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Abstract

Waste disposal is a global problem contributing to the ongoing climate change
by large emissions of greenhouse gases. By using waste material as a resource
instead of landfilling, the greenhouse gas emissions from landfills are reduced.
Waste material can be used for waste incineration with energy recovery, thus
decreasing the greenhouse gas emission from energy utilization by changing from
fossil fuels to a partly renewable fuel.
Arges County in Romania has severe problems with its waste material, mainly
sewage sludge and waste from households and industries. As a consequence of the
Romanian EU accession in 2007, Arges County is obliged to close its landfills for
waste in a near future. A reconstruction of the wastewater treatment plant and an
improved management of the sewage sludge residue are necessary in order to
comply with EU standards. The requirements from the EU regarding waste
disposal together with the existence of a district heating network in the residence
city Pitesti, makes it interesting to investigate energy recovery from waste
material in Arges County.
Therefore, the goal of the study is to evaluate the possibility to extract energy
from co-incineration of the waste material, sewage sludge and waste generated in
Arges County. In order to reach this goal, the composition and quantities of the
waste material is investigated. A suitable technology for the waste-to-energy
(WTE) plant is proposed, based on the data of the waste material as well as on
established WTE technologies and their costs. It is assumed that the WTE plant
will be implemented in 2020 and that all the generated waste will be incinerated.
Furthermore, an environmental analysis is carried out, which presents the
reductions of greenhouse gas emissions with the proposed WTE plant in
comparison with the present system; including the management of waste and
sludge and the district heating production, which is based on fossil fuels.
The result shows that the waste material in Arges County has a calorific value
of 7.5 MJ per kg, which is suitable for co-incineration of waste and sludge. The
suggested WTE plant has the total power of 130 MW, annually recovering 620
and 330 GWh of heat and electric power respectively. The investment cost of the
WTE plant is estimated to 226 million euro with a payback time of 8 years. The
environmental analysis shows that the proposed system in comparison with the
present system will decrease greenhouse gas emissions by 88 percent.
A WTE plant appears to be a sound investment in Arges County and would
sharply reduce the emissions of greenhouse gases in the county. However, some
obstacles exist. Waste management is a new field in Romania and currently there
are no WTE plants. Furthermore, the data used in this study concerning the
quantity and composition of the waste, is uncertain and further studies are
necessary before a WTE plant can be established.
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Abstract

Depozitarea deşeurilor este o problemă la nivel global care contribuie la
schimbările de climă curente, prin emisii extinse de gaze de seră. Utilizând
deşeurile ca resurse în loc de a le depozita în rampă sunt reduse emisiile de gaze
de seră. Deşeurile pot fi incinerate cu obţinere de energie, astfel reducând emisiile
de gaze de seră din utilizarea energiei prin înlocuirea combustibililor fosili cu
combustibil în parte regenerabil.
Judeţul Argeş din România are probleme serioase cu deşeurile, care sunt
formate în cea mai mare parte din nămoluri provenite din staţiile de epurare şi
deşeuri domestice şi industriale. În urma aderării României la UE în anul 2007,
judeţul Argeş este obligat să îşi închidă rampele de gunoi într-un viitor apropiat.
Este astfel necesară reconstruirea staţiei de epurare şi îmbunătăţirea
managementului nămolurilor provenite din staţiile de epurare în vederea
conformării la standardele UE. Condiţiile europene privind depozitarea deşeurilor
şi reţeaua existentă de termoficare din municipiul Piteşti face interesantă
investigarea recuperării energiei din deşeurile din judeţul Argeş.
De aceea, scopul studiului este de a evalua posibilitatea de a extrage energie
din incinerarea laolaltă a nămolului provenit din staţia de epurare şi a deşeurilor
generate în judeţul Argeş. În vederea realizării acestui scop, se cercetează
compoziţia şi cantităţile deşeurilor. Se propune o tehnologie adecvată pentru staţia
de convertire a deşeurilor în energie, pe baza datelor despre deşeuri, precum şi pe
tehnologiile consacrate de convertire a deşeurilor în energie şi costurile aferente.
Se presupune că staţia de convertire a deşeurilor în energie va fi implementată în
anul 2020 şi că toate deşeurile generate vor fi incinerate. Mai mult, se realizează
o analiză de mediu care prezintă reducerile emisiilor gazelor de seră datorită
staţiei de convertire propuse prin comparaţie cu sistemul curent, incluzând şi
managementul deşeurilor şi nămolului şi producerea de căldură la nivel de judeţ,
pe bază de combustibili fosili.
Rezultatul arată că deşeurile din judeţul Argeş au o valoare calorifică de 7,5
MJ/kg care se pretează pentru incinerarea laolaltă a deşeurilor şi a nămolului.
Staţia propusă de convertire a deşeurilor în energie are o capacitate totală de 130
MW, recuperând anual între 620 şi 330 GWh căldură şi energie. Costurile de
investiţie pentru staţia de convertire a deşeurilor în energie sunt estimate la 226
milioane Euro cu o perioadă de rambursare de 8 ani. Analiza de mediu arată că
sistemul propus, spre deosebire de cel curent, va scădea emisiile de gaze de seră
cu 88 de procente.
O staţie de convertire a deşeurilor în energie pare a fi o investiţie serioasă în
judeţul Argeş şi ar reduce semnificativ emisiile de gaz de seră din judeţ. Oricum
există unele impedimente. Managementul deşeurilor este un domeniu nou în
România şi în prezent nu există staţii de convertire a deşeurilor în energie. Mai
mult, datele folosite în acest studiu referitoare la cantitatea şi compoziţia
deşeurilor nu sunt sigure şi sunt necesare studii detaliate înainte de înfiinţarea unei
staţii de convertire a deşeurilor în energie.
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Populärvetenskaplig sammanfattning
Möjligheten att utvinna energi ur avfallsmaterial i region Arges, Rumänien
Avfallshantering är ett problem i stora delar av världen och bidrar till den pågående
klimatförändringen genom omfattande växthusgasutsläpp. Regionen Arges i Rumänien är ett
av flera områden i Rumänien som i dagsläget har stora problem med sin avfallshantering.
Regionen har 650 000 invånare varav 170 000 bor i residensstaden Pitesti som ligger 11 mil
nordväst om Bukarest och karakteriseras av sin industritäthet. Avfallet som genereras i
regionen läggs för närvarande på okontrollerade deponier eller slängs fritt i naturen men i och
med att Rumänien gick med i EU 1 januari 2007 har kraven på avfallshanteringen skärpts.
Arges har tvingats stänga sina deponier som en följd av att de inte når upp till EU:s miljökrav.
Stora ekonomiska resurser satsas på att bygga om avfallshanteringen så att den håller EU
standard vilket kommer att vara klart 2020. Vid reningsverket i Pitesti är även
slamhanteringen ett stort problem. Varje år läggs slammet på en temporär deponi, vilket leder
till stora växthusgasutsläpp. Deponin håller inte den miljömässiga standard som EU
direktiven kräver och en långsiktig lösning måste hittas tills 2010.
Istället för att se avfallsmaterialet, i form av avfall och slam, som ett problem skulle det kunna
ses som en resurs. Genom att förbränna avfallsmaterialet och utvinna energi skulle
växthusgasutsläppen från deponier för avfall respektive slam elimineras och delvis förnybar
energi utvinnas. Syftet med detta examensarbete är att utreda möjligheten att utvinna energi ur
avfallsmaterial i form av förbränning i ett kraftvärmeverk i region Arges. Värmen från
förbränningsanläggningen kan användas i det befintliga fjärrvärmenätet i Pitesti och därmed
ersätta värme i fjärrvärmenätet som idag produceras av fossila bränslen.
Arbetets huvudsakliga fokus har varit att utreda den miljömässiga påverkan i form av
växthusgasutsläpp med den föreslagna förbränningsanläggningen. Denna påverkan har
jämförts med dagens system i form av okontrollerad deponering av avfall och användningen
av fossila bränslen till el och fjärrvärmeproduktion. Ett tekniskt förslag på
förbränningsanläggning har tagits fram med hänsyn till beprövad teknik och
kostnadseffektivitet. Återbetalningstiden för anläggningen beräknas och en ekonomisk
jämförelse mellan dagens system och den föreslagna förbränningsanläggningen genomförs.
Arbetet är beställt av Borlänge Energi som sedan 1998, då Borlänge och Pitesti blev vänorter,
har haft flera projekt på gång i Arges. Borlänge Energis främsta samarbetspartner har varit det
regionala VA-bolaget Apa Canal som också har stöttat arbetet med detta examensarbete.
För att utreda möjligheten att utvinna energi ur avfallsmaterialet har kvantiteten och
energiinnehåller av slammet och avfallet analyserats. Eftersom avfallsdeponeringen har skett
okontrollerat är både kvantiteten och kompositionen osäker och bygger på uppskattningar.
Enligt tidigare studier beräknas dock omkring 480 000 ton hushållsavfall och industriavfall
deponeras varje år. Rumänien är ett land som inte är lika utvecklat som övriga Europa och
fraktionerna av organiskt avfall är därför högre och andelen plast och papper lägre. Detta gör
att energiinnehållet i avfallet är 7.7 MJ/kg i jämförelse med medelvärdet i Europa på 10
MJ/kg. Energiinnehållet är dock tillräckligt för avfallsförbränning och för att ett extra bränsle
inte ska behöva tillsättas. Troligtvis kommer också energiinnehållet öka och bli mer likt det
Europeiska medelvärdet i och med att Rumänien utvecklas. Mängden avfall är också
tillräcklig för att kunna tillfredställa dagens fjärrvärmebehov i Pitesti. Enbart under de kallaste
månaderna på året behövs ett extra bränsle för att trygga värmeförsörjningen. Slammet utgör
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enbart en liten del av avfallsmaterialet på 3 400 ton per år och dess lägre energiinnehåll på 4
MJ/kg sänker bara det totala energiinnehållet till 7.5 MJ/kg.
Idag finns ingen avfallsförbränningsanläggning med energiutvinning i hela Rumänien. Detta
sammantaget med att avfallshanteringen inte är organiserad i Arges idag gör att förslaget på
en anläggning är framtaget för 2020. För att fjärrvärmenätet ska vara motiverat att användas
tillsammans med en förbränningsanläggning år 2020 måste nätet restaureras. Idag är
fjärrvärmenätet i väldigt dåligt skick med stora läckage och därmed stora värmeförluster.
Många kunder har de senaste åren kopplat ifrån sig från fjärrvärmenätet på grund av det höga
fjärrvärmepriset och med anledning av att värmeleveransen vissa perioder har uteblivit. Trots
det höga fjärrvärmepriset samt bidrag från staten och kommunen går fjärrvärmebolaget varje
år med förlust på grund av höga produktionskostnader. Även de industrier som tidigare köpte
processånga har kopplat ifrån sig från nätet vilket resulterat i att fjärrvärmebolaget de senaste
10 åren förlorat 40 procent av värme- och ångförsäljningen.
Det i rapporten presenterade förslag på kraftvärmeverk för avfallsförbränning kommer att
producera 330 GWh el och 620 GWh värme per år. Eftersom Pitesti är en industrität stad
finns stor potential att leverera processånga vilket borde undersökas vidare. Arges har ett
klimat med varma somrar och kalla vintrar vilket gör att värmebehovet är koncentrerat till ett
fåtal månader per år. Därför borde två turbiner användas för att öka elproduktionen under de
varma månaderna. Kostnaden för anläggningen beräknas till 2.3 miljarder SEK vilket medför
en återbetalningstid på 8 år. Den ekonomiska vinsten i förhållande till dagens system är svår
att beräkna men uppskattas bli över 400 miljoner SEK per år. Detta beror på att bränslet blir
en inkomst istället för en kostnad, inga utsläppsrätter behövs för avfallsförbränning med
energiåtervinning, skatterna för el- och värmeproduktion blir lägre och elproduktion ökar
vilket ökar intäkterna. Den miljömässiga vinsten som en förbränningsanläggning skulle
medföra är en sänkning från dagens 1 234 000 till 146 300 ton CO2-eq per år, vilket innebär
en sänkning med 88 procent. Detta examensarbete visar att energiutvinning från
avfallsmaterial har stor potential både ekonomiskt och miljömässigt.
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1 Introduction
The climate change is one of the most difficult issues the world is facing today. The global
warming is now evident from observations and is according to the International Panel on
Climate Change (IPPC) very likely due to the increase of human induced greenhouse gases
(GHG). Since the industrial time began, more GHG have been released than what is
sustainable. According to the Fourth Assessment Report of IPCC, the world will face a
temperature increase between 1.1 and 6.4°C during the 21st century. Furthermore, sea levels
will probably rise by 18 to 59 cm, and there is likely to be more frequent warm spells, heat
waves, heavy rainfall, droughts, tropical cyclones and extreme high tides. This is devastating
to the earth and millions of people are likely to become climate refugees. A lot has to be done
in the near future in order to prevent this development. The European Union (EU) has taken
action by admitting the proposal “20-20-20” which emphasizes that by 2020, 20 percent of
EU’s energy will be supplied by renewable energy sources and the energy efficiency will be
increased by 20 percent. This shows that EU aim to alter its use of fuel and reduce the
consumption of fossil fuels.
In a global perspective, waste material is an almost unused source as a fuel for satisfying the
demand of energy. Instead it is a huge problem in several parts of the world, with lacking
space for disposal, GHG emissions and leakage. In some countries, however, waste material is
now considered more as a resource than as a problem. Sweden is one of these countries, using
energy recovery from waste incineration and partly energy recovery from sewage sludge. This
change from fossil fuels to a partly renewable fuel constitutes one part of Sweden’s ambition
to reduce GHG emissions.
Arges County in Romania is a region where energy recovery from waste material is possible
to be a sound solution. By the Romanian accession to the EU in 2007, the country is predicted
a rapid development, both when it comes to business and environmental concern. Arges
County is a prominent region in the country for both mentioned sectors. Furthermore, the
county has problems with waste; mainly sewage sludge and waste from households and
industries, which this study examines. As a consequence of the Romanian EU membership,
Arges County will in a near future have to close five landfills for waste and implement a
totally new waste management system. Furthermore, a reconstruction of the wastewater
treatment plant and an improved management of the sewage sludge residue are necessary in
order to comply with EU standards. The rapid development in Arges County, an existing
district heating network in the residence city Pitesti and the requirements from the EU
regarding waste, makes it interesting to investigate energy recovery from waste material. This
master thesis investigates the possibility of extracting energy by incineration of waste material
in Arges County and what benefits that would result in, in particular the environmental
benefits with regards to the emissions of GHG.

1.1 Background

The client of this master thesis is Borlänge Energy AB, who for several years has been
involved in various projects on sustainable development in Pitesti, Romania. Borlänge
Energy’s commitment in Arges County dates back to 1998 when the municipalities’
federation in Sweden and the Swedish embassy in Bucharest initiated a project to extend the
contact between Romanian and Swedish municipalities. As a result of this, Borlänge and
Pitesti became partner towns, carrying out projects for mutual learning. [5]
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Pitesti is the capital of Arges County, situated 114 km northwest of Bucharest as Figure 1.1
illustrates. In 2005, Arges County had 650 000 inhabitants out of which 170 000 were citizens
of Pitesti [43]. The city has a history as an important centre for commerce, and is today very
industrialized. Important industries are the automotive and the petrochemical industry.

Figure 1.1 Map of Romania.

One of the areas for cooperation between the municipalities of Borlänge and Pitesti are
environmental and energy issues where the companies Borlänge Energy and the regional
water and wastewater company S.C. Apă Canal 2000, henceforth called Apa Canal, are the
main actors. [5] In 2008, an establishment of an Environmental Centre in Pitesti was initiated
by Pitesti City Hall and Apa Canal from Romania and Borlänge Energy and the Swedish
Environmental Research Institute (IVL) from Sweden. The Environmental Centre will serve
as the core for collaboration projects on sustainable development. [2] Another purpose of the
Environmental Centre is to make it easier for Swedish companies within the environmental
technology sector to make investments in Arges County.

1.2 Aim

The aim of this master thesis is to examine the possibility of extracting energy from waste
material by co-incineration of sewage sludge and waste from households and industries in
Arges County. More specifically, the study focuses on the possible amount of energy recovery
and on what environmental consequence with respect to GHG emissions that would give in
comparison to the existing system. In addition, an investment calculation and a suitable
incineration technology for energy recovery, is also investigated.

1.3 Goal
The goal of this master thesis is stated below:
•

To provide necessary information of the waste material; sewage sludge and waste
from households and industries in order to evaluate if the waste can be used for
incineration with energy recovery.

Introduction
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To provide a calculation of the quantity of energy possible to extract from the waste
material.
To provide a suitable technical solution for waste incineration with energy recovery.
To provide an investment calculation of the proposed waste-to-energy (WTE) plant
and a payback time.
To calculate the environmental benefit, measured in carbon dioxide equivalents (CO2eq), with a WTE plant in comparison to the existing system.

1.4 Limitations

WTE signifies several different technologies for waste treatment with energy recovery such as
incineration, gasification and pyrolysis. In this report, however, WTE refers only to
incineration of waste material with energy recovery.
The waste materials taken into consideration are sewage sludge from the wastewater
treatment plant (WWTP) and waste from households and industries, since these materials
exist in large quantities and are currently not, or only partly, used for energy recovery.
The primary geographical limitation of this study is Pitesti, since a large district heating
system exists in the city. The city also has a high demand of energy, due to its many
industries. Furthermore, the WWTP in Pitesti is the most developed in the county. However,
the disposal of waste is a problem in the entire county and a regional collection system with a
centre in Pitesti, is presently under development. Therefore, an inflow of waste from entire
Arges County is taken into consideration.
No expansion of the district heating grid in Pitesti is considered. The production of district
heating, electric power and steam will be examined, but the possibility of district cooling is
not further discussed, since that particular stage of development has not yet been reached in
the region. Regarding a future owner or financier of the incineration plant, no specific
company is in mind.

1.5 Method

In order to evaluate the possibility of energy recovery from waste material, this study is based
on literature studies, field studies and interviews. This section describes the methods used in
order to determine the technical solutions and carry out the economical and environmental
analysis.
1.5.1 The three studied systems
Initially, the present situation is described in order to be able to compare and evaluate the
proposed system. Arges County is in a phase of development and therefore the present system
is modified with some important changes regarding the waste and sludge management and
treatment. These changes are taken into consideration in the modified system. Table 1.1
presents the three systems studied in this thesis. The calculations regarding for example a
dimensioning of a WTE plant and the environmental calculations, are carried out with respect
to the forecasted waste material quantities in 2020.
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Table 1.1 Presentation of the three studied systems.

System
Present system

Modified system

Proposed system

Description
The current district heating network with corresponding plants in Pitesti.
Uncontrolled landfills of household and industrial waste.
Temporary disposal site for sewage sludge.
The current district heating network with corresponding plants in Pitesti.
Controlled landfills of household and industrial waste.
Temporary disposal site for sewage sludge, after reconstruction of the WWTP.
The current district heating network with a WTE plant that incinerates all
generated waste from households and industries in Arges County and sewage
sludge from the WWTP in Pitesti in 2020.

1.5.2 Method used to examine technology for the WTE plant
The technology evaluated is co-incineration of sewage sludge and waste with energy
recovery. Co-incineration of waste and sludge is not a widespread treatment method, the
reason for evaluating this method is based on two main factors; the ongoing discussion at the
WWTP in Pitesti to use incineration as the final disposal method for the residue sludge, and
the Swedish know-how regarding waste incineration. The selection of technology for the
WTE plant is based on the two criterias; economics and how well-tried the technology is.
1.5.3 Economical methodology
An economical calculation of the investment is presented for the WTE plant. The method
used is the payback method. Since the payback method does not take capital cost, such as
interest and inflation into consideration, the net present value (NPV) is calculated with an
assumed economical lifetime and discount rate. In addition to the investment calculation, a
comparison is carried out between the present and the proposed energy supply system.
Eventually, a sensitivity analysis is accomplished in order to investigate how the payback
time depends on different parameters.
1.5.4 Environmental methodology
The present environmental impact from waste and sludge management and production of
district heating is evaluated and compared with the proposed system. This study focuses on
GHG emissions and therefore the environmental impact is calculated in carbon dioxide
equivalents (CO2-eq). Other environmental problems such as euthrophication and
acidification are not taken into consideration even if they have a significant impact on the
environment.
The calculations of GHG emissions in this report are carried out based on the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories and the EBRD Methodology for
Assessment of Greenhouse Gas Emissions. [9] [28] A sensitivity analysis is carried out with
respect to a changed waste composition.
1.5.5 Method criticism
The information in this report is in many aspects based on second hand information received
through interviews or studies made some years ago, which can be seen as a weakness. One
important possible source of errors that should be addressed is the incoherent information
regarding the waste composition and its quantities. In order to secure the reliability of this
study the same information is collected from different sources when it is possible.
Due to the fact that no WTE plant currently exists in Romania, the investment calculation is
carried out based on Swedish costs and taxes. Presumably, the material cost and salaries for a
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WTE plant will be lower in Romania in 2020 in comparison to the current costs in Sweden.
Nevertheless, a Swedish investment calculation is a likely estimation for the WTE plant in
Romania, since the lower cost in Romania will be equalized by the country’s need of foreign
know-how and also import of foreign technologies.
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2 The energy situation in Romania
The president of Romania, Traian Basescu, stated during his state visit in Sweden in March
2008, four important fields of development in Romania. One of these mentioned areas was the
energy sector. The three other mentioned fields concerned infrastructure, education and
environment technology. The energy sector in Romania is in a phase of constant change and
the Romanian accession to the European Union (EU) has precipitated this progress. The
country is foreseen a rapid development in many sectors. This chapter describes the present
energy production system in Romania, the main objectives of energy politics and some
important laws and means of control concerning waste management, climate change and
renewable energy sources.

2.1 The supply of energy

Romania is depending on other countries to satisfy its need of fuel for energy production.
Domestic production supplies 70 percent of the primary energy demand and the main
imported fuels are crude oil and feedstocks as well as natural gas. As illustrated in Figure 2.1,
fossil fuels represent more than half of the primary energy in Romania. [17]

Primary energy production
9 558
6 469

5 091

11

1 453

1 578

3 235
1000 toe/yr

Figure 2.1 The primary energy production in Romania in 2006. 1

The production of electric power is also dominated by fossil fuels and the different fuels used
for electric power production in Romania in 2006 are presented in Figure 2.2 below. Only 8.4
percent of the electric power produced in Romania is exported, whereas the fraction of
imported electric power is 1.6 percent in relation to the total amount produced electric power
in Romania. [17]. One important goal of the Romanian energy sector is to double the electric
power output to 100 TWh by 2020, thus increasing the present export significantly.
Furthermore, the ambition of the Romanian government is that the share of renewable energy
will represent 33 percent of the overall electric power consumption by 2010. [15]

1

Toe refers to the tonne of oil equivalent.
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Gross generation of electric power
24 557
18 356
11 831
5 632
1

589

1 606

122

4

GWh/yr

Figure 2.2 The gross generation of electric power in Romania in 2006.

The overall strategy of the energy sector is stated in the National Energy Sector Strategy
covering the period from 2007 until 2020, developed by the Romanian government. The
strategy emphasizes the importance of increasing energy efficiency, boosting renewable
energy, diversifying import sources and transport routes, modernizing lines and protecting
critical infrastructure. The aim of the strategy is to create public private partnerships (PPP)
within different energy sectors. [15]

2.2 Legislation and means of control

The Romanian legislation within the waste-to-energy (WTE) field is currently not as
developed as in many other European countries, such as Sweden. The national legislation is
very important for the development of WTE. In Sweden the national legislation is fulfilled by
bans, taxes, certificates and feed-in-tariffs. [57] This section provides an overview of
legislation relevant for waste management and waste incineration with energy recovery. In
addition, European and Romanian means of control for the energy production sector are
presented.
2.2.1 Legislation
In brevity, three EU Directives influence the ongoing development of the waste management
sector in Romania. These Directives are summarized below.
The Waste Directive 2006/12/EC
The Waste Directive represents the foundation
of EU’s waste management and defines what
material that can be called waste.
Furthermore, the Directive classifies different
treatment methods and defines the so called
waste hierarchy, shown in Figure 2.3, which
illustrates that the most preferable alternative
is prevention of waste production and the least
preferable waste management method is

Prevention
Reuse
Recycling
Energy recovery
Disposal
Figure 2.3 Waste hierarchy.
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disposal on landfills. In 2008, incineration of waste with certain efficiency of energy recovery
was decided to be categorized as a recovery method instead of as before categorized as a
disposal method. [23]
The Landfill Directive 99/31/EC
The goal of the Landfill Directive is to prevent or as far as possible decrease the negative
impact on the environment from landfilling of waste. Therefore, the Directive sets up the
system for the operating permits for landfill sites and sets up requirements for the design of
the landfills. The Directive also defines the different categories of waste; municipal waste,
hazardous waste, non-hazardous waste and inert waste. [18]
The Waste Incineration Directive 2000/76/EC
The goal of the Waste Incineration Directive is to prevent or as far as possible decrease the
negative impact on the environment. Therefore, the Directive sets emission limits and
monitors the requirements for air and water pollutants. The Directive also says that all the
heat that is generated through the incineration should be recovered as long as it is practicable.
[18] [19] Waste incineration is since 2008 categorized as a recovery method.
2.2.2 Means of control
Two means of control that influence the energy producing companies in Romania are; the EU
emission trading scheme (EU ETS) and the national Romanian green certificates trading
system.
The Emission Trading Scheme
International trading of emissions is one of the three mechanisms set up under the Kyoto
Protocol. In Europe the trading system is called the EU emission trading scheme, EU ETS.
The possession of one emission allowance gives the owner the right to emit one tonne of
carbon dioxide. In this study the price of one emission allowance is assumed to be 20 euro in
2020 [60]. The two other mechanisms set up under the Kyoto Protocol are the Joint
Implementation (JI) and Clean Development Mechanism (CDM) giving one country the
possibility to reduce the GHG emissions in a foreign country in order to gain credits which
can be sold or used to meet the target in their own country. The EU ETS, CDM and JI are
presented in more detail in Appendix 1.
The EU has decided that in 2012 the plants producing electric power in Romania will be
allocated 70 percent of the emission allowances, whereas 30 percent will be auctioned. This
applies to the new member states. For the remaining member states, 100 percent auctioning
will exist by 2013 for electric power producing plants. For Romania full auctioning for these
plants will exist by 2027. [30] [35]
Incineration of household waste is not included in EU ETS, although plants with permit of
incinerating solely industrial solid waste (ISW) are included in the system. It is a question
subject to discussion within the EU and the legislation might include incineration of
household waste in the future. [57] This result in a reduced cost for WTE plants using
household waste in comparison to power plants fuelled by fossil fuels.
Green Certificates Trading System
The green certificates trading system is one mean of control aiming to fulfil the ambition of
33 percent of renewable production of electric power. A green certificate is a document which
proves that a quantity of 1 MWh of electric power is produced from renewable energy
sources. In October 2008, the certificate was traded for about 40 euro per MWh. In Romania
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green certificates are received for electric power produced from biomass and it is possible that
incineration of waste material will be included by the system if for example biomass is
incinerated. Currently, no WTE plant exists in Romania today. Therefore, it is not known if it
is possible to receive certificates for the renewable fraction of the waste.The green certificates
trading system is further described in Appendix 1.

2.3 Summary of the energy situation in Romania
•
•
•
•

•

The Romanian production of electric power and heat is dominated by fossil fuels.
In 2008, the EU changed the definition of waste incineration with energy recovery
from being a method of disposal to a method for energy recovery.
Incineration of household waste is currently not included in the EU ETS, thus
reducing costs in comparison to plants fuelled by fossil fuels.
By 2010, the ambition of the Romanian government is to reach a 33 percent share of
renewable of the overall electric power consumption. One mean of control to achieve
this goal is the green certificates trading system.
Since WTE presently is not used in Romania, it is not known if it is possible to receive
green certificates for the renewable fraction of the waste.
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3 Theoretical background of waste-to-energy
Waste management is an extensive problem in the world because of lacking space and the
environmental impact of waste disposal. So far, the solution of the problem in most parts of
the world has been to develop sanitary landfills. In some countries though, as Sweden,
incineration has been the main solution for the waste management. Waste incineration with
energy recovery, has two objectives; reducing the volume of waste by about 90 percent and
providing a supplemental source of energy that is partly renewable.
In year 2007, about 47 percent of the Swedish municipal solid waste was used for incineration
with energy recovery (WTE), which represents an energy recovery of 13.6 TWh. Landfilling
corresponds to only five percent of the Swedish waste management and the remainder is
being recycled. [57] This chapter aims to give a theoretical background to energy recovery
from co-incineration of sewage sludge and waste from households and industries.

3.1 Technology for WTE

This section describes the technology for WTE, presenting various kinds of furnace
technologies, cleaning technologies and what type of secondary energy that is possible to
recover from the process. Initially the general process in a WTE plant is described.
3.1.1 General process in a WTE plant
The general process in a waste incineration plant with energy recovery is illustrated in Figure
3.1. The process begins with the waste being tipped into a waste bunker at the WTE plant.
Thereafter, the waste is lifted by a moving crane into a feed funnel of furnace. The sludge is
fed either to the bunker, funnel or the furnace, which is further described in section 3.1.2.
Different types of furnace technologies are described in section 3.1.3. Due to the waste
incineration directive 2000/76/EC, the combustion temperature in the furnace must have a
minimum temperature of 850°C in order to reduce the pollutant emissions. The ash from the
incineration process falls into a slag tank and reusable materials are recycled.

Figure 3.1 General technology for co-incineration of sludge and waste. Modified from [48].
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During combustion, flue gases are created, containing the majority of the available fuel
energy as heat. There are different types of boilers, as described in section 3.1.7, depending
on the desired final product. In the case of a hot water boiler, the flue gas rises through the
boiler, thus heating the boiler water, which is running through pipes in the boiler. When using
a steam boiler, steam is produced in the boiler and if power is desired, the steam is directed to
a turbine. Heat exchangers can be used to recover heat from the condensation of the steam.
This heat is often used in a district heating network.
An economizer is commonly used in order to lower the temperature of the flue gas and by that
recover more heat from the flue gases. This heat is used to preheat the feed water of the
boiler. Subsequently, it is possible to recover more heat from flue gas condensing, which is
used for the district heating grid. The flue gas contains pollutants, which have to be removed
before the flue gas is discharged into the air. The flue gas treatment is further described in
section 3.1.4. [47]
3.1.2 Feeding technology of the residue sludge
Co-incineration of residue sludge2 and waste are not a well spread technology, therefore, the
different feeding technologies are not very established. There are some feeding mechanisms
that are currently used, where one technology is to add the sludge by a direct injection of the
sludge to the furnace. In other words, the sludge is sprayed through pipes in the wall of the
incinerator [49]. Alternatively, the sludge is injected through pipes in the funnel of the
incinerator [42]. In the case of injection through sprinklers into the furnace, the sludge often
has a dry solid (DS) content of 20 to 30 percent. If the sludge is dried to about 90 percent DS,
the sludge can be added directly to the furnace as dust [21]. Some co-incineration plants of
waste and sludge discharge the sludge in the waste bunker if the sludge has a DS content of
25 percent [61].
3.1.3 Furnace technologies
There exist a few technologies of furnaces for co-incineration of waste and sludge. The two
main technologies are moving grate and fluidized bed, which are described in this section.
Moving grate
Moving grate incinerators are widely applied for the
incineration of mixed municipal solid waste (MSW) and
represent about 90 percent of the MSW incinerators in
Europe [21]. Moving grate is also the most applied
technology for co-combustion of sludge and waste. The
grate forms the bottom of the furnace and the waste is fed
from either above or below the grates. The fuel can also be
fed to the grates using a spreading device. The moving grate
is divided into individually adjustable zones, which
constantly transport the waste in the furnace, as seen in
Figure 3.2. The movement of the grates can be achieved
using different technologies like roller grate, forward feed
grate and reverse feed grate. The purpose of the movement is
not only to transport the waste, it also contributes to a good
Figure 3.2 Moving grate. [63]
2

The excess, unusable semi-solids or sediment resulting from wastewater treatment or industrial process. The
residual waste sludge is formed when sewage sludge is treated. [10]
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mix of the fuel. In order to keep a low temperature of the moving device, cooling is
commonly used, either with water or air. Although, water is
is often added where the calorific
value is high, about 12 to 15 MJ per kg.
A primary air blower forces incineration air through the grate.. More air, secondary air, is
generally added above the waste bed to complete the combustion.. The good distribution of the
incineration air into the furnace makes the moving grate technology suitable for
heterogeneous fuels, such as waste. Other advantages are the ability to accommodate large
variations in waste composition and calorific value. Of the described technologies,
technologie the
moving grate has the highest
est incineration capacity, of 120 to 720 tonnes per day.
da [1] [21]
Fluidized bed
The fluidized bed incinerator is a lined combustion
chamber in the form of a vertical cylinder, as illustrated
in Figure 3.3. In the lower section,
sec
a bed of inert
material such as sand or ash,, on a grate or distribution
plate is fluidized with air. The waste is fed into the
fluidized sand bed and preheated air is injected
i
into the
combustion chamber via openings in the bed-plate,
bed
forming a fluidized
ized bed with the sand in the
combustion chamber.
The strict demand of the composition and size of the
fuel used for the fluidized bed requires pre-treatment of
heterogeneous fuels. Homogenous
mogenous fuels are suitable for
this technology and the fluidized bed incinerator
i
is
widely used
sed when incinerating solely residue
resi
sludge. It
is also of importance with an even mix of the fuel on
the bed, in order to avoid incomplete combustion.
There are different types of fluidized beds, differing
according to gas speeds and nozzle plate. Circulating Figure 3.3 Bubbling fluidized bed.
bed [63]
fluidized bed, bubbling fluidized bed and rotating
fluidized bed are some examples of this technology. The fluidized bed has a lower capacity
than the moving grate, of up to 36 to 200 tonnes of waste per day. [21]
3.1.4 Flue gas treatment
ent
The flue gas constitutes of dust and hazardous substances in gaseous form that needs to be
removed before the flue gas is released into the atmosphere, in order to fulfil the
environmental standards. The concentration of the pollutants of the flue gas
ga depends on the
waste composition and also on the incineration conditions. The regulations for the emissions
of hazardous gaseous pollutants and particular pollutants are specific for all countries.
However, the EU has one regulation system that the member
membe countries are obliged to obey,
although some countries have chosen a stricter regulation system than EU demand. [1] [19]
The standard of flue gas treatment has since the 1970’s been very high. Due to the high
standard, the flue gas treatment is often a significant contributor to the investment cost,
consisting of about 15 to 35 percent of the total cost. [21]
Three different flue gas treatment processes are applied;
applied the wet-, dry- and semi-dry flue gas
treatment, which depends on what type of absorbent being used. The purpose of the absorbent
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is to bind to the pollutants and form larger particles, thus making the collection of the particles
easier.
When the dry flue gas treatment is used, a dry absorbent like lime or sodium bicarbonate, is
added to the flue gas. The reaction product is also dry. The semi-dry uses an absorbent in
aqueous solution as lime milk, or suspension as lime slurry. The reaction product is dry
though, due to the evaporation of the water solution. The wet flue gas treatment requires water
and the reaction product is aqueous with this process. Wet scrubbers constitute the wet flue
gas treatment. [21]
The three applied flue gas treatment process require cyclones, fabric filters, electrostatic
precipitators and wet scrubbers, which are described below. These devices can be used in
different combinations in order to meet the required environmental standards. The treatment
of the nitrogen oxides in the flue gas is also described at the end of
the section.
Outlet
Cyclone
Cyclones use centrifugal forces to separate the dust particles from Inlet
the flue gas. The flue gas will due to the centrifugal force rotate,
which makes the dust particles hurl to the surface area, where they
are taken out from the cyclone, as illustrated in Figure 3.4. If there
is demand of high cleaning efficiency, multi-cyclones can be used
in order to divide the flow of gas into smaller cyclones. In general,
cyclones on their own cannot achieve the emission levels that are
required today. However, they can have an important role to play
such as pre-deduster before other flue gas treatment stages. The
cyclones have a low separation rate for dust particles with a particle
diameter under 3 µm and the removal efficiency is less than 90
percent for particles smaller than 5 µm in diameter. [1] [21]
Figure 3.4 Cyclone.Outlet
[1]
Fabric filter
Fabric filter also called bag filter, are widely used in incineration
plants. The dust-laden gas passes through a filter and is transported
through cylindrical bags where the particles are collected, as
illustrated in Figure 3.5. The fabric filters has a high cleaning
efficiency, with a separation rate of over 99.95 percent. Filtration
efficiencies are very high across a wide range of particle sizes. At
particle size below 0.1 microns, efficiencies are reduced, but the
fraction of particles with this size in flue gases from waste
incineration is relatively low. The dust cake on the fabric filters are
removed by shaking or blowing. The limitation of fabric filter is that
high temperature increase the risk of fire. Furthermore, condensation
can cause corrosion and clogging of the filters. [1] [21]
Electrostatic precipitator
The working principle for the electrostatic precipitator, shown in
Figure 3.6, is to charge the particles in the flue gas and when the
particles enter the filter, they attach themselves to metal plates in
the filter due to their opposite charge. The dust is removed from the
plates through knocking or washing with water on the plates. The

Inlet
Figure 3.5 Fabric filter. [1]

Outlet
Inlet

Figure 3.6 Electrostatic
Modified from [16].

precipitator.
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separation rate for the electrostatic precipitator, also called electrostatic filter, is
approximately 99.5 percent. [1]
Inlet
Wet scrubber
Outlet
The basic concept for the wet scrubber, illustrated in Figure 3.7, is
to accelerate the flue gas together with injected water so that the
water droplets collect the dust particles and precipitate in a settling
chamber. The wet scrubbers have a wide area of use, for example
when the flue gas contains moisture and acid. Moreover, they are
also used in order to separate combustible and explosive dust and
washing of the gas components. The wet scrubbers are often used to
reduce substances as hydrogen chloride (HCl), hydrogen fluoride
(HF) and sulphur oxides (SOx), but can be used to in order to
reduce other substances such as heavy metals. [1]
Slag
Figure 3.7 Wet scrubber. [1]
Treatment of nitrogen oxides
In order to reduce nitrogen oxides (NOx), selective non catalytic reduction (SNCR) or
selective catalytic reduction (SCR) can be applied. When using the SNCR method, ammonia
or urea is added to the furnace in order to reduce the nitrogen. The reduction of nitrogen
oxides increases when the incineration temperature increases. However, with an increased
temperature the fraction of ammonia also increases. The SNCR method gives an efficiency of
reduction of 40 to 60 percent. Although, the advantage is that the method has a lower
investment and operation cost than the SCR method [14].

During the SCR process, ammonia mixed with air is added to the flue gas and passed over a
catalyst. When passing over the catalyst, the ammonia reacts with nitrogen oxides to give
nitrogen and water vapour. The SCR treatment gives a high efficiency of reduction of
nitrogen oxides, typically over 90 percent. [1] [21]
3.1.5 Residues produced from incineration
The bottom ash or slag, mainly consisting of incombustible waste, is produced when grate
incineration is being used. The bottom ash stands for approximately 10 percent of the volume
of waste, and approximately 20 to 30 percent of the weight of the waste. This ash can be used
as a resource for final closure of landfills or used as road construction material.
The ash that is transported with the flue gas, called fly ash, is collected during the cleaning
process and is thereafter usually disposed of, as described in section 3.1.4. The quantities of
fly ash are much lower than the quantities of bottom ash, generally consisting of only a few
percent of the input. Ash remaining from the combustion process is often treated together with
the fly ash. If the flue gas treatment includes the wet treatment process, the slag that is being
produced is transported to landfills. [21]
3.1.6 Positive and negative aspects of co-incineration of waste and sludge
Some of the benefits of co-incineration in comparison with solely waste incineration are
cleaner furnaces [42] and a more stable combustion process which increase the energy
recovery process [48]. Furthermore, a reduced fraction of unburnt material and fly ash have
been experienced [48]. The water content of the sewage sludge may also provide some
benefits, for example when it is sprayed above the waste bed because it provides an additional
means of controlling temperature and may assist with control of nitrogen oxides. [21]
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On the other hand, one negative aspect of co-incineration is that it gives rise to a higher dust
generation if the sludge is dried before incineration. Another difficulty with co-incineration is
to keep a constant water content and calorific value of the fuel. If the sludge is not well mixed
with the other waste, the combustion process is disturbed and the combustion control system
is stressed to take the combustion temperature under control [61].
3.1.7 The product; steam, electric power and heat
The energy recovery from an incineration plant can be utilized as steam, electric power or hot
water for district heating. Depending on what type of end product that is demanded, there are
different categories of boilers to choose from. One type is the hot water boiler, which heat up
water under pressure.
Another type of boiler is the steam boiler, which produces steam. The steam can be used for
co-generation where electric power, steam and heat can be produced in different
combinations. If power is desired, the steam drives a turbine which in its turn drives a
generator that produces electric power. In order to be able to use the water in the process
again, the steam has to be cooled down in a condenser. By using a back pressure turbine with
a hot water condenser, the heat from the condensation can be recovered. This system is often
used to supply district heating.
In order to produce as much power as possible and not recover any excess heat, the condense
principle is utilized, using a condensing turbine and a cold water condenser. The steam
pressure in the condenser should be as low as possible, in order to obtain a large pressure
difference before and after the turbine, to maximize the production of power. Furthermore, the
temperature of the cooling medium should be kept low. The condensing temperature is in
general 10 to 20°C above the cooling medium temperature. Air or water is often used as a
cooling medium to cool the heat. For example, when using water as a cooling medium, a lake
can be used. A cooling tower can also be utilized with air or with air and water as cooling
medium.
In Figure 3.8, a circuit flowchart of a co-generation plant is illustrated with both a back
pressure turbine with corresponding condenser and a condensing turbine with its cold water
condenser. The condensing turbine system and the back pressure turbine system are used
together when there is varying demand of heat. For example, the back pressure turbine system
can be used during cold periods, when the heating demand is high and the condensing turbine
system can operate during warm summers when the demand is low.

Steam
boiler

Direct condenser
Condensing
turbine

Cold water
condenser

Back pressure
turbine

Hot water
condenser
District heating

Figure 3.8 Example of a circuit flowchart of a co-generation plant. Modified from [1].
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A superheater is often used when producing steam in order to increase the temperature of the
dry steam. The benefit of superheating the steam is a temperature increase, which increases
the thermal efficiency, but also a decrease of moisture in the steam. A superheater is often
necessary when producing electric power, due to the sensitivity for moisture of the turbine.
One or several intermediate superheaters with corresponding additional turbines can be used
to extract more electric power than only one turbine is able to generate. After the first turbine,
the steam expands to a certain pressure and the steam is transported back to the steam boiler
in order to be reheated. Thereafter, the steam expands in the second turbine, the low pressure
turbine, to the condensed pressure. The flowchart circuit of a steam boiler with two turbines
and an intermediate superheater is illustrated in Figure 3.9. In the case of extracting process
steam to industries, the expansion of steam in the turbine is decreased, resulting in a lower
electric power production.
Superheater
Steam boiler

Intermediate
superheater
Turbines

Low pressure

High pressure

Condenser

District heating
Figure 3.9. The flowchart circuit of a steam boiler with two turbines. Modified from [1].

Feed water heating can also be used in order to increase the temperature of the water before it
enters the steam boiler. Using this principle, the feed water increases its temperature due to
heat exchange from the drainage steam, taking place in a feed water heater.
By using an accumulator, the heat can be stored as hot water in order to operate the plant on a
more even load. When the production of heat exceeds the demand of heat, the hot water can
be stored in the accumulator. During heat demand peaks, for example, during the mornings
and evenings, the hot water in the accumulator can be discharged and consumed. [1]

3.2 Characteristics of waste material as a fuel for WTE

This section describes the characteristics of waste and sludge that need to be taken into
consideration when using waste material as a fuel.
3.2.1 Characteristics of waste as a fuel
Waste is generally a highly heterogeneous material, consisting essentially of organic
substances, minerals, metals and water. The quantity and composition of the waste varies
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greatly, depending on how developed the community is and the state of its economy. The
main requirements needed for the waste when using WTE are: a certain calorific value of the
waste, a proper composition of the waste and a frequent flow of generated waste during the
year. The moisture content is also of importance for WTE, depending on the composition of
the waste and the climate. [37] [21]
The average gross calorific value (GCV) is defined as the total energy content of the waste
and the net calorific value (NCV) is defined as the energy content without the energy that is
needed in order to vaporize the water in the fuel. NCV is the standard measurement for the
calorific value in Europe. The average NCV in the European countries is 10 MJ per kg. [57]
Waste is an inhomogeneous fuel that differs a lot from fossil fuels and therefore it is more
complex to calculate the calorific value of waste. An adequate composition of the fuel
consists of ash content lower than 60 percent, moisture of raw waste less than 60 percent and
a combustible fraction between 20 to 40 percent. [1] The NCV has to be at least 6 MJ per kg
throughout all seasons and the minimum annual average has be 7 MJ per kg. A lower value
would result in a too high treatment cost per produced unit of electric power and heat. [40] If
the waste does not meet the requirements described above, it can be necessary to mix the
waste with other materials. [1]
The three main types of waste are industrial solid waste (ISW3), hazardous waste (HW4) and
municipal solid waste (MSW5). The types of waste differ in calorific value due to their
different composition of materials. ISW has a higher calorific value compared to MSW,
because of its higher fraction of paper and plastic and less organic material. MSW mainly
consists of; paper, scraps of food, metal, glass and plastic. Plastic material has the highest
calorific value due to its high content of oil based material, with an average calorific value of
31.5 MJ per kg and some plastics have a calorific value of 45 MJ per kg. Also paper is high in
energy content with a net calorific value of 11.5 MJ per kg. Organic waste has a low calorific
value and material such as metal and glass, yield no energy at all because they are not
combustible. Even though the materials are not combustible, they are increasing the ash
production. By recycling materials with high energy content, such as paper and plastic, the
calorific value of the waste decreases. However, if metal, glass and organic waste are sorted
out, the calorific value will increase. [1] [55]
Waste with a high content of metals and other substances that are not easily degradable
increases the quantity of ash. These substances are for example found in CCA, chromecupper-arsenic, impregnated wood and some plastics that have been doped to improve their
characteristics. PVC is one example of plastics that have been doped. Moreover, HW has a
negative impact on the ash. When incinerating HW, the amount of hazardous substances, such
as chloride, brome and mercury, increases in comparison with incineration of MSW and ISW.
Due to the heavy metals, the residues from incineration need to be stabilized and treated as
hazardous waste. When using waste as a fuel for incineration, wear and corrosion of exposed
parts in the furnace and flue gas channel can be a problem. Plastic containing chlorine, such
as PVC, can lead to problem, such as high temperature corrosion in the furnace, in specific the
superheater. [52]

3

Industrial solid waste (ISW): Solid waste produced from industrial activity. [3]
Hazardous waste (HW): Solid waste with dangerous characteristics, such as poisonous, cancer provoked,
explosive or inflammable. [3]
5
Municipal solid waste (MSW) is household and similar waste. [12]
4

Theoretical background of waste-to-energy

18

3.2.2 Characteristics of sludge residue as a fuel
The amount and characteristic of the sludge residue is determined by the treatment methods of
the sewage sludge. Anaerobic digestion is one common stabilization method for sewage
sludge, which reduces the volume of the sludge. Since part of the sludge is released as
methane and carbon dioxide, the calorific value is decreased from 17.5 to 10.5 MJ per kg dry
mass for digested sludge. Due to this, it is questioned whether sludge should be digested or
not before incineration. Although, the advantages with anaerobic stabilization are: higher DS,
easier management of digested sludge compared to raw sludge in case of a breakdown of the
incineration process. [37] According to other studies, a higher DS does not contribute to a
better combustion process from a technical point of view. Moreover, a higher DS contribute
to an increased production of dust, a higher risk of erosion, which implies a lower quality of
the flue gases. [42] Other important factors for the sludge when being used as fuel for
incineration are: odour problems and sewage sludge is considered to have high ash content,
which lead to high ash concentration in the flue gas. [37]
When using the sludge residue as a fuel, two main alternatives are practiced, either
dewatering and drying the sludge before incineration, or only dewatering the sludge.
Dewatered sludge with a DS of 25 percent normally has a calorific value of 3 to 5 MJ per kg.
[50]. Predrying of the sludge, increases the solid content of the sludge to about 55 to 65
percent. [37] One disadvantage with drying the sludge is a less pumpable material. Some
plants solve this problem by making pellets with a DS of approximately 90 percent. [42] An
alternative to drying is to thicken the sludge without the drying process. This process route
normally consists of incineration with a fluidized bed. Furthermore, the process requires
crushing of the wastes and mixing the wet sludge and the waste before feeding it into the
combustion chamber. [37]
When sludge is co-incinerated with other materials, the plants that receive dried sludge
require less additional fuels than raw sludge. The heat value of the sludge for thermal
incineration varies between 4.8 and 6.5 MJ per kg. Values between 2.2 and 4.8 MJ per kg
sludge are common when raw material is treated. Approximately 3.5 MJ per kg is considered
the limit for auto thermal incineration.
3.2.3 The fuel mix of waste and sludge
Waste is the dominant fraction of the fuel mix, however, the sludge can constitute of up to 20
weight percent of the composition [48]. The most common maximal fraction of drained
sludge for co-incineration is about 10 percent. Although, some furnaces operating with a
maximal fraction of sludge of only five percent. [21] [42] The fraction of DS for dewatered
sludge used in incineration processes is normally about 25 percent, however, differing
between 15 and 33. [49] Regarding the calorific value, the mix of waste and sludge should
have the same threshold value as wastes. In other words, the calorific value must be at least 6
MJ per kg throughout all seasons and a minimum level for the annual average of 7 MJ per kg.
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3.3 Summary of the theoretical background of waste-to-energy
•
•
•
•
•

Incineration of waste material reduces the volume with 90 percent. The remainder
consist of ash and slag.
The calorific value of waste has to be at least 6 MJ per kg throughout all seasons and
the minimum level for the annual average of 7 MJ per kg.
Dewatered sludge with DS of 25 percent often has a calorific value ranging from 3 to
5 MJ per kg.
Depending on the incineration technology, the sludge and waste might need different
kind of pre-treatment, such as drying or grinding.
The fraction of dewatered sludge often constitutes about 25 percent of the fuel mix of
waste and sludge, however, varies from 15 to 33 percent.
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4 The present situation in Arges County
When investigating the possibility of energy recovery from waste material by incineration, it
is of great importance to clarify the present management of waste and sludge. It is also
necessary to describe the present district heating system, since the grid will constitute a base
for the energy extracted from the proposed waste-to-energy (WTE) plant. This chapter
explains the present utilization of energy in Pitesti and the management of waste and sewage
sludge. The waste management is studied with respect to the entire Arges County, whereas
the sewage sludge management is limited to the wastewater treatment plant (WWTP) in
Pitesti.

4.1 The present energy supply in Pitesti

Pitesti has a relatively high energy demand, due to its many energy consuming industries and
an extreme climate with hot summers and cold winters. Hence, district cooling would have
been suitable, but since the development in the region is not yet at that stage, it is not
investigated in this study. However since 1964, a district heating network of 60 km, one way,
exists in Pitesti. The grid is operated by S.C. Termoficare 2000 Pitesti, henceforth called
Termoficare, which is entirely owned by the Local Council of Pitesti. Termoficare operates
two main production plants for heat and steam; CET Gavana and CET Pitesti South. In
addition, the company owns four smaller production plants. The district heating network and
the two major production facilities are illustrated in Appendix 2.
A majority of the inhabitants of Pitesti is connected to the district heating system, which is the
reason why no other heat production alternatives are taken into consideration in this study.
Since no industries currently buy heat or steam from Termoficare, only a rough survey of
their energy utilization is conducted.
4.1.1 The production of the district heating company
The two main production plants of Termoficare have the possibility to produce heat, electric
power and steam. In 2007, 548 GWh thermal energy was delivered to consumers as district
heating. The annual distribution of district heating over the year is illustrated in Figure 4.1.
Furthermore, 145 GWh electric power was produced.
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Figure 4.1 Thermal energy delivered by Termoficare in 2007.
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At CET Pitesti South, which is one production plant, six boilers for steam and heat production
operate, with a total power of 697 MW. Currently, no industries want to buy the steam and
heat, since it is more profitable with internal supply of energy. CET Pitesti South has the total
turbine capacity of 136 MW, in order to produce power by co-generation. In the other plant,
CET Gavana, five hot water boilers are operating with a total power of 522 MW. The plant
also has one turbine with a capacity of 6 MW. The smaller production facilities owned by
Termoficare, only represent less than one percent of the total capacity.
Economics of district heating
National Agency for Energy Regulation (ANRE) set the customer’s price for district heating,
currently the production cost of Termoficare exceeds the revenue generated by district heating
sales, taxes and subsidies. Thus, Termoficare is currently losing money for every GWh of
district heating produced. The prices, fees and subsidies for 2008, are presented in Appendix
3. Since 1998, the utilization of district heating has decreased with about 54 percent, [44] as a
result of the disconnection of industries and households from the district heating network.
Due to this difficult economical situation, a tendering process to divide Termoficare’s
distribution and production into separate companies is planned to take place in 2009.
The energy distributed by Termoficare is produced from the fossil fuels, fuel oil and natural
gas. The fuel consumption and the total cost in 2007, are presented in Box 4.1. The fuel is
subject to a tax of 19 percent VAT and an additional fee of 0.17 euro per GJ, in other words
45 euro per MWh, of district heating, not produced with cogeneration. [56]
Box 4.1. The fuel consumption of Termoficare in 2007.
Assumptions:
Price for fuel oil
Price for natural gas
1€
Fuel
Natural gas
Fuel oil
Total cost per year

1 551 RON/t. [56]
1117.74 RON/1000 m3 [56]
3.77 RON [29]
Consumption
124 000 m3
16 500 tonnes
-

Cost per year (RON)
138 600
25 591 500
25 730 100

Cost per year (€)
36 800
6 790 900
6 827 700

Result:
The annual cost of fuel for Termoficare is 6 827 700 euro.

Since no industries or households currently want to buy the steam produced at CET Pitesti
South, Termoficare is considering to sell the plant and invest in a co-generation plant. This
plant will be situated in Prundu Tudur Vladimirescu district and will have an electric power of
82 MW. The future plans also include an investment of a co-generation plant in the Trivale
district, which will have the power of 9 MW and use natural gas as a fuel. Furthermore,
Termoficare wishes to replace old pipelines in the grid and replace low efficient pumps.
However, financial and economical issues are the greatest concern of Termoficare at the
moment. [45] [56]
The district heating network
The temperature of the district heating network water during the winter is 95 and 50°C for the
ingoing and outgoing flow respectively. In the summer, this temperature is decreased to 75
and 55°C. Both the district heating grid and the two main plants, CET Gavana and CET
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Pitesti South, are old and in great need of maintenance, due to heavy leakages and as a
consequence low efficiency of the plants. The overall efficiency of the system is 58 percent
[56].
Currently, 30 percent of the secondary distribution pipes are pre-insulated pipes, whereas the
remainder of the pipes have mineral wool insulation. Only 15 percent of the mineral wool
insulation is considered to be very good, 20 percent is considered to be in good condition and
25 percent is in average condition. The remaining 40 percent, consisting of mineral wool
insulated pipes, is in weak or very weak condition. [44] Furthermore, many procedures are
managed manually at the moment. For example, 60 percent of the thermical points are
managed manually. [56]
4.1.2 Energy demand of the industries
Pitesti is known as a well industrialized city with companies such as Renault Dacia and the
petrochemical refinery Arpechim. The North West part of Pitesti has since the 1960’s,
developed into an industrial dense region, which is illustrated in Appendix 2. The main
sectors for the industries are food and beverages, car components and textile products.
However, in the past years, a couple of the companies have been forced to close. This
industrial dense region is situated close to CET Gavana, wherein three industries earlier were
supplied with steam and district heating from Termoficare. Since 1998, the loss of the
industries constitutes a decrease of energy purchase for Termoficare of over 40 percent. [56]
Due to the substantial energy demand of the industries in the region, a mapping of the
industries has been accomplished in order to get an idea of the possibility of connecting them
to the district heating network. The result of the mapping shows that the energy demand of the
industries in the area is extensive. The energy demand of the three disconnected industries
Arpechim, Nova Textile and Alprom, represents over 500 GWh. Currently, no industries buy
steam or heat from Termoficare, instead they use natural gas or other fossil fuels to satisfy
their demand of heat and steam. Furthermore, the survey shows that the main reasons for the
industries not to buy energy from Termoficare are high prices and in some cases a demand of
a different quality of steam. According to the spokesman of one industry it is approximately
24 percent cheaper to produce the steam internally in comparison with purchasing it from
Termoficare.

4.2 Waste management in Arges County

The waste management in Arges County does not comply with any environmental or health
standards. Therefore, a preparation for a total reconstruction of the waste management in the
region was initiated in 2005. This section describes the present waste management in Arges
County and the ongoing project for the new waste management system.
4.2.1 Present waste management
Arges County has a total population 650 000 inhabitants and the county consist of six urban
centres. The waste management of the county has, until recently, consisted of five municipal
landfills and a number of dumpsites for the rural areas. The landfills have been exposed to
leakage and self-ignition, which increases air pollution and health risks. The collection and
transport of waste has been carried out by specialized companies or by the local city halls.
The largest landfill is located in Albota, nearby Pitesti. The four other landfills are located in
Campulung, Mioveni, Topoloveni and in Curtea de Arges. [22]
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4.2.2 Modified waste management
Since 2007, Romania is a member of the EU and is therefore obliged to close all its existing
landfills and dumpsites to comply with EU regulations. In July 2007, a project started to take
place that aims to set up an integrated waste management in Arges County that will comply
with the requirements of EU Directives. The project is divided into two phases, where the
most urgent need will be met in the first phase. This first phase will be completed by the end
of 2010 and the second phase will begin in 2010 and be completed in 2022.
The financiers of the first phase of the project are the EU via the Instrument for Structural
Policies for Pre-Accession (ISPA) and the European Bank for Reconstruction and
Development (EBRD). ISPA grants finance 75 percent and EBRD loan finances 25 percent of
the project. The cost of the project, under the ISPA program is today estimated to a total cost
of 27 million euro. [62]
Phase one covers five zones in the county and phase two covers the three remaining zones.
The objectives of the first phase are to cover the landfills in Albota, Campulung and Mioveni
and to build up a collection system for the waste in the rural areas. At the covered landfills, a
system of collecting the produced biogas will be installed. In Albota, a new landfill site will
be constructed, to where all waste in Arges County will be transported and disposed of. The
first step in Albota is to build one cell with a design life of five years. Eventually, there will
be three cells operating for waste disposal. The landfill in Campulung will be developed into a
transfer station, from where the waste will be transported to the central landfill in Albota.
Collection of waste from the rural areas will consist of 956 platforms, from there the waste
will be transported to Albota. The estimated amount of waste operating at the future landfill in
Albota will be 60 tonnes per day, which will be manually sorted. [62]
4.2.3 Composition and quantities of the waste
Waste management is a relatively new field in Romania and the development within the
sector is still in an initial phase. Therefore, reliable data concerning quantities and
composition of waste does not exist, only estimations are available. The data regarding waste
composition and quantities presented in this section is based on the material in the Master
Plan Integrated management of solid waste in Arges County, carried out in 2005 by the
Technical University of Civil Engineering in Bucharest. The Master Plan constitutes the
initial study made for the ongoing waste management project in Arges County.
According to the report, the total amount of generated waste in 2004 was estimated to 482 600
tonnes, out of which municipal solid waste (MSW) is the dominating fraction. Table 4.1
presents the total amount of waste generated in Arges County during 2004. The urban areas
generated 64 percent of the total MSW and 36 percent originated from rural areas [43]. The
composition of the waste is not known and the industrial solid waste (ISW) and the hazardous
waste (HW) are therefore assumed to have the same composition as the MSW.
The composition of the rural and the urban waste is similar, however, the rural waste consists
of slightly more organic waste and less paper. The data regarding the fraction of organic
waste has been questioned. According to Mr Klaus-Dieter Oswald, Team leader of C&E
Consulting, this fraction is probably no more than 50 percent [62].
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Figure 4.2 illustrates the
estimated composition of the
MSW generated in Arges
County. Based on this
composition the calorific
value of the waste is 7.7 MJ
per kg. The calculations are
presented in Appendix 4.

Figure 4.2 Composition of waste in 2004 in weight percent.
Table 4.1 The quantities and calorific value of the waste generated in Arges County in 2004.

Type of waste
MSW
ISW
HW
Total

Quantity (t/yr)
244 800
236 000
1 800
482 600

Calorific value (MJ/kg)
7.7
7.7 (assumed)
7.7 (assumed)
7.7

4.2.4 Forecast for the future waste generation
According to the Master Plan for Integrated management of solid waste in Arges County, the
forecast for the population in Arges County is a loss of more than 88 000 inhabitants between
2002 and 2025. This corresponds to a negative growth of approximately 0.6 percent per year,
which affects both urban and rural areas. [43] In order to foresee the MSW generation in
2020, the calculations in Box 4.2 are carried out. The growth rate of waste generation is
calculated based on data for waste generation in 2002 and 2004. By 2020, the quantities of
HSW and ISW by 2020 are assumed to be the same as the generated quantities in 2004. This
assumption is based on the fact, that although Arges County is a well industrialized and
growing region, the industries are expected to have a more efficient waste management, due
to better access of information and a stricter legislation.
According to the estimations in the above mentioned Master Plan, a decrease of the organic
waste and an increase of paper and plastic waste are expected in the future. Most likely, the
Romanian waste composition will become more similar to the composition of Western
Europe, where the organic fraction normally is about 30 percent. [51]
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Box 4.2. The estimated generation of waste in Arges County in 2020.
݊

Where:
PP
GRPP
wc
GRKF
N

݊

 ܫ( ∙ ܲܲ = ܹܵܯ+  ܫ( ∙ ܿݓ ∙ ) ܴܲܲܩ+ ) ܨܭܴܩ
Present Population (persons)
Population Growth Rate (%/yr)
Waste generation per capita in 2004 (t/yr)
Growth Rate of Waste Generation (%/yr)
Number of Years (counted from 2004)

Assumptions:
PP
650 000
GRPP
- 0.6
wc
0.38
GRKF
+ 2.8
N
16
Result:
In 2020, the quantity of MSW generated is estimated to be about 345 800 tonnes per year. This
represents an increase of 41 percent, compared to the quantity of MSW in 2004, which was 244 800
tonnes.

The projected quantity of waste in Arges County for 2020 is presented in Table 4.2. This
quantity is used for the dimensioning of the WTE plant.
Table 4.2 The projected quantities and calorific value of the waste in Arges County for 2020.

Type of waste
MSW
ISW
HW
Total

Quantity (t/yr)
345 800
236 000
1 800
583 600

Calorific value (MJ/kg)
7.7
7.7 (assumed)
7.7 (assumed)
7.7

4.3 Sludge management in Pitesti

Currently, the sewage sludge management in Pitesti does not meet the EU Directives
regarding sludge management. In 2007, 3 440 tonnes of dewatered sludge from the WWTP in
Pitesti was disposed of instead of used as a resource. Apa Canal, which is the operator of the
WWTP in Pitesti, is currently working with an ISPA financed project to reconstruct the
WWTP in order to comply with the EU Directives. The new facilities will be operating in
2010, until then a solution for the existing sludge disposal problem must be identified. This
section describes the present and future sludge management in Pitesti.
4.3.1 Present sewage sludge treatment in Pitesti
Although, all urban centres in Arges County have a WWTP, only the facility in Pitesti has the
adequate capacity to cover the urban development. The other plants do not have proper
treatment for the wastewater, due to their limitating process of natural dehydration on drying
platforms. [43] The present WWTP in Pitesti constitutes of two parallel treatment lines built
in the 1970’s. The plant treats approximately 65 percent domestic wastewater, 30 percent
industrial wastewater and five percent rainwater, using mechanical and biological treatment
processes. The outlet for the treated wastewater is the Arges River, which also is one of the
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main sources of water supply for Bucharest. [4] At the moment, 254 500 Population
Equivalents (PE6) are connected to the WWTP.
Currently, the stabilization method consists of anaerobic digestion with biogas production.
This biogas production partly satisfies the internal demand of hot water and heat. During the
summer when the demand for hot water and heat are low, the excess biogas is occasionally
released to the air without being flared off.
Since 2000, the digested sludge is dewatered by six press filters before it is temporarily
disposed within the WWTP area. The sludge contains too high amounts of organic matter and
can therefore not be landfilled. The fraction of heavy metals is low, which allows the sludge
to be used as fertilizer in agriculture. Nevertheless, this is only used to a limited extent, due to
lack of transportation and interest from recipients. The WWTP has received a permission to
store the digested residue at the temporary storage until 2010, thereafter a sustainable solution
for this problem must be found. [53]
4.3.2 Modified sludge management
One of the changes in the modified system, described in chapter one, is the modified sludge
management after the ongoing reconstruction of the WWTP. The current plant in Pitesti does
not comply with the EU Directive regarding wastewater treatment, which is why a new plant
is currently under construction and will be operating in 2010. The entire WWTP will be
reconstructed with an additional third treatment process, the chemical treatment. Another
change will be a continuous flow of the biogas production, which currently is processed as a
batch flow. The amount of produced biogas will increase as well as the quantity of dewatered
sludge, which will increase from 3 440 to 25 025 tonnes per year. This depends on an
increased use of polymers, which is a necessity with the new treatment method. The
reconstruction does not include a new dewatering facility, although an investment of new
equipment is planned and could be a reality in about five years. [53]
The energy recovery will be extended by an investment in two gas engines with a total
electric power of 520 kW resulting in an electric power production of 1.1 GWh and a heat
production of 2.2 GWh per year. The heat will be used to heat the digestion process and the
electric power will also be used for internal consumption. Furthermore, excess biogas will be
lead to a torch where the biogas is flared off. [53]
4.3.3 Composition and quantities of the sludge residue
The characteristics and composition of the sludge at the WWTP in Pitesti is shown in Table
4.3. The dewatered sludge has a DS of 25 percent. There is no data available for the calorific
value of the sludge residue. Since the sludge is of normal composition, the calorific value is
assumed to be 4 MJ per kg, for both the present and the future sludge residue. This
assumption is based on the information that the average calorific value of similar sludge
ranges from 3 to 5 MJ per kg [50].

6

Population equivalent in wastewater treatment refers to the average amount of pollutions in sewage water
caused by one person per day. The amount of organic substances caused by one person per day is proportional
to other pollutants, such as nitrogen and phosphorus. Thus, the amount of oxygen demanding substances is
measured in order to estimate the number of population equivalents. [36]
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Table 4.3 Composition and quantities of the sludge for the present and modified system.

Situation

Quantity

Present
Modified

80 320 m3
6 400 t

Digested sludge
Humidity Minerals
(%)
(%)
98.7
37.5
25

VOC7
(%)
62.5
75

Dewatered sludge
Quantity Humidity DS
(t)
(%)
(t)
3 440
65.7
1 042
25 025
6 256

CV
(MJ/kg)
4
4

4.3.4 Forecast for the future sludge residue generation
According to the Master Plan for Integrated management of solid waste in Arges County, it is
predicted that the PE connected to the WWTP will increase from the present value of 254 500
to 320 000 by 2022. Assuming that the sludge will increase in a similar way, the estimated
annual amount of generated dewatered sludge in 2022 will be 31 460 tonnes per year with a
DS of 25 percent, which corresponds to 7 860 tonnes dry mass.

4.4 Summary of the present situation in Arges County
•
•

•

•
•
•
•

•
•

7

Currently, the district heating in Pitesti is produced using fossil fuels, with an overall
efficiency of 58 percent.
Several industries use significant amounts of heat and steam and are already connected
to the grid owned by Termoficare. However, no industries purchase the energy from
Termoficare today, mainly due to the fixed high prices.
482 600 tonnes of waste is annually generated in Arges County. The organic fraction
is high, representing 66 percent of the total composition. Although, the data regarding
quantities and composition of the waste is uncertain.
The projected annually amount of generated waste for 2020 is 583 600 tonnes.
In order to comply with EU requirements, a project regarding waste management is
ongoing. The first stage will be finished in 2012 and the second stage in 2022.
The annual amount of 3 440 tonnes of dewatered sludge, with a DS of 25 percent, is
produced at the WWTP in Pitesti.
A reconstruction of the WWTP in Pitesti will be finalized in 2010. The annual
production of dewatered sludge will be 25 025 tonnes. A solution for the final disposal
of the generated sludge has to be found until 2010.
The projected annually amount of generated sewage sludge for 2020 is 31 460 tonnes.
In total, a quantity of 615 100 tonnes of waste and sludge is predicted to be generated
in 2020. This result in a flow of 19.5 kg per second.

A volatile organic compound is group of organic chemical compounds that under normal conditions are
gaseous or can vaporise and enter the atmosphere.[11} For wastewater treatment, VOC is measured to get the
organic fraction of the sludge.
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5 Proposal of a WTE plant
A proposal of a waste-to-energy (WTE) plant is given in this chapter. The proposal consists of
a presentation of a suitable technology and a dimensioning of the plant, based on the criterion
that all waste material is incinerated. This results in a lack of produced heat during the colder
periods of the year. The extra heat needs to be produced with another fuel. The forecast for
the waste production in 2020 is used for the dimensioning of the plant since a WTE plant,
most likely, will not be established until this year.

5.1 Composition of fuel mix

As stated in chapter three, the calorific value of the fuel mix must be at least 6 MJ per kg
throughout all seasons and have a minimum level for the annual average of 7 MJ per kg. The
mix of the waste material consists of municipal solid waste (MSW), industrial solid waste
(ISW), hazardous waste (HW) and sewage sludge. HW will be incinerated since it only
constitutes a small fraction of the waste material and it is more suitable that this fraction is
incinerated with flue gas treatment than being landfilled. Although some parts of HW will be
recycled. Box 5.1 presents the calculations of the average calorific value of the mix of waste
material. This value should be considered as an underestimation, since the calculations are
based on the calorific value for only MSW, although the ISW and HW represent about 50
percent of the total amount of waste. ISW and HW normally constitute a higher amount of
paper and plastics and lower amounts of organic material. Due to the reconstruction of the
wastewater treatment plant (WWTP), as described in chapter four, the percentage of sludge in
the fuel mix will increase from the current fraction of 1 percent to a fraction of about 5
percent in 2020, resulting in a slightly decreased calorific value.
Box 5.1. Calorific value of the fuel mix.

Where:
Hinf
Mwaste

݂݊݅ܪ,= ݈݈ܽݎ݁ݒ

݁݃݀ݑ݈ݏܯ
݁ݐݏܽݓܯ
∙ ݂݊݅ܪ, ݁ݐݏܽݓ+
∙ ݂݊݅ܪ,݁݃݀ݑ݈ݏ
100
100

Lower calorific value. (MJ/kg)
The percentage weight. (%)

Assumptions:
Present situation
Forecast 2020

Mwaste (%) Hinf,waste(MJ/kg)
99
7.7
95
7.7

Msludge (%)
1
5

Hinf,sludge (MJ/kg)
4
4

Result:
The present calorific value of the fuel mix is 7.7 MJ/kg. For 2020, the calorific value is predicted to
decrease to 7.5 MJ/kg.

5.2 Dimensioning the plant

This section presents the dimensioning of the WTE plant and the quantities of electric power
and heat that are possible to recover. The dimensioning of the incineration plant is based upon
the criterion that all waste generated in Arges County should be incinerated in order to avoid
landfilling. Based on the forecast for the quantity of waste in 2020, approximately 70 tonnes
of waste material per hour will be generated. This corresponds to a flow of 19.5 kg per
second.
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5.2.1 Development of district heating demand
The heat demand in Pitesti, illustrated in Figure 5.1, is in fact the delivered heat to the
customers of Termoficare during 2007. Since the present price for district heating is
i high and
fixed, many customers have chosen to disconnect from the grid. If the district heating price in
Romania continues to be fixed and high, it is likely that the trend with decreasing demand of
district heating continues. In that case, there is a small
small possibility for the WTE plant to use the
district heating grid. Instead, it would be more suitable to produce only power in the
incineration plant. However, this is beyond the frame of this study.
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Figure 5.1 Heat demand in 2007 in relation to the possible extracted heat energy from waste generated in 2020. (Based
on the Master Plan for Integrated management of solid waste in Arges County and facts from Termoficare)

If the district heating price in Romania
Romania follows the development of the rest of the EU, which
means market based prices, two paths could be possible for the district heating in Pitesti.
Either the present demand is constant, as shown above, due to the fact that the disconnected
customers havee found other solutions to satisfy their heat demand, or these customers choose
to reconnect to the district heating net, resulting in an increase of the demand. If all the
customers will reconnect to the network, the increase of district heating is assumed
assume to be 54
percent [44], as shown in Figure 5.2.
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Figure 5.2 Forecast of heat demand in 2020 - increasing trend. (Based on the Master Plan for Integrated management
of solid waste in Arges County and facts from Termoficare)

In this chapter, both of these scenarios are evaluated with respect to the dimensioning of the
plant. Although, the economical analysis in chapter six and the environmental analysis in
chapter seven are based on the first scenario of district heating demand.
The two figures show that the demand of heat is changing during the year in comparison with
the constant flow of energy possible to recover from the waste material. This results in a need
of cooling during the warmer periods of the year and a need of an additional heating source
during the colder seasons. Due to the lack of a district cooling network, the use of an
absorption heat pump (AHP) is not evaluated in this study. However, AHP is an interesting
technology when a demand of both heating and cooling exists.
Since the dimensioning is accomplished based on the constant generation of waste during the
year, a hot water boiler is not a suitable option. This type of boiler cannot be operating during
the summer when there is a very low demand of heat. One alternative could be not to use the
hot water boiler during the summer, although this results in a large amount of waste that has
to be stored. Currently, there is no available solution for this problem. In conclusion, the most
suitable technology for a WTE plant in Pitesti is a steam boiler, producing both heat and
electric power.
5.2.2 Dimensioning of a co-generation plant
The calculations in this section is a simplification and is based on general assumptions. They
do, however, give a good estimation of the necessary power of the WTE plant. Box 5.2
presents the calculations of the power of a steam boiler.
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Box 5.2. Total power of a steam boiler.
ܵܤ ∙ ݅ܪ = ݉ܽ݁ݐሶ ∙ ߟܾ
Where:
Hi
Bሶ
ηb

Calorific value (MJ/kg)
Flow rate of the fuel (kg/s)
Efficiency of the furnace (%)

Assumptions:
Hi
Bሶ
ηb

7.5 MJ/kg
19.5 kg/s
90 %

[64]

Result:
If all the waste material is incinerated, the possible power from a steam boiler is 132 MW.

In order to decide the specifications of the system, two options are evaluated; the use of one
turbine and the use of two turbines. For both options, two condensers are used in order to
increase the efficiency of the system. Figure 5.3 illustrates the principle of using two
condensers and one turbine. The turbine has two outlets, one with steam of 100°C and one
with 75°C, in order to be able to lower the need of cooling. This is further discussed in section
5.3.
The use of one turbine is appropriate if the demand of district heating will increase, according
to the assumptions of 54 percent. In this case, a low amount of produced heat needs to be
cooled away during the warmer seasons. Although, if the demand of district heating will be
constant in comparison with the demand in 2007, there will be a need to cool away a large
amount of heat during the warm seasons. In order to use some of this energy, an additional
turbine could be a suitable alternative.
Turbine
Power

Flue
gas
100°C
Steam
boiler &
Superheater

75°C
50°C

Condensers
75°C

100°C

100°C
Fuel
Feed water
tank

Condenser
tank

Figure 5.3 Illustration of the principle of using two condensers and one turbine.

District heating
or
Cooling tower
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The efficiencies of heat and power generation are needed, in order to calculate the power of
heat and electric power when using co-generation. The temperature – entropy diagram, the so
called T-s diagram, is used to find the efficiencies, as presented in Appendix 5. The factors
used for the T-s diagram is an operation pressure of 40 bar and a temperature of 400°C [58].
When using one turbine, the average electric power efficiency is 22.5 percent if the flow of
steam is divided equally through the 75 and 100°C outlets. Box 5.3 presents the calculations
for electric and thermal power of one turbine.
Box 5.3. Co-generation with one turbine.
The following formulas are used to calculate the amount of electric power and heat that is possible to
recover from a co-generation plant, using one turbine.
݈݁ߟ = ݎ݁ݓ ܿ݅ݎݐ݈ܿ݁ܧ,ܽݎ݁ݓܲ ݉ܽ݁ݐܵ ∙ ݉ߟ ∙ ݃ߟ ∙ ݁݃ܽݎ݁ݒ
ܶℎ݁ߟ = ݕ݃ݎ݁݊݁ ݈ܽ݉ݎℎ݁ܽݐ,ܽݎ݁ݓܲ ݉ܽ݁ݐܵ ∙ ݁݃ܽݎ݁ݒ

Where:
ηel,average
ηheat,average
ηg
ηm

Efficiency of electric power generation.
Efficiency of heat generation.
Efficiency of generator.
Mechanical efficiency of turbine

Assumptions:
Steam power
ηel,average
ηheat,average
ηg
ηm

132 MW
22.5 %
77.5 %
95 %
91 %

(Appendix 5)
(Appendix 5)
[1]
[1]

Result:
For a co-generation plant of 132 MW, using one turbine, the electric power is 26 MW and the heat is
102 MW.

When using two turbines, the average efficiency of the electric power is 33.5 percent if the
flow of steam is divided equally through the 75 and 100°C outlets. Box 5.4 presents the
calculations for electric and thermal power of one turbine.
Box 5.4. Co-generation with two turbines.
The calculations are carried out in the same way as in the previous box.
Assumptions:
Steam power
ηel,average
ηheat,average
ηg
ηm

132 MW
33.5 %
66.5
95 %
91 %

[1]
[1]

Result:
For a co-generation plant of 132 MW, using two turbines, the electric power is 38 MW and the heat is
87 MW.
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The result shows that, by using two turbines instead of one, an additional 12 MW of electric
power can be utilized.
5.2.3 Amount of energy possible to extract
Depending on the development of the demand of district heating, different amounts of energy
will be possible to recover. If the demand is constant in comparison with the demand in 2007,
the two turbines can be used for a larger period of time, in comparison if the demand of
district heating will increase by 54 percent.
Scenario of constant demand of district heating in 2020
Assuming that the demand of district heating in 2020 will be the same as the demand in 2007,
as illustrated in Figure 5.1, it will result in a cooling need from April to the end of October.
Thus, the second turbine can be used during this period to recover more electric power from
the heat. When assuming 8 000 operating hours for the WTE plant and using one turbine
during the five coldest months, and two turbines during the rest of the year, it will result in an
amount of 328 GWh electric power and 621 GWh heat recovery. The annual need of cooling
will be approximately 265 GWh.
During one year, the total need of extra heat is 83 GWh. To be able to satisfy the heat demand
in January, the coldest month of the year, 31 GWh heat is needed. The power of an additional
plant has to be at least 45 MW. The demand of extra heat can be satisfied, for example, using
some of Termoficare’s existing plants.
Scenario of increased demand of district heating in 2020
An increased demand of district heating, as shown in Figure 5.2, will result in a need of
cooling of 76 GWh from April to the end of October. This is significantly less, compared to
the scenario with a constant demand of district heating, thus the period of time when the
second turbine can be used is small, and the investment of this turbine is not motivated.
Assuming 8 000 operating hours, and the use of one turbine throughout the year, the total
amount of electric power and heat possible to recover are 205 GWh and 816 GWh
respectively.
The total need of extra heating during one year is 539 GWh. In order to fulfil the demand of
the coldest month January, 139 GWh heat is needed. The power of an additional plant has to
be at least 204 MW.

5.3 Cooling of the excess heat

Even if two turbines are installed, there will still be
an excess amount of heat that needs to be cooled
away. In the scenario of constant demand, the
amount of energy that needs to be cooled away is
265 GWh, whereas this amount is only 76 GWh in
the scenario with increasing demand of district
heating. This section discusses the need of a
cooling tower and calculates the capacity of a
cooling tower. The calculations are based on a
worst-case scenario, thus assuming a constant
demand of district heating with the use of two
turbines.
By using two condensers, as shown in Figure 5.3,
Figure 5.4 A cooling tower with counter flow
design. [8]
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the need of cooling can be reduced. The turbine has two outlets regulated by shuttles, one
outlet with steam of 100°C and another with steam of 75°C. During the cold season the
district heating system uses the excess heat, thus cooling the steam generated by incineration
of the waste material. During the warmer season it is possible to lead all the steam through the
shuttle with 75°C, reducing the need for cooling from 100 to 75°C. The most common
principle for a larger plant using an open circuit cooling system is a cooling tower with
counter flow design, illustrated in Figure 5.4. The other principle for a cooling tower is the
cross flow design, which is more frequently used for smaller units with a closed circuit of the
cooling system.
5.3.1 Cooling tower with counter flow design
In contradiction to the cross flow design, the water flow and the air flow in a cooling tower
with counter flow design are opposite. The heated water is sprinkled through spray nozzles
into the cooling tower. The water is cooled as it meets the colder air and is collected at the
bottom of the tower in a basin. Based on the assumption that the outdoor temperature is 25°C
and the moisture content in the air is 60 percent during the warmest period of the year, the
corresponding wet bulb temperature is 14°C. The cooling tower needs to be dimensioned with
respect to the wet temperature of 14°C, which is the most demanding temperature for the
cooling tower. The wet temperature during the year is illustrated in Appendix 6. The wet bulb
temperature is the temperature that regulates how much water vapour the hot water can
release to the air. The evaporation of vapour results in saturated air conditions.
Box 5.5 presents the calculations of the flow of cooling water when using a cooling tower
with counter flow design. It is assumed that the scenario of constant demand of district
heating occurs. Two turbines are used and the outlet temperature of the steam from the turbine
is 75°C.
Box 5.5. Flow of water in a cooling tower.
By using the following formulas, it is possible to calculate the flow of water through the cooling
tower.
ܲܤ ∙ ܾߟ = ݎ݈ܾ݁݅ ݎ݁ݐ݂ܽ ݉ܽ݁ݐݏ ݂ ݎ݁ݓሶ ∙ ݅ܪ

ܲݎ݈ܾ݁݅ ݎ݁ݐ݂ܽ ݉ܽ݁ݐݏ ݂ ݎ݁ݓܲ ∙ ݈݁ߟ = ܾ݁݊݅ݎݑݐ ݎ݁ݐ݂ܽ ݉ܽ݁ݐݏ ݂ ݎ݁ݓ
= ݀݊ܿ݁ݏ ݎ݁ ݎ݁ݐܽݓ ݂ ݓ݈ܨ

ܾܲ݁݊݅ݎݑݐ ݎ݁ݐ݂ܽ ݎ݁ݓ
(ܶ1 − ܶ2 ) ∙ ݎ݁ݐܽݓߩ ∙ ܥ

Where:
ηb
Bሶ
Hi
ηel
T1
T2
cp
ρwater

Efficiency of the furnace. (%)
Flow rate of the fuel. (kg/s)
Calorific value (MJ/kg)
Total efficiency of two turbines with outlet of 75°C.
Temperature of outlet from turbines.(°C)
Temperature of water after the cooling tower.(°C)
Specific heat capacity. (kJ/kg,K)
Density of water. (kg/m3)

Assumptions:
ηb
Bሶ
Hi
hb

90 %
19,5
7.5
2.67

[64]
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38 %
75
50
4.18
1 000

Result:
The flow of water in the cooling tower has to be 477 l/s or 1 716 m3/h.

Box 5.6 presents the calculations of the capacity of the cooling tower with counter flow
design.
Box 5.6. Capacity of a cooling tower with counter flow design.
ݍ = ݕݐ݅ܿܽܽܿ ݎ݁ݓݐ ݈݃݊݅ܥሶ ∙ ܿܶ( ∙ ݎ݁ݐܽݓߩ ∙ 1 − ܶ2 )

Where:
qሶ
T1
T2
cp
ρwater

Flow rate of water through the cooling tower. (m3/h)
Temperature of outlet from turbines.(°C)
Temperature of water after the cooling tower.(°C)
Specific heat capacity. (kJ/kg,K)
Density of water. (kg/m3)

Assumptions:
qሶ
T1
T2
cp
ρwater

1 716
75
14
4.18
1 000

Result:
The capacity of the cooling tower, using the counter flow design is 122 MW.

5.4 Proposal of furnace and flue gas treatment technology

Although the cost for a steam boiler is higher than for a hot water boiler, a steam boiler is
recommended since it gives the possibility to produce electric power, which increases the
revenue. Furthermore, a steam boiler is necessary in order to be able to satisfy the industries
in Pitesti with process steam. A moving grate furnace is suggested since it is the most suited
type of furnace when co-combusting waste and sludge and therefore the most well-tried
technology for this purpose. The investment cost for the moving grate furnace is higher than
for the fluidized bed. However, since no pre-treatment is needed for the grate furnace in
comparison with the fluidized bed, the moving grate option is less expensive and more
convenient.
Two furnaces of 65 MW each are recommended, since it is better to have two operating units
instead of one. This is an advantage if problems occur, causing one furnace to be shutdown.
Furthermore, it makes it possible to operate the plant at a more efficient load. Although, the
additive cost will be about 30 000 000 euro, when installing two furnaces instead of one large
unit.
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In order to recover additional heat from the process, a flue gas condenser can be used.
However, since a demand of extra heat only exists during a few months of the year, it is not
economically profitable to make the investment. Furthermore, the suggested flue gas
treatment is a dry method, which does not require any water. Therefore, flue gas condensing,
which includes water treatment, is not favourable.
A dry flue gas treatment is suggested mainly because it is the flue gas treatment technology
with the lowest investment and operation cost. Furthermore, the dry flue gas treatment
requires less maintenance and no need for water treatment. Borlänge Energy AB has selected
a dry flue gas treatment for their new incineration plant, called the NID-system. This flue gas
treatment is also recommended in this study and is illustrated in Figure 5.5. The NID-system
does comply with EU’s emission requirement in the Waste incineration Directive
2000/76/EC. The main components for the NID-system are a fabric filter, a NID-reactor,
active carbon and lime.

Active carbon

Fan

Lime
Ash
NID reactor

Figure 5.5 The recommended dry flue gas treatment, called the NID-system. Modified from [7].

For the reduction of nitrogen oxides (NOx), the Selective catalytic reduction (SCR) method is
recommended due to the size of the furnace. Due to the higher investment cost of the SCR
method, this system is only economical profitable for furnaces producing more than 200 GWh
per year. For this system a catalyst is required.
Figure 5.6 illustrates the proposed WTE plant with a hot water accumulator and cooling
tower. The daily flow of waste and sludge arriving to the plant and the flow of ash leaving the
plant is also included in the figure, in order to get an idea about the activity at the plant. The
estimated amount of generated waste per day is 1 600 tonnes, including MSW, ISW and HW,
and the estimated amount of dewatered sludge per day is 86 tonnes.
The volume of the bunker is based on the ability of storing three days of incoming waste,
where the general density of waste is estimated to 0.4 kg per m3 [54]. The basis for the
estimation of the ash generation is a percentage of weight, which is 16 percent ash per unit of
waste.
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Hot water
accumulator
30 000m3

Truck with sludge, 30 tonnes
per truck
3 trucks per day
Bunker
12 000m3

Boilers
2*65 MW

Flue gas treatment

Truck with ash and slag, 32
tonnes per truck
9 trucks per day

Truck with waste, 30 tonnes per
truck
53 trucks per day

Cooling
tower

Figure 5.6 Flowchart circuit of the proposed WTE-plant and the incoming and outgoing activities.

5.5 Summary of the proposal of a WTE plant
•

•
•

•
•
•

Currently, the fuel mix of sludge and waste has a calorific value of 7.7 MJ per kg, and
the estimated calorific value for 2020 is 7.5 MJ per kg due to expected increase of
sludge.
The total power of the proposed WTE plant is 132 MW, using two moving grate
furnaces of 65 MW each.
If the demand of district heating is constant in comparison to the demand in 2007, it is
suitable to use two turbines, resulting in the annual power and heat production of 38
and 87 MW respectively.
If the demand increases with 54 percent, it is suitable to use one turbine, resulting in
the annual power and heat production of 26 and 102 MW respectively.
As the demand of district heating increases, the less motivated it is to use an additional
turbine.
Regardless, if the demand of district heating will be constant or increase, there will be
a need of cooling. A cooling tower will need a capacity of 122 MW.
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6 Economics
In this chapter, an investment calculation for the necessary waste-to-energy (WTE)
production facility is carried out, with the objective to give an overall idea about the
economical consequences of an investment. The payback method is used to estimate the
repayment time of the investment. In addition, an economical comparison between the energy
supply of the present system and the proposed system is presented.

6.1 Method for economical analysis

The economical analysis is carried out based on the assumption that an investment in a WTE
plant will take place in 2020. Hence, the projected quantities and composition of waste for
2020 is used. It is assumed that the demand of district heating will remain at the same level as
in 2007, thus making it more suitable to invest in a plant with two turbines, as discussed in
chapter five.
The payback method estimates the time until the investors to get a reimbursement on their
investment. Although, the disadvantage with the payback method is that the method does not
consider time depending values of cash flows, for example inflation or interest. However, the
method gives an overall idea about the economical consequences of an investment. In order to
present an alternative, the net present (NPV) method is used to present an example the total
present value of an investment, assuming a certain economical life time and discount rate. It is
also analysed how high the discount rate can be in order for the investment to be profitable.
Regarding the initial investment cost of a WTE plant, present Swedish costs are used, since no
WTE plant exists in Romania today. This estimation seems plausible, due to the need of
foreign technology and expertise. Furthermore, the costs of salaries, maintenance and
operating costs are assumed to be the same as for a Swedish plant in 2008. The tax and fee for
disposal of the ash are also based on Swedish costs and the disposal fee of waste is based on
estimations made by Borlänge Energy. No revenue for the sludge is assumed, since it is
unknown whether it is possible to get paid for incinerating sludge. Since the Romanian tax
system regarding energy recovery from waste is not known, Swedish taxes are used.
In addition to the investment calculation, an economical comparison between the present and
proposed system with respect to the supply of energy is presented in order to illustrate the
impact of a change from fossil fuels to a partly renewable fuel.

6.2 Investment calculation

The initial investment cost of a WTE plant of 130 MW is estimated to 226 million euro [59]
as further presented in Appendix 7. Since no WTE plant exists in Romania today, no system
for taxes of waste incineration exists. In order to be able to calculate the payback time for a
WTE plant in Arges County, the Swedish tax system is applied. The Swedish system for taxes
of waste incineration includes an energy tax and a carbon dioxide tax. For WTE plants that
have more than 5 percent electricity efficiency, no energy tax has to be paid. A carbon dioxide
tax has to be paid for the fossil fraction of the waste, which is a standard value of 12.6 percent
of the total amount of household waste. For WTE plants with an electricity efficiency of more
than 15 percent, such as the proposed WTE plant in this study, 21 percent of the carbon
dioxide tax has to be paid. The tax is 287 euro per tonne of fossil fraction of waste. [57] No
emission allowances are needed for the WTE plant since incineration of both household and
industrial waste is excluded from the EU ETS system. The annual cash flow for the WTE
plant is presented in Table 6.1 and Box 6.1 presents the calculations of the payback time.
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Table 6.1 Annual revenues and costs for the WTE plant.

Annual data

Flow/yr

Cash flow/yr

Waste material
Ash

583 600 t
104 560 t

CO2-tax
District heating
Electric power
Cost of salaries
Maintenance
Operating cost
Total net cash flow

77 498 t fossil
548 GWh
328 GWh

35 €/t
70 €/t (fee)
40 €/t (tax)
387 €/t fossil waste
0.039 €/kWh
0.0478 €/kWh
5 500 000 €
4 000 000 €
2 000 000 €

Revenue
(€)
20 426 000

Cost (€)
11 501 620
6 296 600

21 372 000
15 710 000
5 500 000
4 000 000
2 000 000

Source
cash flow
Assumed
[54]
[57]
[56]
[39]
[54]
[54]
[54]

28 209 780

Box 6.1. Payback time.
ܲܽ= ݁݉݅ݐ ܾ݇ܿܽݕ
Where:
Initial investment cost
Annual revenues
Annual costs

ݐݏܿ ݐ݊݁݉ݐݏ݁ݒ݊݅ ݈ܽ݅ݐ݅݊ܫ
(ܽ݊݊ ݏ݁ݑ݊݁ݒ݁ݎ ݈ܽݑ− ܽ݊݊)ݏݐݏܿ ݈ܽݑ

226 000 000 €
57 508 000 €
29 298 220 €

Result:
The expected payback time is 8 years.

The calculated payback time of 8 years should be considered as an underestimation of the
investment. The cost of capital is not included and in order to take this cost in to
consideration, Box 6.2 presents an example in which the NPV method is applied. The net
present value is the total present value of a time series of cash flows. A positive NPV means a
profitable investment. In this example it is assumed that the discount rate is 10 percent and
that the downpayment time is 20 years. Rt represents the annual net cash flow as calculated in
Table 6.1, R0 is the initial investment cost. The example in Box 6.2 illustrates that the
investment is profitable, however if the discount rate is increased to about 11 to 12 percent the
investment is unprofitable.
Box 6.2. Net present value.

ଶ

ܸܰܲ = −ܴ + 
Where:
t
i
R0
Rt

௧ୀଵ

ܴ௧
(1 + ݅)௧

20 years
10 %
226 000 000 €
28 209 780 €

Result:
According to the assumptions, the NPV of the investment of a WTE plant is 14 200 000 euro, which
indicates a profitable investment.
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6.3 Economical comparison

The proposed system involves several changes in comparison to the present system. The
changes regarding energy supply are presented in Table 6.2.
Table 6.2 Comparison of the present and proposed supply of energy with respect to the cost of fuel, necessity of
emission allowances, supply of electric power and the development of taxes.

Fuel
The fuel cost is 28
and 38 €/MWh for
natural gas and fuel
oil respectively.
Annually this
represents a cost of
6.8 million euro.

Present
energy
supply

Proposed
energy
supply

Gain/yr
with the
proposed
system

The fuel, the waste
material, represents
an income. With
Swedish revenues,
this represents an
income of about 20
million euro per year.
+26.8 million euro.

Emission allowances
291 994 t CO2 are emitted
from Termoficare, which
represents 5.8 million euro
in emission allowances if it
is assumed that the cost i 20
€/t CO2. Furthermore, it is
assumed that it has to be
payed for 100 % of the
emissions.
WTE does not have to buy
any emission allowances
since incineration of
household waste is excluded
from the EU ETS.
+5.8 million euro.

Electric power
145 GWh of
electric power is
annual produced.
This represents an
income of 6.9
million euro.

Taxes
The taxes for
energy production
are high.

328 GWh of
electric power is
annual produced.
This represents an
income of 15.7
million euro.

The taxes are lower
due to high electric
power production
and low emission
of CO2 The cost for
the CO2 tax is 6.3
million euro.
+

+8.8 million euro.

6.4 Summary of the economics
•
•
•
•

•
•

•

•

The estimated investment cost for the WTE plant is 226 million euro.
The expected payback time for the WTE plant is 8 years.
With a discount rate up to 11 to 12 percent and a time horizon of 20 years, the NPV is
positive, indicating a profitable investment.
When using waste material as a fuel, there is no cost for the fuel. Instead, the WTE
plant is paid to take care of the waste. The annual revenue for the proposed WTE plant
is estimated to about 20 million euro. This can be compared with the annual fuel cost
of the fuel for Termoficare of 6.8 million euro.
The WTE plant does not have to buy any emission allowances. The present system
annual has to pay 5.8 million euro for emission allowances.
The proposed WTE plant will produce more electric power than the present system,
which result in a revenue of 15.7 million euro per year in comparison with the present
revenue of 6.9 million.
The WTE plant does not have to pay as much taxes as the present system for its heat
and electric power production, due to high electric power production and lower
emission of carbon dioxide.
The total annual economical gain with the proposed system in comparison with the
present system will be at least 41 million euro.
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7 Environmental impact
This study evaluates the environmental impact of a waste-to-energy (WTE) plant in
comparison to the present disposal of waste material, considering the greenhouse gas (GHG)
emissions and their contribution to the climate change effect. Three systems are being
evaluated as described in chapter one; the present, modified and proposed system. This
chapter initially presents the method used for the environmental analysis and thereafter the
present, modified and proposed systems are compared.

7.1 Method for environmental analysis

The calculations of GHG emissions from landfills and incineration plants are carried out using
either the EBRD Methodology for Assessment of Greenhouse Gas Emissions [9] or the 2006
IPCC Guidelines for National Greenhouse Gas Inventories [28]. The EBRD Methodology is
based on the guidelines made by IPCC. The guidelines are divided into three different
methods, so called tiers, depending on the quality of the data. The tier one method uses
default parameters, the tier two method uses country specific parameters, whereas tier three
method uses specific data regarding for example waste generation, landfills and incineration
plants studied. The choice of method is depending on the available data. Since several default
parameters are used for the calculations of this study, the qualification for the tier three
method is not completely reached. Instead, this study represent tier two, and in some cases,
tier one calculations.
In order to be able to compare the present system and the modified system with the proposed
system, some adjustments are necessary. Since the WTE plant in the proposed system,
produces a significant quantity of electric power, the two other systems have been
compensated with a corresponding amount of electric power into their systems. This
additional electric power is assumed to be produced with an average of the Romanian electric
power production, as further described in section 7.1.2.
For all the three systems, the environmental analysis is based on the present composition and
the estimated quantity of waste for 2020. In other words, in the present system it is
investigated what amount of emissions the present waste and sludge management systems
would cause in 2020, when the amount of produced waste material have increased.
7.1.1 Greenhouse gases and global warming potential
About 30 gases are considered as gases contributing to the greenhouse effect. Although, only
six of the GHG emissions are released in sufficient quantities in order to be justified in the
Kyoto Protocol. More information about the increased amount of GHG into the atmosphere
and the global climate change, often referred to as global warming, is found in Appendix 8.
In order to evaluate the global warming potential (GWP) of the gases contributing to the
climate change effect, carbon dioxide equivalents (CO2-eq) are used. This is a measurement
of the additional heat retained in the Earth’s system through the additional release of the GHG
caused by human activity. All the gases have a GWP which describes a relative amount of
carbon dioxide, therefore, the common unit is CO2-eq. In Table 7.1, the five GHG that are
used in this study are presented. Their GWP is based on the base unit with a timeframe of
100 years, where for example one tonne of methane has a 21 times greater impact than one
tonne of carbon dioxide. [25]
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According to the recommendations from the EBRD Methodology and the IPCC Guidelines,
carbon dioxide emissions from biomass-derived waste, put on landfills or used for
incineration, are assumed to be GHG neutral. Biomass-derived waste is classified as GHG
neutral since it is a part of the biological cycle. Methane emissions from waste incineration are
considered insignificant. [9]
Table 7.1 GWP potential for greenhouse gases used in this study. [34]

Greenhouse gases
Carbon dioxide (CO2)
Methane (CH4)
Nitrous oxide (N2O)
Carbon monoxide (CO)
Nitrogen oxides (NOx)

GWP potential (CO2-eq)
1
21
310
3
7

7.1.2 GHG emissions from electric power produced at unknown facilities
If the WTE plant is established, its supply of electric power will replace the production of the
most expensive electric power in Romania, which normally corresponds to electric power
produced from fossil fuels. The present and the modified system have to be adjusted in order
to be able to make a fair comparison between these systems and the proposed system. The
systems are compensated with the same amount of produced electric power as being produced
in the proposed system by the WTE plant, which is 328 GWh. By assuming that it is the most
expensive type of electric power production that is replaced, it is fair to assume an average
emission of 1 000 tonnes CO2-eq per produced GWh. [46]

7.2 Environmental impact from the present system

The calculations carried out for the present, modified and proposed system are presented in
Appendix 9. This section describes the environmental impact from the district heating
company Termoficare, followed by a presentation of the emissions from the present
landfilling of waste and the disposal of sludge. In the end of this section, Figure 7.1
summarizes the emissions from the present system.
In Table 7.2, the emitted pollutants from the production of district heating by Termoficare are
presented.
Table 7.2 GHG emissions caused by Termoficare’s production of district heating in 2007.

Pollutant Emissions
CET Gavana (t)
149
NOX
101 665
CO2
31
CO
5
CH4
9
N2O
Total

Emissions
CET Pitesti South (t)
326
190 329
62
4
13

Total emissions
(t)
475
291 994
93
9
22

CO2-eq
(t)
3 324
291 994
279
182
6884
302 664

The present waste management in Arges County constitutes of landfilling. According to
IPCC, methane emissions produced at landfills contribute to approximately three to four
percent of the annual global anthropogenic GHG emissions. In order to calculate the released
GHG emissions from landfills in Arges County, the EBRD Methodology is used. Emissions
caused by decomposition of organic material derived from biomass sources is the primary
source of carbon dioxide released from waste, however, these emissions are part of a natural
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existing cycle of carbon and do not contribute to any additional emissions to the atmosphere.
Thus, only the emission of methane gas is calculated. In general, waste being incinerated by
self-ignition contributes to a significant amount of emissions from a landfill. Although, no
data regarding the amounts of waste being incinerated is available, therefore this is not taken
into account, although landfill fires do occur at the present landfills. The total emissions of
GHG from landfilling of waste are 602 500 tonnes CO2-eq.
The residue sludge generated at the WWTP in Pitesti meets the requirements for using the
sludge in agriculture, however, this is only practiced to a limited extent. Thus, the
environmental calculations are based on the assumption that all sludge is disposed in the
temporary dumpsite within the WWTP. The amount of sludge generated in 2020 is estimated
based on the growth of the population equivalent (PE) from the present value. The total
emissions of GHG from sludge is 800 tonnes CO2-eq.

GHG emissions of the present system
t CO₂-eq/yr
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Figure 7.1 Annual emissions of GHG presented in CO2-eq from the present system.

7.3 Environmental impact from the modified system

This section is built up in the same way as the previous section, taking into consideration the
ongoing projects in Arges County regarding waste management and reconstruction of the
WWTP. Figure 7.2 summarizes the emissions from the modified system.
The new landfill at Albota includes a landfill gas collection system. The amount of gas that is
possible to collect is discussable since leakages are difficult to identify. The calculation is
based on the assumption that 75 percent of the produced landfill gas is collected.
Approximately 271 100 tonnes CO2-eq is released into the atmosphere, which is a reduction
of 55 percent, compared to present landfilling.
The reconstruction of the WWTP in Pitesti will lead to a higher amount of produced sludge
due to an increased use of polymers. The total amount of dewatered sludge is expected to be
31 460 tonnes per year with a dry solid (DS) content of 25 percent, this correspond to 7 856
tonnes dry mass. [53]. The calculation shows that about 5 500 tonnes CO2-eq is released from
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the sludge disposed in the temporary dumpsite after the reconstruction of the WWTP, which
is an increase of 83 percent in comparison with the present system.

GHG emissions of the modified system
t CO₂-eq/yr
700000
600000
500000
400000
300000

302 700

328 000
271 100

200000
100000
5 500

0
District heating

Landfills

Sludge

Electric power

Figure 7.2 Annual emissions of GHG presented in CO2-eq from the modified system.

7.4 Environmental impact from the proposed system

The proposed system constitutes of a WTE plant. The waste and sludge, presently disposed on
landfills, are used as fuels and district heating and electric power is recovered. The total
amount of realised CO2-eq from the proposed system is summarized in Figure 7.3.
Emissions of GHG generated by incineration of waste and sludge are methane, nitrogen
dioxide and carbon dioxide. However, both the IPCC Guidelines and EBRD Methodology
implies that only the emission from nitrogen dioxide and carbon dioxide are necessary to
calculate, since methane is released in very low amounts in comparison to the others. The
carbon dioxide emissions from incineration of biomass materials such as paper, food, sludge
and wood waste, are biogenic emissions and should not be included in emission estimates
since the carbon in this waste is part of a natural existing cycle, thus not contributing to
additional emissions of GHG. The emissions of GHG from waste incineration is 100 500
tonnes CO2-eq.
The annual heat production in the WTE plant is 621 GWh. Although, during some of the
coldest months the heat production is not sufficient resulting in an additional demand of 83
GWh of district heating. In this study, it is assumed that the production plants of Termoficare
can be used for this purpose. According to the emissions in 2007, Termoficare released 552
tonnes CO2-eq per GWh, which results in annual emissions of about 45 800 tonnes CO2-eq.
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GHG emissions of the proposed system

t CO₂-eq/yr
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Fossil fuels

Figure 7.3 Annual emissions of GHG in CO2-eq from the proposed system.

7.5 Comparison between the present and the proposed system

Figure 7.4 presents the three studied systems in comparison to each other. The total emissions
of GHG are 84 percent less for the proposed system in comparison with the modified system
and 88 percent in comparison with the present system.

Comparison of GHG emissions
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Figure 7.4 Annual emissions of GHG from the three studied systems presented in CO2-eq.
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7.6 Summary of the environmental impact
•

•

•

The emissions of GHG from the present system is 1 234 000 tonnes of CO2-eq and
907 300 tonnes of CO2-eq for the modified system. The emissions from the modified
system are 26 percent less than from the present system.
The emissions of GHG from the proposed system is 146 300 tonnes of CO2-eq, which
is 84 percent less than the emissions caused by the modified system and 88 percent
less than the emissions caused by the present system.
For the present system, the main contributor of emissions of GHG is the uncontrolled
landfills.
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8 Sensitivity analysis
A sensitivity analysis is carried out in order to investigate parameters that are uncertain or
likely to change in the future. This chapter is divided into three parts: one sensitivity analysis
of the dimensioning of the plant, one economical analysis and one analysis regarding the
environmental impact of the waste-to-energy (WTE) plant. The analysis of the dimensioning
of the plant concerns the possible impacts from a changed quantity and composition of waste.
The economical analysis focuses on the payback time, whereas the environmental analysis
focuses on a changed composition and quantity of the waste material.

8.1 Sensitivity analysis of the dimensioning of the WTE plant

The composition of the waste is an important factor for the accuracy of the dimensioning of
the WTE plant, since the calculations are based on the calorific value of the waste material.
As mentioned in chapter four, the municipal solid waste (MSW) composition is predicted to
change rapidly and become similar to the MSW generated in Western European countries.
Furthermore, the present data regarding the MSW composition is probably a source of error.
Another sensitivity concerning the calorific value is the fact the total quantity of waste,
including industrial solid waste (ISW) and hazardous waste (HW), is assumed to have the
same composition as the MSW. In reality, ISW has a higher fraction of paper and a lower
fraction of organic waste. However, since data regarding the present composition is not
available, it is assumed that the ISW and HW have the same composition as the MSW. This
section investigates how the dimensioning of the WTE plant is affected if the composition of
waste is changed to a composition similar to that in Western Europe.
Figure 8.1 illustrates the present waste composition in Romania in comparison with the
composition of waste in an average Western European country [28]. The main difference is
the reduced fraction of organic waste from the present value of 66 percent for Arges County
to the value of 24 percent for Western Europe. In addition, the fraction of paper material has
increased significantly from 6 to 31 percent.
A change in the composition of waste results in a changed calorific value of the fuel mix. The
new calorific value of the MSW, using the composition in Western Europe, is 10.3 MJ per kg
and the calorific value of the dewatered sludge, which is assumed not to change, is 4 MJ per
kg. Thus, the calorific value of the fuel mix is 10.0 MJ per kg, which is an increase from the
present value for the waste composition of 7.5 MJ per kg. The increased calorific value
depends on the reduced amount of organic material and an increased amount of for example,
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Figure 8.1 Composition of MSW in Western Europe in comparison with the present waste composition in Arges
County.
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paper and plastic material.
Table 8.1 presents the result in comparison to the result presented in chapter five. The
comparison is carried out with respect to the selection of two turbines and the scenario of
constant demand of district heating. The changed composition implies an increase of steam
power with 44 MW, an increase of electric power production with 110 GWh and an increase
of heat production with 207 GWh. In section 8.3, the environmental impact from a WTE plant
fuelled by MSW with a Western European composition is examined.
Table 8.1 Comparison of dimensioning the plant with respect to different compositions of waste material.

Calorific value of fuel mix (MJ/kg)
Steam power (MW)
Electric power production (GWh)
Heat production (GWh)
Cooling tower capacity (MW)

Present waste material
composition
7.5
132
328
621
122

Western Europe waste material
composition
10.0
176
438
828
162

The quantity of waste material is an uncertainty in this study. Figure 8.2 presents a sensitivity
analysis of the dimensioning of the plant, based on a changed flow of waste material
compared to the estimated flow of waste in 2020, which is predicted to be 19.5 kg per second.
The total power of steam varies between 105 and 158 MW when the quantity of waste
material from industries, households and the sewage sludge plant are changed from -20 to +20
percent. A sensitivity analysis regarding the GHG emissions in relation to a changed quantity
of waste is carried out in section 8.3.

Sensitivity analysis of the dimensioning of the
plant
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Figure 8.2 Sensitivity analysis of the dimensioning of the plant when the flow of waste is changed.
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8.2 Sensitivity analysis of the economics

Several parameters are uncertain regarding the economics of the proposed WTE plant, of
which four are investigated. The sensitivity analysis with respect to the payback time is
illustrated in Figure 8.3.

Sensitivity analysis of the payback time
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Figure 8.3 Sensitivity analysis of the payback time.

The most sensitive parameters of change are the investment cost and the district heating price,
whereas the price of electricity does not affect the payback time significantly. The shortest
payback time of 6.4 years is achieved when the investment cost decreases with 20 percent.
The longest payback time occurs when the same cost increases with 20 percent, resulting in a
payback time of 9.6 years. With a varying district heating price of -20 to +20 percent, the
payback time ranges from 7.0 to 9.4 years.

8.3 Sensitivity analysis of the environmental impact

As discussed in section 8.1, the composition of MSW is predicted to change, becoming more
like the composition in Western Europe. Therefore, it is of interest to investigate how
incineration of an altered composition of waste, affects the greenhouse gas (GHG) emissions.
Incineration of waste with a higher fraction of plastic and paper, results in higher emissions of
GHG, due to the larger fraction of fossil material.
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Comparison in GHG emissions
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Figure 8.4 Comparison of different waste compositions.

Figure 8.4 shows that the composition of waste from Western Europe results in annual
emission of GHG of 170 400 tonnes CO2-eq. This represents an increase of 24 000 tonnes
CO2-eq in comparison with the composition of waste used for Arges County.
As discussed in section 8.1, the quantity of waste is an uncertainty and therefore is a
sensitivity analysis regarding the emissions of GHG from the WTE plant in relation to a
change in the flow of waste carried out. With a change in the quantity of waste from -20 to
+20 percent, the GHG emissions will change from 127 000 to 166 000 t CO2-eq per year,
which is presented in Figure 8.5
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Figure 8.5 The emissions of CO2-eq/yr with respect to a change in the quantity of waste.
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8.4 Summary of the sensitivity analysis
•

With a composition of waste, similar to that in Western Europe, there will be an
increase in the total power of the WTE plant from 132 to 176 MW. This results in an
increase in electric power production from 328 to 438 GWh and a heat production
increase from 621 to 828 GWh.

•

By changing the quantity of waste with -20 to +20 percent, the total steam power of
the plant varies from 105 to 158 MW.

•

A change of the investment cost of the WTE plant and the district heating price, affect
the payback time most.
With a varying investment cost of -20 to +20 percent, the payback time ranges from
6.4 to 9.6 years.
With a varying district heating price of -20 to +20 percent, the payback time ranges
from 7.0 to 9.4 years.
A composition of waste, similar to that in Western Europe, increases the emission of
GHG from waste incineration from the present annual value of 146 300 to 170 400
tonnes CO2-eq, corresponding to an increase of 16 percent.

•
•
•

•

By changing the flow of waste with -20 to +20 percent, the GHG emissions varies
from 127 000 to 166 000 t CO2-eq per year.
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9 Result
The purpose of this study is to investigate the possibility of extracting energy from waste
material in Arges County. The goals of this study, presented in section 1.3, are to provide
necessary information of the waste material in order to recommend a suitable technology
solution for the waste-to-energy (WTE) plant and provide a calculation of the amount of
energy possible to extract from the waste material. An investment calculation and an
estimation of the payback time for the WTE plant are also carried out. Furthermore,
calculations of the environmental benefit with the WTE plant in comparison with the present
and modified system are also accomplished. The result is presented below.
The waste material
• The present quantity of annually generated waste from households and industries is
482 600 tonnes. The quantity of dewatered residue sludge is 25 025 tonnes.
• In 2020, the estimated quantity of generated waste and dewatered sludge will be about
583 600 and 31 000 tonnes per year respectively.
• The present calorific value of the waste is 7.7 MJ per kg and the calorific value of the fuel
mix of sludge and waste is estimated to 7.5 MJ per kg. The calorific value is high enough
in order to be used for incineration, hence, no additive fuel is needed.
The proposed WTE plant
• The proposed WTE plant, used for co-incineration of waste and dewatered sewage
sludge, will have power of 130 MW. The plant is divided into two moving grate furnaces
with a capacity of 65 MW each.
• Dry flue gas treatment is proposed, since it is the cheapest flue gas treatment technology.
• Co-generation is recommended, using two turbines in order to maximize the power
production during periods with low heat demand. However, this recommendation is based
on the assumption of constant demand of district heating in comparison with the demand
in 2007.
• As the demand of district heating increases, the less motivated it is to use an additional
turbine.
Energy recovery
• The current annual demand of district heating is 550 GWh. This is the possible amount of
heat that can be utilized in the district heating grid. The excess heat has to be cooled away
using a cooling tower.
• If the customers that have disconnected themselves from the grid during the past years,
will buy heat again from the district heating grid, it would result in an annual demand of
1 190 GWh district heat.
• When the WTE plant operates at the mode for the same district heating demand as today,
the incineration will generate 328 GWh electric power and 621 GWh heat.
• If the waste composition would be the same as in Western Europe, of 10 MJ per kg, the
energy recovery from the WTE plant is about 440 GWh electric power and 830 GWh
heat.
• During the coldest days of the year, the facilities of Termoficare that are fuelled by fossil
fuels could be used. These fuels represent an annual energy supply of 83 GWh for the
scenario with constant demand of district heating and 539 GWh for the scenario with
increased demand of district heating.
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It is likely that the waste composition will be more like the composition of waste in
Western Europe in a near future. This will result in an increased power of the WTE plant
of 176 MW. The power production will be 438 GWh and the heat production 828 GWh.

Economics
• The investment cost of the proposed WTE plant is 226 million euro.
• The payback time for the WTE plant is 8 years.
• The WTE plant does not have to purchase the fuel, instead the plant is paid for taking
care of the waste. The estimated revenue for this is 15 million euro per year, by contrast
to the cost of fuel for Termoficare of nearly 7 million euro per year.
• The investment cost of the WTE plant is based on Swedish costs. The investment cost is
the factor that influences the payback time the most. With varying district heating price of
-20 to +20 percent, the payback time ranges from 6.4 to 9.6 years.
• The district heating price is also a sensitive factor for the payback time. With a varying
district heating price of -20 to +20 percent, the payback time ranges from 7.0 to 9.4 years.
Environmental impact
• The emissions of greenhouse gases (GHG) released from the proposed system, with a
WTE plant, are approximately 146 300 tonnes of carbon dioxide equivalents (CO2-eq).
• The environmental gain with the proposed system in comparison with the modified
system is 761 000 tonnes CO2-eq, which is a reduction of GHG emissions of 84 percent.
The reduction of GHG emissions in comparison with the present system is 88 percent.
• The emissions of GHG will increase with about 24 000 tonnes CO2-eq if the calculations
are based on the composition of waste in Western Europe. This corresponds to an
increase of 16 percent.
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10 Concluding discussion
Waste-to-energy (WTE) is an undeveloped field in Romania and therefore it is of importance,
before an establishment of a WTE plant, that the awareness of the environment increases. It is
also crucial that information about WTE will be spread to the public and that future
employees within this field will be well educated. Arges County and its municipalities should
cooperate and take action due to their vital role for the WTE development. In the past, the
landfilling fee has been low or non-existing, not encouraging any development of waste
material treatment. As a result of the EU accession and the reconstruction of the landfills, the
landfilling fee will probably increase in a near future which will make it more interesting to
investigate WTE. This chapter discusses the result, the potential for a WTE plant and the
uncertainties in this study. In order to summarize this concluding discussion, Table 10.1 lists
the positive and negative aspects concerned with an investment in a WTE plant in Arges
County.

10.1 Potential source of errors

The data regarding the quantity and composition of the waste from households and industries
constitutes the major source of error. The data is based on the Master Plan Integrated
management of solid waste in Arges County, which is the only existing source. So far, the
waste has not been fully controlled, thus the composition and quantity of the waste in this
study is based on estimations. For example, the presented organic fraction is probably an
overestimation. Even though Romania is not as developed as Western Europe, the fraction of
organic waste is not likely to be more than 50 percent. Romania is expected a rapid
development and will probably have a composition of waste similar to that in the Western
European countries in 2020.
The assumption that the gate fee for the waste in Arges County for 2020 will be the same as
the Swedish gate fee in 2008 is uncertain. It would have been more correct to use the cost for
the waste management in Arges County after the reconstruction of the waste management
system. This cost is the actual cost that a WTE plant in Romania will compete with. However,
this information did not exist at the time when this study was carried out.
The sensitivity analysis, regarding what affect a change to the same calorific value of the
waste as in Western Europe, shows that the power of the WTE plant has to be 176 MW in
comparison with the projected dimension of 132 MW. Therefore, it is of importance to further
investigate the composition of waste. The quantity of waste is also uncertain and the
sensitivity analysis shows that an increase in quantity of 20 percent results in the power of
158 MW for the WTE plant. One option could be to overdimension the WTE plant in order to
make sure that all the waste can be incinerated.
The data regarding the quantity of sludge though, is well documented. However, no value for
the calorific value of the sludge exists and therefore a default value has been used. Since the
sewage sludge represents a small fraction of the total quantity of the waste material, no
sensitivity analysis is carried out.
The economical comparison between the present and proposed system in section 6.3 consists
of uncertainties regarding the revenues from sales of district heating and electric power, due
to the uncertain development of the prices. Furthermore, the fees and taxes for the waste
material and WTE are not developed in Romania and the estimations for 2020 are based on
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current Swedish figures. However, the development of taxes, prices and fees speaks in favour
of WTE.

10.2 Potential for WTE in Arges County

An establishment of a WTE plant in Arges County is likely to be a sound investment,
reducing the dependency of fossil fuels as well as the emissions from the present landfills and
dumpsites. Moreover, the current problem of disposing the residue sludge from the
wastewater treatment plant (WWTP) would be permanently solved.
In this master thesis, a type of WTE plant is suggested that can satisfy the district heating
demand in Pitesti and almost eliminate the use of fossil fuels for heat production. Pitesti is an
industry dense region which makes it possible to satisfy the industries’ demand of steam.
Since no industries are buying steam today, the dimension of the proposed WTE plant does
not take sale of steam into consideration. The economical and environmental benefits would
have been even more significant, if the demand of steam had been included. Today the
industries are not interested in purchasing steam from Termoficare, mainly due to high prices.
However, this could change with a WTE plant, which is why a more careful examination has
to be carried out.
Despite many positive aspects and factors that speak in favour of a WTE plant, some
obstacles exist. It is crucial that a well developed waste management system will be operating,
and that a secure landfill for ash and slag will exist before the end of 2020, when the WTE
plant is likely to start operating. Currently, these criteria are under development but not
fulfilled. The fact that no WTE plant exists in Romania today increases the risk of an
investment and forces a dependency on foreign know-how and expertise. Another threat for
an investment in a WTE plant is the decreased demand of district heating, due to
disconnecting customers. In order to secure the long term survival of district heating, it is of
importance that the price of district heating is affordable for the customers. The future
demand of district heating is most likely closely related to the development of the price,
which currently is determined on a governmental level. It is important to investigate other
factors than price that influences the demand of district heating, since district heating is the
base of generation of heat from the WTE plant.
Furthermore, the old district heating network in Pitesti is in extensive need of maintenance
and reconstruction. The network is not efficient with heavy leakages and many parts of the
grid need to be automatized. Improvements of the network are required in order to use the
district heating network in an efficient way as the base for the WTE plant. In other words, the
current way of producing and distributing district heating is inefficient, as well as expensive
and environmentally unsustainable. A WTE plant would cause significantly less impact of the
environment, with respect to greenhouse gas (GHG) emissions. By establishing a WTE plant,
Arges County takes action in the ambition for Romania to increase the share of renewable
fuels. Moreover, the owners of a WTE plant get paid for taking care of the waste material
instead of having to pay for the fuel. Besides this, the costs for emission allowances are
predicted to increase, thus resulting in considerably higher costs for the present district
heating production, in comparison with production from a WTE plant, which is excluded from
the EU emission trading scheme (EU ETS). Only incineration of solely industrial waste is
included in the system.
One opportunity for the WTE plant to increase the production of electric power and district
heating is to extend the geographical area of waste collection. Disposal of waste material is a

Concluding discussion

56

problem in the entire of Romania and by taking care of the waste from, for example,
Bucharest revenues from fees and sales of district heating and electric power would increase.
Along the same line the sewage sludge could be collected from a wider geographical area.
Another possibility for the WTE plant is to incinerate wood material, thus increasing the
profit by gaining green certificates from the electric power generated from biomass.
Table 10.1Table 10.1 summarizes the positive and negative aspects regarding the proposed
WTE plant.
Table 10.1. The positive and negative aspects of the proposed investment of a WTE plant in Arges County.

Positive aspects with a WTE plant in Arges.

Negative aspects with a WTE plant in Arges.

Internal factors:
Internal factors:
• A reduced dependency on fossil fuels for
• The proposed WTE plant is based on
Pitesti.
uncertain data regarding the quantities
and the composition of the waste.
• Reduced GHG emissions from landfills
• Waste management is a “new” field in
and from incineration of fossil fuels.
Romania and therefore undeveloped.
• Solving the problem of the residue
sludge, thus avoiding penalties from EU.
• The district heating network needs
maintenance in order to motivate
• The WTE plant gets paid for taking care
production of district heating.
of the waste material.
External factors:
External factors:
• No WTE plant exists in Romania today,
• No emission allowances are needed for a
resulting in a dependency on foreign
WTE plant.
know-how.
• Increasing prices of electric power,
• The fixed price on district heating and
makes the revenues even higher for the
the trend of decreasing demand of
WTE plant.
district heating.
• An increase in the quantity of waste and
sludge, by taking care of waste from
nearby regions.
• The possibility of incinerating wood
material, thus receiving green certificates
for the produced electric power.
• Lower taxes for electric power and heat
production in comparison to using other
fuels.

10.3 Further studies

In order to make a careful dimensioning of the WTE plant, it is of importance to conduct
further studies concerning the composition and quantities of the generated waste in Arges
County. It could also be of interest to investigate the generation of waste material from a
wider geographical area. In addition, the development of district heating demand should be
carefully analyzed and the factors influencing the demand of district heating should be
addressed. Furthermore, the industries’ possibility to purchase steam is of importance to
investigate.
The cooling demand is not concerned in this study due to the limitations of the thesis.
However, the cooling demand is large in Arges County due to its hot summers. Therefore, it
could be of interest to investigate the possibility of using the WTE plant for cooling by an
absorption heat pump (AHP).
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Appendix 1 Means of control
A1.1 The emission trading scheme (EU ETS)

The European Union emissions trading scheme (EU ETS) was implemented in 2005 and is
the cornerstone in the EU’s ambition of reducing the emissions of greenhouse gases (GHG)
from human activities. In Romania the system is operated since the accession to the EU in
2007. The EU ETS builds on the mechanisms set up under the Kyoto Protocol to the 1992
United Nations Framework Convention on Climate Change (UNFCCC); the clean
development mechanism (CDM), joint implementation (JI) and the international trading of
emissions.
The CDM and JI are project based mechanisms that apply to reduction of emissions in
developing countries and projects in industrialized countries respectively. Since 2000, CDM
projects are eligible to receive credits called certified emission reductions (CER) and JI
projects receive credits called emission reduction units (ERU). The credits gained from the
reduction of GHG emission within CDM and JI can be used in order to comply with the
nations’ own obligations to fulfil the national target of GHG reduction, thus providing a costeffective way to achieve the goal. [20] Consequently, Sweden, for example, can reduce the
emissions in Romania and gain credits which can be sold or used to meet the Swedish target
for GHG emissions. In 2006, 12 JI projects where in progress or implemented between
several European countries and Romania, aiming to reduce GHG emissions in Romania [33]
During the first trading period from 2005 to 2007, only carbon dioxide was included in the
trading system, however, in the second trading period between 2008 and 2012, nitrous oxide
was also included. Simplified, the EU ETS is built upon the idea that the possession of one
emission allowance gives the owner the right to emit one tonne of carbon dioxide. Each
emitter can then decide if it is economically preferable to reduce emissions or to buy
additional emission allowances. [20] The overall target of EU ETS is to reduce the emissions
of greenhouse gases by eight percent from 1990 levels during the Kyoto Protocol’s first
commitment period from 2008 to 2012, which also is the national target for Romania.
Romania has decreased its emissions of GHG, without Land Use, Land Use Change and
Forestry (LULUCF), with approximately 44 percent since the national base year of 1989. The
reduction depends to a large extent on the fall of the communism and the transition to market
economy. In recent years the GHG emissions have started to increase due to the ongoing
development but there is still a great probability for Romania to meet the target of the Kyoto
Protocol’s first period. In 2006, the energy sector generated 68 percent of the total GHG
emissions in Romania. Furthermore, the industry sector generated 13 percent and landfilling
of waste six percent of the total GHG emissions. [32]

A1.2 Green Certificates Trading System

In order to promote the production of electric power from renewable energy sources, Romania
has implemented a Green Certificates Trading System in 2005. A Green Certificate (GC) is a
document which proves that a quantity of one MWh of electric power is produced from
renewable energy sources. Electric power suppliers have the obligation to own a number of
GC corresponding to the quota of their produced electric power. The GC value represents an
additional income received by the producers for the clean energy that they deliver to the grid.
In October 2008 one certificate was traded for approximately 152 RON per MWh
corresponding to about 40 euro per MWh. [38]
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Appendix 2 Map of district heating network in Pitesti

Heat and power plants
1 CET Gavana
2 CET Pitesti South

Industries in the north west region
3 Dräxlmaier
4 Argesana
5 Argesin
6 Francesca
7 Alprom
8 Nova Textile

Industries in the south region
9 Caroli foods
10 Arpecim
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Appendix 3 Economics of Termoficare
The prices for district heating are fixed and decided by the National Agency for Energy
Regulation (ANRE), which makes the rules on the district heating market in Romania. The
taxes are determined by the National Authority Public Utilities Regulation (ANRSC) and
approved by the Local Council of Pitesti. Table A.1 presents the economical data influencing
Termoficare. Currently, a loss of 0.059 euro per kWh is done including subsidiaries.
Table A.1 Economics of Termoficare.

Type of income or cost

(€/Gcal) incl.
VAT

(€/kWh) incl.
VAT

Comment

Price for population

45.85

0.039

Fixed by ANRE

Price for economic agents

81.61

0.070

Fixed by ANRE

14.83

0.013

18.19

0.016

Subsidies from the Government

15.92

0.014

Subsidies from the Local Council

19.82

0.017

48.59

0.042

119.77

0.103

-5.16

-0.004

Income from district heating

Taxes
Transport tariff price
Distribution and supply tariff price
Subsidies

Production cost
Price for production incl. Taxes and
subsidies
The real production cost
Total income (€/Gcal; €/KWh)
Source: [56] (1 euro = 3.84 lei at 2008.11.20)

Fixed by ANRSC and approved by
Local Council
Fixed by ANRSC and approved by
Local Council
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Appendix 4 Calorific value of waste
Table A.2 present the calorific value of the waste, based on the quantities and composition
presented in the Master Plan for Integrated management of solid waste in Arges County. The
total calorific value of 7.7 MJ per kg should be considered as a lower limit, since the
industrial solid waste (ISW) and the hazardous waste (HW) are assumed to have the same
composition as the municipal solid waste (MSW). In general, ISW and HW constitute of a
higher fraction of fossil fuels compare to MSW, thus increasing the calorific value.
Table A. 2 Calculation of the calorific Value.

Bio fuel

Paper

Totalt
*: Source: [31]

(t)

(%)

Energy content
MJ

Calorific Value*

GWh

(MJ/t)

6

382 219 200

106

13 200

318 516

66

1 942 947 600

540

6 100

Other bio fuel

24 130

5

291 973 000

81

12 100

Total Bio fuel

371 602

77

Plastic

19 304

4

368 706 400

103

19 100

Fabrics

9 652

2

223 926 400

62

23 200

24 130

5

559 816 000

156

23 200

3 769 588 600

1 048

7 693

Other fossil fuel
Non Combustible

Fraction

28 956

Organic

Fossil fuel

Mass

Total Fossil fuel

53 086

11

Glass

24 130

5

Metals

14 478

3

Other non combustible

24 130

5

Total non combustible

62 738

13

482 600

100
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Appendix 5 Efficiency of power and heat generation
The temperature – entropy diagram, the T-s diagram, is used for the purpose of analyzing the
energy transfer systems and calculating the energy content at a specific pressure and
temperature, which makes it possible to calculate the efficiencies. The different stages for the
water flow through the incineration plant with respect to the proposed waste-to-energy (WTE)
plant are described below. Based on calculations using the T-s diagram, the efficiency of the
turbine/turbines is presented at the end of the section.
a: Return water from the district heating net with low temperature and low energy content.
b: The water passes through the feed water pump which increases the pressure.
c: The water turns into saturated steam as it pass the superheater.
d: The steam has expanded when it passed through the turbine reducing both the pressure and
the temperature but keeping the entropy constant.
Between d to a, the condenser transfer the steam into water. The heat used to increase the
temperature of the district heating water or cooled away in for example a cool condenser. [13]

A5.1 Co-generation with one back pressure steam turbine

This section presents the calculations for the efficiency of co-generation using one turbine.
The calculations are carried out based on an ideal Rankine process, which is shown in Figure
A.1. The corresponding T-s diagram is presented in Figure A.2.

Figure A.1 The curcuit flowchart when using one turbine. Modified from [13].
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Figure A.2 The T-s diagram when using one turbine.

Table A.3 summarizes the conditions of the water/steam. The figures for the condition in c are
assumed based on conditions in Swedish waste incineration plants. [54] Furthermore d1 and d2
represents the two outflows from the turbine with 100 and 75°C respectively.
Table A.3 Conditions of the water when producing heat and power using one turbine.

a
b
c
d1
d2

T (°C)
50
100
400
100
75

P (bar)
0.1
1.0
40
1.013
0.6

h (kJ/kg)
209.3
419.1
3 212.4
2 674.5
2400

ℎ(ܿ) − ℎ(݀ଵ ) 3212,4 − 2674.5
=
= 0.18
ℎ(ܿ) − ℎ(ܽ)
3212,4 − 209.3
ℎ(݀ଵ ) − ℎ(ܽ)
2674.5 − 209.3
=
=
= 0.82
ℎ(ܿ) − ℎ(ܽ)
3212,4 − 209.3

ߟ,ଵ° =
ߟ௧,ଵ°

ℎ(ܿ) − ℎ(݀ଶ ) 3212,4 − 2400
=
= 0.27
ℎ(ܿ) − ℎ(ܽ)
3212,4 − 209.3
ℎ(݀ଶ ) − ℎ(ܽ)
2400 − 209.3
=
=
= 0.73
ℎ(ܿ) − ℎ(ܽ)
3212,4 − 209.3

ߟ,ହ° =
ߟ௧,ହ°

Appendix
Where:
ηel
ηheat

VII

Efficiency of electric power production.
Efficiency of heat production.

Result:
When using one turbine the efficiency of electric power production is 18 percent for the flow
of 100°C, and 27 percent for the flow of 75°C. The average efficiency of the turbines is 22.5
percent, in the case of equal flows through the 100 and 75°C outlets.

A5.2 Co-generation with two condensing steam turbines

This section presents the calculations for the efficiency of co-generation using two turbines.
The calculations are carried out, based on an ideal Rankine process, which is shown in Figure
A.3. The corresponding T-s diagram is presented in Figure A.4.

Figure A. 3 The circuit flowchart when using two turbines. Modified from [13].
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Figure A.4 The T-s diagram when using two turbines.

Table A.4 summarizes the conditions of the water/steam. The Figures for the condition in c
are assumed based on conditions in Swedish waste incineration plants. [54] Furthermore d1
and d2 represents the two outflows from the turbine of 100 and 75°C respectively.
Table A.4 Conditions of the water when producing heat and power using two turbines.

a
b
c
e
f
d1
d2

T (°C)
50
100
400
250
400
100
75

ߟଵ° =

P (bar)
0.1
1
40
35
35
1.013
0.6

h(kJ/kg)
209.3
419.1
3 212.4
2 828.7
3 222.9
2 674.5
2400

൫ℎ(ܿ) − ℎ(݁)൯ + ൫ℎ(݂) − ℎ(݀ଵ )൯ 3212.4 − 2828.7 + 3222.9 − 2674.5
=
= 0.29
ℎ(ܿ) − ℎ(ܾ) + ℎ(݂) − ℎ(݁)
3212.4 − 419.1 + 3255.0 − 2828.7

ߟ௧,ଵ° =
ߟ,ହ° =

ℎ(݀ଵ ) − ℎ(ܽ)
2674.5 − 209.3
=
= 0.71
ℎ(ܿ) − ℎ(ܾ) + ℎ(݂) − ℎ(݁) 3212.4 − 419.1 + 3255.0 − 2828.7

൫ℎ(ܿ) − ℎ(݁)൯ + (ℎ(݂) − ℎ(݀ଶ )) 3212.4 − 2828.7 + 3222.9 − 2400
=
= 0.38
ℎ(ܿ) − ℎ(ܾ) + ℎ(݂) − ℎ(݁)
3212.4 − 419.1 + 3255.0 − 2828.7
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ߟ௧,ହ° =

Where:
ηel
ηheat

ℎ(݀ଶ ) − ℎ(ܽ)
2400 − 209.3
=
= 0.62
ℎ(ܿ) − ℎ(ܾ) + ℎ(݂) − ℎ(݁) 3212.4 − 419.1 + 3255.0 − 2828.7

Efficiency of electric power production.
Efficiency of heat production.

Result:
When using two turbines the efficiency of power and heat production are 29 percent for the
flow of 100°C, and 38 percent for the flow of 75°C. This represents an average efficiency of
33.5 percent, in the case of equal flows through the 100 and 75°C outlets.
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Appendix 6 Wet bulb temperature
The wet bulb temperature describe the lowest temperature an object may be cooled to by
the process of evaporation. The cooling effect of the evaporation from the bulb is inversely
proportional to the amount of water vapor present in the air. [26]
Table A.5 presents the wet bulb temperature in Pitesti calculated based on knowledge about
the average temperature during the year [41] and the variation of moisture content in the air
[6]

°C

Wet bulb temperature (°C)

15
10
5
0
-5
-10

Figure A. 5 Wet bulb temperature during the year.
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Appendix 7 Input for the payback-method
This Appendix presents the data used when calculating the payback time of a WTE plant of
130 MW. Table A.5 presents the costs associated with the initial investment.
Table A. 5 Investment cost for a WTE plant of 130 MW. [59]

Parts of the WTE plant
Furnace
Additive cost for two furnaces of 2*65 MW
Turbine
Extra turbine
Flue gas treatment
Various equipment
Fuel treatment
Cooling tower
Total cost for WTE plant of 130 MW

Cost (€)
75 000 000
30 000 000
20 000 000
10 000 000
30 000 000
24 000 000
30 000 000
7 000 000
226 000 000
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Appendix 8 Climate change
The climate change, with an increase in global average temperatures, which has been
observed since the mid-20th century, is according to IPCC very likely due to the increase in
anthropogenic greenhouse gas (GHG) concentrations. In order to understand the ongoing
climate change and how the human activities have affected the climate, this chapter is divided
into four sections; the greenhouse gas effect, observed changes in climate and their effects,
the greenhouse gases and projection of future changes in climate.

A8.1 The greenhouse effect

Certain gases in the atmosphere are able to absorb infrared radiation, trapping the energy and
resulting in a warmer climate than otherwise. This heating effect is referred to as the
greenhouse effect. The greenhouse effect exists as a natural part of the climate, and causes the
climate to about 33°C warmer than it would be otherwise. The gases that contribute to the
greenhouse effect are called greenhouse gases (GHGs). The most common naturally occurring
GHGs are: water vapour, carbon dioxide (CO2), ozone (O3), methane (CH4) and nitrous oxide
(N2O). The artificial GHGs are called halocarbons. The humans are increasing the greenhouse
effect both directly, by emitting certain gases into the atmosphere, and indirectly, by emitting
certain non-GHG that react chemically in the atmosphere to either create surface ozone or
extend the lifetime and hence the impact of other GHG.[24]

A8.2 Observed changes in climate and their effects

The warming of the climate system is now evident from observations of increases in global
average air and ocean temperatures, widespread melting of snow and ice and rising average
sea level. Eleven of the twelve years, from 1995 to 2006, rank among the twelve warmest
years. The linear warming trend over the 50 years from 1956 to 2005 is nearly twice that for
the 100 years from 1906 to 2005. The temperature increase is widespread over the globe.
Increases in sea level are consistent with
warming. Global average sea level rose at
an average rate of about 3.1 mm per year
from 1993 to 2003. Since 1993, thermal
expansion of the oceans has contributed
about 57 percent of the estimated sea level
rise, with decreases in glaciers and ice
caps contributing about 28 percent and
losses from the polar ice sheets
constituting the remainder.
Decreases in snow and the ice extend are
also consistent with warming, where the
annual average Arctic sea ice extent has
shrunk by 2.7 percent per decade. Long
term changes of the precipitation amount
in many large regions have been observed.
The changes in temperature, sea level and
snow cover since the 1850 is shown in
Figure A. 6 Changes in temperature, sea level and
Figure A.6. Globally, the area affected by
Northern Hemisphere snow cover.
drought has likely increased since the
1970s. Some extreme weather events have changed in frequency and or intensity over the last
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50 years. For example, there is an increase in intense tropical cyclone activity in the North
Atlantic since about 1970.
Most oceans show that many natural systems are being affected by regional climate changes,
particularly temperature increases. There is high confidence that natural systems related to
snow, ice and frozen ground are affected and the recent warming is strongly affecting
terrestrial biological systems. Furthermore, the observed changes in marine and freshwater
biological systems are associated with rising water temperature, as well as related changes in
ice cover, salinity, oxygen levels and circulation.

A8.3 The greenhouse gases

Global GHG emissions due to human
activities have grown since pre-industrial
times, with an increase of 70 percent
between 1970 and 2004. Human
activities result in emissions of four longlived GHGs: carbon dioxide, methane,
nitrous oxide and halocarbons. Carbon
dioxide
is
the
most
important
anthropogenic GHG. Its annual emissions
have grown between 1970 and 2004 by
about 80 percent. The largest growth in
GHG emissions between 1970 and 2004
has come from energy supply, transport
and industry.
The atmospheric concentrations of
Figure A.7 Global anthropogenic GHG emissions.
carbon dioxide and methane in 2005,
exceed by far the natural range over the last 650 000 years. Furthermore, the global
concentration of carbon dioxide has increased from a pre-industrial value of about 280 to 379
ppm in 2005. The concentration of methane has increased with almost 150 percent during the
same period. The nitrous oxide concentration has also increased and many halocarbons have
increased from a near-zero pre-industrial concentration. Global increases on carbon dioxide
concentrations are due primarily to fossil fuel use. Figure A.7 presents the global
anthropogenic GHG emissions from 1970, which shows that the emissions from fossil fuels
are the dominant source and constantly increasing.

A8.4 Projections of future changes in climate

For the next two decades a warming of about 0.2°C per decade is projected for a range of
emissions scenarios. Continues GHG emissions of the current rate would cause further
warming and induce many changes in the global climate system during the 21st century that is
likely to be larger than those observed during the 20th century. IPCC estimates a global
average surface air warming of 1.1 to 6.4°C for the 21st century, depending on which of the
six emissions scenarios that is relied on. Depending on which emission scenario to trust, the
sea level is estimated to rise between 18 and 59 cm during the 21st century. Furthermore,
during this period are changes in wind patterns, precipitations and some aspects of extremes
and sea ice are very likely. Beyond the 21st century, anthropogenic warming and sea level rise
would continue for centuries due to the time scales associated with climate processes and
feedbacks, even if GHG concentrations were to be stabilized. [27]
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Appendix 9 Environmental impact analysis
A9.1 Present system
Environmental impact from landfills
The environmental impact from landfills is calculated below:
ܪܥସ ݃݁݊݁ܮ ∙ ்ܹܵܯ( = ݀݁ݐܽݎ − ܴ) ∙ (1 − ܱܺ)
ܮ = ܥܱܦ ∙ ܥܱܦ ∙ ܨܥܯி ∙ ∙ ܨ

16
12

 = ܥܱܦ0.4 ܣ+ 0.17 ܤ+ 0.15 ܥ+ 0.3ܦ
Where:
MSWT
L0
MCF
OX
R
DOC
DOCF
16/12
F
A
B
C
D

Annualized mass of MSW to be deposited. (t/yr)
The methane generation potential. (t CH4/t MSWT ,yr)
Correction Factor.
Fraction of CH4 released that is oxidized below surface within the site.
Mass of CH4 recovered for energy use or flaring. (t/yr)
Degradable Organic Carbon. The fraction of MSW that is degradable
carbon.
Fraction of DOC dissimilated. The fraction that is ultimately degraded
and released.
Molecular weight ratio CH4/C
Fraction by volume of CH4 in landfill gas.
Fraction by weight of textile and paper.
Fraction by weight of garden waste and other non-food waste.
Fraction by weight of food waste.
Fraction by weight of wood or straw.

Assumptions:
MSWT
L0
MCF
OX
R
DOC
DOCF
F
A
B
C
D

583 600
0.049163
0.8
0
0
0.1676
0.55
0.5
0.08
0.33
0.33
0.10

[43]
Calculated.
Not well managed landfill. [28]
Not well managed landfill. [28]
No collection of landfill gas. [28]
Calculated.
Approximation based on range 0.5 to 0.6.[28]
[28]
[43]
Assumption.
Assumption.
[43]

Result:
The calculation shows that 28 691 tonnes of methane is released each year from landfilling of
MSW in Arges County. In GWP potential this correspond to approximately 602 518 CO2-eq
tonnes.
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Environmental impact from the sludge disposal
The emissions caused by the disposal of sludge on the temporary dumpsite in the wastewater
treatment plant (WWTP) are calculated below.
ܪܥସ ܪܥ( = ݏ݊݅ݏݏ݅݉ܧସ ݃݁݊݁ ݀݁ݐܽݎ− ்ܴ ) ∙ (1 − ்ܱܺ )
Due to no present collection of methane gas, the CH4 emissions are the same as the CH4
generated.
ܪܥସ ݃݁݊݁∙ ܨ ∙ ݉ܿ݁݀ ݉ܥܱܦܦ = ݀݁ݐܽݎ

16
12

Where:
CH4 gen.T
DDOCm
DDOCm decomp
F
16/12

Amount of CH4 generated from decomposable material. (t/yr)
Mass of decomposable DOC. (t)
DDOCm decomposed. (t/yr)
Fraction by volume of CH4 in generated landfill gas.
Molecular weight ratio CH4/C

Assumptions:
DDOCm decomp
F

54
0.5

0.05*1081 = 54
IPCC.

Result:
The methane emission from sludge disposal in 2007 was approximately 36 tonnes which
represents 756 tonnes CO2-eq.

A9.2 Modified system
Environmental impact from landfills
This section presents the calculations of the emissions from the landfills after the
implementation of a new waste management system including collection of landfill gas. It is
assumed that 75 percent of all the landfill gas is possible to collect.
ܪܥସ ݃݁݊݁ܮ ∙ ்ܹܵܯ( = ݀݁ݐܽݎ − ܴ) ∙ (1 − ܱܺ)
Assumptions:
MSWT
L0
MCF
R
OX
DOC
DOCF
F
A
B
C
D

482 600
0.0615
1
17 800
0.1
0.1676
0.55
0.5
0.08
0.33
0.33
0.10

[43]
Calculated.
Managed landfill. [28]
0,75*23 700. Calculated.
Well managed landfill. [28]
Calculated.
Approximation based on range 0.5 to 0.6 [28]
[28]
[43]
Assumption.
Assumption.
[43]
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Results:
By installing a system for landfill gas collection the emissions of methane gas to the
atmosphere will be reduced to 12 911 tonnes per year which represents approximately 271
133 tonnes CO2-eq, a decrease of 55 percent of CO2-eq.
Environmental impact from the sludge disposal
This section presents the calculation of GHG emissions of sludge disposal after the
reconstruction of the WWTP.
ܪܥସ ܪܥ( = ݏ݊݅ݏݏ݅݉ܧସ ݃݁݊݁ ݀݁ݐܽݎ− ்ܴ ) ∙ (1 − ்ܱܺ )
Due to no present collection of methane gas, the CH4 emissions are the same as the CH4
generated.
ܪܥସ ݃݁݊݁∙ ܨ ∙ ݉ܿ݁݀ ݉ܥܱܦܦ = ݀݁ݐܽݎ

Assumptions:
DDOCm decomp
F

313
0.5

16
12

0.05*6 260 [28]
[43]

Result:
After the reconstruction 261 tonnes CH4 will be released from disposal of the sludge residue,
this represents 5 499 tonnes CO2-eq.

A9.3 Proposed system
Environmental impact from incineration of waste material
The calculations of the emissions of carbon dioxide and nitrogen dioxide are presented below.
ܱܥଶ =  ܹܫ ∙ ܹܥܥ ∙ ܨܥܨ ∙ ܨܧ ∙


44
12

ܰଶ ܱ =  ܹܫ ∙ ݁݉݅ݎݐ݂ܿܽ ݊݅ݏݏ


Where:
IWi
CCWi
FCFi
EFi
44/12
Emission factor

Annual amounts of waste and sludge incinerated. (t)
Fractional carbon content of each waste type.
Fractional of total carbon that is fossil carbon.
Efficiency of burn out of each waste type. (fraction)
Molecular weight ratio CO2/C
Emission factor in kg N2O per tonne waste.

Assumptions:
IWwaste CO2
IWwaste N2O
IWsludge

163 408
583 600
31 460

Calculated.
[43]
[53]
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Table A. 6 Deafault parameters for an incineration plant. [28]

Default parameters IPCC
Carbon content CCWi
Fossil carbon fraction of total carbon fraction FCFi
Efficiency of combustion EFi
Emission factor, grate (kg/t)

MSW
0.4
0.4
0.95
0.03025

Sludge (dry)
0.3
0
0.95
0.4

Result:
Incineration of waste and sludge with a grate furnace contribute to 91 072 tonnes of CO2
emissions and 30 tonnes of N2O emissions corresponding to the total emissions of 146 288
tonnes CO2-eq.

