced biological P-removal by luxury
uptake, which reduces costs for chemicals especially during summertime.

3.2 Assessment of cost

Several studies on costs of waste water treatment already have been established and cost
functions have been derived for investment costs as well as for operation costs. However,
these cost-functions are strongly influenced by national characteristics (salaries, price for
electricity, charges for sludge disposal, etc.) and therefore have to be adapted to the local
situation.

The collection of non-monetary data helps to compare cost data over national borders
(manhours, energy consumption, chemicals consumption, etc.)

Cost functions show the effect of feconomy of
the adaptation of the cost functions.

The approach in respect to the main assumptions of the assessment will be as follows:

U the configurations and operation schemes of treatment plants in other countries
fulfilling certain emission requirements (C-removal only, C+N-removal, C+P-removal,
C+P+N-removal) are similar to those included in the studies on cost functions which
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will be adapted. This implies also, that the productivity of labour, the efficiency of
aeration, etc. is comparable.

U Cost functions for investment costs and operation costs will be split up to several cost
categories

U From the cost categories the non-cost-information will be derived (e.g.: from the
amount of personnel cost the number of person month will be calculated).

U Combination of the non-cost-information with local prices/salaries to obtain local cost
functions

U Finally the case study results will be compared with the local cost functions derived
In the following sections investment costs as well as operation costs will be discussed.

Some costs, e.g. electricity for aeration and chemicals for phosphorus precipitation and
sludge conditioning ought to be related to the actual load of pollutants to the plant while other
operating costs such as maintenance probably are related to the physical size of the plant
and the number of tanks and pieces of machinery it is composed of.

3.2.1 Investment costs (annual capital costs)

The adaptation of investment costs to other countries faces several obstacles. E.g.
construction costs reflect labour costs as well as prices for different materials like steel,
cement, etc. Both labour costs as well as the prices for materials can be obtained for
different countries. The main problem is to divide construction costs into labour costs and
costs of materials.

It is not possible to use purchasing power parity exchange rate ( PPP) t o Atr ans|

from one country to another as this rate compares the standard of living based on predefined
baskets of goods.

Investment costs can be split up into costs of construction and to costs of the mechanical
and electrical equipment. In Austria typically the construction costs amount to 60 -70% of the
total investment costs of the treatment plant as depicted in the following diagram (adapted
from (Kroiss et al. 2001)).

Out of the construction and machinery/electrical installation costs 20% (Lindtner, 2007) to
30% (Nowak 1999) are due to the biological treatment (primary settling, aeration tank,
clarifier). Out of this 60% (C-plants) to 70% (CND-plants) of the costs can be attributed to the
aeration tank.

-31-

at


http://en.wikipedia.org/wiki/Exchange_rate

Methodology for Cost effective Measures to minimise Nutrient Pollution

100%

90% |

80% |

70%

60%

50% |

40%

30% |

20%

10%

0%

Distribution of capital cost

<5000 pe COD11o

5000-12000 pe
CODyso

>50000 pe COD,y

37,2%

30,5%

33,0%

35,5%

37,9%

62,8%

69,5%

67,0%

64,5%

62,1%

W construction Machinery, electrical install.

Figure 3: Distribution of annual capital costs depending on the size of the treatment plant
(adapted from (Kroiss et al. 2001))

It can be concluded that there is no significant dependency of the size of the treatment plants
on the distribution of annual capital costs in Austria.

Assumption for the calculations: 65% of the annual capital costs are due to construction
costs

Investment costs (construction as well as machinery and electrical installations) result from
fsal arieso and fAother costso |ike costs of
categories would be possibl e, an adaptat.i
done. However information in literature on this item is very scarce. In (Flogl, 1980) the
following ratio was given: 60% salaries, 40% other costs (range: 55:45 i 65:35). This would
indicate that construction costs in countries with low salaries probably would cause
significant lower construction costs.

According data presented in (Statistisches Bundesamt 2007) for German enterprises the
share of relation of personnel costs : material costs can be calculated as follows:

U structural and civil engineering: 56%: 44%

U subsector electrical installations: 52% :48%

U subsector of gas-, water-, heating and aeration installations: 45% : 55%

From (Nowak, 1999) the cost-ratio of 30% electric installation and 70% machinery can be
derived. For the machinery part the share of personnel costs for assembling were assumed
with 20% for eastern countries (this share is about 30% in countries with high salaries
(Escobar, 2007)).

Assumptions for the relations of personnel costs : material costs
U construction costs: 55% : 45%
U machinery: 20% : 80%
U electrical installations: 45% : 55%

These assumption meeting Austrian conditions are used to derive the investment costs in the
other countries under investigation. A graphical presentation is given in the following figure,
showing that out of the total investment costs in Austria about 55% are due to materials and
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45% due to personnel costs. The material costs are assumed as already mentioned to be as
high as in Austria in all the other countries under investigation.

capital costs
machinery, electric construction costs
installation 35% 65%
machinery ei'rfsig:f salaries materials
0, . 0, 0,
70% 30% 55% 45%
sal. materials sal | mat
20% 80% 45% 55%
salaries materials
45% 55%

Figure 4: subdivision of annual capital costs

Wages/salaries in different professions vary considerably. The use of mean average incomes
would overestimate the costs of the personnel in the construction sector or of the staff of
waste water treatment plants. In various statistics only gross salaries are depicted which do
not reflect the full costs of an employee.

For our estimations we used information on gross salaries in capital cities for construction
workers and skilled workers provided by (UBS, 2007) assuming a mean value of these two
categories. The employerds contribution was
office (Destatis, 2007).

Table 2: Annual salaries (U Yof construction workers and skilled workers in 2006

obt

salaries incl. | construction skilled emp!oye_rs
contribution
empl. contr. workers workers 0
in%
Austria 23042 41252 23,88
Bulgaria 3473 5953 24,03
Czech Republic 10348 13377 26,2
Germany 26710 37637 21,41
Hungary 6365 9038 27,3
Romania 3249 5874 24,97
Slovakia 4950 10270 23,74
Slovenia 9284 14719 13,22

For Turkey and Ukraine no values were provided in the data base depicted above. For these
two countries an internet investigation was carried out. The information obtained is quite
heterogeneous. In general it can be said that the salaries compared to Bulgaria or Romania
are lower in Ukraine and higher in Turkey. Finally the following annual salaries for the
construction sector were assumed:

Table 3: Assumptions on salaries (0 )Jn the construction sector in Turkey and Ukraine
average salaries
6000
2400

Turkey
Ukraine
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Case study results: in 0/ month

Ukrainian plant: staff wwtp: 1500/ mont h, ¢

To reflect the development of wages/salaries the following assumption were made:
Investment costs: Current wages are used

Operation costs: the difference in wages salaries will be 50% lower in the end of the
depreciation time of the plant (30 years).

Table4:Annual |l abour costs wused for cost calcul at
U/ year A BG Ccz HU RO SK Sl TK UA
investment costs 32147 | 4713 | 11863 | 7702 | 4561 | 7610 | 12001 | 6000 | 2400
operation costs 32147 | 11572 | 16934 | 13813 | 11458 | 13744 | 17038 | 12537 | 9837

It should be noted that salaries within countries differ. As an example for Romania average
regional salaries vary between 122% in Bucharest and 89% in the north-east (100% =
Romanian average) (IHK Pfalz, 2007). Consequently the salaries depicted will denote
somehow the upper limits as they were indicated for capital cities.

The labour productivity in the Black Sea catchment country differs considerably. Labour
productivity is defined by the (OECD 2002) to be "the ratio of a volume measure of output to
a volume measure of input”". Volume measures of output are normally GDP or GVA (Gross
Value Added), expressed at constant prices i.e. adjusted for inflation. The three most
commonly used measures of input are: hours worked; workforce jobs; and number of people
in employment.

For our calculations we used investigations on the labour productivity of (Eustat 2007)
providing data for 2006 for A, D, CZ, HU, SK, SL, RO and BG, of (OECD 2006) providing
data for 2005 for TK and (ILO 2007) providing data for 2005 for UA.

As the cost calculations for waste water treatment reflect a time period of 30 years an
increase in the labour productivity has to be anticipated for the calculations of investment
costs. It was assumed, that in 30 years the labour productivity will be the same in all
countries under investigation. For the calculations we used the mean of the current
difference and the future equality. e.g.: currently the labour productivity in Austria is 3.44
times higher compared to Bulgaria i in 30 years it will be equal (= 1) the resulting mean of
A3.440 and 0 ths meas wilibe .uge@ for the calculations for Bulgaria. For
investment costs the current differences in labour productivity were used.

Table 5: Labour productivity in countries under investigation

labour productivity A* BG* Cz* HU* RO* SK* SI* TK** | UA**
current % (A = 100) 100 29 58 61 31 58 68 34 20
Factor for investment costs 1 3,5 1,7 1,6 3,2 1,7 1,5 3,0 5,1
Factor for operation costs 1 2,2 1,4 1,3 2,1 1,4 1,2 2,0 3,1

* Eustat 2007; ** OECD 2006; *** ILO 2007

(EC Harris 2005)gi ves an overview of construction
35 countries worldwide in 2005. According these data construction costs are 30 to 50% lower
in eastern countries compared to Austria. The values presented for Slovakia seem to be very
low.
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Table 6: construction costs in selected countries (own calculations based on data from EC
Harris (2005)

from to [ mean
Austria 85 115 | 100
Germany 80 106 93
Bulgaria 38 53 45
Croatia 50 76 63
Romania 41 70 56
Russia 63 78 70
Serbia&Montenegro | 44 67 56
Slovakia 38 56 47
Czech Republic 68 75 71
Turkey 54 76 65

According to the expert judgement of an Austrian waste water consultant, the following
general statements can be made for investment costs:

i

The construction of treatment plants in Eastern Europe is somewhat cheaper.
Especially formwork is considerably cheaper (less than 50%); formwork contributes
up to 40% of the total construction costs.

Prices for steel are comparable to Western Europe as steel is bought from the world
market.

Prices for concrete are comparable.

The costs for assembling machinery at the plant are about 20% of the machinery
costs itself. In countries with high wages the assembling costs increase up to 30%.
Machinery usually is bought in western countries at the same prices.

For Turkey the situation seems to be different. Often local companies are in charge
providing lower prices. It is questionable if the quality of the constructions is
comparable.

often Awesternd consultants are planning

companies are erecting the treatment plants

According an expert judgement of an Austrian waste water consultant the following general
statements can be made for operational costs:

i
i
i

Operational costs are cheaper due to the low salaries
Prices for precipitants are similar
Prices for polymers are similar

3.2.1.1 Annual capital costs

In order to compare investment costs with annual operation costs, the investment costs have
to be transferred into annual costs (annual capital costs).

Annual investment costs can be found from the total investment costs and a pay back time or
return of investment time of X years = annuitization.

Annuitization:

Annual capital costs = investment * annuity factor

a=C,

q'(q-1)
q'-1
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Where:
g=i+1

a é annual capital costs
Co.. investment costs
i é real interest rate

n... number of years

In this study a real interest rate of 5% is used as asked by EU project proposals.

Investment costs show a clear impact of the economy of scale. As an example the
investment costs of waste water treatment plants in Austria in 2004 are depicted below
(means of 8 different capacity sizes from < 50 pe to >100,000 pe; in total 288 plants, all
classes comprise at least 8 plants, 61 treatment plants larger than 5000 pe). Further the
sizes of treatment plants are indicated where the emission standards according the UWWTD
change.

total investment costs - economy of scale

1000 1+
900 1=
800 f=
700 4=
600 k.
500

g\o—

y =1967,7x>"*
R®=0,878

d

ul pe

300 E
200 E
100 § :
(U . t t t t + t t

0 20.000 40.000 60.000 80.000 100.000 120.000 140.000 160.000

pe design

Figure 5: Investment costs of Austrian wwtps (P removal at plants > 1000 pe, N > 5000 pe)

The level of treatment influences the investment costs. For N-removal in addition to C-
removal a nitrification/denitrification step is required. The denitrification step can take place in
the same tank as the nitrification (simultaneous denitrification plant, alternating process), or
in a separate tank (pre-denitrification). Nitrification (transformation of Ammonia to Nitrate)
requires a higher sludge age, as the growth rate of nitrifying bacteria is low. A higher sludge
age means that the volume of the biological treatment tank has to be enlarged. Further on
nitrification has a considerable oxygen demand. N-removal by denitrification (transfer of
Nitrate into N,) needs additional volume. Compared to C-removal only nitrification and
denitrification require larger aeration tanks. Secondary clarifiers, sludge treatment and
disposal are nearly not affected by treatment efficiency.

U CND-Plants (C-removal, nitrification and denitrification) cause 1/3 higher construction
costs of the aeration tank as plants with C-removal only.

U Denitrification requires additional volume of about 1/3 of the additional aeration tank
volume for nitrification (of the aeration tank or alternatively of an additional tank).
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U Additional expenditures for instrumentation and control technology and mechanical
equipment occur for the aeration tank: + 1/4 of electrical and mechanical installation
costs.

Table 7: investment costs of CN and CND plants in relation to C-plants (C-plants = 1)

construction Electr. and mechanic.

costs installation costs
C-removal 1 1
C-removal + nitrification 1,08 1,06
C-removal + nitrification + denitrification 1,11 1,08

3.2.2 Operation costs
Operation costs can be subdivided into the following categories:

o0 Personnel costs

Energy

Maintenance

Chemicals

Sludge treatment and disposal
discharge levies (if applicable)
Other costs

O O0OO0OO0OO0Oo

It is not possible to directly transfer operation costs (or related shares of costs) obtained for
treatment plants e.g. in Austria to many of the countries in the Black Sea catchment as prices
and wages/salaries differ in a broad range. The methodology to overcome these problems
(differences) is illustrated below. In addition several examples illustrating the differences are
given.

In all cases the results of 29 Austrian case studies (plant sizes: 19 plants 20.000 i 50.000
pe, 4 plants 50.000 i 100.000 pe, 6 plants > 100.000 pe) are the base for calculations
(reference year 2004).

According to the expert judgement of an Austrian waste water consultant, the following
general statements can be made for investment costs:

U Operational costs are cheaper due to the low salaries

U Prices for precipitants are similar

U Prices for polymers are similar

O often Awesternd consultants are planning the
companies are erecting the treatment plants

U Mechanical and electrical equipment and instrumentation and control often bought in
ifwesternod countries resulting in costs compar

3.2.2.1 Personnel costs
The costs for labour depend on the local/national salaries/wages.
Method:

1. Derivation of the number of employees of the plants from Austrian case studies:
Annual personnel costs divided by average wages equals to person/years

Calculation of number of employees per population equivalent (resp. per actual pe)
Investigation of labour costs in the countries under investigation

Assumption on the increase of salaries during the next 30 years
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Personnel costs are investigated in chapter 3.2.1 on investment costs.

3.2.2.2 Energy costs

The energy consumption at treatment plants is dominated by aeration equipment (O 60% in
the case of anaerobic stabilisation, O 70% in the case of aerobic stabilisation). Aeration is
needed for C-removal (1.4 g O,/gBODs as well as for nitrification (4.3 g O,/gN). Plants with
additional denitrification show a lower oxygen demand as compared to plants with C-removal
and nitrification as nitrate is used to reduce organic pollution (1.5 g O,/gN).

In numerous Austrian waste water treatment plants anaerobic stabilisation (sludge digestion)
is applied. The biogas produced is processed in co-generation units (combined heating
plants = CHP) and the energy content is transferred to heat as well as to electricity (typically
30% - 35% electricity, 50% - 55% heat, 10% - 15% losses). Counteracting additional
investment costs for the co-generation unit accrue. Therefore it is not possible to use directly
the costs for electricity as they reflect only the amount of electricity that is bought from
external providers.

The consumption of mechanical energy and electricity per actual pe (kWh/pe) is a useful unit
which can be transferred from one country to another (assuming similar treatment
procedures). (OWAV 2007) gives a median value for plants with and without anaerobic
sludge digestion of 27 kWh/pe COD,4 (25 percentile: 22 kWh/pe CODy4, 75 percentile: 29
kWh/pe CODjj0). (Agis, 2002) shows, that the consumption of mechanical and electrical
energy of plants without sludge digestion is about 10% higher.

Method:

1. Evaluation of electricity consumption of the plants from Austrian case studies for
plants with (i) carbon removal only, (ii) carbon removal plus nitrification, (iii) carbon
removal plus nitrification and denitrification

Transfer of the electricity consumption to the actual loading of the plant

Investigation of electricity costs in the country under investigation

The costs for electricity depend on the local/national price for electricity, the tariff-structure,
the type of sludge stabilisation, etc.

Prices of electricity in different countries vary considerably: Furthermore in some countries

(like Bulgaria) different tariffs are offered - from 1-tariff reading (day and night electricity) to 3-

tariff reading (peak electricity, day electricity, night electricity) with significant differences. The

price of 100 kWh in 2007 in Bulgaria for industrial use 1-t ar i f f reading amoun
(including VAT). Using a 2-tariffr eading the prices are 5.704 for
night electricity (SEWRC 2007).

In the following table mean values of electricity prices in 29 European countries (27 at that
time member of the EU) for industrial consumers for the consumer type le (2000 MWh.y) are
depicted (countries within the Danube Basin in bold letters).

Table8:costs of electricity in (/100 k Whceéoxindustdal ng VAT

consumers, type le (2000 MWh.a) (Eurostat 2007)) *(EIA, 2007), **(Tsarenko, 2007)
country AT BE BG CY CZ DE EE EL ES EU27 FI._ _FR HR HU IE
price/l00kwh 7,86 880 4,65 1048 7,83 946 638 534 698 810 822 542 541 597 812 1125

country IT LT LU LV MT NL NO PL PT RO SE SI SK UK TK* UA*™
price/100 kwh 10,27 4,43 963 548 897 92 724 541 86 842 707 75 932 95 94 3
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For Turkey (EIA, 2007) reports an electricity price of 0.1 US$/kWh.

In (Tsarenko, 2007) for the Ukraine in 2005 an average weighted electricity tariff for non-

households accounted for UAH 0.198 per kWh, t his
Case study results: in 0/100 kWh
Hungarian plants (CS1, .., CS4): 17.7, 8.7, 10.8, 5.1
Ukrainian plant; 6.3
Based on the oxygen demand for BODs-degradation, nitrification and denitrification, the
removal efficiency (see chapter 3.2.3) and a share of 60% of the total energy consumption of
the plant for aeration the following factors can be derived:
Table 9: energy consumption of CN and CND plants in relation to C-plants (C-plants = 1)
energy costs

C-removal 1
C-removal + nitrification 1,3
C-removal + nitrification + denitrification 1,2

Excursus sludge digestion
In this section a brief overview on the investment costs of sludge digestion is given (data
provided for Germany by (ATV 1995), (ATV 1996), (Nellenschulte 2003)). The costs
comprise costs of construction, installations, gas tank and combined heating plant.
Annually about 20 kg dm/inh.d of sludge is produced amounting to 0.5m?3 sludge (4 % dry
matter) per year respectively 1.35 kg /inh.d
The gas production per inhabitant is about 18 I/day. The CH,-content (calorific value 10
kWh/Nm?3) of the gas produced can be assumed with 65% amounting to a total energy
content of 42.7 kWh/inh.y.
Typically combined heating plants can convert 30% of the gas produced into electricity and
60% into heat. Assuming an electricity price of
by the combined heati hgy plant are roughly 304/ in
The investment costs decrease with increasing s
100000 pe 240, 150000 pe: 20u0. Compareedlant o t he

theses costs are about 10%.

It can be concluded that the sludge digestion is economically of interest for plants larger
40000 pe.

3.2.2.3 Maintenance

Maintenance is related to the physical size of the plant and the number of tanks and pieces
of machinery it is composed of.

To evaluate the costs of maintenance a ratio of maintenance costs to the total annual costs
of wwtps are used.

According (ATV, 1995) maintenance costs amount to 3.5% of the annual costs (min. 1%,
max. 8%). These costs are mainly influenced by the level of technology and the age of the
plant (low costs in the first years).

(Schénenberg, 1988) indicates a percentage of 12 % of the operating costs which would be
6% of the annual costs (assuming that 50% of the annual costs are due to the operating
costs).
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In this project maintenance is included in the other cost-categories.

3.2.2.4 Chemicals
Chemicals used in the plants are mainly related to P-precipitation and to sludge dewatering.

The amount of P to be removed to meet the effluent standards is decisive for the costs of
precipitants. The P-load to the treatment plant is primarily caused by human metabolism
(faeces, urine), the use of P-based detergents and contributions from industry. However,
diffuse contributions from urban drainage, as well inputs from mechanical waste disposal
systems (built into the outlets of kitchen sinks) may also make a contribution. Where
separate sewer systems are used, miss-connections between the two systems and of
wastewater from washing machine wastewater outlets to the foul sewer system, may by-pass
waste water treatment works. In the project the compulsory introduction of P-free or reduced-
P detergents will be considered.

As P-precipitants Fe- and Al-salts will be considered. For these two products transport costs
can be neglected. If lime would be used, transport costs would become significant.

The precipitation process is decisive for the necessary construction cost for P-precipitation.
The construction costs for P-precipitation as pre-precipitation (precipitant is added in the
influent of the primary settling) and/or as simultaneous precipitation (precipitant is added e.g.
in the biological treatment tank or to the activated sludge circle) are negligible. According
(Lindtner, 2007a) the investment costs for P-precipitation in Austria range from 5,000 i
10, 000 4 ( @l5800pe uplto 20,0007 25, 000 0 (plants >
assumption that no separate housing for the tanks and the dosing system is needed.
Considerable costs arise in the case a separate precipitation tank (post precipitation
treatment) is constructed which would increase the construction costs by 15 to 20%
(compared to a mechanical- biological treatment plant). However post precipitation is only
used if extremely low P-concentrations have to be achieved. (lakes).

The P-concentration in the raw municipal waste water is relevant for those treatment plants
which have to apply P-removal to comply with the P-emission standard.

The following assumptions were made:
Emissions from population:
0 The specific P-emission per inhabitant excluding detergents is 1.7 gP/inh.d

U Automatic dish washer detergents are P-based. In the last 15 years a considerable
increase in the use of P-containing detergents in automatic dishwasher products was
observed in Germany In the beginning of the 1990ies the P-emission in Western
Germany stemming from detergents use in households dropped to 2000 tP. Mainly
due to the increase of the use of automatic dishwasher products the P-emissions
increased again amounting to 3000t in 1996 and 5100 tP in 1999 (UBA 2007).
Including the total German population this would mean a specific P-emission of 0.2
gP/inh.d. It can be assumed that the consumption of automatic dish washer products
in the eastern parts of Germany was considerably lower at that time and the specific
emission from persons in the western parts is higher. The number of dish washers
has increased between 1993 and 2003 in Germany by about 100% (considering only
the 0ol do Ger man (UBAWRGOZE).iINe2005 bbput @% %) German
households possessed a dish washer (Destatis 2007a) still bearing a potential for an
increase. In our calculations a consumption of 0.3 g P/inh.d is assumed. For eastern
European countries this value will be lower. It is currently not possible to replace

sodium tripolyphosphate (STPP) in automatic dish washer produc t s . The
| aundry detergent scenari oo depicted bel

faeces and automatic dishwasher detergents.
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i

The amount of P-based laundry detergents consumed per inhabitant differ in a broad
range. In Western countries like Austria, Germany or or Switzerland, the maximum
consumption of P-containing laundry detergents in the 1980s amounted to 3 g
P/inh.d. It has to be recognized that the composition of detergents has changed in the
last decades. For instance the total amount of STPP contained in washing powders
has been reduced from 50% to about 25
containing laundry washing powders use less STPP per washing cycle. Depending
on the hardness of the washing water 4 to 13 kg (Fox et al. 2002) of washing
powders are consumed per inhabitant. Assuming a consumption of 4 7 13 kg washing
powder with an STPP concentration of 25% per inhabitant would mean a specific P-
emission of 0.7 i 2.2 gP/inh.d. In 7 countries of the EU 25 only phosphate free

laundry detergents are used (EU Commission 2007). The term Aphospha

indicates compliance with national legislation limiting phosphate content (not
necessarily zero). The specific consumption of P-based detergents differs in a broad
range 1 from O gP/inh.d up to 0.84 gP/inh.d in Hungary (and an outlier of 2.8 gP/inh.d
in Slovak Republic) (INIA, 2006). It has to be recognised, that in several countries (i)
P-free and P-based detergents are available on the market, (ii) that the current
consumption can change and (iii) that several countries in the catchment of the Black
Sea currently consume (much) less detergents than before the economic breakdown.
This means current consumption patterns can not be seen as representative for the
future consumption. Therefore in an example below the consumption of P-based
detergents covers the range 0 to 1.5 g P/inh.d.

Emissions from Industry treated in municipal wwtps

i

i

The organic pollution from industry and trade expressed as population equivalents
(peing) Was assumed as follows: agglomerations > 100000 pe: 1.2 pejs/inhabitant.day,
2000-100000 pe: 1 peig /inh.d, <2000 pe: 0.2 peiq /inh.d; These assumptions are
based on recent studies in Austria reflecting well developed economic activities. In
respect to the economic transition process with lower economic intensity in the CEE
countries the following reduction for the amount of pejq per inhabitant.d have been
applied for the calculations: CZ, HU: minus 25%, all others: minus 50%

P-Emissions from industry: 1.1 gP/pejq.d (Zessner & Lindtner, 2003)

General assumptions

i
i

i

The water consumption of 1 pe: 200 |
Beta-value: 1.8 (Beta value: molar ratio of precipitant (Fe, Al) : P)

The amount of sewer infiltration water influences the P-concentration in the raw waste
water and as a consequence the efforts required to meet the effluent quality
standards differ; calculations were carried out with 100 | sewer infiltration water per

pe.
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Figure 6: consumption of Fe- and Al-precipitants depending on the consumption of P-based
detergents (Beta = 1.8)

The demand for Fe-salts is about double that of Al-salts.

The water consumption per pe and the sewer infiltration rate impact the amount of P to be
precipitated and the total load emitted by wwtps. Sewer infiltration rates in the same order of
the water consumption per pe double the effluent load. Higher amounts of sewer infiltration
loads lower the amount of P which has to be removed and consequently lowers the
consumption and costs of precipitants. On the other side high sewer infiltration rates increase
the costs e.g. of pumping and often lowers the temperature of the waste water. The
temperature of the waste water influences the removal capacity for Nitrogen. High amounts
of sewer infiltration water and low temperature of the waste water result in larger volume
requirements for aeration tanks.

In the figures below a specific P-emission of 1.65 gP/inh.d (caused by faeces only) is
assumed. At sewer infiltration of 150% dry weather flow (200 I/pe.d) no P would have to be
removed from the waste water meeting an emission standard of 2 mgP/l. Under such
condition the goal of the emission standards cannot be achieved at all

In practice the sewer infiltration rate should be lower.

The use of P-based detergents increases the amount of P to be removed.

ij | effluentload 77 161 —
12 H effluent load
§ 17— tobe removed additionally = 1,? :
Bos % 0s —— to be removed additionally ——= R
; *%////////////////////////////// N i)
ol / removed by sewage sludge/ O:2 %moved by sewage slud%

Figure 7: impact of raw waste water amount on the effluent load: effluent conc.: left 1 mgP/I,
right: 2 mgP/I

If standards for P-concentrations of 1 or 2 mgP/l in the effluent exist, P-precipitation (or
enhanced biological P-removal) is necessary even if no P-based detergents are consumed
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(except the sewer infiltration rate is very high as depicted above). Reasonable restrictions of
sewer infiltration is a prerequisite of cost efficient water protection, especially for nutrient
control.

Costs are assessed as follows:

1. Calculation of the amount of P to be removed via precipitation to meet the emission
standards

2. Calculation of the amount of precipitants needed (Beta 1.8)
3. Evaluation of the costs of precipitants (Fe and Al-salts)
The amount of P to be removed will be calculated as follows
1. Removal of 0.6 gP/pe due to sludge production from C-removal

2. Total load minus P-load removed by biological treatment minus P-load in the effluent
according the emission standards = P-load to be precipitated

For cost calculations the following prices for P-precipitants were used:
Feessal ts: 0.90/ kg active ingredient

Arsal ts: 2.3504/ kg active ingredient

The emission of 1 g P/inh.d stemming from laundry detergents causes additional costs for P-
precipitation. Thes esalkspislt. 35arid-gaks) (Betal/®de.y (Fe

Chemicals used for sludge dewatering
Chemicals (polymers, FeCls; and lime) have to be applied for dewatering the sludge.

Depending on the type of dewatering system (chamber filter press, belt-type filter, centrifuge)
different amounts of chemicals are applied. In Kroiss et al. (2001) the mean values for costs

for dewatering sludge range between i220adyd 36
matter). The share of chemicals amountto 16148 0/t dm (al most 20% up
costs of dewatering) (further details see chapter 3.2.2.5)

3.2.2.5 Sludge treatment and disposal

Sewage sludge is a main product of the waste water treatment process. The costs of sludge
treatment and disposal depend on the amount of sludge produced and the disposal method.
The amount of sludge produced depends of the treatment steps of the plants: CN- and CND-
plants produce (slightly) less sludge as plants with C-removal only.

P-removal increases the amount of sludge and therefore increases the costs of sludge
management (dewatering, chemicals, disposal, etc.). Increasing P-loads to be removed (e.g.
due the consumption of P-based detergents) increase the amount of sludge produced. A
replacement of P-based detergents e.g. by Zeolite-based detergents also increases the
amount of sludge produced.

The daily specific sludge production varies between 40 to 60 g dm/pe.d (151 25 kg dm/pe
year) (upper limit for plants with P-removal). In plants with aerobic sludge stabilisation the
amounts of sludge are slightly higher with anaerobic stabilisation.
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For the sludge production in treatment plants without P-removal an amount of 40g dm/pe.d
(14.6 kg dm/pe.y) was assumed. The amount of additional sludge produced in plants where
P-removal is required is based on the following assumptions:

0 Calculation of the P-amount to be precipitated (see chapter on chemicals)
o Calculation of the specific amount of additional dm/kg P:

A Precipitant per kg P: 1.8 kg Fe/kg P, 0.87 kg Al/lkg P

A Beta-value: 1.8 (Beta value: molar ratio of precipitant (Fe, Al) : P)

A Sludge production: 2.5 kg dm/kg Fe (Beta = 1,5), 4 kg dm/kg Al (Beta =
1.5)

These assumptions lead to an additional dm production of 9.7 kg dm/kg P to be precipitated
using Fe-salts, and 7.5 kg dm/kg P using Al-salts (Beta 1.8).

production of sludge dry matter

-------
E = -

=
3

kg dm/inh.y

=
o

0 T T T T T T T T T T T T T T
o 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

g P/inh.d due to laundry detergents

—— Fe 1 mgP/l effl. conc. = Fe 2 mgP/l effl. conc.
= = 'All mgP/leffl. conc. = = 'Al2mgP/l effl. conc.

Figure 8: specific production of dry matter depending on the consumption of P-based
detergents

The total amount of sludge dry matter produced using Fe-salts is 5 to 10% higher compared
to the use of Al-salts.

The use of Zeolites instead of P-based detergents also increases the production of sewage
sludge as almost the entire amount of zZeolites remain in the sludge. The Zeolite
consumption in Germany amounted in 1999 to 4.5 g/inh.d (UBA, 2007). This amount can be
considered as a maximum amount.

If standards for P-concentrations in the effluent exist, P-precipitation is necessary even if no
P-based detergents are consumed.
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kg dry matter/inh.year

kg Fe precipitant /inh.year

@ kg dm/inh.year

\5;2 B kg precipitant/inh. year

Figure 9: Sludge dry matter production and use of Fe-precipitants; Zeolite consumption
4,5g/inh.d

The production of sludge of CP-plants is about 1/4 higher as at plants with C-removal only (if
no P-based laundry detergents are used). The removal of 1 kg P produces additional dry
matter of 9.7 kg dm using Fe-salts and 7.5 kg dm using Al-salts (Beta 1.8).

Costs are assessed as follows:
1. Calculation of sludge production (see above)
2. Estimation of costs for dewatering
3. Evaluation of disposal options
4

Related costs for disposal

Costs of dewatering

Depending on the type of the dewatering device the costs in Austriavary f r om 91

dm.

Table 10: costs for sludge dewatering in Austria (own calculations based on (Kroiss et al.
2001))

in 0/ t dm |chemicals| personnel |ext. serv.|electricity] sum
chamber filter press 42 37 9 7 95
belt-type filter 16 46 13 16 91
centrifuge 48 45 14 14 121

For all countries under investigation the costs from chemicals were assumed to be equal
(world market). For the other cost-categories local data (salaries, electricity prices) were
considered. Mean values of the 3 dewatering types using local data are depicted in the
following table.
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Table 11: costs for sludge dewatering

ualt dry matterA BG CZ HU RO SK Sl TK UA
chemicals 35 35 35 35 35 35 35 35 35
personnel 43 34 31 24 32 25 28 33 40
external services 12 10 9 7 9 7 8 9 11
electricity costs 12 7 12 13 13 15 12 15 5
sum 102 86 87 79 89 82 83 92 91

Compared to Austria sludge dewatering in the other countries under investigation is between
10% and 20 % cheaper.

As depicted above the additional production of dry matter due to P-precipitation amounts to
9.7 kg dm/kg P using Fe, and 7.5 kg dm/kg P using Al (Beta 1.8).

The emission of 1 g P/inh.d stemming from laundry detergents causes additional costs for

sludge dewatering. These costs are below 0.36 u/

The costs of dewatering increase only slightly with increasing use of P-based detergents.
The costs for precipitants become more important the higher the amount of P-based
detergents is.

The costs to apply to an emission standard of 1 mgP/l instead of 2 mg P/l amounts to

additional costs for precipitants and dewatering
3,0
2,5 -
-— -
2 20 e
£ — —_—
» — ——————————— = e
o 15— ——— =
(2] -— - — -
© 1.0 .ﬁ‘/ﬁ! =
o — —
—
0,5
0,0 T T T T T T T
0 0,2 0,4 0,6 0,8 1 1,2 14 1,6
gPdet/inh.d
= =costs Fe-prec. 1mg/| == =costs Al-prec. 1mg/I
costs Fe-prec. 2mg/I costs Al-prec. 2mg/I
costs dewatering Fe 1mg/I costs dewatering Al 1mg/I
costs dewatering Fe 2mg/I costs dewatering Al 2mg/I

Figure 10: Costs related to P-based detergents

for precipitants and sludge dewatering in

Bulgaria (Fe 1 mg = iron salts are used as precipitants to apply to an emission standard of 1

mgP/l)

Comparison of carbon removal and CP-plants in respect to sludge dewatering (Austria)

Cr emoval onl y: 1.35
a/ pe.y, 0.250/ pe.y for
CP-r emoval: 1.8 0/ pe.y:
0.40/ pe.

sludgepr oducti on amount t
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Sludge disposal:

Several options are possible, depending on the national legislation: (agricultural) application
on land with or without pre-treatment (e.g. composting), direct disposal in landfills, disposal
after pre-treatment by incineration, dumping in the sea, etc. The direct disposal is not
possible any more in several countries (e.g.) Germany or Austria as the content of organic
carbon and/or the calorific heat value for materials to be disposed of is limited.

Landfill (with and without pre-treatment) can be considered as a temporary stock. However
the P-resource stored in this stock can only be used if the sludge resp. the ash is stored in
separate compartments of landfills or together with other wastes which have similar
concentrations of P and heavy metals. The disposal of sewage sludge together with
municipal solid waste or with ashes from waste incineration plants would spoil the potential
P-resource.

Incineration in many cases is the most expensive option.

Agricultural application often is forbidden (in general or restricted to limited purposes) or has
at least a negative image. Preconditions for the use of sewage sludge in agriculture are that
the legal constraints (standards for maximum concentrations in the sludge, in the soils,
regulations on the total heavy metal loads or dry matter to be applied; e.g. EU Directive
86/278) are fulfilled and that agricultural area is available and additional fertilizer application
is needed (no competition with manure disposal!).

For Austria the costs of sludge incineration amountto approx. 1704/t dm, f or | andf i
(which is not allowed anymore (only in exceptior
dm. A typical price for use in agriculture is 6

1.5 U/ pe.y).

In most cases the disposal costs of sludge are related to the mass of material to be disposed
of, this strongly depends on the moisture content or the material which can vary from almost
zero (ash) to O75% (belt filter presses).

The prices of sludge disposal strongly depend on specific local conditions. From almost zero
(in the case that the landfill and the treatment plant are owned by the municipality and no
disposal charge is required (Tsagarakis, 2002)t o > 100 0/ (OWAM, 3007at t er

The data base on sludge management is very weak and does not allow detailed analysis.

Data on sludge disposal routes are often contradictory. Data on costs show very broad

rangesi from al most zero u per ton of sludge to co
exists only on the fact that incineration of sludge is of minor importance in Eastern Europe

(partly sludge is incinerated in cement kilns). In addition the disposal in landfills and in drying

platforms (located at the treatment site) seem to be important disposal routes.

Several citations shall indicate the problems of the data:

U (DHV CR, 2001): Landfilling is the major disposal route for all categories of waste in
CEE (Central and Eastern Europe) countries. By 1999, within the CEEC, there were
only 7 large municipal incinerators (capacity over 3 tonnes/hour) in operation in the
Czech Republic, Hungary, Poland and Slovak Republic and 3 smaller ones in Poland.
However sewage sludge is incinerated in industrial plants like cement kilns. Landfill
disposal costs in CEE countries are significantly cheaper than in Austria. No
information is given on the costs of sludge disposal but on user charges of municipal
wastes are depicted (including collection system, disposal, etc.) indicating for the
Czech Republic15-2 00/t on (out of this approxi mate ave

di sposal in landfills of ca 5 0/ton). For Bu
of municipal wastes of |l ess than 104/t are i
Czech Republict he di sposal costs would amount to | €
production of sewage sludge (20% dry matter) amounts to 60-80 kg /pe.y the disposal

costs amount to less than 0.25 0/ pe.y in BG,
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i (MMDD, 2004) provides information on sludge management and related costs in
Romania for the year 2003: Almost 60% of the total sludge produced is disposed of in
landfills, 25% is stored at the plant, 10% is used in agriculture, about 5% is
combusted or used for other purposes (like composting). The costs for incineration
(assuming 80 kg sludge, 25% dry matter) amountto 0.3 171 10U/ pe. vy, for disp
landfils 0.1 7 1. 6 G/ pe.y and fori 3a@r iud plet. yr.alFous enah
landfills it has to be assumed that they are not in convergence with the normative EC-
requirements, or can become compliant soon.

U According UNEP (2000)) in the AC10 (Accession Countries) but most probably in all
transition countries, the reuse of sewage sludge from treatment plants as fertilisers in
agriculture is not common. In Romania the treated sludge is not recommended (or
collected) as fertiliser for health and ethical reasons. Further official reasons were the
high fertility rate of the Romanian soil and the lower costs and higher efficiency of
chemicals used as fertilisers. According to (Rojanschi, 1999), (cited in (UNEP 2000))
in Romania nearly all sewage sludge is disposed on drying platforms. A small amount
of sludge is also discharged into the Black Sea, mostly out of the bathing season. The
equipment of the drying beds is quite often old, and maintenance is often not
adequate. That leads to infiltration into the ground, contaminating the groundwater
and soil. Filled drying beds were abandoned, without any further care, and new ones
were created. Especially in the CIS, the disposal of untreated sludge is carried out on
huge sludge fields. Sludge management is hampered by a lack of dehydration
technologies. On sludge fields, the sludge is drying out naturally, which creates
problems in the dry period of the year through dust and smell trouble for the
surrounding population, as well as in the wet period of the year through washing out
the sludge into water bodies and /or groundwater. Most sludge field capacities are
exhausted, they are overloaded, and there is not much space to build new ones,
except in Russia. Sludge fields are not always monitored, ground water and soil
contamination are common (UNEP 2000).

i (EC 2001) provides data on the major outlets for sewage sludge in Accession
countries: CZ: 70% agricultural use, 30% landfilling, HU: 100% agricultural use, SK
71% agriculture, 11% landfill, 18% others, SL: 20% agricultural use, 60% landfilling,
20% other

On the long run it has to be assumed that at least in the EU-member states the disposal of
sewage sludge in landfills will be prohibited and incineration will become a more relevant
disposal route.

For our calculations we assume (time period: next 30 years) the following disposal routes:
30% landfill, 30% incineration, 20% agriculture and 20% composting in all countries except
Austria. For Austria current disposal routes and costs are used.

For the costs a similar approach as for the waste water treatment plants was used: Austria
was chosen as the base and dAnational 0 costs we
personnel costs.

Landfill: only construction, no installations; share salaries: 55% of the costs; costs in Austria:
85 0/ ton dry matter

Incineration: 40% construction costs, 60% installations (machinery, electric installations,

cleaning devices), costs in Austri a: 170 a/ton d
Agriculture: 2/3 machinery, 1/3 personnel costs; costs in Austri a: 65 U/ to
Composting: same assumptions as agriculture; <cos

These assumptions resulted in the following sludge disposal costs per ton dry matter:
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Table 12: sludge dispo s a | costs in U4 per ton dry matter
sludge disposal costs A BG CcZz HU RO SK Sl TK UA
a/ t dry mat't 142 76 83 76 74 76 82 77 71

3.2.2.6 Levies of discharge
Could not be obtained.
3.2.2.7 Other costs

Other costs (including costs for administration, laboratory, etc.) will be estimated as the
percentage of the total operation costs excluding the sludge disposal costs of the Austrian
plants.

The share of other costs depends on the size of the plant. For plants below 50000 pe other
costs amount to 13%, for plants above 100000 pe to 6% of the operation costs (excluding
sludge disposal).

3.2.3 Nutrient removal efficiency

The removal efficiency of treatment plants is defined as the difference of the load in the
inflow and of the load of a substance in the outflow divided by the total inflow load.

In our investigations only conventional activated sludge reactors are considered, as these

systems are very common, and a | ot of dat a

However the methodological approach depicted above can also be applied to other treatment
processes.

A part of the nutrients in the inflow is removed as primary sludge (if there is a primary settling
tank) another part is incorporated in to the biomass of the bacteria and removed as excess
sludge (secondary sludge).

For N and for P the removal via the sludge is between 20% and 40% of the inflow load.

For an additional N-removal a nitrification / denitrification step is needed. Usually 70%
(maximum 90%) removal can be achieved. The removal is limited by the availability of
carbon sources and the temperature of the waste water (in winter time).

Additional P-removal can be increased simply by adding precipitants. Enhanced biological P-
removal can lower the demand for precipitants. Total removal efficiency of 80 to 85% for P
can easily be reached. However effluent concentrations ©0.5 gP/l would require higher loads
of precipitants.

For the calculations of the cost effectiveness the N- and P-amount additionally to the N and P
removed via the sludge of biological treatment will be used. (N/P removed via sludge of
biological treatment + additionally removed N/P = N/P removed total).

Assumptions on the nutrient removal related to the inflow load:

C-plants: 20% N and 40% P in the sludge

CN plants: 20% of N and 40% of P remains in the sludge, further 20% of N is denitrified.
CND plants: 20% of N and 40% of P remains in the sludge, further 55 % of N is denitrified.
CNDP plants: 20% of N and 85% of P remains in the sludge, further 55 % of N is denitrified.
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Table 13: removal rates for N and P of different treatment types

in% of inflow| C-plant [ CN plant CND CNDP
N 20 40 75 75
P 40 40 40 85
3.3 Results

3.3.1 Investment costs/annual capital costs

I nvest ment costs in Austria for A CNDP plant wit

Compared to Austria the investment costs for CNDP plants in the other countries considered
are 15% (CZ) up to 30% (UA) lower. The respective annual costs for plants (150000 pe)
amount to 13 (A), 11 (CZ) and 9B0yeargdgpteriation). pe. y (5

investment costs CNDP plants
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Figure1l:i nvest ment costs for CND/ CNDP pmésmgmlbasl i n A, CZ an
Investment costs of plants without denitrification are ~ 2% lower, plants with C-removal ~ 9%
lower.

Detail s on capital cost i n di fferei

capacities are presented in the Annex.

a/ pe.y for

3.3.2 Comparison with the DABLAS investigations

In the DABLAS Il project (ICPDR 2004) 191 municipal sector investment projects
(representing a population equivalent of more than 27 million) were assessed. Among the
191 projects, 66 were fully financed.

The plants comprise different design capacities, it is indicated if N or P-removal is applied or
not and the investment costs are given.

This data base was evaluated in the view of this project. For our investigation we used only

new plants between 3000 and 250,000 pe and separated these plants into the categories

Afonly Carbon removalo (10 plants), AnCar bon and
Nitrogen and Phosphorus Removalo (29 plants)o. ¢/
C+N-removal plants would be higher as the costs for C+N+P-removal plants. As the number

of C+N removal plant was small and the additional costs for P removal are very low these
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two plant categories were merged together.

Out of the 10 C-removal plants investigated 4 are located in HR, 2 in BA, and 1 in BG, SL,
CS and UA. Out of 7 new CND-plants 2 are in BA and HR, 1 in SK, BG and MD. From the 29
new plants with C-, N- and P-removal 22 are in BG, 6 in SL and 1 in HR. investigated. This
means: 39 plants out of t heel406p eadroe cionu netcroineosmi c a |

As a further step the plants were categorised into the following classes: 3000 i 20000 pe,
20000 7 50000 pe, 50000 i 100000 pe. The following diagram depicts the average values for
the 4 classes, the category with C+N and C+N+P removal in comparison with the
corresponding Austrian values (details from the DABLAS data are shown in the Annex).

The evaluation clearly shows the economy of scale.

The Austrian investment costs are 25 to 30% higher as those for the new plants with nutrient
removal depicted in the DABLAS report. This is fully in line with the costs estimated in the
course of this project depicted in chapter 3.3.1.

600

500

400 —m—
= 300 \
=

100

0 T T T T T T T T T
0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000

population equivalents

| B C+N, C+N+P values Austria Potenziell (values Austria) —— Potenziell (C+N, C+N+P) |

Figure 12: Investment costs for CND- and CNDP-plants in Danubian countries based on the
Dablas report and CNDP-plants in Austria

3.3.3 Operation costs

It is important to bring to mind that for the operation costs the following assumptions on
personnel costs were made: (i) the labour productivity in all countries under investigation will
be the same in 30 years, and (ii) the difference in the salaries in the western and the CEE
countries now will be reduced by 50% within 30 years.

Compared to Austria the operation costs for CNDP-plants in the other countries are 18% up
to 30% lower. This is valid for small as well as for large plants.

Details are presented in the Annex.
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operation costs in A, CZand UA
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Figurel3:oper ati on costs for CND/CNDP plants in A, CZ and
The major cost category of operationcosts i n Austria and Germany i s
small plants, 30 % in large plants). In the other countries investigated personnel costs

amount to 31 % (SK) to 48% (UA) in small plants and 23% (SK) 1 40% (UA) in large plants.

In all countriesinsmallplant s t he main cost category is fAperso
in HU and SK energy costs represent the highest shares. In small plants the costs for

chemicals are higher than the costs for sludge disposal, for large plants these two shares are

almost equal (under the assumptions made for sludge disposal in these calculations, which

in fact do not reflect the current situation).

Table 14: median operation costs of CNDP plants and share of cost categories

operation costs CNDP (medians)

A BG Ccz HU RO SK Si TK UA
costs 0/ pe, <50 a600| 1p,&| 12,5 | 11,3 | 12,5 | 11,9 | 11,8 | 13,1 | 12,1
materials/chemicals in % 12 17 16 17 16 16 17 15 16
personnel costs in % 39 43 36 32 37 31 35 37 48
external costs in % 9 8 9 9 8 8 9 7 8
energy costs in % 13 11 17 20 18 21 17 20 7
sludge disposal in % 17 12 13 13 11 13 12 11 11
other costs in % 9 10 10 10 10 10 10 10 10
costs 0/ pe.y, »1000/0Q70| = | 7,9 8,5 8,4 8,0 8,9 7,6
materials/chemicals in % 13 18 17 18 17 17 18 16 19
personnel costs in % 30 34 28 24 29 23 27 28 40
external costs in % 9 9 9 9 8 8 9 8 8
energy costs in % 18 15 23 26 25 28 24 27 10
sludge disposal in % 25 19 19 18 17 18 18 16 18
other costs in % 5 5 5 5 5 5 5 5 5
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Operation costs of plants with nitrification only but without denitrification are for small plants
8% (A) to 10% (UA) lower, for large plants 10 i 12% lower compared to CNDP plants.

Operation costs of plants with C-removal only are as about 20% lower as compared to CNDP
plants.

3.3.4 Annual costs

For the calculation of the annual costs the investment costs had to be transferred as they are
given for the design capacity. We assumed a mean pollution load of the plant of 70% of the
design load (which corresponds to ~ 90% degree of utilization, as design is based on peak
loads (low temperatures)).

Compared to Austria the annual costs for CNDP plants in the other countries are 18% (CZ)
up to 27% (UA) lower.

annual costs in A, CZ and UA
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Figure 14: Annual costs for CND/CNDP plantsin A,CZand UA in U/ pe.y

Annual costs of plants with Nitrification but without denitrification are 4 - 5% lower compared
to CNDP plants.

There is no significant difference in the annual costs of CN and CND-plants.

Annual costs of plants with C-removal only are ~ 12% lower.

For all plants in all countries operation costs amount to 30 i 38% of the total annual costs.
The larger the plants the higher the contribution of operation costs.
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annual costs
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Figure 15: annual costs of wwtps > 100000 pe design

Sensitivity analysis

Investment costs amount at least to 60% of the total annual costs. The sensitivity analysis
therefore concentrates on variables used for the calculation of investment costs. Partly these
variables also impact operation costs.

The sensitivity of the following variables were investigated:
1 Realinterest rate
91 Depreciation period of the plants
9 Labour productivity

Real interest rate
The interest rate heavily influences the costs:

An increase of 1% of the interest rate increases the total annual costs by 7,5% (6,8% by an
increase of the interest rate from 3% to 4%; 8,2% by an increase from 7% to 8%).

The following figure shows the respective changes in the total annual costs for CNDP-plants
(mean of all countries and all sizes; differences between countries and between sizes
deviate in the maximum by 5% from the mean depicted).

-54-



Methodology for Cost effective Measures to minimise Nutrient Pollution

change of total annual costs of CNDP plants
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Figure 16: Impact of interest rate on annual costs (mean)

Depreciation period of the plant:

Calculations in this project are based on the assumption of a depreciation period of 30 years.
A variation of the depreciation between 25 an 40 years showed the following results:

A depreciation time of 25 years increases the costs in the countries by 6%.
A depreciation time of 35 years lowers the costs in the countries by 4%.

A depreciation time of 40 years lowers the costs in the countries by 7%.

The following figure shows the respective changes in the total annual costs for CNDP-plants
(mean of all countries and all sizes; differences between countries and between sizes
deviate in the maximum by 5% from the mean depicted).

change of total annual costs of CNDP plants
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Figure 17: impact of depreciation period on annual costs (mean)

Labour productivity

The impact of labour productivity differs strongly between countries: assuming the same
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labour productivity in the countries as in Austria showed the following impact on the costs:

BG, RO, TK: UA: decrease of total annual costs by 20% - 26% for small plants and 18% i
23% for large plants.

Other countries: 8% to 13.5% decrease of annual costs

These reductions are highly hypothetic as an increasing labour productivity will lead to higher
wages/salaries respectively higher wages lead to higher labour productivity.

Lowering the interest rate from 5% to 3% and assuming the same labour productivity in all
countries as in Austria showed the following impact on the costs:

BG, RO, TK: UA: decrease of total annual costs by 30% - 37%

Other countries: 20% to 26% decrease of annual costs.

3.3.5 Cost effectveness

Cost effectiveness in waste water treatment is assessed as ratio of costs of the additional
treatment process (nitrification/denitrification; P-precipitation) versus the obtained additional
emission reduction.

For the interpretation of the effectivenesses given it should be noted, that the main function
of wwtp is Carbon removal, independently if it is a C, a CN, a CND or a CNDP plant.

The additional purpose

U of CN plants is to reduce Ammonia emissions substantially,
U of CND plants is to remove N
U of CNDP plants is to remove N and P
U of CP plants is to remove P.
It makes sense to relate fAeffectivenessodo in res|

N-removal) only to the costs occurred to fulfil this additional purpose.

In the following sections the mean values of the three different sizes of plants as well as
selected graphical presentations are presented. Details can be found in the Annex.

3.3.5.1 Cost effectiveness of measures removing N

The highest cost effectiveness provides the installation of CND plants instead of a CN plants.
Themean annual costs are |l ess than O0.40/ kg N adda
pl ants <50000 pe, for plants > 100000 below 0.2

The cost effectiveness for N-removal if a CND plants instead of a C-plant is considered on
average islessthan1.50/ kg N additionally removed.

If costs of the whole treatment plant (C, CN or CND) are related to N-removal the resulting
values are much higher. In this case N-removal is only a positive side-effect of Carbon
(COD) removal. Nevertheless it can be seen that the installation of an additional CND step
provides a high cost effectiveness.

Table 15: Mean values of cost effectiveness of the three plant sizes for different plant

installations in u/kg N additionally removed

G/ kg N (mean]) A BG cZ HU RO SK S TK UA
no-plant -> C-plant 41,8 31,7 34,1 29,9 31,8 30,8 32,3 33,6 30,2
no plant -> CN-plant 22,7 17,2 18,6 16,3 17,3 16,8 17,6 18,3 16,3
no plant -> CND-plant 12,3 9,3 10,0 8,8 9,3 9,0 9,5 9,9 8,8
C-plant -> CND-plant 15 1,1 1,3 11 1,2 1,2 1,2 1,3 11
CN-plant -> CND-plant 0,36 0,27 0,24 0,18 0,19 0,18 0,21 0,19 0,28
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cost - effectiveness for N, plants > 100,000 pe
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Figure18:Cost effectiveness of N for plants > 100, 000
N additionally removed

The cost effectiveness depends on the size of the treatment plant, which will be illustrated by
the upgrade of C -> CN and CN -> CND-plants for Austria and Romania.

2,5

0,5 T T

C->CND Austria C->CND Romania CN->CND Austria CN->CND Romania

||:| <50000 pe @ 50000-100000 O >100000 |

Figure 19: Dependency of cost effectiveness for N on the size of the plant

3.3.5.2 Cost effectiveness of measures removing P

Cost effectiveness calculations in respect to P have to consider the installation of P-
precipitation at an existing C-, CN- or CND-plant. The costs for removing 1 kg P in addition

are below 4.3 0/kg (Beta value of 1.8). As t
chemicals (for precipitation and sludge dewatering), the difference between the countries is

very small; the higher Austrian value is due to significant higher sludge disposal costs. If

costs of the whole treatment would be related to P-removal the resulting values are much

higher. It has to be taken into account that in this case P-removal is only a positive side-

effect of COD removal. Anyway the most cost effective use of the costs in respect to P is
achieved if additional P-removal is performed.
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Table 16: Mean values of cost effectiveness of the three plant sizes for different plant

installations in G4/ kg P additionally removed

G/ kg P (mean]) A BG cZ HU RO SK Sl TK UA
no plant -> C-plant 118 89 96 84 90 87 91 95 85
no plant -> CNDP-plant 63 48 52 45 48 47 49 51 46
C-plant -> CNDP-plant 14,3 11,1 11,9 10,8 11,4 11,1 11,4 11,9 10,7
C-plant -> CP-plant 4,3 3,7 3,8 3,6 3,7 3,7 3,7 3,8 3,7

The cost effectiveness of additional P-removal does not depend on the size of the plant as
the differing investment costs are negligible.

cost - effectiveness for P, plants > 100,000 pe
100

90 1

80 1

70 H O Austria
B Bulgaria
O Czech Republic
50 O Hungary
—I B Romania
401 @ Slovakia
30 1 B Slovenia
O Turkey
B Ukraine

60 1

u/kg P

20 1

10 1

no plant -> C-plant no plant -> CNDP-plant ~ C-plant -> CNDP-plant C-plant -> CP-plant

Figure 20: Cost effectiveness of P for plants >100,000 pe for di fferent plant

P additionally removed

3.3.6 Advanced treatment
In this section in brief the following treatment options will be introduced:

U Advanced N-removal: increase from 70% to 90% N-removal (additional N-removal of
0.8 kg N/pe.y)

o Enlarging the aeration tank by 25%
o Sand filtration + External carbon source methanol
U Advanced P-removal by flocculation filtration

A degree of utilisation of the plant of 70% is assumed for the calculation of the cost
effectiveness.

Costs will be depicted only for the Austrian situation. All data presented, except some own
calculations, is based on (Lindtner 2007) respectively literature cited there.

3.3.6.1 Advanced N-removal by enlarging the aeration tank

An enlargement of the volume of the aeration tank by 25% allows an increase of N-removal
from 70% to 90%. Prerequisite is the availability of carbon for denitrification. 90% will only be
achieved in plants without primary settling with simultaneous aerobic sludge stabilisation
(plants above 40,000 i 50000 pe usually are equipped with an anaerobic sludge
stabilisation). The costs for construction of the aeration tank increase by 25%, the costs for
machinery and electrical installation remain on the level before.
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The operation costs do not change: the additional energy for aeration is compensated by the
higher denitrification potential and the reduced amount of sludge produced.

Specific costs for an upgrade of an existing aeration tank can be assumed to be 50% higher.

The total investment (construction) costs for the enlargement based on own calculations
amounttol 6 u/ pe (100000 pe) and 19 u/pe (50000 pe)
U/ pe.y respectively (30 years depreciation ti me
this measure is 1.25 to 1.50/ kgN.

3.3.6.2 Advanced N-removal with external carbon source

At treatment plants with primary sedimentation usually not sufficient carbon is available to
increase N removal from 70 to 90% consequently an external carbon source is required. In
this case the form of a sandfilter with methanol dosage is depicted.

The following costs have to be considered:

U Investment costs for the sandfilter: 377194 G4/ pe.y investment costs,
annual capital costs (20 years depreciation time as mainly machinery costs occur, 5%
interest rate).

U Operation costs

o Costs of methanol: 4 4 0 4.591kg Methanol a2z @ddéd; t y pi c
per kg Nitrogen to be removed.

o0 Energy costs: 21 5 kWh/pe.y
o Additional production of sewage sludge: 1 kg dry matter per kg N removed
Operation costs peryear: 1.27 2. 7 U/ pe. y
The costs for the additional N-removal amountto5.2712. 9 U/ kg N removed.
3.3.6.3 Advanced P-removal by flocculation filtration

This procedure is a combination of precipitation, flocculation and sand filtration. This
combination guarantees P-concentrations in the effluent of less than 0.2 mgP/l (under the
condition that the precipitable P is less than 0.1 mg/l). Several costs are the same as for the
advanced N-removal with external carbon sources.

It is assumed that this measure is taken to reduce P-concentration from 1 mgP/I to 0.2 mgP/I
equalling to 50 gP/pe.y.

U Investment costs for sand filtration: 3771 94 G4/ pe.y investment <costs
U/ pe. y.
U Operation costs
o Costs for precipitants: Fe-s al t s : 0. 90/ kg ascatlitvse: i2n.g3r5eud i
active ingredient; ca. 0.1504/pe.y (Beta 1

o0 Energy costs: 21 5 kWh/pe.y

o0 Additional production of sewage sludge: 6.25 (Al) i 8.1 (Fe) kg dry matter per
kg P removed (Beta 1.5)

Operation costs peryear: 0.7572 . 2 U/ pe. y
Totalcosts:3.7-9. 8 U/ pe.y)

Cost effectiveness: 6571 16 7 U/ kg P removed additionally

Sewer system
Waste water management includes in addition to the treatment of waste water in treatment
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plants the related sewer systems. However the costs of the sewer system are beyond the
scope of this project. Nevertheless some rough estimations are depicted below using the
same methodology as for waste water treatment plants.

Typically the costs of the sewer system amount to 60 to 80% of the total costs of waste water
management.

For our calculations the following assumptions were made:
91 Depreciation period 50 years
1 75% of the investment costs are due to construction
9 out of the construction costs 55% are due to salaries (see chapter 3.2.1)
1

operation costs amount to 20% of the total annual costs for the sewer system; 100%
personnel costs

1 development of salaries: the current difference of salaries will be reduced to zero in
50years

1 development of labour productivity: as for wwtps the labour productivity will become
equal in 30 years and the subsequent 20 years

The total annual cost for sewer systems compared to Austria are 17% (CZ) to 28% cheaper
(SK).

For the calculations of the total annual costs of waste water management the mean total
annual cost of CNDP plants were assumed as 20%, 30% respectively 40% of the total
annual costs of waste water management. For the assumption that waste water treatment
costs amount to 30% total costsof 92 ( UA) to 104 (C2Z) U/ pe.y were

U/ pe.y).
The total costs of waste water management in the countries under investigations are 18%
(C2Z) to 27% (SK) lower as in Austria.

Table 17: Total annual costs of waste water management

total annual costs of waste water management (sewer + wwtp)
in u/pe.y A BG CZ HU RO SK S| TK UA
CNDP mean annual costs 38 29 31 27 29 28 30 31 28
total costs (sewer 60%)| 95 72 78 69 73 71 74 77 69
total costs (sewer 70%)| 127 | 97 104 | 92 97 94 99 103 | 92
total costs (sewer 80%)| 191 | 145 | 156 | 137 | 146 | 141 | 148 | 154 | 138
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4 Case study on nutrient reduction in industry

Nutrient emissions from industrial dischargers which are discharged directly to the surface
waters are captured within the Danube basin by the ICPDR emission inventory. This
emission inventory aims to cover the most important industrial facilities with their annual
loads directly discharged to the surface waters in terms of discharged water volume and the
respective loads of BODs, COD, Tot-N and Tot-P.

For the Danube countries Austria, Hungary, Romania and Bulgaria of which large parts of the
national territories are situated in the Danube river basin, the annual Tot-N and Tot-P loads
from industrial facilities listed in the ICPDR emission inventory were compared to annual Tot-
N and Tot-P loads from point sources as well as to annual Tot-N and Tot-P river loads. This
comparison is shown in Fehler! Verweisquelle konnte nicht gefunden werden.

Table 18: Annual TN and TP emissions from industrial discharges in comparison to annual TN
and TP emissions from point sources and total TN and TP emissions to surface waters for
Austrian, Hungarian, Romanian and Bulgarian areas of the Danube river basin

L L . . . Share industrial emissions Share point source
Total emissions from Total emissions from point | Total nutrient emissions to ) o
) o on total point source emissions on total
industrial discharges sources surface waters L L
emissions emissions
Tot-N. Tot-P. Tot-N. Tot-P. Tot-N. Tot-P. Tot-N. Tot-P. Tot-N. Tot-P.
[t N/a] [t P/a] [t N/a] [t P/a] [t N/a] [t P/a] [%] [%] [%] [%]
Source: ICPDR emission inventory [Schreiber et al. 2003] [Schreiber et al. 2003]
Austria 831 103 16,050 2,108 80,600 7,126 5 5 20 30
Hungary 1,315 50 15,930 2,994 45,210 6,991 8 2 35 43
Romania 4,222 25 30,780 4,462 163,530 16,007 14 1 19 28
Bulgaria 832 45 9,420 2,099 44,800 5,214 g 2 21 40

Annual total nitrogen emissions to surface waters from industrial facilities range between 5-
14% of total nitrogen emissions from point sources, annual total phosphorus emissions are
within a range of 1-5% of the total phosphorus emissions from point sources in the regarded
countries. Although the database (ICPDR emission inventory 2002) cover only the major
industrial dischargers to surface waters for specific countries of the Danube river basin and in
addition not for every industrial facility data on Tot-N and Tot-P loads are available, it is
obvious that industrial facilities with direct discharges to the surface waters are responsible
for less than 20% of TN emissions by point sources and for less than 10% of TP emissions
by point sources to the surface waters.

Highest fractions of TN emissions can in general be associated to discharges from chemical
industry, fertiliser industry, food and leather industry. Highest fractions of TP emissions were
predominantly caused by discharges from food industry, chemical industry and pulp & paper
industry.

Total point source emissions of TN and TP in turn cause between 19-35% and 28-43% of
total TN and TP emissions to surface waters, respectively of the selected countries.

Emissions from industrial discharges directly to surface waters have been significantly higher
in the end of the 1980ies. In IWAG (1997) direct discharges from industry to surface waters
of 17 ktN/year, 13 ktN/year and 4 ktN/year as well as 1.6 ktP/year, 0.6 ktP/year and 0.5
ktP/year were evaluated for Romania, Bulgaria and Hungary, respectively at the national
level for 1988/1989. At this time, industrial facilities in general and fertiliser production
facilities in particular contributed considerably to total nitrogen and phosphorus emissions to
surface waters because of no emission standards and no emission abatement techniques,
which have been applied to the industrial facilities. Due to the economic collapse in these
countries after 1990 many large industrial facilities have been closed or had to be
reconstructed (renovated) to be able to compete on the new market with other international
establishments. This resulted also in a considerable decrease in nitrogen and phosphorus
emissions to surface waters from industrial facilities because of an improved environmental
performance of the still existing, upgraded or newly constructed facilities.

In terms of measures, which have a significant potential to reduce nutrient emissions to
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surface waters the industrial facilities will be of minor importance, when total nutrient
emissions from point sources should be reduced on the national scale or on the (large) river
basin scale as the environmental performance of industrial facilities is also of economic
importance. Excluded in this respect are facilities which do not have applied BAT for
emission reduction yet, they are likely offer high potential for reduction of nutrient emissions
to surface waters. Anyhow, some industrial branches are characterised by considerable
nitrogen and/or phosphorus emissions due to high production capacities, even if specific
emissions (kg emission per ton of product) kept as low as possible (by introduction of
emission abatement techniques according to BAT), and these facilities may have a
significant local impact on nutrient emissions particularly if smaller surface water bodies with
limited river discharges receive the industrial discharges.

In regard to nutrient emissions, which will be discharged to the surface water and which are
subject of transnational transport to the receiving coastal waters, industrial facilities offer only
limited possibilities to introduce measures for nutrient emission reduction, which will have
high potential to reduce total nutrient emissions with comparatively low / moderate effort.
Most industrial facilities (within the EU) have to fulfil the obligations of the IPPC directive,
which aims to reduce emissions to the air, the soil and the water. Anticipated emission levels
can be associated with best available techniques (BAT), which implies partly the introduction
of recycling operations for selected industrial branches and production processes, what
improves significantly the environmental performance of industrial facilities by saving input
materials (water, recycled goods) as well as by reducing emissions to the environment to an
accepted level. For new plants /production facilities the consideration of BAT techniques for
emission abatement is state-of-the-art and possible with an adequate cost-effectiveness. The
adaptation of older production facilities is not always that easy and may result in limited
applicability of BAT measures (e.g. due to obsolete production techniques). These older
facilities can then be of particular interest because they will have the highest potential for
measures for (nutrient) emission reductions both to the air and to the water.

4.1 Cost-effectiveness calculations for fertilizer industry

4.1.1 General remarks and considerations

Fertilizer industry was investigated in terms of production of straight N-fertiliser, straight P-
fertilizer and multi-nutrient fertilizer (NP-, NPK-, PK-fertilizer). Investigations were grouped in
respect to:

9 Production of N-based fertilizer

9 Production of P-based fertilizer
One case study production facility either for the production of N- or P-based fertilizers was
investigated for the determination of specific waste water emissions from individual
production lines (production of different fertiliser types). Literature values were used to
confirm the specific waste water emissions of different production lines and to define waste
water emission levels according to the implementation of best available techniques (BAT).
BAT emission levels were defined as reference values, which can be expected for nutrient
emissions from waste water discharges.

Annual nutrient emissions of different production lines according to BAT emission levels were
calculated with production capacity of case study plants (see Table 19) to ensure
comparability with current emissions from the case study plants.

Table 19: Production capacities of case stud y plants (rounded), which have been used to
calculate annual emissions
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