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PREFACE 

These case studies were undertaken within th~ UNIDO Project on Low 
and Non-W~ Technology (LNWT) in Energy Production jointly financed by 
The Ministry of Environment of Finland, The Technical Research Centre of 
Finland (VTT - Energy), UN/DESO, UNEP and UNIDO. The project was 
executed by VTT - Energy in cooperation with a number of Consulting Agency. 

· The project included a Workshop and Study Tour held in June 1993 in 
Finland and Case Studies in a number of participating countries. 

The present Case Studies on Waste Management and Cogeneration in 
East Europe were undertaken by VTT - Energy in cooperation with Wirtsili 
Diesel and A VECON OY in Finland and a number of individual consultants in 
the Czech Republic, Hungary and Rumania. 
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I. CASE STUDY ON THE CZECH REPUBLIC 

A. GENERAL INFORMATION ON ENERGY AND ENVIRONMENT 
SITUATION IN THE COUNTRY 

1. Development of Energy Economy in the Czech Republic 

The major negative factors affecting energy sector for the past 45 years were: 

* the almost exclusive political and economic orientation of the Conner USSR 
* the acceptance of the model of a centrali7.ed management of all sectors and of the 
entire economy 
* abundant red tape including all levels of management in the fuels and energy 
sector 
* environmental data treated as classified material over a number of years. 

The complete dependence on oil and gas imports from the USSR has been the most 
important single factor influencing all concepts and decisions within the energy sector. Even 
though the general situation in what today is the Czech Republic has changed dramatically in 
most sectors of the economy and of everyday life. the ~hange sofar has been less remarkable in 
the fuels and energy sector, because of its large si7.C and because of the associated inertia of the 
systems involved, and also because of the huge financial resources required. 

The Czech Republic depends on imported oil and domestic coal and natural uranium. 
Total primary energy supply (TPES) used in the C7.CCh Republic (CR) in 1992 were 
approximately 1.8 EJ. Industrial and construction activities were reduced, GDP feII dramatically 
from 1989 to 1993. The C7.CCh economy is not expected to show positive GDP growth in 1993. 
FoIIowing a 7.1 % drop in 1992, an additional drop of about 2 % in GDP is expected in 1993. 

Energy intensity (TPES/GDP) is increasing from its value in 1990. Of the primary 
sources, consisting of coal, oil, natural gas, nuclear fuel, hydroelectric power and imports, 67. 7 % 
were produced by domestic sources. The imported oil was 15.3 % and natural gas was 12.6 %. 
The basic indices of Energy Economy are given in Table 1. 

Because of the current economic stagnation, power requirements are now decreasing and 
are expected to continue doing so for the next one or two years. When economic growth 
materializes, it would accordingly lead to an increase in energy demand. 



~---------- -------

8 

l"able 1. Bask lndittS nf 1-'.i:•c~,. Econom~· 

lndirn l.oit 1986 19K'7 l'IKX I '9S'J ICJ'NJ 1991 1992 

GDP hill. Kcs -175.'.'. -186.'.'. 5015 :'ii 18 505.<J -tJ2.'.'. -tOI 5 

folal Primal'} En.:r,::~ PJ 21SS.7 22J3.4 21!N5 21512 207<>.I 19.F ; 1600.b 

Surp"" 

Gr•"'-" C'u11sum1iti,•n 1Wh 5&.8 bO 9 f1I b b2"' hi .9 5R.O 5h I 

"' FJ.x-tricitv 

E.n.:r<,..~· lnh:nsit~ PH•ill. Kcs -t.61 4.'i9 -U7 -t.20 -t. II -tA8 -t.-t9 
(H'ESi<Jl>Pl 

lnhal-ilants mil.inhal-. 10.:4 !035 10.Jo 10 .. 16 IO.Jo 10.31 10 32 

The hydro power potential of CR is only ahout ] % of the total power consumption. The 
structure of the final energy consumption by type is given in Fig. I. 

..., 
n. 

500 /• 

400 

300 

200 

100 

0 

Hl85 1990 
Yf!flf 

1991 1002 

Vig. I. t-:nrrJ!y Con~umr>tion b) 4'(Hlrl'C CP.J) 

i 

t] 
L:J • § 

Uiergy source 

Solid Fuels 

~!111.A Healing 

l.JqlAd f- ue!S 

r:iaseoug r uels 

EJedllcity 

original contains 
color illustrations 



9 

It is neces.wy to improve the efficiency in the production and use of energy as well as to 
conserve energy. 1be result of a study on Demand Side Managemen£ (DSM) indicates that the 
CR could reduce energy consumption during the next years !>y applying energy conservation 
measures. 

Energy pmition in CR and existing energy sources determine the roles of coal and nuclear 
power. Czech energy sector is cbaracteri7.Cd by higb pollution levels, inefficient production and 
consumption. and dependence on imported oil and gas. Privatization and market competition are 
the main urgent tasks to start with in moving to conditions of market-oriented prices for energy. 

2. Technology and Environment 

Existing technology on the one hand and the present state of the environment on the other hand 
need to be reviewed. 

2.1. Technology 

The Cz.ech Republic could be described literally as being over flooded with technology. Not all 
of it, of course, is up-to-date, and this is particularly true for the energy sector1

: 

Industry is an energy-intensive sector, with a high share of metallurgy, heavy engineering 
and similar energy-consuming industries; the efficiency of energy utilization is low and 
the environmental impacts are considerable. 

Coal continues to be the dominant primary source of energy; again this is considered 
environmentally as a negative sign. 

The policy of cheap power for industry resulted in a high waste of energy resources; 
power prices for industry sector are now climbing but they are still lag behind the 
international level. 

Process upgrading was slow resulting in a general retardation of tc. ;hnological 
development in the spheres of power generation, transmission and consumption. 

The technical p3.I"311lCters of existing power plants are rather poor; complete overhauls and 
rehabilitation are required to upgrade performance. 

2.2. Environment 

The state of environment protection in Czech enterprises within the power and energy 
sector is known to be rather unsatisfactory in many respects and this applies to almost all the 
country's installations. 

1The average age of thermal power stations in the C1.ech Republic is 24 years. 
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The coal-fired power plants emit large quantities of various pollutants of which some 
affect not only the atmosphere but also the waters and the soil. Sulphur is the main source of 
pollution in the emissions. Some enterprises/companies have become semi-permanent storage 
sites of various dangerous wastes which are yet to be disposed of in a safe manner. 

Environmental monitoring is in progress. and an environmental audit methodology project 
is envisaged. Legislation is rather advanced2 but enforcement is problematic. The following are 
the official permissible limits {mg/m3

) applied for pollutants emitted by sources having over 
5 MW output3: 

Output Particulates SO, NO, co 

Solid fuels 
5-50 MW 15 2500 650 
50-300MW 100 1700 650 250 
over300MW 100 500 650 250 

Liquid fuels 
5-50 MW 100 1700 450 175 
50-300MW 50 1700 450 175 
over300MW 50 500 450 175 

Gaseous fuels 
over5MW 10 35 200 100 

-------------------------------------------------------------------------------------------

B. ACTIONS TAKEN TO IMPROVE THE SITUATION 

A number of steps have already been taken, or follow automatically other actions, to abate 
pollution, and/or mitigate its effects. For example, in 1991 the level of electric power generation 
dropped below that of 1980, due to decreasing demand. Power export also has decreased. The 
first industrial-scale desulfurization unit is already in operation•. Implementatic,n of a number of 
ini!ial steps together with the over-all trend has made it possible to decrease sulfuric dioxide 
emissions from about 1.3 Mt/yr in 1980 to about 1.0 Mt/yr in 1991. Particulate emissions 
dropped from 480 kt/y to I 00 kt/y over the s&me periods. 

2
Environmental laws of lhe Czech Republic arc available in English (over 600 pp. in three volumes). 

3
0fficial !isl and Ii mil concenlralions of pollutants as per Regulalion of the (former) Federal Commission 

forthe Environment, dated January I, 1991. 

'Donated by the Government of Bavaric. for 1he Tisova power station. However, the desulfuri1.ation 1here 
no longer complies wi1h Czech regulalions. 

''The emissions of nitrogen oxides remained al lhe same level in 1991 as in 1980. 
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1bc long-term objective of the Czech fuels and energy policy is a reliable. safe. economic 
and environment-friendly supply and distribution system throughout the country. The basic steps 
to achive this goal include 

improved energy utili~ation with ensuing direct decrease in demand 
lcaming from the experience of more advanced countries which have demonstrated that 
money invested in energy-saving and conservation decreases the total energy costs. 
broad desulpfiurisation programme 
increasing the share of nuclear power 
learning to live with higher energy prices. 

C. PROBLEMS AND BARRIERS 

The demand for energy sources in the Czech Republic is estimated in Fig. 26
: 

The glcbal strategy adopted by the Czechoslovak Government and Federal Parliament7 
basically continues to be the strategy of the Czech Government. 1be only major decision taken 
sof ar by the Czech Republic was the go-ahead sign for the completion of the somewhat 
controversial Temelfn nuclear power station1

• The strategy is 

to reduce the energy demands of the Czech economy and yet to provide necessary energy 
for the nation 

to stick to domestic supplies where feasible while protecting the environment, and to 
continue (or even expand) purchases of fuels and energy from abroad when less expensive 
to do all this mainly through 
* an active pricing policy 
* massive investment in technology upgrading 

* 
* 

energy-saving programs 
integration of the Czech system of fuels and energy (power, gas, oil) on the 
European scale. 

And the major goals arc 

to continue cutting down lignite and stone coal extraction 

6 A special litudy by Vft Stcfcc. 

'Prior to i;plilling C1.echoslovakia, the then Federal Government passed one of its major bills in 1991 • 
the Program of a structural policy of the State a'.'I a component of the fundamental economic reform. An important 
place in this program has been given 10 the ene1 gy policy and the future structure of the energy supply. 

ijWci;tmghousc won the contract to upgrade and bring to completion this originally Soviet-designed plant 
located in Sou1hern Bohemia. 
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to shut down a total of I ~00 MW of thcm1al pm\cr \.~tpacity in Northern Bohemia which 
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to evaluate continuously the power generation alternatives, i.e., 
* coal imports vs. domestic extraction 
* coal gasification, liquefaction, and the steam-gas cycle 
* nuclear vs. thermal power 
* renewable sources of energy 
to establish closer ties with the chemical industry 
to diversify e11ergy sources and to make full use of the geographical location in the heart 
of Europe 
to establish and operate special programs for the highly polluted districts. 

One ambitious project aims at replacing one thermal power plant, one power and d!strict 
heat plant, and a condensing power capacity by state-of-the-art technology for clean power 
generation based on local coals and residuaVwaste oil from two petrochemical piants.14 

Another study perceives the whole of Northern Bohemia, the worst polluted region, as a 
single "controlled atmosphere·· district where the environment would be managed using an 
interlinked system of monitoring and fec:'1back control. 

D.OTHERPOTENTIALSFORENERGYPRODUCTION 

1. Domestic Coal 

Lignite and stone coal extraction dropped significantly from the 1984 peak figures15 but 
will continue to cover a major portion of the country's energy inputs. The environmental 
conditions in the mining districts as well as downwind of the power stations is improving. 
However, the country needs to maintain a strategic reserve in mining capacities in order to guard 
itself against the instability of the international energy market. The transition to market economy 
has deeply ~ffected the coal industry which now faces CL nplicated social problems because of 
closing of mines. 

2. Use of LNWT in Power Production 

By the year 2005, thermal power generation should be halved. The share of nuclear power 
plants will increase. Several thermal power stations16 will be converted to heat plants equipped 
with desulphuri1.ation. Some of the power plants (although shut down) will not be dismantled, 
but used as a strategic reserve. 

•The fluidized bed combustion proce~s will be used more widely, while desulphurization units 
are expected to be installed virtually in all power plants. This appears to be mainly wet limestone 

14The venture is organi1.ed as a srand-alone investment providing utilities to the petrochemical facility 
while receiving a share of its production. 

1sl04 Mt of lignite and 26.4 Mt of stone coal incl. the coking grades (for the whole of C1.echoslovakia). 

16For example. one block at M~lnfk. 
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desulphurization. Regulated dumping of cinders and soil re-cultivation rank among the other 
important projects. 

* Small hydro-electric power plants, although unable to play a major role in the energy balance, 
will reappear thanks to private business. 

*Storage-pumping hydro-electric power stations17 will remain to be of some importance for 
power grid regulation. 

* A regional network. of heat plants is being developed together with the concept of cogeneration 
(combined power and heat generation). 

* The goals include double-purpose utilization of nuclear and thennal power plants (the latter 
fitted with desulphurization) for a more effective fuel utilization; utilization of fluidi7.Cd bed 
combustion in the heat plants; and utilization of industrial waste heat. 

3. Use of Nuclear Energy 

. 
The C:zech Republic today seems to have no other alternative than use more nuclear 

energy. 'Ibis is what the nuclear power advocates say. Among environmentalists, the moderates 
also tend to side with nuclear power. Ordinary people tend to approve nuclear power. The issue 
is not so provocative at the moment because of so many things changing so rapidly and other 
important issues in jeopardy at the pipeline in the C:zech Republic for few months. The country's 
present nuclear power capacity is 1760 MW which is 18 % out of the total installed capacity 
representing the basic load18

• 

Finding suitable sites for new nuclear power plants will be increasingly difficult in the 
Czech Republic. 1be bidding process for two new nuclear units which had started several years 
ago was discontinued. Exceptional attention is now being paid to reactor safety, both during the 
construction and the operation of the plant, with all the stringent standards of Europe being 
applied19

• 

A separate problem of nuclear industry is fuel manufacturing and stocking20. Here, the 
country is again trying to become independent on Russia, but still seeking a partnership with 

17 Storage-pumping stations at Dlouha Strat\ in Northern Moravia but also at Daldice and Stl:chovice. In 
contrast, the hydro power stations at Lipno and elsewher~ are of the through-now type. 

1"Nuclear power stations do not lend themselves easily to regulation. Coal fired power stations can always 
be shut down anci restarted but even here it is a costly and laborious process. 

19Dukovany in Soulhern Moravia is the only nuclear power station in operation, raising 1760 MW; 
Temelin in Soulhern Bohemia is at an advanced stage of construction. 

20 A contract for Temclin fuel i.o; being negotiated with Westinghou:.:e. New (Western) fuel suppliers are 
sought for Dukovany, 100. 
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Russia Some fuel is being imported from Germany21
• Landlocked in the heart of Europe. the CR 

has yet to solve the problem of nuclear waste22
• 

4. Oil & Gas 

1be ongoing remarkable increase in the use of natural gas would surely benefit the environment. 
On the other hand, the country continues importing oil and gas from Russia23

• Later on, the 
Czech will have to find other sources to cover the demand and to diversify fuei importers. 

S. Renewable and Secondary Sources of Energy 

Solar, geothermal, wind, and bionms energy as well as energy from wastes, heat pumps etc. are 
still regarded as advanced gadgets which have not yet found any widespread use. One reason for 
that is the long years of subsidized energy prices. In the near future, these new and renewable 
sources will not be of any major importance. Nevertheless, state support will be given to the 
development of these sources24 for local projects. 

6. Uranium Mining and Processing . 
Mining and processing of uranium in the Czech Republic was expected to continue, albeit at a 
reduced scale25

• until this was reversed by a recent Government decision to put the uranium 
industry "into stand-still". The policy is to have reserves of all fuels including uranium for 
nuclear, but also to diversify the sources of fuels and energy and no longer to add to underground 
pollution bv Llranium mining. 

7. Utilization of Energy 

The concept of energy conservation in the industry is marked with a shift away from the 
energy-intensive industries due to restructuring. It is hoped that ineffective exports of energy (in 
the form of energy-intensive products) will also be curbed and that production programs with 
efficient energy equipment and improved energy utilization will be preferred. Control systems 

21From the NORD power station, Peenemunde, Eastern Germany where operations were shut down. 

22Ukrainc has prohibited any transportation of spent nuclear fuel over her territory. Hence the only logical 
destination, Russia, cannot be reached. Consequently, spent fuel is accumulating at Dukovany in temporary 
storage; it is estimated that a permanent storage site must be ready by the year 2003. Dukovany shutdown by 2003 
is the only other alternative left, unless access to Russia is rtopened. Low-radiation wasle is solidified and stored. 

23Thesc rouble contracLo; will r'main valid for some years to come, making gas rela1ively cheap for the 
C1.ech. 

24The pertinent bill is yet to be made into law. 

2 ~Until 1993, the ur<1nium produced was being purchased by the Statt for rhe stale reserves. The C1.ech 
Republic. is well capable of extracting enough uranium to cover local requirements, but local production i5 more 
expensive than purcha5ing uranium from abroad. Incidentally. Slovakia has no appre1:iable uranium dcpo!'iit5 on 
her 1crri1ory. 
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(power installat~ons and appliances) and mea'iuring de~ices (mainly. for heat26
) are in great 

demand. Ali this should be oriented to cutting down the over-all consumption of energy. 

Wider use of natural gas and wider electrification of households (with the full range of 
electric appliances, electric heating, etc.) will significantly increase gas and power consumption 
in the public sector. However, the substantial decrease in energy consumption by the industry is 
an essential prerequisite. This decrease has to come in all sectors of energy consumption 
including electric power generation where the efficiency of power utilization should grow. 

In order to estimale the futwc development of the C7.ech power and energy sector, sevecal 
scenarios have been elaboraled. lbeir principal items are to decrease ineffective consumption of 
gas and oil and to continue supplying enough electric power. Oil and gas imports have to be 
diversified. Diversification of natural gas supply will come with an extended pipeline27

• Parallel 
intcroonnections of refinery capacities by a system of product lines is an<>lhcr promising project. 
Diversification will give the Czech Republic a chance to join the integrating European oil and 
gas distribution network21

• 

Imports of electric power from USSR and, later, Russia used to be a ccmmon practice; 
as were other imports and exports within the CMEA grid. All other power import and export 
activities depend on getting the D..ech Republic's grid hooked on to the West European system29

• 

E. WASTE MANAGEMENT CASE STUDY OF KLADNO DISTRICT 

1. Introduction 

Kladno district is situated about 20 km NW from Prague. It has 150 thousand of 
inhabitants who live in 99 communities. The biggest city and the administrative centre is Kladno 
with population of 75,000. The district has a great industrial potential with metallurgy and coal 
mining round Kladno and agriculture and other manufacturing industries in the northern pan. 

Waste management programme was worked out on new legislative background in the 
Ci.ech Republic. All essential laws, acts and notices were passed in 1991 and 1992 and they are 
quite similar to relevant mandates in Germany and Austria. 

26
E.g .• 10 measure rhe heal consumed by individual hou~holds. 

27
Exlension of the Triesle·lngolsradr pipeline 10 l.ivinov and Kralupy. and extension of the Trieste· 

Schwcchal line ro Brarislava, Slovakia. 

2
AOil and ga.; impons from a number of differenl sources were considered al various rimes: gas from 

Algeria; evaporation rerminal in Yugoslavia; a Mcdilerranean pipeline via lraly. Yugoslavia, and Austria; oil 
imporrs from Iran. Vcnc1.uclo.. Mexico; Tunisiil, Cameroon. Gabon, Nigeria. None of these schemes has raken 
off the ground yet. 
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2. Waste Production 

The production of household and municipal wastes in towns and communities was 
ta..hulated on lhe grounds of 

a) lhe records of landfill operators. and 
b) statistical accounts by the Local Management Research Institute method. 

Because of relatively short-termed records and the lack of scale facilities at present 
landfills, figures on waste volume should be regarded more as rough estimations with plus or 
minus 20 % accuracy. 

The volume of municipal waste generated annually in the district is 58.000 tonnes. This 
figure comprises domestic waste, street garbage and back yaro waste. A vcrage annual amount 
per capita in that district is 0.39 tonnes. 

In addition, there arc other producers of '"waste similar to domestic" and their production 
is 5,570 tonnes. The records from a number of small business and retail companies are 
unfortuna!ely missing. On the whole. the total figure of municipal wastes generated in the district 
is 63,570 tonnes/year. The communities also arc responsible for rubble and reconstruction waste 
(99,350 t/year) and sewage waste from household sceptics and sewage tanks (118 870 tlyear). 

3. Waste Collection 

There are several companies which are involved in household waste collection and 
transportation within the district. · 

Company Number of communities Central/local landfills 
(population) (locality) 

TS Kladno 24 (91 804) central (LibuUn) 
TS Slany 5 (22 583) local landfills 
TS Stochov 5 (10 125) local landfills 
TS Slany 6 (3 984) central (Nabdfn) 
OU Vinafice 4 (3 033) central (Vin.hora) 

Eltpl.: TS means Technical Services which is community owned and panly granted company. TS Kladno is to be 
privati1.cd. 

In some marginal parts of the districts, household waste collection and transportation is 
provided by similar organizations from neighbouring districts (mainly Kralupy). In some smaller 
communities transportation is provided by local agriculture cooperative companies but as a 
counter-service they usually use local landfills for dumping their waste. 
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To sum up the situation. is well organized collection and transportation (garbage C"lJls and 
containers at the door and special delivery trucks) serves ab:>ut 80 % of the district's population. 
Five to I 0 % of the population brings their waste to nearby bulk containers (within I 0 minutes 
reach) and the rest of population transports waste to landfills by their own vehicles. 

4. Recycling 

The following chart of the average composition of household waste is derived from 
project results of the Local Management Research Institute of Prague. 

Household waste 
compounds 

Paper 
Plastics 
Textile 
Wood 
Kitchen waste 
Iron scrap 
Aluminium waste • 
Other metals 
Glass and shreds 
Inorganic waste 
Ash and cinder 

Total 

9.6 
5.9 
3.8 
0.7 
7.2 
5.8 
0.5 
0.1 
7.0 
9.0 
50.4 

100% 

tonnes/year 

4566 
2801 
1804 
332 
3419 
2 754 
237 
47 
3 324 
4273 
23925 

47482 

These figures are a little bit out-dated (8 years old) and it could be expected that 
production of ash and cinder is lower due to the installation of natural gas lines in some central 
and local heating facilities and that the amount of aluminium. plastic and paper package materials 
have likely increased . 

As a result of small-scale privatization. abou. 30 private entrepreneurs have emerged and 
found small recycling yards. Unfortunately. half of them concentrate only on attractive 
commodities such as copper, lead. aluminium metals and iron scrap. The following chart shows 
a summary of recycling yards within the district which accepted a wide range of wastes (raw 
materials). 

In the second half of I 992 the Kladno District area started to be supplied by coloured 
containers for separated collection of hottschold waste. This is a starting point for the 
development of a so-called "bring system" where people can bring sorted waste to these 
containers within their reach (5 minutes walk). By the end of 1992, 15 communities were 
supplied with containers. including one residential quarter in Kladno. About 26 332 people were 
served by I 09 containers. 
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Two different systems are being tested: 

a) The first st'.1ridpoint consists of three containers of 2.5 m' each for collection of 
coloured glass. clear glass and paper. This system is developing mainly in urban 
areas wit;, a high concentration of inhabitants living in block of flats. A shon 
campaign preceded the installation and green leaflets were distributed to 
surrounding households. Disposal to final recycling facilities is ensured by local 
company VEP Kladno. 

Recycling yards M IS p G L AC T 

Slany U nadraii (Sbs) + + + + + + + 
Slany U brodu (Sbs) + + + + + + + 
Kladno Kroeehl (Sbs) + + + + 
Kladno Kroeehl (Sbs) film fixatives 
Kladno Svermov (Sbs) + + + + + + + 
Kladno sfdl. 9.5. (Sbs) + + + + + 
Kladno Rozdelov (Sbs) + + + + + + 
Kladno - Slanskci (Sbs) + + + + + + + 
LibuUn (Sbs) ·+ + + + + + + 
Stochov (Sbs) + + + + + + + 
Tuchlovice (Sbs) + + + + + + + 
Smeeno (Sbs) + + + + + + + 
VEP Kladno Svermov + + + + 
Kr.ikorova Velvary + + + + + 
Vild Kladno + + + + 
Batelka Jemniky + + 
Dryak Loucka + + + 
----------------------------------------------------------------------------------------------
Expl.: M metals, IS iron scrap, P paper, G glass, L lealher, AC lead accumulacors, T rextile, Sbs Sbant suroviny 

b) The second system consists of two containers of 1 m1 each for glass and plastics. 
That "bring system" is supplemented by casual collection of paper, textile and iron 
scrap just from the household (kerbside col.). The system which is run by local 
company is being tested mainly in smaller communities. Mixed plastics are still in 
storage. 

S. Final Neutralization (Disposal) 

Incineration of domestic waste was recorded in three communities, even though a bigger 
portion of incinerated waste is anticipated (in rural areas with local fossil foci cauldrons). About 
840 tonnes of domestic-type wac;te arc incinerated at the energy centre of Poldi Kladno under 
high temperature. Wao;te is added to fos.c;il fuel in ratio I :9 with no flue gas cleanup system. Most 
of thi.~ waste comes from a crushing and sorting facility for old cars. 
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Municipal wa. .. 1e from towns. communities and other producers is neutralized as follows: 

Method of handling 

Deposited to landfills 
Incinerated 
Composted 

Total amount 

Amount llyear 

60000 
974 
2583 

63 570 llyear 

94.5 
1.5 
4.0 

100% 

Small scale composting is operating in 22 communities, producing only 134 t/year of low 
level compost. Some unsound practice li':e the usage of fossil fuel ash as an additive cannot be 
excluded. Composting of 2 200 tonnes of crushed and screened household waste is done on more 
sophisticated level at Goodard facility in Libutin (operated by Technical Services Kladno). Even 
that waste sorted at Goodard cannot meet requirements of the Czech norm for "industrial 
composts" due to a high content of undesirable compounds (glass, small pieces of plastics) and 
due to heavy metals pollution (Hg, Cd, etc.). These composts are only used for industrial estate 
reclamations. 

Another similar facility which is situated at the town landfill in Stochov (rotatory sorting 
screens) was determined for backward screening of fermented waste from the landfills. The 
operations did not occur during 1992 because of lack of market for industrial composts during 
the last two to three years. 

6. Costs and Expenditures 

This information refers mainly to household waste disposal in landfills (collection, 
transportation and site operations). Charges for wa4'te payed at the entrance of landfills varied 
from 50 to 120 Czech crowns (Kc) per tonne. Kladno citizen4' payed nearly 400 Kc annually for 
2 110-litre garbage clll. However, in some small communities people payed negligible charges 
for household waste disposal The tood expenditures in the district were 13.31 million Kc, which 
mea.'ls 78 KcJhead with a large difference between the Kladno catchment area and the rest of the 
district. Limited investments and low operation costs were the main reasons for the unsatisfactory 
state of waste management in the district as well as in the whole republic. 

7. Summary of the Major Problems 

a. Limited landfill capacity and poor quality 

In Kladno dislricl lhere are no landfills with proper conlainmcnt, gas ulilizalion, clc. None 
of lhc landfills meet requirements of the new regulation no .. 5I3/1992. Fortunalcly, from the 
environmental poinl of view. waslc disposal in lhcsc landfills has become progressively more 
expensive hccausc of a special lax imposed on each lonnc of wasle . The lax is higher in lhe case 
of landfills lhal arc nol well engineered (Fig. J ). T~.c addilional laxes go lo the C1.cch 
Environmental Fund. The following chan shows lhc c!evclopmenl of the laxes. 
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Most of the operators arc community-owned companies and as an after-effect of the 
former economic system they have been hesitating to increa.<;e charges and dc\elop market 
economy principles in waste management, mainly in the field of household waste disposal. 
Some improvements in the second half ~r 1992 have been registered. 

Landfill groups Standard 
(Kl'.· per tonne) 

I. Soil and 
mine tailings 0 

2. Ordinary waste 10 
3. Household waste 20 
4. Special wa.c;lc 40 
5. Hv.ardous waste 250 

10000 

1000 . 

100 . 

1) 
:!IC 

10 

1 

0.1 

1992 

Substandard 
(Kc per tonne) 

1992 93 

3 
25 70 
20 70 

I IO J~O 

3000 4000 

1WJ 
Yt:/IJI 

94 

6 
140 
210 
640 

5000 

• Household waste 

1994 

fi~ •. l A11~1IK'ntation of disposal fax on ~uhstandard landfill~ (ooh• logarithmir scalr) 

original conr~1ns 
color illustrations 
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c. Low recycling 

Extremely cheap disposal does not encourage people to recycle or minimize generated 
waste. It means that a lot of potential raw and potential recycling materials are deposited into 
landfills. The po~itive effects of the newly introduced system could be expected within two or 
three years. 

d. A lack of ,'f:eparated collection of hazardous compounds in household waste 

A proper recycling scheme for hazardous waste has not yet been introduced even though 
there is some experience. for instance. with separated collection of small batteries. Thanks to 
stricter legislalure ismed recently, new neutrali7.ation facilities have emerged during the last two 
years (neutralization of fluorescent tubes, recycling of acetonic thinners). The only recycling 
scheme which was developed for car Pb accumulators {batteries) is now threatened by higher 
costs of transportation and stricter requirements on their storage in the recycling yards. 

e. Old landfill sites and potential pollution 

Although a survey of most significant landfills in the district was completed, only few of 
them are regularly monitored, there is a lack of previous landfill records and nearly no 
reclamation projects are prepared. 1be coverage of financial expenditures from central funds are 
necessary and some grants can only be expected in the most significant national cases. 

8. Contents of Generated Waste 

All information available was transformed into a PC database, accordingly there is a 
summary of annual production for all sorts of waste in Kladno. The following list is concentrated 
only on the most significant sorts of wolSte which annual production exceeded 3 000 tonnes in 
1992. 

Inert waste 

Waste rock and ballast 
Excavated soil 
Total 

Ordinary waste 

Agriculture and sugar refiner 
Iron scrap 
Rubble and construction debris 
Coal sludge 
Metallurgical waste 
Metal shaping waste 
Other ordinary waste 
Total 

392 952 t 
~749t 

433702t 

662 346 t 
252 524 t 
120 836 t 
21 668 t 

125 430 t 
14 130 t 

24..5.06.l 
l 22l 440t 



Special waste 

Waste from energy prod. (ash. cinder) 
Electric furnace slag 
Sewage treatment sludge 
Spoilt vegetable products 
Slaughter house waste 
Other special waste 
Total 

9. Suggested Solution 

119 536 t 
109 245 t 

15 735 t 
4285 t 
3064t 
1272 t 

253137t 
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1be waste treatment in Kladno district relays on landfills. Due to environmental impacts 
from the disposal places and more stri.1gent regulations regarding emissions alternative solutions 
should be considered. A VECON International Ltd has developed an anaerobic digestion process 
suitable for organic household waste and sewage sludge which allows recovery of biogas 
(methane and carbon dioxide) thus giving possibilities to recover energy from this type of waste 
and to produce good type of fertilizer. This process is one solution to decrease the biological load 
on the disposal places. extract energy and usable end products from waste and improve the 
environmental conditions. 

With the report "Waste Management Programme of Kladno District, Petr Kratochvil, 
February 1993" as a base a study has been rcali:zed for an anaerobic waste treatment plant 
combined with energy production. 

a. Start values 

The plant is sized to treat the waste generated in the Kladno region and can also receive 
some de-watered sewage sludge or other industrial type organic waste. The start values used are 
modified from the report mentioned aoove. 
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Waste composition: 

Material Pcn:cntagc Amounl 
CJ, lonnc/year 

Organic kitchen waste 36 'Ii 5400 
Paper 30 'Ii 4 5()(. 
Plastics 12 'Ii I 800 
Metals 3 'Ii 450 
Stones 3% 450 
Glass 5% 750 
Sand 5% 750 
Textiles 6% 900 
Sludge (TS= 15 'Ii) 25000 

This composition gives a treatment capacity of 15 000 tonne per year of municipal waste and of 
25 000 t/a of sludge. 

1be waste treatment plant will consist of the following main parts: 

(i) Pretreatment Plant (Fig. 4) 

Receiving silo 
Screen 
Crushc"!r 
Magnetic separator 
Conveyor belts 
Control room 

(ii) Biological Treatment Plant (Fig. 5) 

Mix-separators 
Biomass pumps 
Digester 
Gas cleaning system 
Heat recovery 
Process water system 
Mechanical de-watering equipment 
Bio-filter 



' 8. 

1. Feed ftt 
2. Apran conveyor 
3. Sordng crane 
4. Primary shredder 
S. Magnetic separator 
6. Belt conveyor 
7. Trasnfer container 
8. Drum screen 
9. Secondary shredder 

a. =-6. 

c. 

10. Bio-ma§ 
11. Air lock feeder 
12. Cyclone 
13. Fan 
14. Service crane 

13. 

12. 

n. 

A. Tipping 

•• 

¥"· 

- 6 . 

B. Uucrushable waste 
C. Fe-scrap 
D. Rdf·transfer 

Fig. 4. Components of Pretreatment Plant 
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The W.~ process inclures components as the Mi7.-separator and the Twin-react:>r which 
efficiently removes undesired materials. such as glass. stones. plastics. from the end materictl. 
Therefore the de-watered <ligested staff is of a higher quality compared to conventionai 
composting end products and 1114Y be used in the agriculture. However, the anaerobic process will 
not remove heavy metals which leaves consumers with a responsibility to separate non-wanted 
materials. 

b. End products 

With the input mer.tioned above the plant will produce the following: 

Biogas 
Digestive 
Surplus water 
Disposable products 

(i) Biogas 

~nount 

3.2 x 1<>6 Nrn3/a 
14000t/a 
18 500 t/a 
3 900 t/;. 

Remarks 

CH, 59% 
TS 35% 

The biogas is used in a power gen,..ration plant. producing electricity a total of approx. 
6 000 MWh/a and heat 12 000 MWh/a. The internal electricity consumption of the plant is 
approx. 700 MWh/a and the heat consumption is approx. 2 000 MWh. 

(ii) Slurry 

The slurry is a good fertilirer which can replace imponed fertilirers in the agriculture. The 
amount of slurry will be 14 000 t/a. The final usage of the slurry will however depend on the­
local restrictions for fields and the heavy metal content in the slurry. 

(iii) Surplus Water 

The surplus water may also be used in the agriculture as a liquid fertilizer, amount approx. 
18 500 t/a. If local restrictions don't allow the spreading of liquid fertilizers on fields the water 
should be treated in a waste water treatment plant. 

(iv) Disposable Products 

Since the waste is assumed to contain about 30 % inert material this ha~ to be separated and 
treated. The appropriate treatment for inert waste is disposal. disposing inert materials is no 
environmental hazard. The amount of disposable products is approx. 3 900 t/a. 
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Fig. S. Main Components of Biological Treatment Plant 

1. Waste conveyor 

2. Bloftlter mass 

3. Sludge tank 

4. Uloftlter 

S. Fan 

6. Air compressor 

7. Mixing tank 

8. Biomass pump 

9. Gaspump 

1 O. Digester 

11. Press 

12. Waterpump 

13. Well 

14. Humus conveyor 

1 S. Gasbumer 

16. Flame 

17. Gas storage 

18. Distribution compressor 

19. Generator 

20. Hydrolysis watertank 
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(v) Sewage Sludge and Other Organic Waste 

The plant is prepared to treat 25 000 t/a of de-watered (TS approx. 15 %) sewage sludge. This 
treatment will enable the recovery of energy from sludge in form of biogas and similarly give 
a fertili7.er as an end product. Vegetable products, slaughter house waste, and other organic, non­
toxic w'l.Ste can also be treated. 

c. Needed Operational Personnel 

A plant of this size can be operated during 5 days a week, 8 hour per day by 4 operators, not 
including administrative personnel. 

Staff training 

The plant in Vasa, Fmland which Im been in operati.on since 1990 is involved in training of new 
operators. On site, practical training will be carried out at the Vasa plant before start-up of new 
plants. 

ti. Costs of Plant 

The cost of the plant can not be given exactly before undertaking a thorough pre­
feasibility/feasibility to determine the parts that will be manufactured in the Czech Republic and 
those which are going to be imported. 
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II. CASE STUDY ON HUNGARY 

A. GENERAL INFORMATION ON THE PRESENT ENERGY AND 
ENVIRONMENT SITUATION IN THE COUNTRY 

I. Present situation in the energy sector 

Hungary is relatively poor in energy resources. the country dependency of the energy 
system is therefore quite significant (51 % of the fuel used. including nuclear fuel. is imported). 
The former energy policy was subject to political aspects of the region. including the former 
Soviet dominance; consequently the country· s energy system became dependent on a one-sided. 
unilalcral exposure. High capacity pipeline connections were established primarily with the fonner 
Soviet Union. The Adriatic oil pipeline has not been working for years because of the war in 
Yugoslavia The portion of do~ energy sources to total energy used was about 51 % in 1992. 
Imported oil was 75%and imponed ga:; was 46% of the total amount used. 

The structure of the country's energy consumption of fuel is characterised by more 
dependency on natural gas than on oil. Whereas, coal has an average share. nuclear power's share 
exceeds the average. The share of renewable energy resources is very modest primarily as a 
consequence of its high cost. Coal-burning power plants have total power of 2,100 MW, 
hydrocarbon (oil and ga.~) power plants have a total power of about 3,300 MW and nuclear based 
power plants is 1,840 MW. 

After the political and economic changes at the end of the eighties. the productive capacity 
of the e~onomy decreased due to the out-of-date production profile, markel losses and 
restructuring of the economy. As a result, there was a fall in lhe total energy consumption by 21 % 
reflecting a similar decline in GDP. Accordingly, the total primary energy supply decreased from 
30.4 Mtoe in 1989 to 27 .3 Mtoc in 1991 and to 24.0 Mtoe in 1992. Whilst coal and oil supplies 
declined substantially over this period, gas supply decreased only slightly. Production of nuclear 
power plant remained constant at the level of 13.7 TWh per year. 

Total final energy consumption decreased 9% in 1990 and 5% in 1991. Total electricity 
consumption in 1990 was 39.5 TWh and in 1991 it was 37.4 TWh. The decline in consumption 
accelerated in 1992 to below 35 TWh; a rnte faster than the rate of the decrease of GDP for the 
same period. 

2. The environmental as(>ccls of the current situation 

Each process in the chain of energy production and use has negative impacts on the 
environment. The present mix of power slat ions is polluting the environment with rates several 
tin£s higher tlwn the intcrrrn1io11al stand;mls. Ashes. cinders and other pollutants and hazardous 
wastes emiltcd hy coal firing power stations damage the environment to a great extenr: hcsidcl".. 
the costs of disposal arc increasing. 



30 

lmpro\'ing lhc performance of lhcse plants has become an issue of major importance. 
taking the chcmic•tl and r.1dioactivc qmtlitics imo consideration. A.s part of the reconstruction 
program of coal firing power plants and as a result of completed investment projects through 
electrostatic precipilator reducing dust emission. the annual volume of total dust emissions of 
these power plants have been reduced by one-third of the 1980 figure. 

Sulphur dioxide and nitrogen oxides emission are still significant due to the high sulphur 
content of coals and the environmentally unfavourable combustion conditions. Sulphur dioxide 
emission should decrease by the end of 1993 by 30% from their level in 1980. An additional 
reduction of 20% can be expected for some projects for de-sulphurisation of flue gas in some 
power stations. 

1be level cf emissions of nitrogen oxides in 1987 shoold be reached by the end of 1994 
to meet the obligation stipulated by the Sofia Prolocol. Hungary also has international obligations 
stipulated by the Helsinki Convention. 

Nuclear power plants have lower environmental pollution potential than fossil power 
plants - under oormal operating conditions. However. they are a source of high potential risk due 
to the technology applied. even though their accident risk could be relatively low. In addition. 
radioactive wastes disposal is still a problem because no site has so far been identified and 
accepted. 

3. Future plans in the energy sector 

1lv! productive energy efficiency of the Hungarian economy (defined by the energy used 
per unit product) is rather poor in comparison with that of developed countries. It is 2-4 times 
higher than its the level in industrialized countries mainly because of the low technical and quality 
level of the Hungarian products and services. As soon as the economy gains momentum and 
begins to grow again in a more up-to-date structure, the tendency of reducing energy demand will 
presumably arrive at a halt and a certain rate of progression is expected to follow depending on 
the future growth rate and on the new production structure introduced. 

1lv! main goal of the current energy policy is to eliminate the unilateral import dependency 
and to establic;h the opportunities of diversified supply: which are both in the national interest. In 
addition, the existing pipeline connections should be exploited to its maximum to be economically 
cost effective. Within the framework of profitable exploitation of domestic energy resources, 
enhanced and efficient exploration of hydrocarbons could be achieved. Utilisation of the deep­
mining coal reserves will also he indispensable as Ieng ac; coal-firing power plants continue to be 
a dominant fo.:ror in electricity production. 

Conm.:cling the gas nclwork syslem lo the West-European systems has high priority in the 
energy policy. The I lungarian gas demand forecasts up to 2000 arc 2-3 times higher than today's 
figure. New rcsoun.:cs musl he found lo 1rec1 gm; demand forecasts, e.g., by connections to North 
European and lo Algerian gas fields. In long lerm<• the accessibility to the Iranian gas fields would 
also he taken inro i.:on ... ickration. 
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Crude oil supply can be secured from two sources. viz. the former Soviet region and the 
Adrian pipeline. Stor.ige capacities should be also developed and sustained. In addition. joint 
efforts with Austria. Germany. the Czech and Slovak Republics should be explored. 

The total energy demand in 2000 is estimated to be in the range of 1200-2000 PJ; and 
that of electricity is 43-46 TWh. Installation of a base load power station with a high unit capacity 
is planned for commissioning in the year 2000. 1be options are: power plant firing domestic 
lignite. a nuclear power plant. or a coal-firing power plant supplied with impotted coal 

On the other hand. flexibility will be a significant criteria of the future's energy plans. This 
includes adaptation or adjustment to consumer's demands as rational energy supply. high 
efficiency and envircm:iental soundness. As a result of the uncertain increase of demands, the 
facility should also be flexibly developed so that it could be quickly adapted to the changing 
energy demands. 

The main points of the energy system modernization from tcchnical aspects can be 
summarized as follow: 

a. Economic exploitation of domestic fuels. 

b. Transformation of polluting fuels to a more environmentally sound fuel 
(as coal gasification) and promotion of the use of waste heat. 

c. Development of technology in areas of storage, transportation. transmission 
and distribution of energy. 

d. Expansion of applications of new and renewable energy sources. 

e. Promotion of heat pumps' utilization. 

f. Developing the bao;e. intermediate and peak capacities of the electricity system. 

g. Developing of combined cycle ga~ turbine plants. 

h. Developing of environmentally sound gas turbine plants. 

i. Connecting lhe existing ga~ and oil pipe-lines to West Europe. 

j. Constructing pipe-lines to the new gas and oil sources in order to diversify the 
energy supply of the country. 

k. Expansion of the application of fluid fuel firing technologies. 

I. Dc-sulphuriza1ion of lluc gases in some power stations. 

m. Moni1orin~ lhe emissions of power stations using up-lo-dale mca~uring 
cquipmcrll and mclhmk 
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n Improving energy cllicicncy by establishing a more moJem and pn_,fit:ibk 
energy production stmcturc. 

R. t:,ERGY Dt:'1A'O f'ORE('AST AND STRll(,TRE Of-TIU: .. TTllRJ: l:'.\ERGY 
PRODllCTIO'.\ SYSTEM IN HUNGARY 

The rlC\\ (>O\\Cf plants planlll.-d up to the years ~000 and 2007 arc summaril'f..."ti in Table'.!. 

T bl 2 Su a f' . IRRlal')' 0 f N P rw owrr Pia nts a ttdfd. H ID un2iary 

Typr ofGf'nrration lip lo 2000 2000-2007 
l\tW l\tW 

Combint.'d cycle eas turbine with co-generation 500- 750 ---

Peak-load gas turbines 200 - 300 150 

Fluidised bed cornbustors, 300 150 -350 
150 400 

t\ew J)O\H'f plants --- 1200 

Total 1200- 1500 1900-2100 

10 

8 . 

Energy sources 
e . • Nuclear 

3: • Coal 
0 

4 . : I Oil & gas 

'}. 

0 . 

1111Kl 2000 'JJXJ1 

YeeK 

ffi~. 6. Fortcasf of Cht Hpansion of thr llunj!arian powtr S}5frm 

original contains 
color illustrations 
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C. REVIE\\' 014 EARLIER ~'11JDIES 140R IMPROVING ENERGY EFFICIENCY AND 
DECREASING ENVIRONMENTAL EMISSIONS. 

After Hungar; has turned to the market economy. some international promotion funds 
became available for improving the milional economy. Among them the PHARE program which 
provides support for the modernization of energy system as well as improving environmental 
protection. Within the framework of the PHARE program a study bas be.en initiated by the 
Minislry for Industry and Trade as well as by the Ministry for ldernal Affairs in the field of energy 
production and utilization. A survey is currently in progress but no information on the study is yet 
available. 

D. ACI10NS TAKEN INCLUDING LNWT FOR IMPROVING ENERGY srnJA110N 
AND DECREASING EMISSIONS FROM ENERGY PRODUCI10N. 

In view of economic difficulties and lack of monetary sources. no comprchcnsive plans 
ha'YC so far been considered for introducing LNWT. But some alternatives have been considered 
in the above mentioned PHARE study and in the proposal relating the Hungarian energy policy 
submitted to the Parliament by the Minister of Industry and Trade . 

.Anxmg real action.'i undertaken wa'i the reconstruction of a gas fired cogeneration district 
heat-power plant with combined gas/steam cycle producing 544 MW electricity and 807 MW 
heat In addition. wme bilateral discussions between foreign companies and the electricity board 
on the installation of de-sulphurization and de-nitrification units to the existing big power plants 
have also taken place. 

Anx>ng alternatives con.'iidered for improving the present energy situation the followings 
can be mentioned: 

1. As was mentioned above, it is difficult to provide reliable forecasts for the total and 
peak capacities of power production until 2000; due to the transitory character of the economy. 
Gas turbines which could he later converted into combined cycle gas/steam turbine plants could 
represent the optimum solution, in view of their flexibility, high efficiency and relatively low 
specific capital intensity. The application of coal ga'iification could be thus justified But gas 
turbine power plants do not represent an alternative to the base load power station to be 
commissioned in the middle of lhc 9ffs. New capacities will be required for replacing the missing 
imported power and the coal-firing power plants to be de-commissioned. The program of gas 
turbine development will involve the construc1ion of blocks with relatively low specific capital 
expenditures and w11h small per unit c&1p;1city. with a total of some 700 MW. 

2. Dis1ric1 heal supply represcnls nearly 10% of the total energy consumplion. Major share 
of lhe heal supplied is gencrah.·cl hy hot waler hoilcrs of. without combined electricily general ion. 
The district he;i1ing supply syslems c;111 he l'.Xpandcd on 1he basis of the combined cycle gavstcam 
turbine plants through cogcncr;11ion. One of the nhjectives of the energy policy is to increase the 
combined heat and clcc1rici1y l'O).!l'ncralion in lhc energy sector. 



34 

3. Rcncw~1hlc energy resources represcnl some 2% in the lotal energy consumption. 
Geothermal energy replat:cs 80-90 kloc (kilo tonne of oil equivalent). This can be further 
increased a..; lhc counlry is rich in gcolhcrmal heat sources with due emphasis on the 
environmenlal fdclor. On the other hand. utilisation of solar and wind energy is practically 
negligible. Expansion potentials of consumption is limiced. mainly because solar energy still has 
high spocific invesunent costs in Hungary. whereas wind energy prospects are limits due to the 
geographic features of 1he country. Utilisation of biomass is relatively significant within the 
category of renewable energy resources. Further increase in the utilisation of this resource is 
limited mostly by the additional costs related to the collection and transformation process. 

4. The energy price system also should be modernised up to the point where consumers 
prices absorl>s the costs of exploration. production. conversion. storage. distribution. re­
cultivation and environmental protection of the energy system. This is also a precondition to 
Hungary's integration to the standardised energy systems. To arrive at satisfactory results in the 
short-term. energy developments should be ifi1>1ero:nted using both foreign capital and local funds 
in the form of construction loans 

E. THE PRESENT SITUATION CONCERNING MUNICIPAL, SOCIETAL AND 
OTIIER BIOLOGICAL WASTF.S 

Supervision of municipalities belongs to the Ministry of Internal Affairs and the 
supervision of hospitals - as main sources of the biological wastes - belongs to the Ministry of 
Health Care. Local governments can in the future have a significant role in the management and 
control of lhe energy sector and wa-;le management. 

Public utililies are responsible for the collection and management of municipal. societal 
and biological wastes. This can be considered to be a well managed sector with a regular 
collection of household wastes. cleaning the streets and collecting societal wastes regularly from 
institutions. 

F. WASTE COMPOSITION, AMOUNTS, LARGE PRODUCERS, TRANSPORTATION 
SYSTEM AND METHOD OF PAYMENT 

OfTicial-; n'tm~1ging public utilities can not give data on the waste composition and amounts 
of wastes withoUl the authorization by the Ministry of Internal Affairs. Large producers can be 
considered the same as in any other countries as Hungary is well managed in the field of waste 
collection. Transportation system can be considered modem and is supplied with western type of 
special trucks. The payment system is totally centralized: self-govemmenrs collect fees from 
citizens ;m<l thc puhlic utilities get a hm1gct from self-governments. 

G. EXISTINC; TltEATMENT PLANTS/LANDFILLS AND THEIR EXPECTED AGE 

Municipal wasle-. of the capiral arc processed in a modern incineration plant This has been 
operating for some years so i1s expected age cctn he considered several decades. Also hospital 
waste:; partly serve as f111..·l for indoor boilers. 
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The gcncr.11 w~1y of waste nt<lll<\gcment for municipal wastes is landfill in the country. 
LandtilL-. are gencr.11ly not technically designed. not supplied with drainage systems and artificial 
protecting layers. but mostly natur.il reservoirs. 

H. CASE STUDY ON COGENERATION IN HUNGARY 

1. Potential for Cogcneration Diesel Power Plant 

In 1994 economic growth was remarkable in Hungary. 1be volume of fore!gn investments 
are far greater than ir. many of the neighbouring countries. Western investors have faith and 
confidence in Hungary. Hungary has been granted favourable and long-tcnn loan for investments 
which is a must for building power plants. The basic principals when improving energy sector arc: 

* Eliminating dependence of one source energy imports 
* Introducing true market conditions in energy supply 
*" Seeking for low cost, economic and efficient power production means 
* Finding environmentally sound energy production schemes 
* Meeting energy goals: one of the means is the promotion of combined heat ;md power 
production CHP. 

The annual growth of power demand is estimated to be between 3 to 5 TWh per year. i.e .• 
about 300 MW per year. The largest part of the fuel is expected to come from gas and oil in the 
begjnning and later al'\O from coal and nuclear power. Most of the large power plants (above 100 
MW) will not be cogeneration and it is obvious because such a big heat load which is required to 
dump the heat is not available or there are too few of !hem. 

The estimated potential in combined heat and power production is in smaller communities. 
It is estimated that there are c. 80 communities where you have sufficient heat load to utilise 
cogeneration and where you have already existing district heating pipeline. These are between I 0 -
15 MW heat demand during the winter time and 3 -4 MW during the summer time. These typical 
heat loads makes it possible to install a e<>generation diesel power plant of 5 MW electric and 6 
MW heat. 

Totally there arc aoout 110 communities that have district heating networks. In those there 
are 320 of different networks. 10 of the communities have already existing CHP power plant. 
Calculatc<l total polential ofCHP in communities is estimated to be between 500 MW - 700 MW 
in all; excluding the possihlc growth in the future. 

The polcntial of Cf-IP and dfa:icnt power production lies also in hospitals. in manufacturing 
industry, large huilding complexes. green houses etc. This potential can be estimated to be about 
.100 MW. 



36 

2. Description of cogeneration Diesel Power Plant 

a. General 

The changing trends lO\\'ards decentralised sm&iil scale heat and power production and 
natural gas becoming increasingly important due to its environmental friendliness. A Wirtsili 
diesel power plant conrept fulfils the present energy policy targets of efficient power production 
and environmental protection. 

Wirtsila Diesel power plant concept is a new. small scale power plant in the power range 
of 1.4 to 26 MW for Combined Heat and Power Production (CHP, CogeP~ration). Various 
dQrict heating applications are typicai solutions. The power plant uses natural gas, heavy fuel oil 
(HFO) or light fuel oil (LFO) as fuel. The electric energy is produced by a diesel generator set, 
enabling high fuel efficiency in a wide load range. To utilise as much as possible of the thennal 
energy, the heat is recovered in exhaust gas boiler and also of engine block cooling water, charge 
air and lubrication oil by heat exchangers. The total efficiency of the power plant is between 82 -
90 % depending on the fuel. 

The m>dular constructicn based on prefabricated modules enables short delivery time with 
minimised site works and thus a rapid start of the electricity and heat production. These reasons 
also minimise the risk. 

b. Needs and requirements of combined heat and power production 

i. Enough energy should be available at every moment right where it is needed. 
Decentralised energy production with small scale power plants fulfils most independently all 
local municipal ::md industrial needs and demands of district heating and electricity 
consumption. 

ii. The environmental protection to save the nature should be taken into account. This 
requirement is possible to fulfill with the right choice of fuel, e.g. natural gas instead of coal 
and/or with technical solutions. e.g. using catalyst etc. for eliminating acidic emissions. 

iii. Efficient power production can be realised as high efficiency of the power plant. With an 
efficient prime mover and heal recovery system the heat and electricity can be maximised 
from the fuel. This also fulfils rhe er.vironmental aspects more eai;ily. 

iv. Economy is proh;ihlv still the most important factor when investing in power production. 
Low investment and Of1Cration costs arc required. The diesel power plant concept 
quarantines economically optimal solution with standardised construction and efficient 
operation. 

v. Benelits of small scale diesel power plants in comhincd heat and power production. 

vi. The loc:ition of the power plant can he determined exactly where energy is needed. in 
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the city or in the factory dos'.! to the consumption. 

vii. The right size of the power plant according to the energy demand enables optimisation 
of the investment Cl.)Sts. 

\'iii. The nDst efilcicnt power generntion is possible to choose depending on the demand of 
heal and electricity. 

ix. The short imple~ntation time minimises the costs during the construction period and 
aliows a quick start of energy production. 

x. The flexibility according to the customer requirements a!lows individual modifications of 
the basic process or construction concept. 

3. Applications of diesel power plants 

a. Main application groups are: 

b. Process 

local energy companies with district heating and electricity network 

big building complexes with electricity and heat demand. e.g. hospitals. airports etc. 

industrial enterprises needing hot water or steam for processe.s. e.g. food industry 
or breweries. 

industry using exhaust gases for direct heating. e.g. ceramic industry. 

big greenhouses using energy for heating and lighting 

The heat is recovered both from the exhaust gases and from the engine cooling. The thennal 
energy can be hot water or partly steam depending of the particular need. This can be fed to 
district heating network or used in various industrial processes. The electricity is produced by a 
nonnal three phase generator connected to the diesel. The energy is fed to the local grid or the 
power plar.t can operate as "an island" independently. 

4. Environmental aspects 

The advantage of cogcncration in environmental side is that the heat and power is 
produced in the same 1>ower plant. This mean considerable reduction of fuel consumption 
compared to the separate production. Normally the electrical power is produced in big 
condensing power plants with 30 - 40 % electrical efficiency and the heat in heat central 
boilers. This means that a co~eneration plant consumes roughly 66% les.~ fuel compared 
to two separate 1>l:mts producin~ the same amount of electricity and heat. 
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When running on na1urnl g<L'i, nilrcgcn oxides (NOJ are the only significant acidic emissions. 
The plant can be equipped with an SCR-catalyst where ammonia reacts with N01 and eliminates 
~ to gaseous nitrogen and water. Emission levels required in many countries can be reached 
by dimensioning a proper si·~e of ca1alys1. Nornia.1 accepteri N01-emission levels vary between 100 
-200 mg/MJ fuel. 

In addition the power plant building is constructed to meet very stringent noise abatement 
requirements. With normal construction the aoise level outside is below 45 dB(A) in a 100 m 
distance. Thus the powe~ plant can be situated clc.~ to densely populated area 

5. Performance of a diesel power plant 

The diesel power plant has a high total efficiency. up to 90 %. The electrical efficiency is 41 
- 44 % and stays almost constant even down to about. 50 % engine load. which enables 
economical operation also on partial loads if necessary. With the ~fficient heat recovery system 
over the heat can be recovered from the exhaust gases and cooling water. 

Diesel engines compared to gas turbines are more fuel efficient and therefore the exhaust 
gases have much less thermal energy. It means that with a gas diesel power plant is possible to 
produce more electricity towards the same amount of thermal energy. 

6. Economics of a diesel power plant in a selected case 

In the following, the economics of cogeneration diesel power plant is demonstrated in one 
case. Appendix 1 gives a brief summary of the case economics. Because of the small heat load it 
was not possible to dimension the power plant to produce only the internal energy demand. The 
dimensioning is shown is the heat and power demand curve. (see appendix 2) 

It was assumed that lhc price of kWh of own consumption is what was given 7.24 HFt I 
kWh and the exc.:e~ electrical power is sold to the grid (which is expected to open to the market) 
with a price of 4 HFt I kWh. 

The pay-back pl·riod of ? years is very short and ROI (Return On Investment) high and 
demonstrates the efficiency of cogeneration. The calculation is made without any possible local 
taxes which affects the <.;Conomics. but anyway the pay-ba-:k period is so short that even with 
high taxes the diesd power plant is going to be very economical. 

This cao;e demonsrratcs the i:conomics of cogcneration and its high efficienc.)', not to forget 
the environmental soundness. 
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III. C~~SE STUDY ON ROMANIA 

A. INTRODUC110N ON THE PRESENT ENERGY AND ENVIRONMENT 
SITUATION 

1. Installed Capacity 

Tiie responsibility of the electric and thennal energy for Romania is assumed by RENEL. 
which was cr-..ated in November 1990 by reorganizing the enterprises belonged to the former 
Ministry of Electric Energy. 

At the end of 1992 the installed power in the Romanian Power System was 22 225 MW. 
out of which 92.4 % is in RENEL's Plants (i.e. 20 536 MW). 

Coa! fired thermal power plants 
from which: condensing units 

cogeneration units 

Hydrocarbons thermal power plants 
from which: condensing units 

cogeneration units 

Hydroelectric power plants 
from which: Danube river units 

Down stream units 
Daily storage plants 

Total installed power 

8624MW 
80.2% 
19.8% 

6204MW 
45.6% 
54.4% 

5708MW 
1922MW 
1300MW 
2486MW 

205~6M\Y 

Jn 1992 the electrical energy gross production of RENEL's plants wo.~ of 52 376 GWh. 
4.2 % less than in the year 1991. In the same year. the thermal energy procluciion of RENEL's 
piants was 177 796 TJ. out of which 165 321 TJ was in combined heat and po,ver plants and 
12 475 TJ in thermal plants (Fig. 7, 8). 

At the end of the year 1992, the length of the transmission lines within RENEL'~ i1e:work 
were 311 589 Km, while the number of transformer points and stations was 129 300 MVA (Fig. 
7, 8). 

The National Power System operates in parallel with the power systems of the 
neighbouring countries. High and extra high voltage networks ensure highly reliable electrical 
energy exchange. 
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The main thermal power plants installed in Romania are given below: 

Power plant Nominal Operating Years of 
capacity (MW) capacity (MW) commissioning 

Bor.lCsti I 625 510 1955 - 1969 
Borzesti II 250 150 1975 - 1983 
Braila 960 785 1973 - 1976 
Brazi 910 850 1961 - 1986 
Bucuresti S 550 440 1965 - 1975 
Deva I 260 875 1969- 1980 
Doicesti 620 336 1952 - 1967 
Drobeta 200 160 1986- 1989 
Galati 535 514 1969- 1984 
lasi 50 45 1960- 1962 
lsalnita I 035 540 1965- 1967 
Ludus 800 760 1963- 1967 
Pala~ 250 190 1970- 1979 
Paroseni 300 105 1956- 1964 
Rovinari 1 720 1000 1972- 1979 
Turceni 2310 I 000 1978 - 1987 

Total 1237SMW 8170MW 

2. Energy Production 

Af:er 1989, the decline in the electric and thermal energy production was due to decrease 
of the demand in industry, as a result of the political transition and the lack of foreign currency 
for fuels imports. Romania has a relatively low electricity consumption (3.2 MWh/inhabitant) 
and a low household consumption (0.3 MWh/inhabitant). 

In 1992 electricity consumption (in 1000 MWh) was divided among the different 
economic sectors consumers as follows (see also Fig. 9): 

Industry 
Civil building 
Transport/telecommunication 
Agriculture/forestry 
Public consumption 
Domestic consumption 

Total 

3 537GWh 
2 796GWh 

29 912 GWh 
995GWh 
2062GWh 

7 549GWh 

46851 GWh 

The predominance of industry among the various economic sectors also appears from 
energy consumption data because the industriali1..ation strategy was based on energy-intensive 
industries. 
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Vig. 9. Elcrtricity ronsumption h.) thl' differrnt 'ift'toN in Rmnania in 1992 

Thi., i., al\o due to the facl that littll· attention wa<; paid to the other 4-(.'clor\ whose 
dc\clopmcnt wa-. limited, as the hou\chol<J.., the tran4-por1 and lhc agri..:11llurc sector<;. 

·111c following data ill11-;tratc rhe energy demand of \ariou" '-t:dnr4-: 

Thermal energy 
'Yr. 

lndu4-try 6X. 1 
Rc<iidcntial 19. I 
OtlK'f<; V-'-~ 

Tot~tl con-;11111plion I 00.0 

l'.lcct ric encrgy 
% 

60.4 
11.fi 
;x.u 

100.0 

original contains 
color illustrations 
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The energy intensive industries of Romania arc illustrntcd in Fig. IO. 

Thermal energy Electricity 
% % 

Metallurgy 9.7 31.7 
Chemistry 28.5 20.9 
Refining 17.9 6.4 
Metal processing I0.3 1£ 4 

IU.-. 

Food 12.2 1.5 
Others 21.4 17.1 

Total manufacturing IOO.O 100.0 

• others • Food • Metal Processing 

• Refining • Chemistry ; j MetaDurgy 

100 

80 

eo . 

40 . 

20 . 

0 . 

T ehrmal Energy 

•ig. 10 l>i~1rihution of enrrg.) usro in industry in Rom<tnia in 1992 

The energy supply of indu-.try hy 'i<Hm.:c i-. shown in h~. 11. Ap-drt from the hiorna-.s 
which is still hroadly u~d. naturdl ga' is predominant. Steam generation for bo'h sp.1cc 
hearing and industrial process is the main !hcrmal l'ncrgy u~d in Romania. 

originar er... ... :­
color illusrr:. ' . ~ 
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The existing thermal power plants are characterired by a high level of the moral and 
physical wear and a weak endowment with measure and control equipments to check the 
pollution and the pollutanl emissions. Besides, low qua!ity fuels were used. This included 
domestic lignite with low heat power and fuel oil with over 3 % sulphur. 

3. Energy Eronomics and Tariff 

After the introduction of some degree of market conditions in the energy sector, such 
as raising energy prices, RENEL wai; prepared to continue revising, developing and/or 
introducing a new legislation. The reai;ons for that were: to remove the monopoly status of 
energy industries and to establish an attractive environment which can attract foreign 
investments. nuring the ancient regime the prices of electricity were fixed by the government 
on political ground. There was not a direct relation with the production costs. The 
consequence of this has ~n that prices were very stable during the period 1982 - 1990 as 
shown from lhe maximum prices of domestic consumption below in Fig. 12 

original contains 
COior illu1tra11on1 
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tig. 12. Elertricit.) pril'es in Romania during the past 15 years (l"S$ =470 lei. 1993) 
(Notice the distance hctween the years is not to scale) 

Since <ktobcr 1990 these prices hccame gr.idually more market oriented. A cost 
covering price level is of course a prerequisite for good operation without suhsidies. The 1991 
price level is deemed to cover all RENEl.'s co'its. 

Romania CU>J5 USS/kWh 
Italy 0.27 n 

Germany 0. 18 n 

hance 0.17 n 

Netherlands 0.11 .. 

Electricity prices in Romania arc thu'i still low compared with those in West Europe. 
Another important factor is the price of the fuels which arc not corrcla1c<l with the quality of 
the lignite supplied. 

On the other hand, the ratio "kWh price/average monthly wage" i'i in Romanici roughly 
5 times higher than in Germany or France. /\t the same time the daily hre;1d and dwelling 
ellpcnscs represent roughly 80 % from the average monthly wage in lfomania. These economic 
and social factors have lo he considered in any new ener~y project. 



46 

4. The Environment 

a. Air quality 

Ambient air quality monitoring in Romania is performed by the Ministry of Health (M.S.) and 
the Ministry of Waters. Forestry and Protection of the Environment (MAPPM). 

Component 

S02 (µg/m3
) 

Annual 
N02 (µglm3

) 

Annual 
Particulate (µglm3

) 

Annual 
Deposited dust (g/m3

) 

Month 

ROM 

60 

40 

75 

17 

ROM Air Quality Standards in Romania 

EC 

50 

50 

EC Air Quality Standards in European Community 
WHO Air Quality Guidelines of World Health Organization 
WB Air Quality Guidelines of World Bank 

WHO WB 

50 100 

100 

50 100 

Assessment of air quality from the data available shows that the Romanian Standards for 
S02 are not exceeded. 1be S02 concentration levels are low. The Romanian Standards for N02, 

particulates and deposited dust are frequently exceeded. 

The N02 emissions are not only caused by the power stations but also by sources as 
traffic and industries (like fertilizer and metallurgical industries). The level of particulates and 
deposited dust are also hardly influenced by the power plants. Important sources of particulates 
are metallurgical and cement factories. 

b. Surface waters 

Since the mid I 950's Romania has had a monitoring system for the rivers and in the 
l 970's a national system was elaborated. The usability of the water categories is as follows: 

Category I 

Category II 

Category III 

Usable for drinking water production, process water for food industry and 
aquaculture. 
Fish water for all kinds of fish except !lalmon and process water for 
technological industry 
Water for irrigation of agricultural land and for water power 

The situation of the different rivers is as follows: 



River flow 

Danube 2000 - 5000 m3/s 
Jiu 11 - 94 m3/s 

Mures 30-97 m3/s 
Trotus 15 m3/s 
lalomita 3 m3/s 
Dimbovita 
Prahova 13 m3/s 

c. Ground water quality 

Category 

! 
I - II 

II 
III 
I 

II 
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Main pollutant 

phenol. ammonium. iron 
upper course is heavily polluted. a moderately 
downstream 
moderately polluted 
heavily polluted by industrial discharges 
water quality good 
no data available 
heavily polluted 

Ground water resources in Romania are used for drinking water. for industrial use. as a 
recipient of waste water and as infiltration ponds from agriculture. An average of, 20 % of the 
drinking water originates from ground water. In the Southern part. 58 % of a water is provided 
by ground water resources. 

Ground water pollution is assessed in 1988 by means of a survey on nitrate contents in 
shallow wells in rural areas. The survey showed extended nitrate pollution and furthermore 
pollution with pesticides and heavy metals. Another study. carried out in 80 towns in the 
Southern part of Romania. which has an intensive agriculture sector, showed extensive ground 
water pollution by pesticides. Ground water monitoring is carried out on a nation scale by the 
system including 3 000 wells for background monitoring and 18 000 wells for monitoring 
industrial imp.1cts. 

8. REVIEW OF STUDIES ON IMPROVING ENERGY EFFICIENCY AND 
DECREASING ENVIRONMENTAL EMIS~lONS 

The comprehensive thermal power plant/unit rehabilitation and modernization program 
originates from the Romania Environment Strategy Paper issued July 31, 1992 of the World 
Bank. On the other hand, a lot of studies regarding the improvement of energy efficiency and 
decreasing environmental emissions were made by foreign companies as well as by Romanian 
research and development institutes. The main studies, including those undenaken by some 
foreign engineering companies, are 

a. 

b. 

c. 

d. 

Least cost capacity development 
study 
Rehabilitation survey of thermal 
power plants 
Bucharest district heating 
feasibility study 
Environmental impact assessment 
study for power and lignite 
sub-sectors 

EWBANK PREECE Ltd 
United Kingdom 
MERZ and McLELLAND 
United Kingdom 
BECHTEL Co 
United States 
RAMBOLL HANNEMANN and 
HOJLUNDNS 
Denmark, and 
ENERGY-ENVIRONMENT 
Netherlands 
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The main conclusions of the above mentioned studies as far as environment protection 
and energy efficiency improvement are concerned will be discussed below. 

l. Improving Energy Situation 

Romanian government being aware of the importance of encouraging more efficient 
energy production and use. has created in 1991. ARCE. National Agency for Energy 
Conservation. The main scope of the agency's activity is to promote energy efficiency 
consumption in industry. residential. commercial. transport. agriculture and other sectors. 1be 
Agency's strategy includes: 

* 

* 

• 

* 

Promotion of specific research for energy efficiency equipment and technologies as 
metering devices, electrical appliances. heat exchangers. dual fuel burners, renewable 
energy •... 

Promotion of NOi\ reduction through upgrading combustioo equipment by improved 
design. better air circulation. advanced low NOi\ burner, pulverized and fuel system 
conversion. control of sol\. control of col\. 

For this purpose ARCE has, since 1992. a budget from the Ministry of Research and 
Technology. from which it finances some researches on the above mentioned topics. 

Encouragement of investments in energy efficiency. by giving grants, up 30 % of the 
total investments to several enterprises from a special fund negotiated with the public 
budget. 

Most of these investments were made to rehabilitate or modemi7.C energy cnnsumers: 
boilers, furnaces, burners, to procure equipment for energy measurement and accounting, 
to promote secondary energy recovery and renewable as clean energy sources. 

Promotion of international cooperation in the foUowing subjects: 
technical assistance, consultancy 
information dissemination 
demonstrative actions 
training 
logistic suppon 

In this respect, RENEL has in mind to accelerate the up-dating of the equipment and the 
response for the environment pollution. In the field of institutional reinforcement, ARCE will 
develop strategies on smaller scale, specific for each of its regional branches, in correlations with 
the local economic profile. The strategy will be developed in three stages: 

a. Emergency face with priority one: to stop energy intensity increase through technical 
assistance, financial incentives and appropriate legislation. 

b. Muiium term strategy with the objectives to reduce energy intensity to 0.5 toe (tonne oil 
equivalent) of final energy consumption/1000 US$ of GDP by: demonstrative actions, 
financial back up, encouraging utilities to optimize their resources use. 

--- - ----------------------
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c. Long lerm slralegy. wilh lhe main objeclive of reducing energy inlcnsity to 0.3 toe of 
final energy consumption/1000 USS GDP by: dissemination of the successful 
technologies and replication of the successful demonstrative actions. 

The second way to solve the energy problem is to improve the activities in the energy 
sub-sectors. e.g., in mining. where the following aspects should be taken into account: 

The revitalizalion of productive activities in the lignite and coal sector (brown coal and 
bituminous coal). 
The improvement of the quality of coal. by reducing the content of banen. 
The correlation of coal production supply with the national economy demand (coal and 
lignite) for energy. metallurgy and domestic sectors. 
The initiation of cooperation between Romanian and foreign partners for the 
rehabilitation of the coal extraction sector. 

In the oil and gas sub-sector. the main objectiv~s are as follows: 

To stop oil ~..ad natural gas production decline. and to maintain a production rate which 
would provide high efficiency and optimum reserve r.lle. 
To up-grade geophysical research activity by the procurement of top level equipment. 
To rehabilitale the drilling rigs for high deep-angles wells and horizontal actions. 
To attract foreign investments for the oulline of new hydrocarbon reserves. especially for 
those existing in high-depth zones. In lhis respect. ROMPETROL has organii.ed a 
bidding to attract the foreign investors who shall carry out oil exploration and 
development works on 15 areas. like AMOCO. SHELL. ENI'ERPRISE and CANADIAN 
OCCIDENT AL. 

2. Decreasing Emissions from Energy Production 

RENEL's policy for decrea~ing the emissions from energy production is given below. 

Policy for the environment 

Upgrading and control of combustion 
processes 

Energy generation improvemenl through 
clean fuel technologies 

lncrea~ing the performances of electrostatic 
prccipitators 

Priority actions 

i. Purchasing instruments for automatic 
measurement and control of the combustion 
process 

ii. Changing the combustion process and 
implementation of reduced NO, burners 

i. Utilization of low sulphur heavy oil in the 
main cities and towns 

ii. Replacing the autochthonous lignile with 
imported coal at certain power plants 

i. Retrofitting of electrostatic precipitators 



Power plantli endowment with measurement 
and monitoring equipment for emissions 
(502• NO,.. powders. C02• CO. 
hydrocarbons) 

Abatement of ash stockpiles impact on the 
environment. ash utilization 

Promoting energy efficiency policy 
- to the own equipment 
- at the consumers 

50 

i. Purchase of mobile laboratories for 
emission measurements 

ii. Endowment of power plants with 
emissions control equi!>ment 

i. Application of ash stockpiles stabilization 
technologies in order to avoid its spreading 

ii. Ash management and marketing 

i. Rehabilitation of existing power plants 

ii. Implementation of new clean 
tec.hnologies of high energy efficiency (FBC 
boilers. combines cycle steam-gas) 

iii. DSM projects at the electric and thermal 
power consumers 

C. ECONOMIC AND ENVIRONMENTAL COMPARISON OF COGENE­
RA TION CYCLES 

Cogeneration or the simultaneous production of electricity and heat is a well 
established technology which has proven its technical and economic viability for many 
years in Romania. Romania has long experience in designing and operating cogeneration 
plants. Several methods could be applied for undertaking the economic analysis of 
cogeneration system. 

Cogeneration plants save annually more than 30 % of the primary energy. In other 
words, the cogeneration unit consumes about 65 % of the fuel needed for running two 
single plants producing the same output of electricity and heat. This subsequently means 
that the cogeneration plant will produce about 32 % less pollutants than two single plants 
producing the same amount of electricity and heat. 

The environmental impacts of SO,., NO,. and C02 are already known but the 
benefits of decreasing their emissions could be difficult to estimate in terms of money. 
What is sure is the costs of controlling these pollutants in two separate plants are more 
than the costs of controlling them in one cogeneration plant. 

In addition to normal savings in building and running a cogeneration plant in 
comparison to two single plants, the environmental savings will also result from: 

scmhbing particulates 
scrubbing NO. 
controlling so. 
controlling C02 
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In Romania there is no coal gasification l:Ombined cycle. but there are pilot plants 
in operation in Bucharest. At the same stage of development is the application of 
pressurized fluidized bed combustors. 

D. PLAN OF ACTION FOR THE INTRODUCTION OF LNWT IN ENERGY 
PRODUCTION 

1be decrease of emissions from .• :nergy production system raises a number of important 
environmental issues. Among these. are the availability of clean or LNWT (Low and Non-Waste 
Technology). but the allocation of resources are likely to play an important roll. 

1. Future investments 

In order to maintain the power system and to improve its technical and economic 
performances the rehabilitation and modernisation of the power plants. units and network are to 
be accomplished. 

In 1993. RENEL forecasted to operate 200 MW in district heating plants (4 units of 
50 MW each) at Arad, Brasov. Bacau. Bucharest. and 25 MW in hydro power plants. Over the 
period from 1994 to 2000 it is forecastcd to provide investments from own resources to build 
430 MW thermal power plants and 80 MW hydro power plants. The overall programme of 
thermal and hydro power plants building. financed by RENEL over the period during 1994 -
2000, requires USS 2180 millions. At the same time. RENEL owns, at various commissioning 
levels, thermal, hydro and nuclear power plants, that produce 975 MW. One of these units that 
have been started and is now at an advanced commissioning level is the Nuclear Power Plant 
Cemavoda. which was projected and which the construction works started for 5 units 700 MW 
each. with CANDU reactors. 

2. Other Projects on LNWT in Energy Production 

Among all the possibilities for improving the energy production and decreasing the 
pollutant emissions, the LNWT (Low- and Non-Waste technologies) is a potential possible 
"new" approach. 

Two main approaches are possible: the first is the improvement of the already existing 
systems (methods and/or equipment) to increase the efficiency of energy production. And the 
second is to reduce the pollutant's emissions, and to use local waste materials as fuel; fostering 
in such a way both the environmental protection and resources saving strategy. 

In the first category, the improving possibilities of existing systems are different 
depending on the type of plant. In Romania no diesel plants are used fo: electricity production 
hence the focus will be on boile~. In all cases, it is imponant to consider separate!y the primary 
methods concerning the burning process itself and the secondary methods concerning the flue 
ga .. technologies. Obviously, each primary method has to focus on the nature and content of the 
fuel and to start (as process flow) with preparation of that fuel. Similarly, each secondary 
method has to end with wa4ite disposal or better, with waste recycling and re-use. 
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Cogener.ition gives. on the other hand. flexibility for the general parameters of the 
system. Concerning waste using in energy production. emphasis should be put on biogas 
technology. incineration and gasification. 

E. FINANCIAL CONSTRAINTS 

The Government of Romania is currently seeking funds from the World Banlc. 
PHARE Programme and other international multilateral financing agencies to perform 
comprehensive rehabilitation and modernization for thermal power plant units in 
connection with a restructuring and rehabilitation of the country's lignite mines. 

The World Bank is considering to provide a loan for the above purpose after 
undertaking all Environmental Impact Assessments needed. 

Other studies are financed through a grant from European Communities on EC­
PHARE Programme for the Central and Eastern Europe. 

In addition to these funds from foreigner organizations, the municipalities from 
Romanian towns have their own funds allocated by the Romanian Government from the 
National Badget to improve the environmental conditions. 

F. CASE STUDY ON MUNICIPAL WASTE MANAGEMENT IN BUCHAREST 

1. Use of Domestic Wastes 

Biothermal fennentation of wastes has been developed in Romania with stimulating 
results for digesting most of animal wastes from farms and to a lesser extent domestic wastes. 

The use of this method has the advantage that wastes can be wholly turned to best use, as 
after completion of fennentation, the resulted product has a calorific power about 6.5 kWh/m3

• 

This sludge could be dried and used as briquettes for combustion or fertilizer in agriculture. 
They have the advantage, compared with the synthetically fabricated fertilizers, that the former 
are biologically degraded and do not pollute the soil, surface and ground waters neither they 
produce GHG as Nitrous Oxides. 

The average consumption of methane gas for Bucharest populations (about 2 millions 
inhabitants) is 7.56 PJ. On the other hand. the amount of wastes collected in Bucharest is 
roughly 0.8 kg per capita/day, therefore 300 kg/y per capita, which is roughly 600 (.1()() t/y. 

2. Waste Management in Bucharest 

According to the data made available by the townhall of Bucharest municipality, the 
wastes resulted in the capital are: 



Domestic wastes 
Stre~t wastes 
Industrial wastes 

5 500 m1/day 
800 m1/day 

I 200 m3/day 

This is equivalent to about 800 000 - 900 000 t/y 
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Up to the present. these wastes were collected and ~tored in pits. For environmental 
protection reasons and as a consequence of the problems raised by storing wastes in such a 
volume. it was tried to incinerate them. Thus. two pilot units were built. based on Romanian 
design. in Militari and Pantelimon areas. each one being equipped with two lines for wastes 
processing with a rated capacity 5 tlh. The technique used is that of I 970's and the incineration 
technology applied produces noxious chemical compounds which are not retained by the gas 
discharge units. in amounts exceeding the present regulations concerning the environmental 
protection. 1be reliability of the mechanical system is low, and it can only be used for less than 
50 % of the annual operating time. For these reasons. the pilot units cannot represent a final 
alternative to solve the problem of the collected wastes in Bucharest municipality. 

3. Pilot Plant Suggested 

In the following a pilot plant is suggested to treat a part of the solid waste in the city of 
Bucharest. 1be treatment capacity of the plant is assumed to be 60 000 t/y; and the composition 
of the waste is assumed as follows: 

Material Percentage Amount 
% t/year 

Organic kitchen waste 81 48600 

Paper 8 4800 

Plastics 3 1800 

Metals 4 2400 

Stones/dust 1 600 

Glass 3 1800 

4. Plant Components 

The waste treatment plant will consist of the following main components: 

a. Pretreatment Plani (Fig. 4) 

The pretreatment plant consists of: receiving silo. screen. crusher. magnetic separator, 
convey belt and control room. 
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b. Biological Treatment Plant (Fig. 5) 

The biological treatment plant will. on the otht:r hand consist of: Mix-separators. biomass 
pumps, digesters, gas cleaning system, heat recovery system, process water system, mechankal 
dewaterint: equipment and bio-filter_ 

The FinDish process known as Waasa process includes components as the Mi~-separator 
and the Twin digester which remove efficiently undesired materials such as glass, stones and 
plastics from the end products. This makes the input staff uf much higher quaiity than in 
conventional compos~ing, hence the sl11dge could be used ciirectiy in the field. The anaerobic 
process does not, however, remove metal trace, and the decision to remove them rest with the 
consumer. The percentage of the metal trace in the sludge depends to a great extend on the 
amount of industrial waste mixed with municipal waste. 

c. The End products 

The output corresponding to the input materials mention above is as follows: 

End product A mount per year Remarks 

Riogas 6.6 A 106 Nm).':· CH, 59% 

Sludge 24 ()()() tly TS35% 

Surplus water 21 ()()() tly 

Disposable products 7 000 tly 

The biogas product is to used in a cogeneration diesel pJani: to produce electricity of about 
13 GWh/y and heat of about 21 GWh/y. The electricity consumption of the plar.t itself will be 
roughly 2.7 GW~J/y and the heat consumption, 2.5 GWh/y. 

The sludge is a good quality fertilizer and can replace imported and lccally manufactured 
N-fertilizers. Its amount will be about 24 000 t/y. The surplus water may be also used in 
agriculture ao; liquid fertilizer. Its amount is approximately 21 000 t/y. If this is raot feas;ble, the 
water could be treated in waste water treatment plant. 

The inen material contained in the waste is separated and treated. Since, it has no 
environmental hazards it could be disposed of safely. Its amount will be about 7 000 lly. The 
sewage wa'ite and other organic wastes as vegetable products, slaughter house waste, and oi.her 
organic and non-toxic waste could be also added to the input materials. Both the biogao; and the 
fertilizer yields will grow accordingly, and a bigger plant will be needed. 

A pla.nt of the above size will operate 5 days a week ana 16 hours per day (t~:o shifts). It 
will thus need 2 x 5 operators. training of the operators on new plants could take place on site 
in Waao;a which ha'i been operating since 1990. The cost of constructing such plant in Romania 
could be given only after undertaking a detailed pre-feasihility'feasibility study to determine 
exactly the parts that arc going to he manufactured locally and those which arc going to be 
imported. 



Annex I 

Economical Evaluation Refer. HUNOOI 
Date 21-3-94 

Projed WN6R25SG 
Customer St. lmtt Hospital 

A Plant Performantt 

Production kW 2429 
Electrical kW 1039 
Heat kW 1390 

Fuel Jnput kW 2692 
Main fuel kW 2692 
Pilot fuel kW 0 

B Annllal Operational P:-odudion 

Full P~cr Houn 
Electrical h 8100 
Heat h 8100 

Operational Losses % 
Production MWb 19674 

Electrical MWh 8413 
Heat MWh 11261 

Fuel Input MWh 22026 
Main fuel MWh 22026 
Pilot MWh 0 

Annual Net Efficiencies % 89,J 
Electrical % 38.2 
Heat % SI.I 

c Power Plant Profllabi/ity 

Investment Data 
Total Investment Mill. FIM 6,7 
Equity Investment Mill. FIM 1,3 
Residual Value Mill. FIM 0,2 
Net Investment Mill. FIM I.I 

Annual Economical Data 
Incomes Mill. FIM /year 3,6 
Costs Mill. FIM /year ·2.1 
Operational Margin Mill. FIM /year 1.4 
Capital Costs Mill. FIM /year .o.s 
Net Income Mill. FIM /year 0,9 
Income Taxes Mill. FIM /year 0,0 0% 
Operating Cash-Flow Mill. FIM /year 0,9 

Profitability 
Return On Investment (ROI) •/. 22.0 
Pay-Back Time years l .. "i 
Return On Equity (ROE) •1. 67,7 
Debt Coveral!e Ratio 2,76 
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Economical Ei•a/uation Refer. HUNOOI 

Date 21-3-94 

D Ann•al Opnational Margin 

DI Annual Operational Margin Mill F"IM 1,4 

Incomes ( 02 ) Mill. AM 3.6 

Costs ( 03-.05 ) Mill_ FIM 2.1 

D2 Annual Incomes Mill FIM 3,6 

Electricity Mill FIM 2,7 

Enc~- Payment Mill. AM 2.7 

Tariff FIM/MWh 320,0 

Capacity Payment Mill. FIM o.o 
Tariff FIM/k\V o.o 

Heat Mill. FIM 0,9 

Energy Payment Mill. FIM 0,9 

Tariff AM/MWh 78.0 

Capacity Payment Mill_ AM 0,0 

Tariff FIMlkW o.o 

Dl Annual Fuel Costs Mill FIM 1,7 

Main Fuel Costs Mill FIM 1,7 

Energy Payment Mill_ FIM 1.7 

Price FIM/MWh 78.0 

Capacity Payment Mill. FIM o.o 
Tariff FIM/k\V o.o 

Pilot Fuel Costs Mill. FIM 0,0 

Energy Payment Mill. FIM 0,0 

Price FIM/MWh o.o 

04 Annual Operation and Maintenance Costs Mill. FIM 0,4 

Operation Costs Mill. FIM 0,1 

Price FIM/kWc/ycar 120.0 

Maintenance Costs Mill. FIM 0,2 

Price FIM/MWhel 25.0 

Lube Oil Costs 0,0 

Price FIM/liter 5,0 

Consumption kg/year 8413 

DS Annual Costs for DeN01 reduction Mill. FIM 0,0 

Catalysator Costs Mill. FJM o,o 
Price FIM/MWh 4,0 

Ammonia Water ( 2S/75 % ) Collb Mill. FIM o,o 
Price FIM/kg 0,8 

Consumplion kg/year 5(,(,(,,5 

l'ai.:c 2 / l 



Economical £,·aluation Rd'cr. HUNOOI 
Date 21-3-9.& 

E /11ust111nit Cosb 

El lavestmcat Costs Mill FIM 6,7 
a P~uPlant Mill. AM 5.2 
b Infrastructure Mill_ FiM 0.6 
c Indirect Costs Mill. AM 0.2 
d Allowances Mill. AM o.o 
e Fees Mill. AM 0.4 
r JDC Mill. FIM 0,1 
g Land Mill. RM o.o 
h Rcscrvcs Mill. AM 0,2 

Basic ln\ICSlmenl Costs ( a..c ) Mill. AM 6.0 
Construction Costs ( a .. f) Mill. FIM 6,5 

El lnvatmcat Fees Mill FIM 0,4 
CommittMnt Ftts Mill FIM o.o 

% 0,3 
Devclopcment Ftts Mill FIM 0,4 

"· 6.0 

D Interest Durini Construction. IDC Mill FIM 0,1 
Construction Time months 12 
Construction Loan Mill. FIM 5.2 
Interest rate % 5,0 

E4 Annual Capital Costs Mill. FIM o.s 
Loan Mill. FIM S,4 

Equily Share % 20,0 
Total lnv~mcnt Mill. AM 6,7 

Interest rate % 5 
Amortization years 15 

ES Reserves Mill. FIM 0,1 
Fuel Reserves Mill. FIM 0,0 

Fuel EfTcc1 MW 2.7 
Reserve Fuel Price FIM/MWh 0 
Reserve Days days () 

Dehl Fund Reserves Mill. FIM 0,0 
Debi Coses Mill. FIM o . .s 
Reserve Days days 30 

Cash Reserves Mill. FIM 0,2 
Annual Running Costs Mill. FIM 2.1 
Annual Full Power Hours h 8100 
Reserve Days days JO 
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Plant Pt!r[ormance l>ata R.der. HUNOOI 
Date 21-3-9" 

I PROJECT W/V6R2SSG 
Customer St. lmre Hospital 

2 PLANT SPEC/FIC4TION 
Number of engines pc:s 
Engine Type Wansili Nohab WN6R25.SG 
Engine Spec:d I Frequency rpm IOOO SOHz 
Main Fuel Natura! Gas 

Lower Heat Value kJ/m3(n) 36000 
Pressure bar 4 

Heat RecoYcry Type Saturated Steam and Hot Water 
DcNOx equipment Installed 
Auxiliary Cooling Type Radiator 
Generator Voltage. power factor v 13200 0.85 

3 REFERENCE CONDITIONS 
Altitude m,max 100 
Ambient temperature C,max 15 
0 0 0 

.f PLANT PERFORMANCE DG-set Plant Efficiency 
Eltttrical Production kW, net 1039 38,6% 

DG-set kW 1051) 1050 
Steam Turbine kW 0 
Paracitics kW -II 

Heat Production kW, net 1390 1390 Sl,6% 
Saturated Steam kglh 950 
.. pressure bar, a 6 
.. feed water c 105 

Hot Water kW 777 
.. return water c 45 
.. supply water c 85 

Total Production kW 2429 90,2% 
Fuel Consumption kW 2692 2692 

kJ/kWhe 9332 

5 EMISSf(}NS mJ1MJf ppm-v mg/mJ(n) mJ!fmJ(n) 
02-contcnt 12,0% 5,0% 15,0% 
NOx ( calculated as N02 ) 162 127 466 173 co 390 
THC ( calculated as CH4 ) ISO 
Ammonia Slip 25 

6 CONSUMA/ILES 

Lube oil consumption g/kWhc I.Cl 
Ammonia-Waler (25/75 %) g/kWhc 0.7 

Page I/ I 



Station characteristic St. lmre Hospital 03/22/94 name: MODIGEN Oy 
[MW] Powei Heat 1 Heat 2 I MW 

LOAD: 0-load 0,3 0,0 I 
7 T HEAT ELMO-pys 

min 1 0,5 0,9 6 

max 1 1,0 1,4 5 • • 1 STATION 0 2 STATION • PIAK llOILEA 

min 2 ###### 0,0 4 
max 2 0,0 0,0 

I 
I 

3 
purchase I ago g&ol 2 energy GWh/a 

' 1 

5 MW STATION CHARACTERIS~ l I 

I 0 
H~T . I 

I I MW I I 
I 

3 I ELECTRICITY ELMO-pys i 

I I • 1 STATION 0 2 STATION • T1r1ll I • T1roll II 0 T1rolf 111 
.SU,TION 1 I I I :- .>TA.TION 2 i I 

' 
I 
i 

------~· ·-----
• 

ELMO pys . 
OOWER 

0 ------~- -·--- ' ' --~ 0 
- MW 
0 0,2 0,4 0,6 0,8 1 1,2 1000 2000 3000 4000 5000 6000 7000 8000 

- ---·- ___________ _____. 

ENERGY: Total 1 STATION 2 STATION 
- Heat GWh/a 20,0 10,3 0,0 
- Electricity GWh/a 2, 1 7,6 0,0 

other 
9,7 

-5,6 

Tariff II 

0,0 

Tariff Ill 

0, 1 
'· ,,,,,. ----I"; 
;.if! 

N 



ANNEXJ 

1. Operating Performances Processes for Coals Burning in Circulating Fluidized Bed for 
Following Types of Boilers. 

I .a. 30 t1h boiler 

Main parameters (free circulatioa boiler): 
steam: nominal flow rate 

pressure 
temperature 

feed water: 
boiler inlet pressure 
injection water: 
environmental air temperature: 
air excess in firebox: 

Design fuel characteristics: 
Qi 
c 
Hi 
Si 
Qi 

Ni 
w 
Ai 

Start-up fuel: methane gas 
CH4 

C2H6 
C1Hs 
air 

98.4 % 
0.48 % 
0.63% 
0.47% 

30 t1h ( 40 tlh) 
15.0 bar 
300°C 

104°C 
24bar 
2lbar 
25°C 
1.2 

6.49 kJ/kg 
19.3 % 
1.8% 
0.6% 
7.3% 
1.7% 
41.0% 
28.3 % 

Pa 33.63 MJ/Nmc 

l.b. R0-165 type boiler, free circulation, without intermediate superheating 
(GANZ - Hungary) 

Main parameters: 
steam: nominal flow rate 

pressure 
temperature 

feed water: 
project coal: 

Q' 
W' 
A' 
MV' 

165 t1h 
13.7 MPa 

813 K 
488 K 

8820 kJ/kg 
34% 

27.5 % 
22% 



l .c. 330 tlh boiler with free circulation and intermediate superheating. 

l.d. 

Main parameters: 
steam: nominal steam 

pressure 
temperature 

feed water: 

120 t/h boiler 

330 tJh 
140 bar 
515°C 
240°C 

32 bar coupled with DK 00- 120 type 
420°C turbine of 12 MW 

100 bar coupled with 20 MW 
540°C turbine 

2. Operating performance processes for desulphurization of burning gases for fuel boilers: 
coal 
black oil 

3. Processes for making most of various categories of ash from thermal power units 
(electroftlters hearth from storage) for the fabrication of construction materials as well as 
other fields of technical and economic interest. 

4. Cogeneration processes in plants equipped with interval combustion motors: 

Cooperation for in site experiments at a Romanian design plant: 30 KW locak.d at 
University Hospital Bucharest. 

Elaboration of improved diagrams and the utilization of performing components 
(heat exchangers with plates) in view of increasing power efficiency. 

Heavy liquid fuel combustion in motors provided with cogeneration and 
depollution problems in order to increa~ the efficiency of the appEcation. 



Table 1. 

Table2. 

Table 3. 

Table4. 
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Differences in emissions (tons) between the years 2000 and 1992. 

Emissions of carbon dioxide (Ia3 tons) in 2000. 

Emissions of particulates (tons) in 2000. 

Maximum annual mean concentrations (µglm3
) in the surroundings of the power 

plants. 




