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Abstract
Poland now face a very interesting discussion on modern waste treatment methods, although the

waste problems are very old. This paper presents a total waste management view from the formation
process to recycling, utilisation and landfilling. The average municipal solid waste (MSW) annual per
capita generation in Poland is 250 kg per person, which is half of the waste amount generated in Norway
and one third of the amount in USA. The present low per capita generation, large variations in MSW
properties and an expected growth in the standard of living make the decisions regarding future Polish
waste management systems very important. Waste management must be handled carefully to prevent a
rapid growth of waste generation - this is the "Polish challenge", both now and for the future. Three
different possibilities for future waste management systems for rural areas, small cities and larger cities
are discussed in the paper.

1. INTRODUCTION
The amount of MSW in Poland has increased with 80 vol% from 1975 to 1992 |11. The economy

system in Poland changed to market economy in 1989 and since there has been a stagnation period on
waste generation The composition of MSW in Poland is different from other (western) countries,
distinguished with a lower content of paper and plastics and a higher content of organic and inorganic
waste. However, these characteristics are expected to be more comparable in the future.
The paper is divided into two parts - the first part presents the state-of-the-art in Polish waste generation,
characterisation and waste management. The second part presents the government plans for future waste
management systems and three different possibilities for future waste management systems for rural
areas, small cities and large cities. Since 98,7% of MSW generated in Poland today is landfilled [11 and
lack of landfill sites is expected for the future, it seems necessary to employ other methods for volume
reduction of waste in the future. Energy estimations for different treatment methods of MSW are
performed.
Since household waste is a very small percentage (typically in Europe 6-10%) |2] of total waste created, it
is apparent that individuals only can have a small impact on overall waste volumes generated and that the
largest contribution to reducing waste must come from government waste policy and manufacturing
industry, agriculture and from the construction and demolition sectors. The only influence individuals have
on waste generation is to buy less, buy longer life products and to re-use items.
The average MSW per capita generation in Poland is 250 kg per person a year, which is one third of the
amount generated in USA [3] and half the amount generated in Norway [4|. Previous studies have shown
that the variation in waste properties is large in Poland so waste management must be handled very
carefully.
Laws, rules and regulations should create possibilities for a good and proper environmental protection
This includes proper waste management systems and providing basic directions and constraints
concerning water, ground, and air pollution. The appropriate waste management hierarchy should set
specific succession in decision making on Ministry and Parliament level |5|:
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1. Minimise waste generation
2. Recycling
3. Utilisation (thermal destruction and energy recovery, composting)
4. Landfilling

Waste management is controlled under the 1980 Environment Protection Act (EPA) and a number of
Cabinet Decrees [1]. The EPA defines wastes, states the responsibilities of waste generators and the
duties of local government offices, together with penalties and fines for breaches of the regulations. The
EPA is supported by new directives (investment and non-investment enterprises) established in 1995 by
the Parliament, which are aimed at decreased landfilling of waste, neutralising of hazardous waste and
economical use of waste (mainly waste from energy production) [5]. The governmental bodies responsible
for waste management in Poland are [1]:

- Ministry of Environment Protection, Natural Resources and Forestry,
- Ministry of Physical Planning and Construction,
- Ministry of Health and Social Welfare,
- Ministry of Industry.

The information flow between ministries, local communities and councils up to ministry and back, and a
competent financial system must function welt to implement any ideas. The governmental and local
authorities efforts and money can, however, be in vain if the communities do not collaborate for the best
results. Education and information play a significant role for each individual's understanding of the waste
management problem. It is impossible for the government to control all parts of the country, therefore the
local authorities are very important. Only the councils having all of the data and knowledge of the
communities' needs are abte I t make the correct decision for their region.
A free market and people's wish to live in a clean world, country and region should force environmental
friendly activities, supported by governmental policy. A master plan and strategy study for regions are
elaborated by consulting the proper expertise and by co-ordinating the work with councils. The next step
in the decision making is to find a financial source. There is a possibility to take credit from a national,
private or international financing institution (bank). After a feasibility study the project together with the
bank's credits goes to realisation and then to exploitation.

2. PRESENT WASTE MANAGEMENT AND CHARACTERISATION
The waste is divided into three different categories namely municipal waste, industrial waste and

special/hazardous waste. This chapter gives a presentation of definitions, amounts, composition and
present waste management systems for the three different types.

Municipal Waste
Municipal waste is consistent with municipal solid waste (MSW) and municipal liquid waste. MSW

is household waste and institutional/commercial waste. In general it is all waste collected by each
municipality, industrial and hazardous waste excluded. Figure 1 shows that the total amount of MSW
accumulated from 1979 to 1992 is 712 mill m3. The definition of city is an administrative one and there are
835 cities in Poland. In 1992 the amount of MSW in Polish cities or urban areas was 47 mill. nWyr, with an
average of 1.23 m3 per capita per annum and variation between housing types and between cities with
different housing stock [1]. Average density is approximately 200 kg/m3 [1,6]. The Polish MSW is in
general characterised by low effective heating value and combustion is not possible without pre-treatment.
Table I shows the characteristics of Polish MSW for three areas with different population density.
There is a distinct difference between these three categories, where cities and small cities have'the
largest per capita generation. Cities have a higher heating value for the waste as a result of higher paper,
plastic and food waste content and lower content of inorganic material. Smaller cities have slightly higher
heating value than rural areas due to the same factors as mentioned above, but the per capita generation
is 67% higher for small cities than for rural areas. Due to more waste from institutions, shops, hotels, etc.
the generation would be larger and the composition would be distinguished by a higher content of paper,
plastic and food waste as it gets more urban. A culture for re-use of paper and plastics for combustion and
also the use of food wastes for compost in rural areas could explain some of the differences in
composition.
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The variation in composition for MSW is dependent on several factors [1] Seasonally, heating system
(ash content in MSW), standard of living, packaging, overcrowding (recycling/composting is difficult).
MSW collection in Poland is carried out by the Public Cleansing Enterprise of each community's
environmental protection department, or by private enterprises authorised by them. The service covers
urban areas, but it is estimated that between 20% and 40% of rural areas are covered at best. The
average service coverage factor for Poland was 55% in 1990 [1]. Collection methods for MSW vary, but
there is an emphasis on use of large containers in apartment blocks and at special collection points. The
frequency of collection is 2 to 3 times per week from apartment buildings, and weekly from scattered
housing areas, detached houses and suburban buildings. There are currently three methods in use for
treatment and disposal of MSW in Poland, namely landfilling, composting and recycling. In 1992 the 47
million m3 of MSW generated were disposed as follows [1].

- Landfilling 98.7 %
- Composting 1.3 %
- Recycling Negligible post-consumer

There are currently some pilot projects carried out on recycling of not separated glass and paper in
selected areas in Poland. At the end of 1995, contracts were signed for the construction of Poland's first
glass recycling plant in the city of Kutno [7|.
The generation of municipal liquid waste or sewage sludge in 1993 was 14.9 mill m3 |5). Sewage sludge
is presently for rural areas treated at source, smaller cities have treatment plants (biogas, chemical and
biological treatment) and larger cities dump the sewage sludge (into rivers, landfilling).

«
Industrial Waste.

The waste generated during any production process by small and large factories which can not be
used in further processes are named "industrial waste". The waste "producers" are responsible for
removing, collecting and managing of the refuse. The waste management system should therefore be a
part of the production line. Poland generated in 1993 120,5 million tons of industrial waste that was
treated as follows:

- 53,6 % Utilised for site levelling, filling of mining excavations, building and road industry
- 0,3 % Neutralised
- 46,1 % Landfilled, dumped on heaps and in sediment ponds

As we can see almost half of the generated industrial waste was landfilled which will increase the problem
with lack of landfill sites Accumulated amount of industrial waste was in 1993 1834,9 million ton [5]. The
industrial waste composition is as follows [5]:

- 42,6 % Mining refuse - 2,0 % Sodium industry refuse
- 30,0 % Floatation sludge - 0,4 % Metallurgic gas cleaning sludge and dust
-15,0 % Fly ash/slag from energy prod. - 0,4 % Waste water treatment plant sludge,
- 4,4 % Metallurgical slag - 0,3 % Calcium carbide,
- 3,0 % Phospho-gypsum - 1,9 % Others.

Special / Hazardous Waste.
Waste which is dangerous for human life or health or for environment due to its origin, chemical or

biological composition or other properties like: toxic, flammable, explosive or radioactive, are named
special / hazardous wastes [6]. The producers of hazardous refuses are mainly chemical industry and
hospitals. There exists a few hospital waste incineration plants nearby hospitals, some are just
incinerating hospital refuse and some are able to produce steam and hot water for hospital needs
In 1993 the Polish industry produced 3,44 million tons of hazardous waste where 66,2 % were
economically used, 0,9 % were specially neutralised and the rest was dumped 1369 dumping sites have
accumulated 258.24 million tons of special / hazardous waste (1993) [5|. The hazardous waste producers
are specially equipped and trained for safety handling and transport, also in the case of an emergency.

3. FUTURE WASTE MANAGEMENT SYSTEMS - "THE POLISH CHALLENGE"
Future waste management systems in Poland should be based on a socio-economic correct

treatment of waste as a resource and problem. Where economic aspects concerning both investment
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costs and pay back time for different treatment systems should be compared to environmental aspects
such as air, soil and water pollution and the potential costs for solving these problems for the different
waste management systems. Poland's economy and energy infra-structure should also be taken into
consideration when new waste management systems are planned.
Figure 2 shows the development of per capita generation of MSW from 1975 to 199? From 1992 to 2010
we have made three different scenarios for the per capita generation Since Poland has a very low pe'
capita generation, there is a very good opportunity to level out this development for the future and for 2010
may be reach a per capita generation of 300 kg/yr (scenario I) This is an increase of 20s'i. cnmpnred to
1992 and could be a realistic goal for 2010. Since Poland is a country in great development and will
probably, after a stabilisation period with implementation of market economy in 1969. aqam increase their
per capita generation towards the year 2010 due to an expected 'ncrease in standard of living Scenario H
and III which is typical generation for western countries should be avoided The assumed increase '•••••
standard of living will also be a major factor for the changes in composition of MSW in the future It is
assumed that there will be an increase in combustible matter and a higher calorific value and a Jeaoase
in moisture content.

Poland's starting point for implementation of new waste management systems is very good due lo the low
per capita generation and it is possible to enforce the firsl law in the waste management hierarchy namelv
minimisation of waste generation.
The estimation of future generation of industrial waste is more complex Industrial waste comes mamlv
from coal mining and an increase in living standard should give an increase in energy consumption and
hence an increase in industrial waste. On the other hand export of coal could decrease due to
carbondioxide taxes for instance, and hence the industrial waste generation could level out or even
decrease. Therefore, any assumption on industrial waste generation for the future is not included
Waste management systems for Poland are divided into three different categories dependent on
population density. The reason for that is that Poland have a distinct difference in composition and also
generation of MSW for areas with different population density and hence a need tor different waste
management systems. Industry and industrial waste are also dependent on population density, where
agriculture waste dominates the rural areas, wood waste from wood processing and waste from food
producers dominates the smaller cities and waste from coal mining dominates the coal basin (larger!
cities.

The government have the following future plans for waste management within year 2000 [5| Build 2
incineration plants with capacity of 600 ton/day each for MSW Build 10 composting plants with capacity of
100 ton/day each. Implement source separation collecting systems in 20 communities Build 10 large
regional dumping sites and numerous communal dumping sites Build 3 regional neutralising plants with
capacity 20 ton/day each for hazardous waste. Organise 20 regional systems for neutralising of hospital
waste. Build 10 installations to locate mining and waste from energy production m mining excavations (30
million ton/year). Build installation for generating market gypsum from tlue gas desulfurisation products

Wa.sJe_ManagejTientjn_R.uraJ_Areas
Due to the low coverage factor for collecting MSW (20-40%) and laige amount of illegal landfill

sites, waste should to a great extent be source separated and utilised at source in rural areas MSW
generation in rural areas is 60 vol% less compared to small and larger cities The jj ir.position is
distinguished by a high content of inorganic materials and fines (0-10mm) and low content of food wastes,
paper and plastics. The waste has a low heating value due to the low content of combustible matter (12
weight%). therefore collection of rural MSW for combustion would be very expensive clue to several
factors such as:

- Collecting distances - Small quantities
- Processing - Poor quality of waste

A process scheme for a waste management system for rural areas is shown in figure 3 Sewage sludoe is
collected in a collecting tank and transported to small or larger cities for treatment MSW should be source
separated Glass which is one of the five main components of rural MSW is subjected I " recycling j n d
should be collected in a separate container Paper should be combusted at source for h;-ating purposes
during the cold period, which is the present common practice Otherwise paper could be collected in a
separate container for recycling Plant and animal origin food wastes and remaining organic wastes
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according to table 1 should be composted at source. Many people in rural areas already compost organic
wastes today, so this should be easy to implement. The rest fraction after utilisation of organic, glass and
paper wastes should be collected and landfilled.
We have focused on making a simple realistic system which could be implemented without too much
efforts and investments put into a new waste management system.
In rural areas agriculture could be looked upon as "industry" and a source separation of different wastes
into three different categories would be suitable. Plant origin wastes and food wastes should be
composted at source. Straw which today is burnt out in the fields should be utilised for energy production.
The straw should be transported to small or larger cities for energy recovery, because it is not possible to
utilise straw for energy recovery in an economic way in rural areas. There is presently a collaborator,
between Poland and Denmark on utilisation of straw for energy recovery.

Higher population density and a larger fraction of combustible components makes small cities
suitable for a more integrated waste management system with source separation, recycling and RDF
(Refuse Derived Fuel) production. RDF processing facilities will become more common in the future
because of the increasing interest in material recovery from waste. Figure 4 shows a proposed waste
management system for small cities. Sewage sludge from rural areas anrl smaller cities should be treated
at a biogas plant. The gas should be utilised for electricity and heat production and the rest fraction from
processing should be used as fertiliser. Small cities should soit out glass from MSW at source for
recycling. The rest should be handled at a RDF processing facility |8,9| In general the RDF processing
facilities processes the waste to a combustible fraction, wet organic fraction and a metal fraction |9j The
combustible fraction could also include wet organic waste in order to increase the energy output from RDF
and decrease the rest fraction from processing [10). The industry could also deliver pre-sorteri
combustible waste to the RDF processing facility and receive RDF fuel in return at a reasonable price
This fuel could be used for co-combustion in already existing coal firing plants (fluidized bed, grate firing)
The RDF fuel should be densified and classified to meet the requirements for use in co-combustion with
coal [11| RDF fuel is also suitable for combustion in a fluidized bed alone |12|. Fluff RDF could be used
for grate firing or in a fluidized bed with the advantage of one processing step less (densifying). Thp
residue from combustion of RDF should be landfilled.

Metals sorted out from the RDF facility should be landfilled, but in the future recycling could be an option
Wet organic waste if not utilised for combustion, should be composted
Industrial waste should be source separated and the combustible fraction could either cover energy needs
without any upgrading or it could be sent to the RDF facility for upgrading. Residues from combustion of
combustible fraction should be properly landfilled. The rest fraction from source separation of industrial
waste should also be landfilled.
Hazardous waste should be taken care of with a special collecting system and transported to larger cities
for treatment.
Straw collected in rural areas should be utilised for energy production in special designed boilers for stra*
combustion (low exit furnace temperatures) and the energy should be used for district heating.

Waste Management in Larger Cities, Urban Areas.
The MSW composition in larger cities is characterised by a larger content of paper, plastics and

food wastes and a lower content of inorganic material than the case is for niral areas and small cities. The
heating value is higher due to the above mentioned factors. Industrial war.to in larger cities mostly consist
of waste Irom coal and energy industry. Larger cities and urban areas in Poland are characterised b.
many high-rise buildings which were built in 1970s and 1930s with limited possibilities for source
separation of MSW. Just one vertical tunnel per slairv/ay enables people to get rid of different kinds o'
waste into one container. The high population density in these areas makes source separation of wastes
and subsequent re-use, recycling and composting very difficult.
Figure 4 shows a proposed waste management system for larger cities
Sewage sludge from larger cities and rural areas is collected in tanks and then transposed to a Diogar
production plant Sewage sludge together with green wastes are processed for biogas production. The
biogas production is an anaerobic process which mainly produces methnne (50 05%; and carbon dioxide
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A gas motor fuelled by biogas is driving an electricity generator and heat can also be recovered through a
heat exchanger. The multifunctional system with a relatively simple technique and relative low investmenl
cost for biogas production and utilisation serves the following advantages: energy production
improvement of sanitation, control of erosion by recycling organic Tiatter into soil, degradation of toxic
components. The total conversion efficiency is between 20 and 40% Vol jme reduction for a biogas plant
is between 65 to 90% [13,14].
MSW in larger cities is not subjected to source separation but is transported directly to a RDF processing
facility. For utilisation of MSW for energy production one need pre-treatment due to the low effective
heating value of raw MSW The RDF plant for larger cities should consist of grinding, sieving, magnetic
metal separator and a ballistic separator. This system will increase the heating value of MSW by taking
out metals, fines (mostly ashes) and the heavy fraction (glass, stones, remaining metals, ceramics, etc.)
Heavy fraction and fines together with metals should be landfilled and RDF utilised for energy recovery
Residue from combustion should also be landfilled As pointed out in figure 5 energy from combustion of
RDF can be utilised in a steam turbine for electricity production witn an efficiency factor between 30 to
33%, utilised in a combined heat and power plant one would have an efficiency factor between 50 to 60%
For district heating one would typically have an efficiency factor around 80% To choose between these
different methods one would have to take into consideration the energy infrastructure in the actual area
and future demands for energy. Figure 5 has marked with a dotted line that gasification of pre-treated
MSW as a high-technology process is an opportunity for the future The product gas from gasification
offers a wide range of possibilities for utilisation: production of industrial heat or steam, gaseous fuel for
generation of electric power, substitute gas for natural gas and as a synthesis gas for production of liquid
fuels or chemicals. The advantage of gasification compared to direct combustion is a higher electricity
production efficiency (up to 45%), if the power is generated in a combined cycle (gas turbine, steam
turbine and generator). Since gasification is not a well developed process and have high investment costs
and because of the relative low prices of other energy carriers, this will be a technique for the
future[ 15,16).

Industrial waste should be treated as industrial waste in smaller cities is treated, with source separation
and energy recovery, but here most of the waste is non-combustible and this is landfilled.
Energy recovery from straw collected in rural areas is also a possibility for larger cities.
Hazardous waste for larger cities should be collected and treated at treatment plant which meets the
environmental standards for pollutants. One or two larger plants should be built located nearby the largest
industrial areas, where most of the producers of special/hazardous waste are situated
There are several different treatment methods for hazardous waste; for instance chemical treatment,
physical treatment, biological treatment, landfill and several different thermal destruction methods.
Decision on which method or methods that should be used is dependent on: amounts and composition of
waste, economy, politics, technical solutions and even feelings. Feelings are involved because no one
wants to have a treatment plant for hazardous waste close to where they live and people want a method
that is environmental friendly, so the public opinion have to be taken into consideration The Polish
hazardous waste is mainly generated from hospitals and chemical industries and therefore there is a need
for both thermal treatment method for volume reduction and destruction/decomposing of toxic/infected
waste and a need for a well controlled landfill site for non-organic hazardous waste. The most common
thermal destruction method for hazardous waste is combustion and this would be the most suitable
method for Poland at this stage. In addition to combustion there is plasma pyrolysis, which decomposes
the waste at a very high temperature, 5000-12000 °C This technology is, however, new and still in
development [17]. The pyrolysis alternative is in figure 5 marked with a dotted line as possibility for the
future.

5 ENERGY ESTIMATIONS
Poland consumed 3950 PJ of primary energy in 1993 [18], the energy calculations will be

refereed to this figure.
1 ton of average composition MSW [19,20] was used for the energy estimation:

C^ = 9,0 MJ / kg total amount of MSW was 8.2 million ton in 1993
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Landfill Gas Production (LFG).

The period for LFG production in a typical landfill is between 25 and 30 years (taken t = 25).

G, = 183.6 ( 1 - 10" O 0 3 ' 2 5 ) = 151 m 3 / t o n (1)

C,= 18MJ/m3

E, = G, *C,: 25= 108,7 MJ / ton and 0.89 PJ/y (2)
LFG production and utilisation is restricted by the following decreasing energy conversion factors [1]:

• only larger landfill sites can use gas extraction systems, it means that the share of landfill sites
that can be used for LFG extraction and utilisation is 60 - 80% of total registered landfills

- approximately 50% of generated LFG can be extracted
- utilisation method

The total energy conversion factor for LFG production and utilisation is between 2 - 5 %.

Biogas Production.
Period for biogas production is between 10 and 30 days and average biogas yield is 145 m3 /ton.

Eb = 145 • Cb = 3234 MJ / ton and 26,6 PJ/y (3)

Biogas production is characterised by energy conversion efficiency between 25 - 60% depending on
feedstock The total energy conversion factor for biogas production and utilisation is between 12 - 54%.

RDF Production.
Two different methods for RDF production [19] are used for energy estimations:

a) RDF production without food wastes in combustible fraction. Mass reduction is 21%, which gives us
210 kg of RDF from one ton of waste.

Cpa= 16,5 MJ/ kg

Ep = 210 ' Cpa = 3465 MJ / ton and 28,4 PJ/y (4)

b) RDF production including food wastes in combustible fraction. Mass reduction is 58%, which gives us
580 kg of RDF from one ton of waste.

Cpb= 12,6 MJ/kg

Ep = 580 * Cpb = 7308 MJ / ton and 59,9 PJ/y (5)

RDF production is characterised by conversion efficiency between 40-80% depending on method and
feed-stock The total energy conversion factor for RDF production and utilisation is between 22- 64%

Straw for Energy Purposes.
Straw can be regarded both as biomass and as waste from agriculture production. In Poland it is

mostly considered as waste For combustion of straw one should use special constructed boilers with
large combustion chambers and heating area to avoid high temperature corrosion because of the high
content of alkalies The feeding system should be adapted for burning straw in ballots and a gas cleaning
system should be implemented. Energy recovery from straw would also give a net reduction of pollutants
The straw production in Poland was 14 million ton in 1994 [21].
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Cs = 14,3 M J / k g

E s = 14 ' C , = 2 0 0 PJ/y (6)

Utilisation. Methods,
Different utilisation methods are shown in figure 5, each of these methods are characterised by

different efficiency factors, so the final energy amount can be different depending on the method used.
The preliminary assessments were carried out in reference to the total energy contained in wastes, which
will not be achieved since the conversion efficiency is lower than 100%, in some cases much lower The
most common utilisation methods for energy recovery from waste, as mentioned above, are
1 Combust ion of gaseous fuels in a gas boilers with relatively high combust ion efficiency for heat
production up to 95%.
2. Fuelling (gaseous fuels) of gas engines to produce mechanical / electrical energy and heat with total
efficiencies between 50 - 70%.
3 Combust ion of solid fuels (RDF, straw, RDF mixed with coal or wood) in moving grate furnaces to
produce hot water for district heating purposes with efficiency about 80%,
4 Combustion of solid fuels (RDF, straw, RDF mixed with coal or wood) in moving grate furnaces or
fluidized bed furnaces to generate heat, process steam and electricity with efficiencies between 55 - 7 0 %
If sum up the energy in wastes (2)+(6) or (3)+(6) or (4)+(6) or (5)+(6), the average calculated energy in
wastes will be 228,9 PJ/y and 28,9 PJ/y (without straw) Multiplied with an average conversion factor of
30% for MSW and add 200 PJ/y for straw multiplied with an conversion factor of 8 0 % the result is 168.7
PJ.'y. This is 4 ,3% of the primary energy consumption in Poland, The calculated energy in M S W using
different methods and an efficiency factor of 30% is 8,67 PJ/y, in comparison to only LFG production and
utilisation which gives 0,03 PJ/y

6. CONCLUSIONS
Poland have a good opportunity to control the development of annual per capita generation of

MSW and preserve the present low level if proper waste management systems are implemented Due to
the large variations in properties for Polish MSW and an expected growth in the standard of living, it is
important to handle waste management carefully Different and more integrated waste management
systems for the future for both industrial and municipal waste are suggested for rural areas, smaller cities
and larger cities

7. NOMENCLATURE
Cb biogas calorific value, Eb calculated energy in biogas,
C, LFG calorific value. E, calculated energy in LFG.
Cpa „ RDF calorific value, Ep calculated energy in pellets,
Cs straw calorific value, Es calculated energy in straw,
Cwh higher waste calorific value. G, LFG yield (t - yielding time),
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T A B L E S

TABLE I C H A R A C T E R I S T I C S OF M S W IN P O L A N D (AVI RAGE HA f •'• 1'pt" '•: '.'.• ; i [

Characteristics

Per capita qetierai^od

Composition
0-10 mm
Plant origin food wastes
Animal origin food wastes
Paper & Cardboard
Plastic
Textile
Glass
Metals
Remaining organic wastes
Remaining inorganic wastes

Combustion Properties
Moisture"
Combustible malter*
Noncombustible matter*
Higher calorific value**

Fertile properties
Orqamc matter
Organic carbon
Organic nitrogen
Organic phosphorus
Total potassium

r Unit

kg Ayr

wetght%

weight%

weight %

weight%

weigh t%

weight1:^

weight%

weigh|%

weight%

weight%

weight%
weighi%
weight%

kJ/kg

weight0'*)
% C
% N

% P?O5

% K;O
' as received

Cities

i < >• '

Tj 3

?:• 6

2 9
106
4 1
3 7
5 1

49 5
22 6
279
9027

43 8
20.7
1 2
07
04
" dry basis

Small cities

: i r-,

r i '•'-'

? *"'

? 5

" "lav

11 0

1 5 b

34
16
50

?4 50

24 5
12 9
0 5
0 6
0 1

Rural areas

'?0

? i

0 B

3 '!

10
15

' "• foTf -
3 5

18 1 j
" 32 0 ]

32
12
56

1927

17 5

79
0 4
0 5

0 1
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Fig 1 Annual and Accumulated Amounts of MSW in Poland | 1 |

-Development until 1992

__ Scenario I

- - Scenario It

- - Scenario III

A Norway

• USA

1989 YEAR 1 9 9 2 2010

Fig 2 MSW Generation Development and Future Scenarios
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Fig 3. Waste Management System for Rural Areas
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Fig 4 Waste Management Systems for Small and Larger Cities
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