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ABSTRACT
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Docent Juha Kaikko
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Keywords: Waste to Energy, Energy from Waste, ash utilization, third party O&M contract,
WtE O&M, Municipal Solid Waste (MSW), WtE project development in the UK
This Thesis has gathered information on Waste to Energy (WtE) in waste combustion in
particular. The main focus is in UK waste incinerators. The focus is on grate boilers. The
Thesis is done as a literary review. Most of the data comes from the field’s literature and
Fortum expert interviews.
The Thesis explains the basics of WtE, Operation and Maintenance (O&M) of WtE as well
as WtE project development from the view of developer, owner and O&M contractor, basics
of market environment in the UK and possible future development of waste treatment. The
Thesis comes to the conclusion that the UK WtE market will continue to grow during the
next decades. Waste combustion is more environmentally friendly and more efficient than
landfilling. While recycling increases waste combustion decreases waste flow. Recycling
and waste combustion are complementary technologies.
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SYMBOL CATALOG
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equivalent
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1

INTRODUCTION

1.1 Basics on Waste to Energy
Waste to Energy (WtE) is a concept where waste is converted to energy. There are a number
of ways to do that. The most common is to combust waste in a grate boiler to produce electricity and/or heat. This Thesis concentrates on grate boilers.
A WtE plant can produce electricity and/or heat. It is also possible to sell steam to industrial
customers. A WtE plant utilizing a grate furnace combusts waste on a grate. The combustion
heats water which boils and is then superheated. This superheated steam goes through a
steam turbine to make electricity with a generator. The remaining heat can be extracted to a
district heating system or other heat client.

1.2 Waste to Energy is an essential technology
In 2018 total GHG emission in EU were 79.3 % from 1990 levels. In the UK they are 61.6
% from 1990 levels. (European Commission, 2020, 164.) Manufacturing industry has been
reducing in EU for a long time. It is likely that most of these GHG reductions came from
carbon leakage to cheaper countries such as China. In the UK manufacturing industry used
to be large. It has been drastically reduced.
The EU is intending on reducing its carbon footprint. It is using carbon market as a tool.
Waste to Energy (WtE) is a consideration in carbon reduction. EU wants to be the world’s
leading renewable energy producer. EU is committed to 40 % carbon reduction target by
2030 from 1990 levels. (EUR-Lex, 2020.) Even though the UK has left EU they are committed to similar climate mitigation targets as EU.
1.2.1 Climate change mitigation with Waste to Energy
Landfills have large CO2-ekv emissions largely caused by landfill gas emissions. Some of
these gases can be captured and utilized. Some EU countries landfill most of their waste.
Old and inadequately designed and constructed landfills have a problem with leaching substances in waste such as heavy metals. They also release landfill gases which mostly consist
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of methane (CH4). Methane has a many times larger global warming effect than carbon dioxide (CO2).
European Green Deal is a European Union (EU) program that targets at being a climate
neutral continent by 2050. To achieve this there are different EU and national programs. One
of the EU programs is the resilient Energy Union strategy in 2015. It promotes an Energy
Union where the EU is connected in its energy network to provide consumers and businesses
competitive, affordable and climate friendly energy. It intends to integrate the electricity
sector and gas network. This will bring more competition into isolated markets making energy more affordable. The strategy also targets to diversify EUs energy pallet. It intends to
increase domestic renewable energy sources. (Eurostat, 2020a.) In EU energy import dependency in 2018 was 58.2 %. Most of these imports are fossil fuels. (European Commission, 2020, 24.) Waste is a domestic fuel that people produce with their consumption of
materials.
Even though UK is no longer an EU country the EU remains a relevant reference area in
climate change mitigation. EU is the closest area to UK and their relationship is changing. It
will likely remain close and important for both sides.
1.2.2 Waste treatment is changing
Currently a large portion of Europe’s waste goes to landfill. Landfills take up a lot of space.
In Europe there is little space available and significant volume reduction in waste is required.
Waste hierarchy is a hierarchical structure that is designed to choose which value waste has
and what should be done with it. It is as follows Prevention, Re-use, Recycling, Recovery
and Disposal. Waste Prevention is the highest value and Disposal the lowest.
In waste hierarchy landfilling is considered Disposal. Disposal is the lowest point in waste
hierarchy. WtE plants can count as either Disposal or Recovery. This depends on plant engineering.
In 2018 UK placed 8,4 million tons of Municipal Solid Waste (MSW) to material recovery
and 5,2 million tons of MSW to composting and digestion. UK put 11,7 million tons of MSW
to energy recovery and landfilled 4,6 million tons of MSW. (Eurostat 2020b.) These statistics
are changing. Waste treatment in the UK is developing towards a more climate friendly direction.
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1.3 Waste to Energy sector basics in UK
In the UK waste has been growing as an energy source. In 2005 UK generated 2.6 TWh of
gross electricity from non-renewable waste. In 2018 UK generated 4.9 TWh of gross electricity from non-renewable waste. (European Commission, 2020. 239.)
Traditionally it is thought that incineration of waste is only financially viable when waste
stream is over 100 000 t/a (Fernandez-Gonzalez et al. 2017). However, recently there has
been development in providing smaller incineration plants.
Public acceptance is important to a waste to energy project. Municipality council, local businesses and local population acceptance are important. They can affect project timeline with
complaints. A WtE project brings work to an area. Some positions are permanent in the plant
and some work is for subcontractors.

1.4 Research questions and structure
This Thesis intends to construct a general view of the Waste to Energy (WtE) market in the
UK. The UK WtE market is changing to accommodate environmental concerns and lack of
space for landfills. This Thesis concentrates on studying grate boilers combusting Municipal
Solid Waste (MSW). The grate boiler combustion is the most common technology to combust waste. The Thesis investigates WtE plant lifecycle from a development idea to decommissioning. Operation and maintenance of the plant is studied. The Thesis explains how
O&M can be procured. Market research on WtE in the UK is done.
Chapter 2 answers the question of what is WtE. It explains the basics of WtE with particular
focus on grate boilers in the United Kingdom (UK). Other WtE types are mentioned. Next
it explains the basics in Municipal Solid Waste (MSW) and its derivatives Solid Recovered
Fuel (SRF) and Refuse Derived Fuel (RDF). The combustion properties are of interest in
this chapter. Next the chapter concentrates on the combustion process and its side streams.
Flue gas emission control is considered from the most important emission points such as
sulfur oxides and particle emissions. Different ash utilization methods are studied.
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Chapter 3 answers the question of how a WtE plant can be operated and maintained. It studies grate boiler WtE Operation and Maintenance (O&M). It is similar to other thermal power
plants O&M. However, there are some differences and some of them are considered.
Chapter 4 answers the question of how a WtE plant project is developed. It studies how a
project financed WtE plant is developed from project idea to end of life. Project developer
and owner points of view are considered. The O&M provider’s considerations are studied.
Chapter 5 answers the question of what influences the UK WtE market and what it looks
like. It studies UK WtE markets with the concentration on grate boilers. It studies British
WtE plant’s financial drivers, common British regulatory and political steering. Plant architecture is considered. The chapter also compares UK markets with other markets.
Chapter 6 answers the question of what developments is happening in the waste treatment
market. It studies possible developments in the UK waste treatment market. It studies UK
recycling, landfilling, waste combustion, modular waste combustion plants and plastic to
hydrogen technology.

1.5 Thesis methodology
Information sources that are used in this Thesis are literary reviews and interviews. Basic
information on WtE is mostly from literary reviews. Financial and contractual information
is mostly from interviews.
Literary reviews are mostly used for background studies. Literary sources are books and
scientific articles about WtE. Internet sources such as websites, EU statistics and government
sites are utilized.
Interviewees are all Fortum experts from Fortum eNext. Some have extensive knowledge
from technological side of things and some are familiar with the commercial side. Especially
contractual information’s main source is interviews. Country knowledge of UK is from Fortum experts from the UK and from UK specific internet sources and other documentation.
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2

WASTE TO ENERGY PLANTS

A Waste to Energy (WtE) plant is similar to other thermal power plants. The water/steam
cycle is almost identical. Its parameters are limited by waste characteristics. Fuel handling
is different from conventional and other boiler plants. An overview of the Riverside WtE
plant is in Figure 1.

Figure 1. Figure of Riverside WtE plant (Cory Riverside Energy. 2021)

In Figure 1 number 1 there is a tipping bay. Number 2 represents a waste bunker. Number 3
is the furnace. Number 4 is boiler. Number 5 is the superheaters and economizer. Number 6
is the ash removal. Number 7 is flue gas treatment equipment. Number 8 is baghouse. Number 9 is flue gas fan. Number 10 is a stack.
The main purpose of a WtE plant is to dispose of waste material. In most countries with WtE
there is a gate fee to treat waste. This means that their business model is based on receiving
income from incoming waste and the sale of electricity and heat. Sometimes they can receive
extra income from selling metals or other residues. In most UK WtE plant business models
a majority of income comes from gate fees. A minority of income comes from selling electricity, heat and/or steam.
The biggest advantages of waste incineration in waste treatment are volume reduction, destruction of pathogens and odorous gases and prevention of methane (CH4) leaching from
landfilling. Incineration of waste is an alternative to landfilling. Sometimes it can compete
with increasing recycling.
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A big problem concerning WtE is unsuitable fuel feed. People dispose of chemicals like
flammable solvents, toxic paint and other harmful chemicals. These do not belong in a municipal waste stream. Sometimes people place these chemicals in municipal solid waste.
People also put other unsuitable materials in it. A WtE plant needs to anticipate these undesirable fractions in their waste stream, fuel handling, combustion, ash handling and flue gas
treatment.

2.1 Different Waste to Energy plants
There are different WtE plant types. The plants are defined by their way of energy recovery
and quality of fuel. Energy recovery options are, for instance, incineration, gasification and
pyrolysis. Different quality fuels are, for instance, Municipal Solid Waste (MSW), Refuse
Derived Fuel (RDF) and Solid Recovered Fuel (SRF).
WtE plants can produce different kinds of energy. For instance, it can produce electricity
only, heat only or both. It can also produce steam for industrial customers. Waste derived
fuel can be made from MSW.
Electricity only plants typically have an efficiency of 18 to 27 % (Department of Energy &
Climate Change, 2014. 37). Combined Heat and Power (CHP) have higher efficiencies up
to over 80 %. Heat only plants can manage the same or even higher. Making fuel such as gas
has a low efficiency.
Chemical characteristics of waste are not easy to quantify. Even taking representative samples is difficult. The fuel is very heterogenous. Fuel quality is dependent on pretreatment,
collection environment and its culture on waste management, source separation and waste
fraction production. For instance, waste characteristics in developing countries are different
from developed countries. Packaging of items impact glass, metal, paper and plastic fractions.
Waste material can be co-incinerated with another fuel. Waste is often heterogenous making
it a difficult fuel. Combusting it with something else makes it more homogenous and easier
to handle. Co-incineration is old technology. The purpose of waste incineration is to treat
waste. Co-incineration is meant to produce electricity and heat. Business model for co-incineration needs to be different than WtE only. Incinerating waste fuel brings money and
purchasing another fuel costs money. (Laaninen, 2020.) Environmental legislation in most
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developed areas such as EU is stricter in waste fuels, including co-incineration which is why
it is less economical. There are stricter rules when one combusts waste. Co-incineration is
outside the scope of this Thesis.
Gasification gasifies waste to make a combustible gas and residue. Waste going to gasification needs to be high quality. This waste can be separated waste from an industrial process,
like packaging waste. Gasification technology takes less space than combustion technology.
Gasification technology is uncommon in Europe but it is used more in Japan and SouthKorea (Blacker & Hawes, 2021). Gasification is outside the scope of this Thesis.
Separately collected biowaste can be anaerobically digested to produce biogas or composted.
The hydrolysis residue of anaerobic digestion can be composted for fertilizer production
which is material recovery. Biowaste treatment is outside the scope of this Thesis.
Rotary kilns are a way to utilize energy in hazardous waste. Main objective here is to dispose
of hazardous material. Hazardous materials and rotary kilns are outside the scope of this
Thesis.

2.2 Fuel handling and pretreatment
When handling and storing waste fuel one must consider fuel quality like bulk size and density and storability (hygiene, rotting, self-ignition etc.). MSW is heterogenous and unpredictable. MSW characteristics can not be calculated accurately.
One can calculate the approximate quality of MSW by field testing and calculating different
fractions from the fuel. For instance, bio, glass, metal, paper, plastic and cardboard are calculated and their approximate characteristics ascertained and then calculated into one set of
characteristics. Naturally, this can only be an estimation because MSW quality varies. In
handling bio-fraction one needs to prepare for risks such as hygiene, biological contaminants, evaporation of moisture, odor problems, pests and spoiling.
Pretreatment of waste in the UK is often a separate business (Laaninen, 2020). In these cases
waste suppliers pay a gate fee to the pretreatment facility. The pretreatment facility gets
income from selling recyclables. The pretreatment facility then pays a different gate fee to
the WtE facility.
Sometimes a pretreatment facility can be integrated to the WtE plant. There is one in Allington that has been operated by Fortum. The plant utilizes conveyers to move waste and people

16

to pick recyclables and large items from the waste stream. Then the waste becomes RDF.
(Wilson & Davies, 2021.)
2.2.1 Municipal Solid Waste in energy recovery
Municipal Solid Waste (MSW) is the most common waste fuel in the UK (Davies & Wilson,
2021). Quality of waste fuel largely depends on separation of waste. MSW is the lowest
quality fuel. It is untreated household waste. It is very heterogenous. Recycling improves the
quality because it removes non-combustibles like glass, metal, electronics and biowaste. Recycling also removes high heating value fractions like paper, plastic and cardboard. MSW is
typically incinerated in grate boilers because of its low heating value and quality.
Adding RDF and/or SRF to MSW makes it more homogenous than MSW alone. RDF and
SRF are better quality and more homogenous. Adding these improves fuel quality by reducing heterogeneity. Combustion is easier to predict and control this way.
MSW is heterogenous. It is mixed in storage to make it more uniform. The heating value of
MSW is around 10 MJ/kg (Department of Energy & Climate Change, 2014. 33 & Malinauskaite et al. 2017). Sometimes MSW has unexpected large objects in it such as bathtubs and
batteries. These need to be removed. Visual checks can identify these. Random tests are
performed to analyze waste and see if it is in acceptable parameters.
Particle size of MSW influences the burning process. Larger pieces cause more emissions
than smaller ones. (Speth et al. 2016.) Larger pieces can also clog fuel chutes. MSW is not
pretreated much before combustion. Thus it has large particle size and a more complex burning process.
In MSW grate boilers there is often a pit and crane configuration. It is most often used in
large mass incinerators. The pit is a bunker that can typically hold around three days of fuel.
The grapple in the crane mixes the fuel and lifts it to fuel intake system where fuel is fed to
the furnace. (Niessen, 2002. 251–255.) In Figure 1 number 2 in page 13 there is a waste
bunker and a crane grapple. There is a picture of a grapple in Figure 2.
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Figure 2. Pit and crane from Klemetsrud (Einar Aslaksen. 15.03.2019b)

The pit is typically about 9–14 m deep. The pit is sized according to the final size of the
plant. This way if the plant is expanding it is not necessary to build a new pit. The tipping
bay that drops the waste into the pit needs to be at least 4.1 m wide to accommodate most
garbage vehicles. (Niessen, 2002. 251–255.) In Figure 1 number 1 in page 13 a tipping bay
is pictured.
Combustion air is taken from the pit area because this destroys odorous gases, dust and other
contaminants that has been released to air. Because there is so much dust in the air combustion air is taken from high up. This way the air inlet pipes do not clog. (Niessen, 2002. 251–
255.)
Small MSW incinerators use floor dump and front end loader to store and move waste to
incineration. It is cheaper than building a concreate pit and moving crane. The MSW is
dumped on the floor and front end loader driver moves the waste around. The driver also
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performs a visual check to remove large bulky items and other items that do not belong there
like car batteries and rocks.
2.2.2 Waste derived fuel
There are many different kinds of fuel that can be derived from waste. This Thesis mentions
some and concentrates on RDF and SRF. According to Davies & Wilson (2021) RDF is used
less than MSW in the UK. SRF is used even less.
Solid Recovered Fuel (SRF) is source separated and pretreated. It is standardized (EN
15359) to make a more valuable fuel. RDF is not standardized. MSW can be pretreated in
any way to make it RDF. Refuse Derived Fuel (RDF) heating value is around 11 to 15 MJ/kg
(Department of Energy & Climate Change, 2014. 33). SRF heating value is higher. RDF and
SRF particle sizes are small and can be fluidized with sand in a fluidized bed boiler. Different
types of mechanical treatment are used to obtain recyclables and improve fuel quality. Improved fuel is less unpredictable in combustion processes than MSW.
Pretreatment side streams are directed to material recovery. Some SRF/RDF pretreatment
facilities do a visual check to remove large recognizable items from waste such as aluminum
cans, glass containers and plastic containers. Eddy current magnets are used to remove aluminum that is not picked up in a visual check. Magnets are used to remove metals. Air classification is used to separate combustible light fraction of paper and cardboard and heavy
non-combustibles like glass, metal, stone and wet substances that are often biowaste. Trommels and disk screens are used to separate sand and glass and to return large particles to size
reduction. (Niessen, 2002, 349.)
Hammermill shredders are used to reduce particle size. They can get stuck if the object is
awkwardly shaped or sized. Reversible shredder is less likely to need interference in this
matter. When they are used there is an explosion hazard and some release of materials.
Sometimes small particles of contaminants are released to the air when shredded. MSW can
contain hazardous substances even though it should not. Shredders can also puncture or
crush a container filled with highly volatile or flammable substance. There are other ways to
reduce particle size like vertical shaft mills, flail mills and rotary shears. (Niessen, 2002.
256-259.)
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Screens are used to separate certain sized and smaller objects from larger ones. This is done
by simply having holes that are sized to allow smaller than the desired objects to fall through.
There are different types of screens. Screens can separate larger pieces back to size reduction
or to separate typically sized objects for separate use. One such use is to reduce glass, metal
and mineral matter. (Niessen, 2002, 265–266.)
Size separation can be done by conveyors with screens. There can be magnets in the conveyors to remove ferrous metals to extraction. Conveyors require more cleaning and maintenance than pneumatic tubes which are susceptible to blockade. Conveyors are not susceptible to blockages. There are also belt conveyors that have a basic job of moving material from
one destination to another. (Niessen, 2002, 261-264.)
Air classifiers separate heavy fraction and light fraction. This is based on particle density
and aerodynamic drag. It is not a direct way to separate everything. It is a way to separate
different mass and size objects. Light fraction is expected to contain paper, plastic, textiles
and cardboard. Heavy fraction is expected to have rocks, large metal pieces, glass and wet
material like biowaste. (Niessen, 2002, 265.)
Trommels are drums that have a hard holed platform inside it. When the drum rolls it brakes
plastic bags and glass. Fine material leaves from one place and coarse material from another.
Fine material includes, for instance, glass dust and sand. (Niessen, 2002, 266.)
Metal is separated with magnets. There are different ways to do this. One is belt conveyors
with magnets while transporting waste. If metal is somehow entangled or trapped by other
waste it is less likely to be caught in magnet. Metal extract will not be solely metal because
of this. (Niessen, 2002, 267.)
Non-ferrous metals such as aluminum can be removed with Eddy current separator. This
helps increase fuel quality, recycling of non-ferrous metals and bottom ash quality.
(Verbinnen et al. 2016.)

2.3 Combustion of waste
Waste is incinerated in different kinds of furnaces. The most common one is moving grate.
This is because waste is usually a low quality fuel. Grate furnaces are suitable to burn low
quality fuels. This Thesis concentrates on grate boilers. In Figure 3 there is a picture of combustion in Klemetsrud WtE plant.
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Figure 3. Combustion in Klemetsrud WtE plant (Einar Aslaksen. 15.03.2019a)

In EU waste incineration requires combustion temperature minimum of 850 oC for at least
two seconds after the last air stage to destroy pathogens and other organic contaminants.
Combustion temperature in WtE plants over the grate is usually 900 oC. To reduce NOx
emissions combustion temperature should not exceed 1 000 oC. This is typically not a problem since waste combustion has more difficulty in keeping to the minimum temperature due
to fuel’s low heating value. Combustion excess air ratio in WtE plants is 1.2–1.4 (Davies &
Wilson, 2021; Päivärinta, 2021b.)
If combustion temperature drops below the required 850 oC legislation demands that fuel
feed must be switched off. WtE plants have auxiliary burners to increase combustion temperature during shut-ff and for those times that fuel feed does not provide enough heating
value to insure proper combustion temperature. (Davies & Wilson, 2021.)
Air is typically preheated before injecting it in a furnace. Primary air is preheated to about
120–150 oC after superheater. Primary air is injected from underneath the grate. This helps
dry the fuel. Secondary air can be heated, for instance, 50 C with grate cooling system excess
heat. Expected ratio between primary and secondary air is 60/40. Secondary air completes
combustion and increases turbulence to mix combustion gases. Flue gas exhaust temperature
needs to stay above acid dew temperature to protect flue gas duct surfaces. Typically, the
used temperature is between 150–190 oC. (Branchini, 2015. 43.)
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Steam parameters are limited to 450–500 oC and 40–60 bar because of the risk of high temperature corrosion (Branchini, 2015. 27). High temperature corrosion in the boiler is often
caused by HCl which is formed in the presence of Cl. Waste typically has a large Cl content.
Sulfur in the fuel has an inhibiting effect on this type of corrosion which waste incineration
has.
MSW ash content is high as is for most other waste fuels. As a fuel MSW is most similar to
wood, peat and lignite. These can be used as a starting point for boiler design. Naturally
thermal expansion is important to consider so that safe and effective operation and maintenance is possible. Abrasion impact is a risk associated with ash particles.
Ash melting point and fusion temperature affects combustion properties and ash handling.
Furnace temperature needs to stay below ash fusion temperature. Otherwise boiler tubes are
coated with sticky ash reducing heat transfer. Melting and fusing ash will also block ash
handling equipment.
Predicting ash melting points and fusion temperatures is tricky because of the complexity of
ash chemistry. Different ash composites react differently and have different characteristics.
However, there are some substances that can be used as indicators to determine the approximate ash melting point from fuel composition. One of these substances is silica. (Niessen,
2002. 110.)

2.4 Flue gas cleaning
In the UK emissions to air are monitored. Some are continuously monitored and others are
periodically sampled. Continuously monitored emissions include NOx, SOx, HCl, CO, total
organics, particulates and ammonia. Sampled emissions are Hg and its compounds, Cd and
thallium (Tl) metals, heavy metals, dioxins and furans and hydrofluoric acid (HF). (Tolvik
Consulting Ltd, 2020. 13.) All are required to have a mitigation method.
The UK has been operating under EU law and subject to its directives until Brexit. Their
government might change this but it is likely that their law will remain similar to EU law
(Blacker & Hawes, 2021). Currently the Industrial emissions directive (2010/75/EU) is still
in effect. Emission limits are written in the environmental permits. The permits are based on
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Best Available Technology (BAT) reference documents BREFs. These are updated periodically.
In EU there are emission limitation in directives. Best Available Technology (BAT) documents are based on directives. BREF documents are BAT reference documents. Every member state provides an environmental permit for WtE plants prior to commissioning. Environmental permits are based on applicable BREFs. All WtE plants are required to follow their
environmental permit. If they do not they are susceptible to fines and eventually closing of
the plant. In Table 1 there is emission limits from the newest BREF in 2019. It tells the
emission limits placed on a new WtE plant. In the EU and the UK environmental agencies
base their environmental permits on it.
Table 1. WtE plant emission limits by BREF 2019 (Neuwahl, 2019. 494-499.)
Emission limits BAT-AEL
Substance Limit value Unit
Dust
<2-5
mg/Nm3
CO
10-50
mg/Nm3
NOx
50-120
mg/Nm3
NH3
2-10
mg/Nm3
HF
<1
mg/Nm3
SO2
5-30
mg/Nm3
Hg
<5-20
µg/Nm3
1-10
µg/Nm3
PCDD/F
0.01-0.04
ng -ITEQ/Nm3

Sampling method
Daily average
Daily average
Daily average
Daily average
Daily average
Daily average
Daily/over sampling period average
Long term sampling period
Average over the sampling period

Most air pollution control systems in WtE plants are the same as in other combustion power
plants. MSW is low quality fuel and it has more impurities causing emissions. Different air
pollution control devices remove different emissions. Air pollution control devices are made
to work together to make an overlapping whole. The control systems interact with each other
to be more effective.
Most important part of flue gas cleaning is to ensure complete combustion. Many emissions
can be avoided that way. Many emission control devices and methods can be used to remove
different emissions. This chapter introduces some of these methods and emissions.
Optimizing combustion circumstances mitigates certain emissions. Combustion temperature
and oxygen concentration influence the most. Carbon monoxide (CO), soot, dioxins and furans and other such compounds can be mitigated or altogether destroyed when combustion
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temperature and oxygen concentration are high enough. High temperature increases NOx
emissions and high temperature corrosion. High oxygen concentration causes increase in
NOx emissions. The formation of the most dangerous emissions to health must be prioritized
when optimizing combustion parameters.
2.4.1 Treatment of particulate matter
Particulate matter is mostly ash and unburned matter. It includes other impurities such as
metals. The metal is from the fuel and some from boiler surfaces. Fly ash can be removed
with a baghouse, electrostatic precipitator (ESP) or a cyclone.
A cyclone uses inertial forces to separate bigger particles from flue gas stream. Its separation
efficiency is relatively low around 70 % with mineral particulates. It is most useful reducing
inlet particulate matter to the main particulate removal device. The main particulate removal
device will not be clogged with the large particulates and can concentrate on small particulates. (Niessen, 2002. 341, 555– 558.)
An electrostatic precipitator (ESP) uses electrical forces to remove particulate matter from a
gas stream. It has a separation efficiency of around 99 % of mineral particulates. The particulates gather on ESP plates as a cake. The separation efficiency fluctuates according to ESP
circumstances. Large particle load fuels using ESP should have something to reduce large
particles. Cyclones can be used to remove large particles that have most of the mass. ESPs
typically operate in a temperature range of 120 to 320 oC. Waste combustion flue gas consistency, temperature and resistivity fluctuate constantly which is problematic to ESPs since
they like a consistent working environment. (Niessen, 2002, 341, 568–576.) ESP is typically
only a secondary particle removal device in WtE plants (Davies & Wilson, 2021).
A baghouse is usually the main particulate removal device in a WtE plant (Davies & Wilson,
2021). The baghouse is made of fabric that the flue gas travels through. This separates particles on the fabric. Its separation efficiency is around 99.9 % on mineral particulates. It is
capable of removing PM2.5 and PM10 particulates. Operating conditions depend on fabric
material. Maximum operating temperature is between 80 and 260 oC. Flue gas corrosiveness
and humidity effect bag life. Some corrosive substances in flue gas will deteriorate the bag.
Large water content in flue gas severely impacts on bag integrity and endurance. A typical
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life expectancy of a bag filter is two years. It needs to be changed periodically. (Niessen,
2002, 341, 576–583.)
When in operation there should be no dust coming through the bag. It indicates that something is wrong with it. Typically, a baghouse has several separate bags in it. The common
amount in WtE plants is 1 400 bags. About 10 % of these can be offline without causing
problems in baghouse operation. (Davies & Wilson, 2021.)
Soot is unburned carbon. If it is formed at combustion it is very hard to get rid of. Usually
soot is paired up with carbon monoxide (CO) which is also hard to get rid of. Soot reduces
bag life. In electrostatic precipitators soot reduces removal efficiency of particles. Together
with dust soot causes an explosion risk.
In WtE plants a baghouse is the most common particulate matter removal device. ESP and
cyclone can be used in addition to baghouse but rarely separately from it. (Davies & Wilson,
2021.)
2.4.2 Treatment of NOx emissions
Nitrogen oxide (NOx) emissions are formed from fuel nitrogen and combustion air nitrogen.
Combustion air N forms NOx primarily in high temperatures. Excess air ratio tells how much
accessible oxygen and nitrogen there is in combustion. Primary mitigation methods are limiting excess air ratio and combustion temperature.
Primary NOx reduction methods are combustion design parameters. Staging combustion air
to different heights in the boiler reduces oxygen availability in different parts of the boiler.
Flue gas recirculation brings in unused oxygen and flue gases. This reduces boiler temperature. Applying both the excess air ratio can be reduced. MSW is heterogenous as a fuel and
thus flue gas treatment is harder to calibrate. (Speth et al. 2016.)
Primary air is typically injected to the furnace from underneath the grate. Secondary air is
typically injected over the furnace. Tertiary air can be added to improve turbulence in order
to insure proper mixing of gases. (Branchini, 2015. 22.) Proper mixing of gases insures complete combustion. This reduces emissions such as CO and soot.
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Secondary NOx abatement methods are Selective Catalytic Reduction (SCR) and Selective
Non Catalytic Reduction (SNCR). These methods destroy already formed NOx. They typically use ammonia or urea. The amount of ammonia added into the boiler needs to be optimized. It needs to fulfill its purpose and reduce NOx but no ammonia slip can be allowed.
Ammonia is a worse air emission than NOx.
SNCR adds ammonia NH3 or urea in the furnace area thus reducing NOx to N2. WtE plants
in the UK mostly use ammonia (Davies & Wilson, 2021.) The target temperature range for
ammonia addition is 925 to 1100 oC even though it can be added at a temperature as low as
760 oC. Low injection temperatures make it ineffective. In temperatures higher than 1 100
o

C ammonia forms NO defeating its purpose. Urea (CO(NH2)2) can substitute ammonia with

some differences. (Niessen, 2002, 590–591.)
Computational Fluid Dynamics (CFD) modelling in combustion is done to get a permit.
Among other things it determines the best place to inject ammonia in SNCR. It ensures that
it is disseminated effectively so that full cross-section of the furnace is covered. It also examines effective air flows so that complete combustion is insured everywhere. (Davies &
Wilson, 2021.)
As in SNCR SCR uses ammonia except it adds a catalyst is e.g. vanadium oxide (V2O5) to
make the process faster. It helps SO2 to form SO3 which increases corrosion risk. SCR usually operates in temperature range between 360 to 450 oC depending on the used catalyst. It
can still operate in a temperature range of 230 to 500 oC. The reactions happen on a honeycomb structured bed of catalyst. Replacing the catalyst is expensive. SCR also oxidizes furans and dioxins. (Niessen, 2002, 591–592.)
The catalyst bed can be situated before or after particle removal device. Fly ash quality in
waste incineration is bad. It causes corrosion and plugging in the catalyst bed. The catalyst
bed is placed after particle removal. Operating temperature difference requires flue gas reheating. (Niessen, 2002, 591–592 & Savolainen, email interview 03.03.2021.)
SNCR is currently the most used method of mitigating NOx emissions in the UK WtE market. However, its effectiveness is lower than SCR. Tightening environmental legislation on
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NOx emissions can force the use of SCR when SNCR effectiveness is no longer sufficient.
(Davies & Wilson, 2021.)
2.4.3 Treatment of SOx and HCl emissions
SOx and HCl need to be removed from flue gas stream. There are some substances that can
be added to remove SOx emissions with bottom ash. These substances are NaOH, hydrated
lime and other lime based products. There are dry, semiwet and wet applications to remove
SOx emissions from flue gas. One or several of these methods can be used for acid gas abatement (Davies & Wilson, 2021).
Hydrated lime is the most common additive in reducing acid gases. It is added before cyclone
or baghouse. This way the air pollution control (APC) residues are removed in particle separation. Unused lime can be recirculated. Sodium bicarbonate can be used instead of lime. It
is a less proven technology than lime. Using sodium bicarbonate is rare and more expensive.
(Davies & Wilson, 2021.)
The dry system uses a dry absorbent. Dry system injects a dry alkaline substance in flue gas.
This system removes SO2 and HCl but its effectiveness is limited. To achieve higher removal
efficiencies large quantities of absorbent must be used. The absorbent is often limestone or
hydrated lime. Sodium bicarbonate (NaHCO3) has a higher removal efficiency but it is more
expensive. The end products and excess absorbent increase particle load for particle removal
systems. Using a bag filter for particle removal increases sulfur absorption slightly when
absorbent is caught on the filter. (Niessen, 2002, 585–587.) Unspent lime can be recycled
back to use from the particle removal device. The dry system is easier to operate and maintain. (Davies & Wilson, 2021.)
Semiwet applications inject water slurry with an absorbent like hydrated lime. The water
evaporates and sulfur is caught. The resulting dry substance is removed in the particulate
control device. Evaporation cools down flue gases. A baghouse particle control catches excess lime and acts as an alkaline barrier to reduce more sulfur and HCl emissions. This barrier works against spikes in sulfur content. The semiwet method requires low temperatures
and long reaction time. The temperature needs to stay at a balance of evaporating water
quickly and not superheating it. (Niessen, 2002, 586–589.)
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The wet system involves water scrubber. Water and SO2 form sulfurous acid H2SO3. The
reactions are fast and reversible. Adding caustic soda NaOH makes reactions even faster and
the end product irreversible. A wet scrubber needs to be cleaned and the liquid disposed of.
The liquid is corrosive. The wet system requires more actions on operation and maintenance.
The equipment suffers from plugging and solid buildups. (Niessen, 2002, 583–586.)
SOx removal is dependent on lime. In the UK dry-, wet- and semiwet systems are used in
WtE plants. Since semiwet and wet systems have a higher removal efficiency their use is
likely to increase when environmental regulation demand stricter emission limits.
2.4.4 Treatment of mercury emissions
Mercury (Hg) is highly volatile and evaporates quickly in incineration. Removal efficiencies
of 85 % to 95 % are achievable. Hg appears in two forms in flue gas elemental and ionic. In
high temperature regions Hg is in vaporous elemental form. It can be removed with active
carbon absorption that is then removed in particle removal. Typically, the carbon is injected
after economizer. In lower temperatures Hg is in ionic form and it makes chemical bonds
with other substances. For instance, in the presence of HCl Hg forms HgCl2. Hg can be
removed with acid wash and SOx. Some of the Hg compounds can be condensed to fly ash.
(Niessen, 2002, 592–596.)
Mercury removal can be done by injecting sodium sulfide Na2S into flue gas. It makes solid
HgS and NaOH. Solid HgS is taken out in particle separation. Capital and reagent costs
appear low and removal efficiency about a third higher than semi-dry scrubber with humidification and gas cooling. Na2S is toxic which makes operational circumstances more hazardous. This method is not as effective as active carbon absorption. (Niessen, 2002, 592–
596.)
Active carbon injection is a very common practice in removing Hg. Using chemicals, like
sulfides, mixed with carbon improves Hg extraction in particle emission control. Lower temperatures and higher carbon inlet increase extraction efficiency. (Niessen, 2002, 592–596.)
2.4.5 Dioxin and furan emission mitigation
Dioxins and furans form with organic hydrocarbons and chlorine. They are very toxic. Their
primary abatement method is insuring complete combustion. They can be destroyed by
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temperatures over 600 oC and residence time of over 1 to 2 seconds. However, the minimum
requirement for complete combustion is not as high for dioxins and furans. There are other
compounds such as char that need higher combustion temperature and residence time. Dioxin and furan pre-forms need to be destroyed with the same method. Dioxin and furans
reform with the presence of their preforms, chlorine (Cl), copper (Cu) and oxygen (O) when
flue gas cools to 250–400 oC. (Niessen, 2002, 596–597.)
Dioxins and furans can be absorbed into active carbon. Active carbon is injected to remove
Hg. SCR systems also destroy dioxins and furans in gas phase. This is expensive. When a
bag filter is used to remove particulate matter a catalyst can be used which will destroy
gaseous dioxins and furans and remove other emissions. (Niessen, 2002, 596–597.)
In WtE plants spot tests are run to ensure organic contaminant e.g. dioxin and furan concentration is within acceptable limits. These limits are given in different permits. If the contaminant concentration is too big and intentional it is in breach of its permit. If corrections are
not or can not be made the plant is shut down. (Davies & Wilson, 2021.)

2.5 Ash handling
There is about 20 % ash in incoming MSW. There are two main types of produced ash,
incinerator bottom ash (IBA) and fly ash. The bottom ash is removed from the bottom of the
boiler. These are relatively easy to utilize. Fly ash consists of several air pollution control
(APC) residues. It contains everything from the particulate control device. Particulate control device removes dry APC residues and heavy metals. (Niessen, 2002, 318–330.)
MSW ash composition is heterogenous. It has compounds that make ash fusion and smelting
complex. High temperatures exasperate this problem. This puts a strain on ash handling
equipment. Ash handling systems are cooled by warming primary input air through ash handling equipment. Water can be used to cool the systems. (Niessen, 2002, 318–330.)
In the UK ash is transported off-site for utilization. Bottom ash and fly ash are utilized separately. They are used to make recycled products. Utilization option is chosen by market
interest. Fly ash is classified as hazardous. It is mostly disposed of. This is a large expense
that includes transport and gate fee to landfill or an old mine. (Laaninen, 2020.)
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2.6 Treatment and utilization of solid combustion residues
Waste fuel is always variable which complicates their combustion residue utilization. Most
toxins are in fly ash which makes it difficult to utilize. For instance, fly ash has mercury and
heavy metals. Heavy metals are water soluble. Fly ash leachability is high. Presence of heavy
metals make fly ash more expensive to dispose of. Bottom ash has a lot of silicon, aluminum,
iron and calcium products, mostly oxides. Its water solubility and leachability are lower.
Utilization of bottom ash is easier if fly ash and bottom ash are separated. Separation of dust
removal and flue gas treatment solids allow reburning of flue gas treatment solids to destroy
any dioxins and organic compounds. Fly ash contaminants might end up in bottom ash.
Ferrous and non-ferrous metals can be removed from bottom ash. Ferrous metals can be
removed with a magnet. Non-ferrous metals can be removed with an Eddy Current separator.
Metals are easier to remove from dry ash than wet. The metals can also be sold to gain more
revenue. (Verbinnen et al. 2016.) Both ferrous and non-ferrous metals can also be removed
from MSW before combustion.
According to the Tolvik report in UK 2019 almost all bottom ash in WtE facilities were
recycled instead of being landfilled. Out of APC residues about 35 % was recycled in 2019.
(Tolvik Consulting ltd, 2020. 10.)
Most commonly Incinerator Bottom Ash (IBA) is used in the construction industry. Most
utilization facilities are located in Southern England. (Blacker & Hawes, 2021.) For instance,
company Fortis produces an aggregate product from WtE IBA. It is then used in asphalt,
road construction and concreate products. They have processing facilities in Hampshire and
Bicester in Southern England. (Fortis, 2021.)
Fly ash can be utilized in drywall production (Päivärinta, 2021b). If there is something that
can leak or radiate then that fly ash can not be used.
2.6.1 Treatment options of ash
Ash needs treatment either for disposal or utilization. When it is not utilized it goes to landfill
for final disposal. There are several ways to treat and utilize ash.
Smaller more uniform particle size makes ash easier to utilize. Crushing reduces particle
size. Screening separates different particle sizes. Substances can be removed from ash. A
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wet system is very effective in removing most contaminants like chloride, metals and heavy
metals. Some of these contaminants e.g. chlorides are hard to remove with a dry system. A
wet system produces sludge which requires treatment. (Verbinnen et al. 2016.)
Aging/weathering is done to bottom ash to reduce its reactivity and leachability. It is left on
a floor. A sprinkler system prevents residual burning. The aging reduces gas formation and
removes leachable compounds. Usually this process lasts 6–20 weeks.
Low temperature heating has been studied to reduce some heavy metal leachability. This
heating destroys organic material which influences copper (Cu) leaching. A temperature of
about 400 oC destroys organic matter and reduces Cu, lead (Pb) and zinc (Zn) leachability.
As the temperature rises some leachability increases e.g. chromium (Cr) and molybdenum
(Mo). However, their leachability start decreasing again around 500 oC and high residence
time of 3–6 h. (Verbinnen et al. 2016.)
In a thermal system plasma is heated to a high temperature which heats bottom ash in a high
temperature. The ash vitrifies, melts and forms a stable residue that can be recycled. This
process requires large energy use. Vitrification and melting of fly ash and other flue gas
treatment residues is very energy intensive. It separates some of the compounds in fly ash
and destroys all organic compounds. Metal alloys and some heavy metals, like Pb and Hg,
can be extracted. Vitrified bottom and fly ash can be utilized easier because it is more stable,
heavy metals are immobilized and its leachability is low. Vitrified fly ash can be utilized. Its
use is easier in the production of concreate as aggregate, mortar, cement and ceramics although its concentration is limited. (Ferraris et al. 2009.)
Bottom ash has a high alkali content. Lowering the pH reduces leachability. This can be
achieved by carbonation or acid washing. (Verbinnen et al. 2016.) Acid washing uses scrubber blowdown acidic water to wash ash which extracts heavy metals and salts. If bottom ash
is going to landfill the remaining fly ash can be mixed with it.
Fly ash and other flue gas treatment residues can be made into cement blocks. This stabilizes
them. There are still compounds that are water soluble. The blocks can then be disposed of
in a landfill.
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2.6.2 Bottom ash utilization as loose aggregate
MSW can be made into loose aggregate. This can be used in construction. In road construction the aggregate is used as base layer gravel. It is also used as a construction material in
large constructions such as noise barriers and artificial slopes. Liners are used as protective
barriers in these cases to mitigate heavy metal leaching. Size separation, carbonation, mild
heat treatment and additive use can reduce this leaching. Heavy metal leaching from roads
using ash as aggregate has a smaller impact with ground water than de-icing salts. These
roads need to be monitored to verify that they are safe. (Verbinnen et al. 2016.)
A high chlorine content in construction aggregate causes corrosion in reinforcement steel.
(Verbinnen et al. 2016.) MWS usually has a high chlorine content.
2.6.3 Bottom ash utilization to replace sand in concreate
Bottom ash can be used to replace sand in concreate. The impurities in MSW bottom ash
reduces its quality in this utilization method.
There can be zinc and aluminum in bottom ash. This causes cracking in concreate. These
non-oxidized metals make concreate weaker. This is because the metals react with alkali
salts and form hydrogen gas. Hydrogen gas swells and cracks concreate which reduces its
strength. The ash can be pretreated to remove zinc and aluminum. The rest is oxidized in a
sodium hydroxide solution. This pretreatment improves its quality but not to the same as
natural gravel. Leaching from concreate is low and in mostly below required standards.
(Verbinnen et al. 2016.)
2.6.4 Bottom ash utilization to replace cement
Bottom ash can be used as a cement substitute. It has cementlike properties. The higher the
bottom ash concentration the lower the cement quality. Replacing part of cement with bottom ash has the same sort of problems as with utilizing as aggregate or sand. (Verbinnen et
al. 2016.)
Bottom ash has a high amorphous silica and calcium oxide content which makes it possible
to replace some cement. The ash needs to be pretreated to reduce its size and increase surface
area. Concreate strength starts to deteriorate the more ash is used in cement. This is due to
low concentration of CaO/Ca(OH)2 in bottom ash. 30 % is a feasible amount of bottom ash
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that can be used. However, it does not necessarily fill European legislation on leaching. A
20 % finely ground bottom ash has better qualities and fills European legislative regulations.
Additive use increases the amount of ash that can be used in cement. CaCl2 is an example of
these additives. (Verbinnen et al. 2016.)
2.6.5 Vitrified bottom and fly ash utilization
Vitrified bottom ash (VBA) can only be used as sand in mortar in less than 25 w%. Larger
grain reduces mechanical strength of concreate with VBA in larger concentrations. The VBA
in concreate does not seem to cause cracking. (Ferraris et al. 2009.)
Vitrified bottom ash can be used as filler in mortar. The particle size needs to be less than
50 µm. It needs to be cured to increase mortar compressive strength. The longer the curing
process the larger concentration of ash can be utilized. Larger grain size than 50 µm reduces
compressive strength the more ash there is even if it has been cured for long. This is likely
due to lower density in vitrified bottom ash. (Ferraris et al. 2009.)
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3

OPERATION AND MAINTENANCE OF A WASTE TO ENERGY
PLANT

Operation and maintenance (O&M) of a WtE plant is similar to other thermal power plants.
Especially, equipment in water/steam cycles such as steam turbines, generators and condensers can be treated the same. Fuel handling, combustion, ash handling and flue gas treatment
O&M differ from conventional power plants.
MSW is a difficult fuel that requires careful maintenance and proper operation. This requires
competent personnel. Unpredictable MSW composition makes boiler operation and maintenance more challenging.
The goal of operation and maintenance is to operate the plant in the most effective and least
damaging way. Availability is optimized with maintenance. WtE plants are typically designed at 8 000 operating hours per year (Davies & Wilson, 2021). Maintenance needs are
minimized by proper and careful operation. Predictive and preventative maintenance are
usually the most effective way to maintain a power plant. The alternative is to allow breaking
before replacement or repair. Mostly there is a combination of these by using predictive and
preventative measures to maintain important, crucial and/or hard to replace parts.

3.1 Operation of Waste to Energy Plant
Operating a waste to energy plant is a little different from operating another power plant.
MSW is a difficult fuel and has an unpredictable combustion process caused by its heterogeneity. This brings its own challenges in controlling combustion. Plant is operated so that
it minimizes maintenance needs and maximizes energy output. A waste to energy plant is
operated as a base load plant but sometimes it needs to react to load change.
Fuel quality is dependent on the waste supplier. Mostly operator only knows the general
description of the waste. Boundaries for waste quality are set in waste contracts. It states
harmful substances, heating value and other pertinent things. The contract values can be used
to roughly calculate what goes in and what will come out. A more accurate calculation value
for fuel quality can be determined by observing output values such as consumables and steam
quality. This is unspecific to a single load. Improper load can be assumed if steam temperature decreases or flue gas cleaning chemical intake increases. A more accurate description
can be had by sampling certain truck loads. They dump the waste on the floor for visual
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inspection and then it can be boxed up for sampling. The sample is taken to a laboratory for
a fuel test. (Laaninen, 2020.)
Plant design affects plant operation. If a plant is designed badly it has effect on every joining
system. Problems can lead to outages and outages to bad plant availability. Even well trained
and experienced O&M personnel can not mitigate poor design. Poor design can cause a WtE
plant to reduce availability even to as low as 60–65 %. (Davies & Wilson, 2021.)
There is a central control system in a plant. There can be other local control systems to allow
manual control e.g. in case of emergency or local maintenance. Everything is connected to
a central command system to allow simultaneous control of the plant. One example when a
central command system is needed is plant shut-down and ramp-up. The level of automation
has an impact on plant personnel structure. A less automated plant needs more personnel and
vice versa. All plants typically have some level of automation to prevent improper operation.
3.1.1 Fuel handling and transportation
In a pit and crane system MWS is usually transported with 5-tonne packer trucks. In a tipping
bay one truck stays about 10 min for positioning, dumping, cleaning and departure. There
needs to be enough tipping bays for enough trucks. The pit is designed so that it can hold
around three days of fuel. Usually fuel deliveries are done in 5 days a week. This provides
fuel for 7 days. (Niessen, 2002. 253.)
In the pit and crane configuration the crane operator used to sit in a cockpit attached to the
crane operating the grapple. Nowadays cranes are remotely operated. This way operators do
not have to be in the pit area. The air in the pit area is filled with dust and other contaminants.
Remote operation removes vibration, shock and impact load on the crane. This decreases
their maintenance need and cost. The remote operation of the crane and grapple is mostly
done by automatic sequences that the operator calls from their equipment. (Niessen, 2002,
254.)
The grapple can separate large bulky items out of the fuel flow. The grapple also moves the
waste so that it is more or less evenly in the pit. It has a tendency to pile under tipping
positions. The way that the pit is filled will determine how much fuel can fit into the pit. For
instance, filling the back wall high allows for tipping points to fill in more and expanding
the area of storage to tipping bay floors. (Niessen, 2002. 251–255.)
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Belt conveyers often move MSW from one place to another. Spillage is a problem with belt
conveyers. This can be mitigated by smaller loads and faster speed. (Niessen 263–265.)
3.1.2 Unacceptable waste and its mitigation tools
Appearance of unacceptable waste causes problems in the WtE plant systems. These problems can be e.g. blockages, exceeding emission limits and explosions. These can cause unplanned outages. Often unacceptable waste is not MSW. Light industrial waste is typically
incinerated in WtE plants together with MSW. The light industrial waste is typically the one
causing problems. (Wilson & Davies, 2021.) An example of unacceptable waste is in Figure
4.

Figure 4. Examples of unacceptable waste (Modified from verkkokauppa24h, 2021 and Karaba 2020)

The main mitigation tool against unacceptable waste is education. Typically, waste suppliers
and storage facilities do not know how important it is to keep waste to acceptable limits.
Unacceptable waste can cause unplanned shutdowns. This forces waste suppliers to look for
an alternative waste disposal method. This costs more money. The impact to their own business makes them more careful. This decreases the amount of unacceptable waste to the facility. (Wilson & Davies, 2021.)
In waste supply agreements there should be a chance to audit suppliers. Auditing can be
turned over to the plant operator. These audits can find inappropriate waste handling and
mixing. The operator can then obligate the waste supplier to change this. This is also an
excellent time to educate waste suppliers. (Wilson & Davies, 2021.)
A secondary mitigation tool is visual inspection and sampling of incoming waste. Visual
inspection can remove unacceptable waste by obligating the waste supplier to remove unacceptable waste from the premises. Waste can be sampled and then analyzed in laboratories.
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If a specific waste supplier is bringing unacceptable waste its waste shipments are analyzed
more frequently until it is within acceptable parameters. Sampling and analyzing takes more
time and thus money. This sets an example to other waste suppliers. (Wilson & Davies,
2021.)
3.1.3 Condition monitoring for maintenance needs
Operational personnel do walk throughs in the plant to identify any maintenance needs. Operational personnel know the plant well and can tell if something is different about the equipment. When discrepancies occur maintenance personnel are called in to check the equipment
and do any other necessary maintenance activities. (Davies & Wilson, 2021.)
Operational personnel can do a simple eyes, ears, nose and touch test. These senses can tell
them if anything has changed. Changes need to be investigated and repaired. During this test
operational personnel look to see if there are leaking pipes, warm and glowing components
or loose screws. They listen to notice if a noise is different than usual which can be an indication that vibrations in some of the equipment is off. They smell the air to smell if there is
a smelling chemical leak, burning metal or anything of the like. They can touch things to
feel temperature differences, bulges in the metal and the like. If anything is different maintenance personnel is called to do condition based maintenance. (Davies & Wilson, 2021.)
3.1.4 Facility works
Facilities and plant infrastructure are a part of a WtE plant. These include facility roads,
walls, roofs, stairs, security, cleaning, administration, restrooms, possible conference rooms,
cafeterias, water and sewar connections and so forth. All of these must be operated, maintained and managed. Usually it is the responsibility of the operator to manage these.
Often facility and infrastructure works are in a separate contract or they are outsourced. This
makes their management more flexible. Larger plants are more likely to keep some of these
as their own employees. Smaller plants outsource a lot more.

3.2 Maintenance of Waste to Energy Plants
All equipment in the plant have a maintenance plan. They are based in manufacturer’s instructions. Maintenance plans are optimized using previous data on their use from other
power plants and other experiences. Equipment condition is monitored to catch
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abnormalities and faults before something drastic needs to be done. Often smaller maintenance is enough if a fault is caught early enough. Optimizing is done to determine if a specific equipment needs to be maintained or if it can wait longer. Especially, items that require
outage to maintain are postponed for annual outage period if they do not pose a serious risk
of unplanned shut-down. Unplanned outage is avoided if possible. (Laaninen, 2020.)
Computerized maintenance management system (CMMS) and other computer programs are
used to monitor the condition of plant equipment. This way it is easier to effectively optimize
plant maintenance. The point is to do as little as possible while still doing enough. (Laaninen,
2020.)
There is predictive maintenance that intends to reduce problems and faults before they happen. This is done by observing important parameters in the system. This continuous monitoring makes it possible to fix faults before they happen. According to Laaninen (2020) predictive maintenance requires good data to work effectively. It collects it in a number of ways.
One of these is ultrasound to determine wall thickness. Wall thickness can indicate wear.
Flue gases are highly corrosive. This makes the heat exchanger tubes require a lot of maintenance. High temperature in a tube in either side is increasing this risk. For instance, everything inside the boiler up to the superheaters are highly affected. Temperature fluctuation
caused by irregularities in MSW composition also causes corrosion. Corrosion in the tubes
cause plant downtime which reduces plant availability. (Branchini, 2015. 28–30.)
Erosion is mainly caused by ash particles in the flue gas. MSW has a high ash content. Primary means of minimizing erosion is to reduce boiler conditions to minimize erosion conditions which means mitigating MSW composition fluctuation, limiting combustion temperature and limiting superheated steam temperature and pressure. Secondary way is to use
materials that can take high corrosion longer. These materials are expensive. (Branchini,
2015. 28–30.)
3.2.1 Continuous maintenance
Continuous maintenance is done outside of an outage. It includes condition based, preventative and failure mode maintenance. Everything can be isolated to work on safely.
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Many lines and equipment have redundant circuitry. This way they can be repaired during
operation and do not need an outage to repair or replace. For instance, pumps are usually
redundant. One way is to have two pumps that can be operated and one in storage. When
one needs maintenance it is taken offline and the other handles operation. The one in storage
is used to replace the one that needs repairs. (Laaninen, 2020.)
Condition based maintenance is done when operational personnel, remote monitoring people
or standard checks notice that something is different or something is wearing out. The eyes,
ears, nose and touch procedure can identify equipment that are somehow different from previous inspections. If the change is rapid the maintenance need is also rapid. When something
changes fast something is likely to go wrong fast. When the change is slow and happens
gradually maintenance can be done a little later. For instance, it might be bumped to the
yearly outage. (Davies & Wilson, 2021.)
Condition monitoring is done in person and sometimes remotely. Operational personnel do
the eyes, ears, nose and touch procedure and maintenance personnel do more accurate tests.
Maintenance personnel do periodic testing to see the condition of the equipment. For instance, constant vibration measurements are attached to almost everything that has moving
parts. Thermal imaging is done on a periodic bases to equipment with large temperature
variations. Vibration difference can mean that there are loose screws, worn parts or other
such things. Thermal imaging can be done when personnel notice that something feels
warmer than usual. (Davies & Wilson, 2021.)
Redundant equipment and circuitry makes it safe to isolate equipment. The plant can remain
in operation. Equipment vital to safety of the plant are always redundant even if they are not
necessary for running the plant. Before a large portion of the equipment was redundant.
Nowadays, only about 60–70 % of WtE plant equipment is redundant. Before power plants,
WtEs included, used to be public service companies that had the primary goal of producing
electricity. Now WtE’s primary goal is to destroy waste economically and environmentally.
Now WtE plant companies are private companies that are interested in profit. It is not economically feasible to make so much of the plant redundant that it nearly has another plant in
redundancies and spare parts. Power plants can manage with less redundancies. However, it
does impact unplanned outages and hence plant availability. (Davies & Wilson, 2021.)
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A criticality analysis is conducted prior to operation. Redundant equipment is a part of this.
If equipment is not critical to plant operation it does not need to be redundant. Critical components are often redundant. If a part rarely breaks it does not necessarily have redundancies
or spare parts. This would not be economical. However, they can be hard to find in which
case it can take a long time, even months, to find a replacement. (Davies & Wilson, 2021.)
Predictive maintenance considers information gained over the years. This information can
tell when parts usually break and they can be changed before that happens. Preventative
maintenance needs to be done enough to prevent problems and failures but not too much.
Too well maintained plant is expensive and suffers from lessened availability because equipment is being maintained often. Predictive maintenance needs to balance between failure
probabilities and the cost of redundancies and spares. The probabilities that a spare is needed
is weighted. The important thing is to determine the cost of having spares and the cost of
needing to order a new one. (Davies & Wilson, 2021.)
It is important to have right spares in storage. Having too many and the wrong ones is expensive and unnecessary. Having too little exposes the plant to long unplanned outages. The
point is to have a balance between the cost of having the spares and not having them. (Davies
& Wilson, 2021.)
3.2.2 Planned and unplanned outages
There are planned and unplanned outages. Planned outages happen annually. In well designed and maintained plants there might be as little as 1–2 unplanned outages. Planned
outages are meant to inspect and maintain parts of the plant. Some inspections in outages are
mandatory for insurance and legislation purposes. Pressure vessel inspections are an example of that. Life cycle maintenance is done during planned outages. Urgent repairs are done
during unplanned outages. (Davies & Wilson, 2021.)
The yearly planned outage is usually during summer because electricity demand is lower
and wind and solar produce more electricity. During this time large items can be inspected
and maintenance work performed. The biggest ones are the boiler and the turbine. A yearly
outage usually lasts about 2–3 weeks. When no major repairs are needed it can take as little
as a week. (Laaninen, 2020.)
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A list of all repair needs in a planned outage is done ahead of time. It includes all needed
inspections of major and minor equipment, any major revisions for that year, things that
couldn’t be repaired during operation, mandatory pressure vessel testing and any changes
that need to be made during an outage. (Laaninen, 2020.)
Life cycle repairs are managed by the O&M provider. Life cycle works need to be done to
every major component in the plant. These include the superheater, boiler and the turbine.
For instance, a turbine major is typically every 8–10 years and a minor every 4 years. (Davies
& Wilson, 2021.)
Turbine life cycle maintenance is done during a planned outage. A turbine is opened up
about 8–10 years for inspection and maintenance. Condition monitoring might change this
timeline. Previously turbines were done well and they didn’t need much maintenance. Nowadays, turbines are made cheaper with less material and therefore they need more maintenance. (Päivärinta, 2021b.) A typical turbine major takes around 34 days and a minor 12
days. Turbine maintenance does not need an outage if it can be isolated from the water/steam
cycle. However, it is rarely a done. (Laaninen, 2020.) Isolating the turbine and running the
plant could be done if waste gate fee was high and/or contractual obligations demanded it.
A contractual demand could include a steam offtake agreement.
A boiler is a major inspection and maintenance item in a power plant. Important items in the
boiler are furnace, cladding, refractory, boiler tubes and superheater tubes. (Laaninen, 2020.)
The superheater is exposed to corrosion and erosion. It needs to be changed in about 5 year
intervals. (Päivärinta, 2021b.)
Safety is important in maintenance activities. In boiler maintenance there are hot surfaces
that need to cool down before they can be inspected. A controlled shut-down is performed.
First, fuel feed is shut off. In about 6 to 10 hours the grate will be empty and residual fuel
burnt out depending on the size of the grate. Auxiliary fuel needs to be used to burn everything out and to maintain control of the shut-down. Cooling period is about 24 hours depending on inside and surface temperatures. Afterwards a person can go in for a brief look
around. No maintenance or scaffolding can be done at this stage. The next day the boiler is
safe to go in. Providing scaffolding will take another couple of days. Other equipment will
also take time to be safe to handle. (Davies & Wilson, 2021; Laaninen, 2020.)
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A general maintenance plan is done for a boiler for 10 years. Boiler pressure test is done
every 9 years. Condition monitoring changes these plans. A reasonably accurate boiler
maintenance plan can be made for 5 years. A boiler major typically lasts about a month.
During boiler revision boiler tubes are inspected. They could be damaged with corrosion,
erosion and/or thermal power. While in operation boiler tubes can be disfigured by thermal
expansion. Damaged pipe sections are changed for new ones. (Päivärinta, 2021b.)
It is possible to influence outage time by personnel planning. Everything can be done faster
if more personnel is involved. The work can be done in shifts. This is expensive. In a conventional power plant it is not done as much. A WtE plants main point is to process waste
for its gate fee. In this case faster outage time can be profitable. (Laaninen, 2020.)
Unplanned outages cause problems in the plant. Predictive maintenance can mitigate the
chances of unplanned outages. Even the best maintained WtE plants have them. Typically,
unplanned outages last a couple of days. They reduce plant availability. At worst the effect
of unplanned outages on plant availability can be as drastic as 30–40 %. The point is to do
effective predictive maintenance. (Davies & Wilson, 2021.)
The lack of redundant circuitry causes unplanned outages. For instance, problems with the
boiler, air pollution mitigation equipment and turbine equipment can have blockages, leaks
and other failures. If there is a leak in the boiler tubing or the turbine cooling side they need
to be taken out of operation for repairs. (Davies & Wilson, 2021.)
Unplanned outages lead to problems with fuel handling. Storing of MSW is difficult. It has
spoiling fractions. For instance, biological components start rotting and attracting pests such
as flies and rats. (Blacker & Hawes, 2021.) Pests can spread deceases. In time biological
decomposition and other chemical processes increase odor problems.
3.2.3 Remote practices on Waste to Energy
Remote operation of WtE plants is not yet done. Remote monitoring of WtE plants is fairly
common. Especially, if one company is monitoring several WtE plants there is synergy benefits available. They can improve all the plants based on information gained from the others.
Remote monitoring commonly monitors process variables, equipment and emissions. Combining remote monitoring data of several different plants gives the opportunity to solve
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problems and improve processes. When there is a problem with one plant the others can
benefit from the solution made to solve it. (Davies & Wilson, 2021.)
Remote monitoring is fairly common in WtE plants and it can be done from anywhere in the
world. All that is needed is an internet connection and the proper equipment e.g. a computer
and servers. Remote monitoring of emissions is common in WtE plants. Annual surveillance
testing of emissions monitoring equipment is done by people with the specialization required
in the task. (Davies & Wilson, 2021.)
Cyber security is paramount. Especially, if there is remote operation cyber security is crucial.
Remote practices always need a strong firewall. (Davies & Wilson, 2021.) If cyber security
fails on remote monitoring there is a risk of theft of intellectual property. If cyber security
fails in remote operation the plant itself can be in danger. Therefore, all remote practices
need to be weighted carefully before implementation.

3.3 O&M personnel
O&M personnel structure in a WtE plant depends on many things. The organization structure
has to reflect the size of the plant, the fuel type and maintenance need. Even work culture,
ethics and service provider influence the organization.
The operators have the plant operation experience. They can typically tell more about their
plant than people outside of it. They have the knowledge on how the plant can be run and
how to change it. The plant personnel know their plant best. (Päivärinta, 2021a.)
The size of the plant is a reason to increase or decrease organization size. Large plants get
synergy benefits. They can make the plant function with less personnel per MW produced.
The plant type influences organization structure. For instance, different types of fuel reception need different number of workers. A bunker type situation does not need as much personnel as floor dump. In a floor dump personnel need to move the waste around and to fuel
feed. In a bunker the waste is dumped in the bunker and the crane operators mix and move
the fuel to grate. Complexity of the plant can increase the need for maintenance personnel.
Work culture and ethics are different in every region. There are differences even inside a
small area like Europe. The same work that is done in Eastern Europe takes more personnel
than the equivalent task does in Britain. Of course, the difference in compensation is relative
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to that. A service provider influences the organization by choosing the ways of work, what
types of security measures are taken and what types of remote support and synergy benefits
with other plants is available.
Operators, maintenance personnel and technicians are often recruited from other power
plants. They do not necessarily have any experience with WtE. Their education background
can be from vocational school from power plant operator line or other similar thing. Plant
engineers have studied engineering in a polytechnic school. Plant management are usually
university graduates on some technical subject. Expatriates are usually plant management.
(Laaninen, 2020.)
In the UK personnel with no educational or work history in power plants can start as apprentices. They do on the job training for about 2–3 years. After that they get a degree level
certificate which is comparable with national vocational degree. They then have the necessary skills to work as technicians or operators in a power plant. This is rarely done in the
original recruitment process during mobilization. It is more common during stable operation.
This way there are replacements ready when people go on job rotation or switch to another
job. (Davies & Wilson, 2021.)
In the UK engineering studies are fractured. The term engineer is not a protected professional
title like it is in Finland and Germany. Anyone can call themselves an engineer. Recruiters
need to be more specific to understand what people’s actual study history and skills are.
(Päivärinta, 2021b.)
Not everyone needs to have a background in power plants. For instance, a factory closing
brings experienced workforce into the market. Technicians, operators and engineers from
factories can benefit a power plant organization. A diverse background can bring new ideas
and procedures. (Päivärinta, 2021b.)
Sites can support personnel training. If the plant needs an electrician they can train one from
the existing crew. The same can be by supporting someone studying engineering for soon to
be vacant engineer’s slot. (Davies & Wilson, 2021.)
Expatriates are typically management level and critical personnel. They typically have long
experience in their field and a relevant master’s degree. Expat contracts can be for 2 + 1
years. Sometimes expats stay for considerably longer than that. (Laaninen, 2020.)

44

Some things should be outsourced. Skills that are highly specialized like class welding
should be outsourced. Typically, there isn’t sufficient work for one to keep up their skills.
Generally speaking own personnel are always cheaper and better. However, these specialized professionals and posts that require a lot of flexibility might need outsourcing. Using
the same crew and the same people to do certain things helps with moral and job ownership.
Continuity makes it easier for outsourced personnel to interact and work with plant personnel. (Päivärinta, 2021a.)

3.4 Different ways to procure O&M
The cheapest way to do O&M is for the owner to do it inhouse. This requires the owner to
be a professional in the field of power plants and WtEs especially. The owner has to know
everything about everything. Owner O&M is the best choice for professionals. (Laaninen,
2020.) However, if an owner does not have enough experience in this it is more prudent to
outsource it. Another is to contract it to a third party. This Thesis concentrates on third party
O&M.
A third party O&M can be done in different scopes. There are full scope O&M, Long Term
Service Agreement (LTSA), separate operation and maintenance and O&M of different emphasis.
In a full scope O&M nearly everything is included. Despite calling it full scope O&M it
isn’t. There is usually something that is excluded from scope. The more is included to the
scope the more risk a service provider is taking. For instance, consumables e.g. flue gas
cleaning chemicals and ash handling are price sensitive. To take this price risk the service
provider charges more. Mostly an operator handles day to day operations of the above for
the owner. For instance, an operator receives waste but is not responsible for it or take any
price risk on it.
A full scope O&M takes little effort from a plant owner. They do not need to be experienced
or know anything about running a power plant of any kind. The O&M provider does it all.
The provider needs to be competent and trustworthy. Otherwise, the provider could do wrong
things at wrong times and an inexperienced owner would not understand it. The O&M provider requires profit for their services. Full scope O&M is especially good for inexperienced
plant owners. (Laaninen, 2020.)
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LTSA divides maintenance of a power plant. They can be more expensive than an operator
driven O&M. They can be needed if the O&M personnel does not have enough experience
on certain equipment. LTSAs may allow reducing permanent staff on site. Often equipment
manufacturers offer and receive LTSA for their own equipment. Their advantage is that they
have many contracts and they know their own product. There are some companies that offer
LTSA independently from manufacturers. The extent of an LTSA can be from a single compressor to a turbine and generator combo. (Laaninen, 2020.)
Operation and maintenance can be purchased separately from different businesses. This is a
bit more difficult than procuring O&M from the same service provider. Different businesses
have different procedures and corporate culture. Some service companies prefer not to participate. Procuring operation and maintenance services separately requires the owner to be
experienced. It can be more affordable. It requires competent and attentive owners.
(Laaninen, 2020.)
Most O&M is a medley of different contracts. They have different emphasis in their contracts. For instance, mobilization only scope allows the owner to have someone else build
the plant organization and then have trained staff. This way plant takeover is easier for the
owner. Especially in small plants there is no reason to keep maintenance personnel on site
24/7. In bigger plants there are the plant’s own maintenance personnel.
In small sites there are typically 1–5 people on site in shifts as operational personnel for
economic reasons. The equipment is maintained through LTSAs or Original Equipment
Manufacturers (OEMs). Operational personnel inspect easily accessible places and do basic
maintenance. More complicated things that require more skills are maintained by either a
mobile maintenance person or team. Things that require outages or isolations are often done
by LTSA or a service contract.
The extent of maintenance tasks done by operational personnel in small plants are typically
limited to the specific skills that the personnel have. This is why recruitment in small plants
is crucial. For instance, if one of the operational personnel is an electrician by education
basic electric work can be done in-house. If there is no electrician on personnel an electrician
needs to be contracted for everything electric.
Bigger plants can afford to have their own maintenance personnel because there is enough
work for them. The bigger the plant the more affordable it is to do maintenance with on-site
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personnel. Larger equipment that require specialized maintenance knowledge and life cycle
works may need an LTSA or service contract on them. These often include turbines and
generators.
The owner often attempts to spread the risk in the project to other contract parties. How
successful this is depends on how saturated the market is with service providers and how
interested they are at taking risk. Typically, greater risk requires greater fee. If there is a lot
of competition with service providers they might be willing to accept worse contracts.
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4

BUILDING A PROJECT FINANCED WASTE TO ENERGY
POWER PLANT IN THE UK

A WtE plant project progression from an idea to a functional plant is similar to other thermal
power plant projects. It has some unique qualities in its waste fuel contracts. It can take as
long as a decade to get a WtE plant operational (Department of Energy and Climate Change,
2014. 6). A typical timeframe is closer to 6 to 8.5 years. A typical WtE plant timeline is
presented in Figure 5.

Figure 5. Plant lifetime (Blacker & Hawes, 2021; Davies & Wilson, 2021; Laaninen, 2020; Malve 2021)

This chapter 4 goes through plant lifetime according to Figure 5. The assumption is that the
plant is a WtE combustion plant located in the UK. It is developed by a development company that eventually sells the project to investors. A third party is contracted to provide O&M
for the plant. This chapter primarily goes through project progression from the developers,
owners and third party O&M contractors point of view. The EPC point of view is outside
the scope of this Thesis.
In third party O&M contracts co-operation between project company and operator is dependent on the scope of contract. The contract is a roadmap to how everything needs to function.
It directs the minimum requirements that need to be done. For instance, it determines roles,
responsibilities and rights of the parties, information sharing requirements and payment
mechanisms.
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4.1 Ownership and financing
Back in the day only energy and utility companies invested in WtE plants. Times have
changed and nowadays there are many different types of investors. Usually investors investing in WtE want a steady low risk return on their investment. A fixed gate fee decreases the
risk profile of WtE projects in the UK. (Laaninen, 2020.)
In the past councils were building and owning WtE plants. Now they do not have the skills
or the funds to build and operate them. Private investors build these plants now. The councils
typically give their waste contracts to waste companies or directly to the WtE plant in their
area. These contracts have been for 20–30 years. This brings continuity and predictability to
the councils. Recently the whole waste treatment sector has been changing and waste combustion increasing. A 20 year contract is too long for waste supply contracts. (Blacker &
Hawes, 2021.)
New investors in the WtE sector are investment funds, pension funds and banking sector
instead of the usual energy and utility companies. Some developers and investors prefer to
build and sell their plant after a few years of successful operation. This way they can circulate
their capital and not take any long term risks. Some want to build and operate it. (Laaninen,
2020.)
There are multiple ways to finance a WtE plant project. It is typically financed by lenders
and equity investors. The project can be subsidized via government programs. This is not
the primary financing route. (Department of Energy & Climate Change, 2014. 46.) This
Thesis concentrates on financing the plant as a project.
Financing the plant as a project means that about a third of the capital comes from equity
investors and two thirds comes from lenders. The loan time is typically 15–30 years. Lenders
require reliable and bankable EPC and O&M contractors. The O&M provider needs to be
financially stable with relevant references. (Fortum eNext, 2020. 2 & Blacker & Hawes,
2021.) Contractors appropriate references and guaranteed availability indicate the providers
ability to deliver the promised availability and therefore revenue stream for the return of
investment.

49

A WtE plant ownership structure is in Figure 6. It shows that the plant is owned by a Special
Purpose Vehicle (SPV). The SPV is originally financed by loans and equity shareholders.
Shareholders can make a holding company to oversee and own the SPV. Because the SPV
is responsible for the loan shareholder companies are not financially liable for it. This way
if the SPV falls into financial trouble the shareholders lose the SPV and the equity invested
in it but only the SPV. (Blacker & Hawes, 2021.)

Figure 6. Power plant ownership structure in modern WtE plants

The WtE plant is the collateral for the loan. Lenders want to make sure that the project can
pay interest and eventually the loan. Investors and lenders want a reliable and responsible
O&M provider to keep the plant functioning well. Investors want a return of investment from
their plant. (Malve Antti, 2020.) They want an affordable but responsible O&M provider.

4.2 Owners perspective of Waste to Energy plant lifetime
There are many ways to finance, contract and build a WtE plant. The one that this Thesis
concentrates on is the project financed model where 3rd party EPC and O&M are utilized. A
straightforward timeline of this is in Figure 7. It shows the approximate time that each stage
of the project takes and what is done in it. The figure shows that one phase will happen after
the next one. In reality these phases overlap each other. After financial close there is some
time before the beginning of construction.
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Figure 7. Straightforward model of a WtE plant idea to COD (Blacker & Hawes, 2021; Davies & Wilson, 2021;
Laaninen, 2020; Malve 2021.)

A WtE project starts with someone coming up with the idea of making one. (Laaninen,
2020.) This Thesis assumes that that person is a developer. They develop the idea forward.
The developer is then assumed to sell the project to investors. The SPV takes a loan to fund
the construction and commissioning of the plant. The investors eventually own the SPV.
After having the idea the developer creates a financial model for the project. It is constantly
iterated to determine if the project is financially viable. Financial model includes expected
income stream of the project, expected prices for construction, contracts, consumables and
taxes. The income stream considers gate fee of waste, price of electricity and any steam or
heat offtake. If the project financial model is not viable the project variables are changed. If
it is still not viable more changes are made, the project is shelved or it is cancelled.
The developer develops the project from their own balance sheet. Development costs are
millions of pounds. They might get some funding from investors during development phase.
They might sell their project at this stage or give something else relevant to the project in
exchange for development funding. (Malve, 2021.)
Sometimes there is delays in project development. The project can be shelved for a few
months or a few years. In this time nothing happens in the project. Shelving the project can
be done for various reasons. One is that the market or legislation is not ready for the project.
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Another is that the development company is not ready to develop it for funding issues or
time constrains. The project can be picked up again later. This increases timetable.
4.2.1 Pre-feasibility study phase
A pre-feasibility study is typically done by outside consultants. It takes between 2 and 3
months. In it the consultants take multiple different scenarios and compare them to each
other. One is chosen for the feasibility study. Planning consent is applied for in the prefeasibility stage. (Malve, 2021.) Pre-feasibility study is expected to take government strategy
into consideration.
The UK government is encouraging developers to consider governmental policies on waste
treatment. It wants developers to acknowledge and consider waste hierarchy. WtE should
seek to mitigate environmental effects of waste and optimize energy output. The government
intends to remain technology neutral. Exceptions can be made when a promising technology
is not getting a chance in the market on its own. (Department of Energy and Climate Change,
2014. 8.)
Developers should support waste management in following the waste hierarchy. For instance, it should incinerate only non-recyclable waste. Waste incineration should be done so
that it is considered recovery not disposal. It needs to support reuse and recycling. (Department of Energy and Climate Change, 2014. 9)
Mitigating environmental effect of waste means building the most environmentally friendly
way to handle waste. The best way depends on location and its circumstances. For instance,
a large community with low recycling rate needs a WtE plant to divert it from landfill. A
small community with higher recycling rate should make a contract to export its non-recyclable waste to a nearby WtE plant.
4.2.2 Planning consent
A UK specific planning consent is usually applied around the pre-feasibility and feasibility
stages of a project. Planning consent application typically takes about 18 months. This means
that the application is not approved until the financing and contracting phase. If there are no
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objections the consent can be approved in 6 weeks to 6 months. This hardly ever happens. It
is the theoretical minimum. (Blacker & Hawes, 2021.)
A planning consent is subject to public consultation. This is the stage that makes the application process so long. In public consultation the public can voice their opinions about the
plant. Typically, most of these are negative and akin to Not In My Back Yard (NIMBY)
phenomenon. The project team needs to sell the project to the public so that it is acceptable.
The public view impacts decision makers and politics. (Blacker & Hawes, 2021.)
In a public consultation public perception is everything. Politicians and lawyers are involved.
Typically, the developer receives hundreds of letters they have to respond to. Typical complaints are odor, increased traffic, visual look of the plant, waste range and emissions causing
health hazards. (Blacker & Hawes, 2021.)
When the planning consent is approved it can be withdrawn by the government. The government has veto right to deny WtE plants planning consent. It can require more inquiry and
consultation before being approved or disapproved. (Blacker & Hawes, 2021.)
A planning consent has an expiry date. If there is no progress it is forfeit. The development
team can build plant infrastructure to satisfy the planning consent. This includes roads,
fences or building plant foundation. (Blacker & Hawes, 2021.)
4.2.3 Feasibility study phase
Feasibility study is done by outside consultants. It takes about 5–6 months. Its primary objective is to determine if the chosen project is feasible. Stakeholder requirements are considered. (Malve, 2021.)
In a feasibility study investor requirements are determined. Teaser material for the plant is
prepared. Possible investors are considered. Preliminary talks with investors are started.
Non-Disclosure Agreements (NDAs) are signed by investors to get more information on the
project. (Malve, 2021.)
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4.2.4 Environmental permit
Environmental permit is a consent to operate a plant. (Department of Energy and Climate
Change, 2014. 7.) An environmental permit is reviewed and approved or denied by technological professionals. Politics isn’t a consideration. The process can be opened for a public
hearing but this is uncommon. (Blacker & Hawes, 2021.)
Environmental permit application is sent during contracting and financing stage. The application contains all the pertinent technical information. It includes information on how emissions are going to be mitigated. The permitting authorities require them to decide what types
of conditions the plant has to fulfill and if the plant will be granted the permit at all.
An environmental permit has boundaries on how the plant needs to operate. These boundaries need to be followed. Temporary exceeding of boundaries is acceptable. Permanent or
intentional permit breach brings sanctions. The most common ones are fines and temporary
limiting of plant operation. The most severe sanction is permanent plant shutdown.
4.2.5 Contracting and financing phase
At the contracting and financing stage all contracts are written and the contractors chosen.
Financing the plant is developed. A typical contracting structure is in Figure 8 in page 54.
At this stage everything is typically on paper.
At the contracting phase the development team has 3-4 people working full time. When the
project grows the development team grows. There are engineers, sales personnel, legal support and others involved in all sides of contract and financing of the project. Everyone has
their own lawyer. There are significant legal costs involved. This incentivizes to negotiate
faster. (Blacker & Hawes, 2021.)
Figure 8 shows the SPV in the center and the arrows from it lead to the main contracts with
typical contract terms. The EPC and O&M contracts are important because they are needed
in order for the plant to be built and operated. The management services agreement ensures
that all day to day operations are conducted and oversees the entire plant. The contract can
be tied to the O&M contractor. The light blue contracts represent individual contracts that
are needed for the operation of the plant.
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Figure 8. Contracting structure of WtE plant (Davies & Wilson, 2021.)

An EPC contractor engineers, procures, builds and commissions the plant. They treat it as a
turnkey delivery. They typically have a basic design of the plant ready to offer the product.
A typical time of an EPC contract is 36 months. It typically has a 2 year warranty period
after Commercial Operation Date (COD). The EPC contractor handles all the works contracts. The works contracts include all contracts in delivering a part of the plant. These parts
include but are not limited to boiler, turbine and water treatment facility. (Davies & Wilson,
2021; Malve, 2021.)
An O&M contract is typically made for 5–20 years. A mobilization period is added to it. An
O&M contractor is difficult to change. The contractor has all of the O&M organization in
their payroll. Contracting a new contractor takes a lot of effort. Changing the O&M personnel and its structure is difficult. (Davies & Wilson, 2021.) There are also possible changes
in the CMMS and Integrated Management System (IMS).
A management services agreement is typically contracted to last for 5–15 years. The O&M
contractor typically has this agreement. The agreement gives management duties of other
contracts to the contractor in behalf of the owner. It does not change the ownership or cost
of these contracts. (Davies & Wilson, 2021.)
A Power Purchase Agreement (PPA) is a contract between a power producer and a power
user. The power user agrees to pay a certain amount of money for a certain amount of electricity in a certain amount of time. A power producer agrees to provide this electricity in a
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certain amount of time and money. The contract itself provides the terms of this contract. A
heat offtake is also possible with the same type of arrangement. Heat offtake is not yet common in the UK. A PPA and heat offtake agreement are typically made for 15 years at a time.
(Davies & Wilson, 2021.) This stabilizes the price instead of fluctuating according to market
price.
Process consumables contract is typically made for 1–2 years at a time. These contracts
guarantee a certain amount of different chemicals and other consumables the plant uses for
a certain price. Longer contracts are not advisable because process consumables market price
fluctuates. Large changes can occur in a relatively short amount of time. Availability of consumables and the length of transport affects market price. (Davies & Wilson, 2021.)
An ash disposal contract is made with ash disposal and utilization companies. To a WtE
plant that means the ash is taken from storage silos for treatment. Ash disposal costs are
significant. Ash disposal contracts are typically 5–15 years. Shorter contracts are typically
done when treatment of ash is expensive and the treatment facility is far. This way they can
make a new contract with someone else if a new treatment facility is built near them or
market price on ash treatment changes. Long contracts are typically made when an ash treatment facility is built near the WtE plant and its investors want a steady income stream to
build the plant. (Davies & Wilson, 2021.) It is likely that when new ash treatment facilities
are built treatment of ash becomes less expensive.
Utility contracts include e.g. water, sewage, internet, power import and other necessary utility contracts. These contracts are typically made for the lifetime of the plant. (Davies &
Wilson, 2021.) These contracts are necessary for the plant. Typically, utilities such as water
and sewage are natural monopolies.
A WtE plant needs a variety of small contracts that are typically made for short amounts of
time. Then the contracts are renewed periodically. A typical renewal interval is 1 year. Plants
do not want to be locked in with these contracts. Small contracts include security, landscaping and cleaning. These small contracts are typically easy to change when there is competition. (Davies & Wilson, 2021.)
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WtE plant requires a few practical contracts. These include land lease, grid connection and
waste supply agreement. The waste supply agreement can be managed by the management
services contractor. Financial contracts typical to power plants are capacity market agreement, shareholder agreement and financing agreement. (Davies & Wilson, 2021.)
A land lease is agreed at the beginning stages of the contracting and financing stage. The
lease is typically made for the lifetime of the plant. However, there is a backstop clause that
cancels the lease if the land is not developed in a certain timeframe. This way the owner can
make sure that something is done with the land. (Davies & Wilson, 2021.)
A grid connection agreement is done around the same time as the land lease. It is made for
the lifetime of the plant. Its purpose is to ensure that the plant will be connected to the national power grid. (Davies & Wilson, 2021.) It includes steps on plant shut down and power
up as well as load requirement changes. This ensures that the grid can take load changes
from the plant and the plant can adapt to grid frequency changes. (Malve, 2021.) It is also
possible to construct a private wire to transport electricity directly to end consumers outside
the national grid. These wires typically go to industrial customers.
The waste supply agreement is the agreement that the developer makes with waste suppliers
to supply waste to the plant. Typically, these suppliers are locals that collect the waste from
local communities and businesses. (Davies & Wilson, 2021.)
A capacity market agreement is made to purchase capacity change in the grid. If there is too
much supply of electricity the capacity market agreement demands that the plant reduces
supply. If there is too little electricity supply the contract demands the plant to temporarily
increase their supply. New WtE plants often want a long contract term to make their business
more predictable. A typical contract term is 15 years. Old WtE plants do not need predictability but flexibility. Their typical capacity market agreement is 1 year. (Davies & Wilson,
2021.)
The shareholder agreement is a contract between different shareholders. It is in effect when
there is more than one shareholder. It states the rules of plant management and communication. (Davies & Wilson, 2021.)
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A financing agreement and a loan agreement set the terms of financing. These are typically
15 years. The agreements determine interest on any loans. (Davies & Wilson, 2021.)
At contracting phase the project is typically on paper. The development costs remain reasonable for this. (Blacker & Hawes, 2021.) The development company can sell the project
at any time. The further along it is the more profit they get.
4.2.6 Financial close
Financial close is the point where all contracts are or have been signed. It is an important
milestone for a project. At this point the project typically exists on paper. Some utility works
might have been done. Plant construction starts sometimes after financial close.
Often a developer will sign all contracts at financial close. At this point all these contracts
have been negotiated. The project is not liable for any contracts if the rest of them do not
follow through or the project is cancelled. (Malve, 2021; Blacker & Hawes, 2021.)
For an independent developer financial close is the optimum place to sell their project. Typically, the developers do not have the funds to construct the plant. Another company can buy
the project and build the plant. (Malve, 2021.)
4.2.7 Construction phase
Construction phase is when the EPC does detailed engineering, procurement of plant parts
and construction of the actual plant. This phase includes mobilization of the O&M team.
When the contract is awarded or signed the EPC does specific engineering for the plant to
make it suit the location and other specifics of the plant. Then they procure the plant from
different manufacturers and suppliers. Typically, they have a list of preferred suppliers. After
financial close there is some time before construction begins. The construction phase takes
about 36 months to complete.
The construction can take less or more time depending on its size, technology and contractor.
The equipment is typically tested in factories before shipping. Equipment is typically procured installed. Larger equipment is installed by suppliers and smaller ones by EPC.
(Päivärinta, 2021b.)
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Smaller plants are faster to construct than bigger ones. Smaller plants do not need as much
materials or workforce. The workforce in the construction is scalable with the size of the
plant. Timetable and the ability to keep it depends on contractors and managers. The skill of
the manager and their ability to solve problems affect build time. Different contractors timetables need to be melded together so that everyone has time and space to do their part. Some
additional time should be added to account for sick leave, vacations and other delays. Construction timelines are typically optimistic and there are nearly always delays (Malve, 2021).
4.2.8 Commissioning period
Commissioning period is designed so that it can prove that the plant can meet its environmental permit (Department of Energy and Climate Change, 2014. 7). The commissioning is
done according to the commissioning plan. The design parameters are confirmed. If they are
not the EPC contractor can pay themselves out or repair the plant to fit design parameters. If
they pay themselves out the O&M contractual obligations change. The EPC contractor is
responsible for the commissioning period. The commissioning period is about 6 months.
The O&M mobilization period of a WtE plant is in the end of construction phase and lasts
for the whole of commissioning period. It is reasonable to use newly recruited O&M personnel with the commissioning phase of the plant. This way they get experience with the
plant before formally taking responsibility of it. The EPC provider is fully responsible for
the plant during commissioning including supervising the O&M personnel. (Davies & Wilson, 2021.)
At the start of commissioning all reports from the construction side are handed over. Things
that are needed include O&M manuals, drawings and PIDs. All relevant data concerning
safety and regulatory requirements are of special notice such as fire detection and suppression plans and risk assessments.
Cold commissioning of different equipment packages is done as they are installed. These
packages are bought, installed and then commissioned to ensure their functionality.
(Päivärinta, 2021b.) Inspections are concentrated on safety issues such as pressure vessels,
CE marked equipment and weld NDTs.
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During hot commissioning almost all of the plant is functional and is tested. The boiler is
brought online to determine how it works and how its connected equipment functions. Most
important commissioning steps are to ensure the plant can run safely. Combustion optimization is done after this. (Päivärinta, 2021b.) During hot commissioning plant functionality is
tested. This includes cold ramp-up and shut-down. The plant is tested by running it in minimum and maximum load. Emergency shut-down and incorrect operation prevention are
tested.
Availability test is a part of hot commissioning. It shows whether EPC availability guarantees are met. O&M guarantees typically change if the availability test finds discrepancies to
EPC guarantees. Commissioning determines net outputs of the plant such as electricity, possible heat and steam offtake. Parasitic load such as pump electrical usage is tested. Consumables use, auxiliary fuel consumption, water consumption, waste throughput and emissions
and load levels are determined.
4.2.9 Commercial Operation Date
Commercial Operation Date (COD) is when the O&M provider accepts responsibility of the
plant. The EPC contractor’s work is done and the plant is fully functional.
The O&M provider receives the EPC punch list from the owner. It contains the errors and
repair items that the EPC contractor needs to do and repair. The O&M provider can help
compile the EPC punch list.
The EPC warranty typically lasts about 2 years after COD. After this the EPC contractor is
not liable for anything unless it is in the contract. There are also some legal demands where
the EPC contractor is still liable.
4.2.10 Operation phase
The EPC warranty period is typically the first 2 years of the operational phase. If something
is broken, parts are inadequate or they are the wrong type the EPC is liable to rectify it. If
the poor status of the part is due to poor maintenance or incorrect operation the EPC is not
liable.
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It is most profitable for a plant owner to sell their plant after the warranty period is over.
This proves that the plant functions as it is supposed to. This makes it a less risky investment.
For the length of the O&M contract the O&M contractor is responsible for the plant. When
it expires the responsibility is moved to the next O&M provider. The old O&M contract can
be renegotiated and renewed, the contractor can be changed to another one or the owners
can choose to do it themselves. Changing O&M contractors is time-consuming and difficult.
During operational phase all O&M duties are performed. Operational personnel operate the
plant and maintenance personnel maintain it. Most of the operational period is relatively
uneventful. This requires that plant operation is done properly and maintenance is sufficient.
There are periodic major and minor repairs that need to be done.
At the end of plant lifetime the character of the project changes. It has paid off its debt. It
has likely renewed most of its contracts including waste supply agreements and capacity
market contract. The waste fuel composition has changed and with it plant efficiency.
(Malve, 2021.)
4.2.11 End of plant lifetime
Typical plant lifetime is 20–30 years (Department of Energy and Climate Change, 2014. 7).
After this its lifetime can be extended or it can be decommissioned.
At the end of lifetime a WtE plant can have its lifetime extended by various means. If the
equipment life cycle maintenance has been done well this should be relatively simple. However, sometimes this is not feasible. If original plant design and maintenance has not been
done properly the plant lifetime extension is less feasible. The plants condition needs to be
good and plant improvements need to be updated. The plant updates make the plant economically and environmentally viable. Lifetime extensions are done if it is economically reasonable. (Malve, 2021.)
Efficiency on old plants is often lower than modern plants. The plants automation and emissions control systems can be obsolete, outdated and inefficient. They need to be improved
and possibly changed to new models. The waste fuel composition the plant was designed for
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is likely no longer available. The plant needs to be redesigned to accept new fuel and new
environmental permits need to be acquired. (Malve, 2021.)
A WtE plant must be designed so that it can be decommissioned safely. The plant is decommissioned by demolition or changing its purpose. (Malve, 2021.)
At demolition all structures are demolished. All recyclable materials are recycled and sold.
All hazardous material is treated. Finally, the land is cleaned so that it can be reused. Any
toxins found on the ground are cleaned. The responsibility for this belongs to the company
that left them there. Often it is not possible to locate these businesses since cleaning is done
decades after construction. In this case the SPV must pay for it. If the SPV has no money it
can fall to the landowner or taxpayers. After demolition and cleaning the land is ready to be
reutilized. (Malve, 2021.)
Plant structures and buildings do not have to be demolished. They can be repurposed. The
insides can be gutted and a new plant can be built in the structures. (Malve, 2021.) The
structures can be turned into entertainment space, art studios or other community space.
Turning old power plants to living space is difficult because construction and architecture is
different and there can be different health hazards such as moisture damage and fungi. Building permits and other regulatory permits would need to be changed.

4.3 Third party O&M providers perspective
It is good for sales personnel to have good previous relationships with known developers.
This way they can get in the game early. They can influence the developers and therefore
the final plant. O&M providers are not likely to take notice of a WtE project in the prefeasibility or feasibility phase unless they have prior relationships with the developer. Typically, an O&M contractor gets involved at the contracting phase of the project.
4.3.1 Contracting phase of third party O&M
O&M contractors sales personnel pay attention to the market for O&M Request for Quotations (RFQ). Previous relationships with developers and owners can allow O&M contractors
to be aware and involved in projects before this. (Laaninen, 2020.)
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When O&M tendering starts the EPC contractor has typically been chosen or it is in the final
steps of being chosen. Prospective O&M contractors receive planning and EPC data after
signing a Non-Disclosure Agreement (NDA). The contractors make their budgetary offer
based on available data. (Laaninen, 2020.)
Sales processes are unique to different companies. Typically, O&M offers and contracts go
through a process of screening and approval. A budgetary offer is made after this. New revisions from old offers are made as new information is available.
A budgetary offer is an indicative non-binding offer. It gives indication on how much an
O&M contract is going to cost. It is not the same as the final offer. A budgetary offer is
developed based on technology, chosen technology providers, plant technical details and
layout, the scope of contract including Heads of Terms (HoT) if available, salary information
and other information of interest. For instance, a proven technology with relevant reference
plant, operational data and a reliable technology provider reduce risk and therefore price of
O&M. If the technology is known and there is experience of it in the O&M contractor’s
company an O&M contract is easier and less expensive to do. This reduces risk of unscheduled maintenance works. Overall risk calculation is easier to conduct. The overall risk assessment considers scope. If ash disposal and consumables such as APC chemicals are included in the scope O&M provider is taking price risk. The risk profile of the contract impacts the contracts price. (Laaninen, 2020.)
Heads of Terms (HoT) is a document that lays out the main O&M contract terms in a clear
and understandable way, a skeleton of the O&M contract. It can be issued to prospective
O&M contractors during initial data exchange, during RFQ or any other time. Latest is when
the contractor has been selected. The earlier it is issued the more accurate discussions with
contractors can be. Some contractors have ready HoT templates that they can suggest. This
can make negotiations easier and clearer. (Laaninen, 2020.)
The developer contacts O&M contractors after receiving budgetary offers. The discussions
about the contract start at this time. New and revised offers are sent when new information
is available. Eventually, the developer chooses a contractor for the O&M based on final
binding offers. They can also change their mind and do it themselves. This is when the contract negotiations go forward. This phase of contract negotiations and revised offers can take

63

anything between months and years depending on how much time there is and how other
contract negotiations on the project are going. Eventually the contract is signed before or at
financial close. (Laaninen, 2020.)
After the contract is signed there is a 1–3 year wait time. During this time the EPC contractor
is constructing the plant. O&M mobilization starts about 12–18 months prior to Commercial
Operation Date (COD). (Laaninen, 2020.)
4.3.2 O&M contract scope
The key elements of the scope are written in the HoT. It is written in a simple and understandable way. (Laaninen, 2020.) The specifics of the scope is written in the O&M contract
in detail. O&M contract also explains how things can be changed after the contract has been
signed.
Scope of contract describes the things that are included in the price of the contract. In an
O&M contract basic operation and maintenance is included in scope. In a full scope O&M
almost everything is included. Certain items can be left in owners scope such as consumables
and ash treatment. Typically, in this case the O&M contractor manages these functions and
the owner pays for them.
Consumables are sometimes in contract scope. These include APC substances such as ammonia and lime. This carries price risk. Consumables price will change according to market
conditions. Availability and demand of consumables determine their price. For instance,
Asian countries are starting to be stricter in their environmental legislation which increases
consumables demand. Stricter emission standards impact demand. When new consumables
factories are built and operable they impact consumables availability.
Ash disposal, treatment and utilization can be in scope of contract. It seems that investors
would like to have it in scope. Currently in the UK ash is treated and utilized in separate
businesses. There is a price risk on ash disposal. To accept it the operator needs to charge
more. The contractor should bring some added value to ash treatment if it is in scope.
(Laaninen, 2020.)
Life cycle costs have been in a lump sum. Life cycle costs include boiler majors and turbine
minors and majors. The sum has been included in the contract and scope. Recently it has
seemed that owners want a separate price on life cycle works and costs. Usually they are still
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expected to be in the scope of contract. The costs are wanted separately. This way life cycle
costs can be paid when the work is actually done. This is a rigid and unrewarding for the
O&M contractor. They do not get any benefits from managing to increase time between lice
cycle works. This will likely result in life cycle works being done at exactly the time issued
in the contract instead of the time that is most optimal for them.
After everything has been agreed on in negotiation phase the O&M contract and its appendices are finalized and signed. The simplified HoT is written into the contract with adding
details. An O&M contract includes a list of main points of the agreement such as operator’s
and project company’s obligations, scope of services, performance guarantees, details on
spare parts, payment mechanisms including incentives and liquidated damages, force majoure clauses and liabilities. Liabilities have limits and caps. For instance, O&M contractor
is not typically liable for design errors. There can be a cap to limit contractor liability. When
the cap is reached it can be increased or the contract can be terminated. (Henttonen & Kinnunen, 2021.)
Interface Agreements that are needed in WtE plants include common interface agreements
among most combustion plants. The different agreements are connected to waste. For the
O&M contractor the most important interface agreements are between O&M provider and
EPC contractor and O&M contractor and owner. A ready Interface Agreement between a
prospective EPC provider and a prospective O&M provider seems to be a competitive advantage (Laaninen, 2020).
4.3.3 Incentive scheme
Using an incentive scheme is an effective tool for plant owners. This way they can guide the
O&M provider to do their work the way the owners want them to. The incentive scheme
incentivizes O&M provider to do their work a certain way.
Plant availability is typically a part of incentive schemes. The contract agrees to a specific
availability guarantee. If it is exceeded the contractor gets a bonus. Typically, this is a share
in the profits from the exceeded amount. If the availability is less than guaranteed the contractor is liable to pay penalties such as a share in the losses. The sum should be large enough
to incentivize in both directions.

65

An incentive scheme encourages a contractor to optimize maintenance so that they do not
lose any availability. Maintenance is done enough to lessen unscheduled outages and increase availability.
When life cycle works are in a lump sum in the contract price their full maintenance management can be optimized. Maintenance activities can be optimized based on main component condition. This way the contractor benefits from the possible extra availability and is
thus incentivized. This also benefits the owner in increased availability and revenue. If regular maintenance is done badly and need for major maintenance comes early the O&M contractor is penalized.
4.3.4 Mobilization phase
A mobilization period is extremely important in establishing the future O&M organization
and processes. Its basic purpose is to recruit and train O&M personnel so they can run the
plant independently, create and implement all required management systems, install and operate all digital tools and identify and implement all relevant stakeholder communications
and actions. (Fortum eNext, 2020. 2–3.) This is the base that operation and maintenance
builds on.
Some investors consider that mobilization should be as low cost as possible. A low-cost
mobilization may miss something. This jeopardizes future O&M. Future problems could
include availability and efficiency issues, increased personnel turnover and compliance issues with laws and regulations. (Fortum eNext, 2020. 2.)
Some O&M providers have a ready template for mobilization. The template is used to build
a plant specific mobilization plan. They have different locations, plots, fuels, regulatory environments etc. However, it is beneficial to have a basic understanding of what happens,
when it happens and why. (Fortum eNext, 2020. 4.) A basic O&M mobilization timeline is
in Figure 9.
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Figure 9. Overall mobilization timeline of a WtE plant (Davies & Wilson, 2021; Fortum Mobilization Methodology, 2020. 6; Päivärinta, 2021; Laaninen, 2020.)

Pre-mobilization is dedicated to planning mobilization and smooth commercial operation.
At pre-mobilization O&M provider should offer some design review for the O&M perspective of the plant. (Fortum eNext, 2020. 3.) Design review is limited to operability and maintainability of the plant. A mobilization manager is appointed to manage mobilization. Recruitment of a plant manager starts at pre-mobilization. One is recruited just before the start
of mobilization.
Mobilization of WtE plant starts about 12–15 months prior to commercial operation date
(COD). The maximum time is 18 months. The length of the mobilization phase is tied to
owners choices and the ensuing contract. The required mobilization period depends on the
size of the plant, number of personnel and amount of needed training on plant equipment.
Mobilization period only costs money. It does not produce it. This is why mobilization period is often minimized. Short and poorly done mobilization costs more money in the operational phase than doing it right at the mobilization phase. (Laaninen, 2020.)
Mobilization period is used to recruit and train personnel. The overall picture is in Figure 9.
The plant manager is the head of the O&M organization. The plant manager is involved in
recruiting department managers. In larger plants those are typically operations manager,
maintenance manager and technical manager. These people are involved in recruiting
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engineers under their supervision. The engineers are involved in recruiting technicians, shift
operators and fuel reception personnel under theirs. (Laaninen, 2020.) An admin officer is
recruited after operations and maintenance managers. Store controller is recruited at the same
time as engineers. Finance and admin staff are recruited after engineers. Recruitment of all
personnel interlap.
During mobilization the personnel is trained to maintain and operate the plant. Their previous experience determines their training. Those that have no experience with power plants
are taught the entirety of power plant operation from valves to Air Pollution Control (APC)
devices. Normally this is not necessary since most recruits have prior experience with power
plants or other industrial facilities. (Laaninen, 2020.)
At first recruits are taught in a classroom by the O&M contractor. Things that are taught
there include company policies, rules and Environment, Health, Safety and Quality (EHSQ)
standards. The next training is the EPC training that includes equipment training. This is
done by equipment suppliers. At first training is done in a classroom. Finally, recruits are
trained in practice while the suppliers are installing or inspecting their equipment. It is beneficial to have the O&M team participating in commissioning the plant. (Laaninen, 2020.)
Personnel training can be tracked via a competency matrix. It ensures an easy way to track
all relevant courses to personnel. Some courses are taught by internal teachers and some by
external ones. (Fortum Mobilization methodology, 2020. 14–15.)
At the start of mobilization the project team starts to develop Integrated Management System
(IMS). The IMS is a series of documents that contain all power plant documents. Typically,
there are legal compliance documents, standards and normal operations and emergency instructions and plant procedures. For instance, they contain process descriptions and work
order instructions. The documents can be used to induce and train personnel. The documents
are stored in the Document Management System (DMS). All documents about the plant can
be found there. IMS is a conceptual meaning for these documents. The DMS is the place that
these documents are placed and tracked in. (Kinnunen & Laaninen, 2021; Fortum Mobilization methodology, 2020. 7.)
A criticality analysis is conducted during mobilization to identify critical components and
provide data for spare part purchases and maintenance strategy. The criticality analysis is a
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base for building an inspection and maintenance strategy. It identifies the components that
are most critical for the plant and how likely they are to become inoperable. Criticality analysis data is used in the CMMS software. (Fortum Mobilization methodology, 2020. 16–18.)
Computerized Maintenance Management System (CMMS) is used to track all maintenance
related information, parts and work orders. (Kinnunen & Laaninen, 2021.) There are different CMMS software’s available. Some companies offering O&M and/or EPC have their own
software. There are also software companies that have developed their own. A CMMS needs
to be made for the specific plant. However, there are some templates that can be used to
make this work faster.
4.3.5 Operation phase
Operation phase of a WtE plant is similar to other thermal power plants. Fuel reception and
storage are different. The operational period is fairly uneventful.
When the plant has a 3rd party O&M contract it is usually done for a number of years but not
to the end of the plant life cycle. Typical number of years is 5–20. Operation of the power
plant is done according to the contract. There can be several different contractors doing different things. The main O&M provider typically manages all the others in behalf of the
owner.
During operational period its emissions are monitored to ensure that it is complying with its
environmental permit (Department of Energy and Climate Change, 2014. 7). If it does it can
run without intervention from authorities. If it does not the plant is subject to sanctions.
These include financial penalties and at worst plant shutdown.
During operational period life cycle repairs and improvements are done. Life cycle repairs
include turbine and boiler minor and major inspections and repairs. These can be in the scope
of contract. If they are not the owner pays for them separately. The O&M contractor is typically expected to suggest improvements in the plant. Improvements are at the owners scope.
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4.3.6 End of contract
At the end of the contract 3rd party O&M contractor and the owner can choose to extend and
renegotiate the contract. If a new contract is reached and signed they can continue according
to it. If a new contract is not signed demobilization starts at the end of current contract.
A new contract can be similar or different from the old one. Typically, it updates prices and
scope. For instance, spares, consumables and ash disposal costs change over time. At the
negotiation phase these can be changed to reflect the current status of prices.
At demobilization the O&M contractor must leave the plant in the condition specified in the
contract. It needs to be in operable condition. There should not be any maintenance debt.
Maintenance needs to have been done according to contract scope. Plant inventory such as
spare parts are left as the contract specifies. (Henttonen & Päivärinta, 2021.)
In the UK all plant personnel is transferred to the next operator. Their terms of employment
stay the same as with the previous operator. Typically, there is a clause that prevents the
previous contractor from attempting to recruit demobilizing plant personnel. They need to
transfer that personnel before demobilization if they want to keep them. However, plant personnel can always choose to stay or leave. (Henttonen & Päivärinta, 2021.)
Plant data belongs to the plant. This must be separated from contractor’s servers and transferred to owner’s servers. All data and systems that belong to the operator the contractor
takes with them. Data that belongs to the plant include maintenance reports, operational
journal and environmental reports. (Henttonen & Päivärinta, 2021.)
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5

WASTE TO ENERGY IN THE UK MARKET

The UK has an extensive waste infrastructure and in 2010 most non-recycled waste went to
landfill. In 2019 only a bit over 40 % was going to landfill. This mixture of MSW and commercial and industrial (C&I) waste is increasingly being combusted in WtE facilities. In
2010 only a bit over 10 % was combusted and in 2019 about 46 % was incinerated. About
10 % of waste was exported as RDF. (Tolvik Consulting Ltd, 2020. 1, 5.)
Tolvik report display statistics from WtE markets in the UK. Its data does not include all
WtE facilities in the UK. The waste is non-hazardous mixed MSW. This waste is calculated
to be after recycling. There were 53 WtE plants in the UK in 2019. A few of them were at
the end of commissioning phase. Most WtEs produce electricity in the UK. District heating
or industrial heating is not common. (Tolvik Consulting Ltd, 2020. 2–3 , 20.)
The smallest WtE plant in the UK treats 25 000 tons of waste per annum. The biggest treats
600 000 t/a. The size of the plant is typically dependent on waste catchment area, cost and
technical details such as site constraints and plant engineering. (Department of Energy &
Climate Change, 2014. 37.)

5.1 Financial drivers
5.1.1 Gate fees
The UK has a landfill tax which makes landfill gate fees around 100–110 £/t. The gate fee
in WtE plants is much lower at approximately 85 £/t. The landfill tax is a driving force in
increasing WtE plants. It makes waste combustion more affordable than landfilling. (Blacker
& Hawes, 2021; Davies & Wilson, 2021.)
5.1.2 Plant outputs
In 2019 the UK WtE plants exported 6 703 GWh of electricity which is about 2 % of the
total electricity generation in the UK. 10 WtE plants provided 1 138 GWh of heat or steam.
(Tolvik Consulting Ltd, 2020. 7–8.) In 2020 12 UK WtE plants provided heat. They produced about 1 651GWhth of heat. (Tolvik Consulting Ltd, 2021. 8.)
Currently UK’s WtE market is dominated by electricity only plants. Some provide heat to
industrial customers and some others can provide heat as well as electricity. However, UK’s
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heat market is saturated with domestic gas heaters. The gas network is extensive and the
people are accustomed to it. This is why most WtE’s only provide electricity. Heat does not
sell. (Laaninen, 2020.)
The government is attempting to increase district heating. This decreases heating with fossil
fuels. It is driving its policy towards Combined Heat and Power (CHP) production. Many
WtE plants are CHP capable but struggle to find heat customers. CHP use increases WtE
plants efficiency. Providing electricity only makes it less efficient and thus less environmentally beneficial. (Department of Energy and Climate Change, 2014. 10, 38.)
The national “Planning for Sustainable Waste Management” in the UK is expected to include
locating of new opportunities and locations to add heat sales to new WtE plants. This maximizes waste utilization in energy production. (Department of Energy and Climate Change,
2014. 10.)
5.1.3 Plant availability
In 2019 in the UK the capacity weighted average for a WtE plant was 90 %. It ranged from
69.9 % to 96.1 % among the WtE plants. (Tolvik Consulting Ltd, 2020. 10.)
Plant availability depends on plant design, operation and maintenance. A 90 % availability
seems reasonable for WtE plants. It allows for decent outage periods and inspection and
maintenance of equipment. In minor and major maintenance outages availability will drop.
Plant design decides equipment redundancies. When there are little redundancies the plant
needs more outages. Less redundant circuitry mean that less equipment can be safely isolated
during operation. They require more outages. This reduces availability. When there are more
redundancies more equipment allow maintenance during operation. This reduces outages
and increases availability. Bad plant design can increase outages by itself when there are
blockages and other problems that can not be fixed during operation.

5.2 Stakeholder analysis
5.2.1 Operating companies
The operating environment of WtE plants is dominated by Viridor (22.1 %), Veolia (18.6
%) and Suez (17.6 %). These three companies have a combined market share of 58.3 % of
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the operating market of WtE. They also own WtE plants. Other companies are FCC (11.8
%), MFE (6.8 %), Councils (6.5 %), Cory (5.9 %) and other (10.9 %). (Tolvik, 2020. 6.)
5.2.2 Legal framework
In the UK exporting waste for disposal is illegal. Exporting waste for recovery is legal. This
requires a facility which has a recovery status. MSW is not allowed to be exported. RDF or
SRF is allowed to be exported. (Department of Energy and Climate Change, 2014. 24–25.)
Current UK legislation is the same as EU legislation. The UK government has been assuring
that environmental law is not changing regardless of Brexit. However, the industry expects
that once Britain exit on coal in 2025 the next big emitter is going to be the WtE plants.
(Blacker & Hawes, 2021.) When this happens there will be public scrutiny on WtE. This
means that the attention previously given to coal plants can turn to WtE plants. This can
bring more changes in legislation.
5.2.3 Political framework
The UK government offers incentives to increase waste treatment in a more sustainable manner. They refer to the waste hierarchy. The attempt to increase it by how high up the hierarchy the waste treatment method goes. It includes supporting WtE technologies. (Department
of Energy & Climate Change, 2014. 64–66.)
The UK government is technology neutral in regards to supporting and incentivizing WtE
growth. However, if there is a market failure detected the government may intervene. The
government intervened to aid Advanced Thermal Treatment (ATT) methods such as gasification. (Department of Energy & Climate Change, 2014. 66–67.) Gasification has not been
reliable to operate. This is why it is not much built in the UK. (Blacker & Hawes, 2021.)
There is a group lobbying for WtE plants to join the emissions trading scheme. This would
eat at the profits gained from waste combustion. This is why the industry is starting to be
more interested in carbon capture and sequestration (CCS) technology. (Blacker & Hawes,
2021.) Rising cost of incineration puts pressure on increasing gate fee.
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5.2.4 Public opinion
The public opinion on WtE plants in the UK is typically negative. They are mostly Not In
My Backyard (NIMBY) considerations. (Laaninen, 2020.) The most common complaints
are emissions and subsequent health hazards, odor, increased traffic, visual look of the plant
and the range that waste is transported.
Older waste incineration plants were very polluting. They caused numerous health issues.
However, modern WtE plants allow only small emissions and they have strict environmental
standards. Therefore, emission addition from modern WtE causes only minimal health impact. (Department of Energy and Climate Change, 2014. 5.)
In modern WtE plants there are efficient odor prevention techniques. This minimizes odor
making it insignificant in the community. (Blacker & Hawes, 2021.)
In WtE sites there is typically increased truck traffic. More traffic in the streets is a danger
to people. Increased traffic increases noise level from the streets. (Blacker & Hawes, 2021.)
This is mitigated by concentrating truck traffic and its noise on business hours. During business hours people are at work or school. If the plant is in a city increased traffic is more
inconvenient. Typically, WtE plants are located in industrial areas making increased traffic
inconsequential. WtE plants are placed in industrial areas when it is possible but sometimes
they need to be placed in residential areas.
Visual problems are typically stack height and industrial appearance of the plant. This can
be mitigated by reducing stack height to a minimum and changing the architectural design
to correspond to its environment. (Blacker & Hawes, 2021.)
In the UK it is not uncommon to transport waste from one municipality to another for treatment or disposal. The transport can be as long as 3–4 hours on a freight train. The public
does not like their municipality treating other municipalities waste. However, the waste
needs to be treated somewhere and treatment facilities need to be close to the source a.k.a.
larger municipalities. (Blacker & Hawes, 2021.) Otherwise environmental benefits are not
as efficient. WtE plants should be placed close to large population centers to be close to their
waste supply. However, it is sometimes more efficient to move waste from small municipalities to bigger ones for processing. It is more efficient for municipalities to work together
with waste processing. Smaller municipalities can not afford to build waste combustion
plants.
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Another cause for dissent is the increasing support for circular economy (Laaninen, 2020).
The argument is that the best environmental treatment is recycling. The problem is the lack
of recycling. The waste needs to be treated by combustion or landfilling. Landfilling is the
worst waste treatment option.
WtE plant owners are doing many things to increase knowledge of WtE and to foster good
relationships with the public. Some plants have a visitor center and tours in the plant. Many
WtE facilities have good neighbor programs that do community outreach. Some make plant
architecture more appealing. Newer plants, especially the ones close to population centers,
do not look so industrial anymore. (Laaninen, 2020.)
5.2.5 Plant architecture
Architecture is typically important in largely populated areas. Even less populated areas pay
attention to it. Unappealing architecture can make negative publicity and consequent complaints. The architecture of a WtE plant is determined by the planning committee (Blacker
& Hawes, 2021).
Plot size determines a lot about a WtE plant. For instance, in large population centers there
is usually little available space and plots are expensive. In this case the plant configuration
and engineering solutions are different and more compact. When there is a lot of industrial
land available WtE plots tend to be bigger. They can get extra land in case they want to
expand. They can add a separation unit to separate recyclables or add another incineration
line. (Blacker & Hawes, 2021.)
A good example of industrial looking architecture is in Klaipeda WtE plant. A picture of this
plant is in Figure 10. Industrial architecture is typically unappealing to the majority of the
population.
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Figure 10. WtE plant in Klaipeda (Fortum MediaBank, 28.01.2021)

The plant in Klemetsrud looks like an armored worm. A picture of this is in Figure 11. It
looks a bit industrial but the architecture is more interesting than in Klaipeda.

Figure 11. Klemetsrud WtE plant (Einar Aslaksen 15.02.2019c)

WtE plants close to population centers need to look more architecturally appealing. Sometimes artists are taken to the planning process to help create this. The one in Vienna Austria
is a good example. It is an artistic sample of what a WtE plant can look like. (Blacker &
Hawes, 2021.) There is a picture in Figure 12.
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Figure 12. Vienna WtE plant (Wien, 2021.)

One architecturally interesting plant is Copenhill in Copenhagen. This is in Figure 13
Figure 13. Copenhill (Copenhill, 2021)

. They built a ski slope on the roof of the building. There are also hiking trails and a climbing
wall on the side of the plant as well as the typical visitor groups and eateries. (Copenhill,
2021.) All of that was very expensive to build.

Figure 13. Copenhill (Copenhill, 2021)

77

5.2.6 O&M contracting analysis
Historically 3rd party O&M in the UK has been rare in WtE plants. The owner or an equity
funder typically takes care of O&M duties. EPC and O&M wraps are also popular when they
are available. The 3rd party O&M opportunities are very competitive. (Laaninen, 2020.)
Some EPC providers also offer O&M. It looks like they have been making unprofitable and
risky O&M contracts to get the EPC contract. EPC contracts are worth hundreds of millions
of pounds and O&M contracts are worth a few million pounds per year. However, eventually
at the end of plant lifetime the cumulative O&M fee is around the same as the original EPC
fee. The cheap and risky O&M contracts have become a norm in the market. It is difficult to
do O&M properly with those prices and terms. It makes it difficult for responsible O&M
providers to compete. (Laaninen, 2020.)
A responsible O&M contractor will not take risk that does not belong to it unless they are
being compensated sufficiently. This is not the current market condition in the UK. Developers and owners demand the O&M contractor take more risk but are reluctant to compensate them.
When considering risk business risk belong to the owner. Fluctuations in market environment are business risks. This includes the price on electricity, gate fee, consumables and ash
disposal. In the UK the owner often tries to get these risks to the O&M contractor.
The EPC risk belongs to the EPC contractor. The EPC is responsible for mistakes and problems within their contract that should include mistakes and problems that they cause. However, in case of an EPC and O&M wrap EPC risk is somewhat transferred to the O&M
contractor after COD. Often owners consider these wraps so that the O&M contract term is
an extension to the warranty period which is not its purpose.
O&M risk belongs to the O&M supplier. The UK market is very competitive which is why
O&M contractor is often required to take business risks into their contract. They should be
appropriately compensated for this. The owner often offers only small compensation. This
can result in poor quality of work and extra invoices and less predictability on contract price.
Risks associated with O&M belongs to the O&M provider. Only things that they can affect
should be their risk.
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Owner operates model is common in the UK WtE market. If the majority owner is an experienced operator they do O&M for that plant. Putting minor equity in a WtE plant means that
that party is likely to get its O&M contract.

5.3 UK market norm in conjunction to other markets
There has been increasing talk about WtE plants CO2 emissions. In the UK in 2019 they
were 531 kg per tonne of incinerated waste. (Tolvik Consulting Ltd, 2020. 3, 12.) WtE plants
in the UK and the EU are starting to be more interested in CCS and CCU.
The power plant combusting waste and biomass in Klemetsrud Norway has been developing
a CCS process into its power plant since 2016. The plant intends to develop a full sized CCS
in the plant and transport the captured CO2 to old oil wells in the Atlantic owned by the
Norwegian government. (TrackMyElectricity, 2021.)
In the UK the WtE market is very open and competitive. Private investors have invested and
are investing in WtE plants. In addition to this municipal councils do not have funds to invest
in WtE plants. Most WtE plants in the UK are owned by French companies. (Blacker &
Hawes, 2021.)
In many other parts of the world WtE markets are either more closed up or undeveloped. For
instance, in France the government favors French companies so the market is more closed
up to investors and the plants have more French owners. In undeveloped WtE markets there
is rarely a sufficient landfill tax and gate fee in place to encourage WtE investments. (Blacker
& Hawes, 2021.)
In Africa there are not many functional WtE plants. In Africa gate fees are negligible. There
is also very low or nonexistent waste infrastructure in many parts of the continent. It is difficult to get process chemicals and other necessary equipment to sites. In many cities the
streets are not clean and have trash in them. (Blacker & Hawes, 2021.) Building functional
waste infrastructure and the willingness to use it has to be a priority there. Lack of proper
gate fees and proper access to process chemicals can be developed later.
After Brexit the environment in business is cautious. People do not know what this means
for business in the years to come. This will cause a level of unknown in the market. However,
the EU and the UK have been close for decades. This is unlikely to change even if the rules
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will. The UK is likely to remain doing things similarly to other European countries. Emission
standards and regulations are likely to keep tightening in both.
In the UK personnel costs are often high compared to most countries EU countries included.
Hiring professionals with appropriate skills is expensive. However, this is offset by their
level of competency. Skilled and motivated labor is crucial and worth the cost.
In Africa workforce is less skilled and less expensive. Proper instructions and management
are important. Otherwise their skills do not develop and be utilized. Basically, what you pay
for is what you get. The UK WtE plants employ few people with high salaries and in Africa
a lot of people with low salaries. This implies on how important their work effort is considered. The less you pay the personnel and the less you appreciate them the less motivated the
personnel is likely to be.
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6

FUTURE DEVELOPMENT ON WASTE TO ENERGY MARKETS

More developed countries have extensive waste infrastructure. More WtE is a solution to
overflowing landfills. In developed countries they are usually large and centralized. When
WtE is going into new markets smaller options are considered. Less developed countries
with small decentralized municipalities need waste infrastructure, utilization and disposal.
Nowadays they are mostly disposing waste to legal and illegal landfills. For these new markets new WtE solutions need to be developed and utilized. Every area needs a solution that
is optimum for their location.
As the waste hierarchy has evolved waste incineration without material recovery has reduced
its significance. Unrecyclable material is often incinerated or gasified. New projects are aiming at utilizing waste as material. Waste to Chemicals (WtC) is a new way to utilize waste.

6.1 Recycling in the UK
There are different recycling ways in the UK. Some municipalities choose to use the two bin
system, some separate all in households and some separate from MSW in recycling facilities.
(Department of Energy & Climate Change, 2014. 32.) Recyclables are e.g. glass, metal, paper, cardboard and plastic. Often biowaste is collected separately in green bags (Blacker &
Hawes, 2021).
The two bin system works so that recyclables are put in one bin and the residual waste in
another. The recyclables are then mechanically separated in a recycling facility and sold.
The residual waste is incinerated, directed to a landfill or exported. (Department of Energy
& Climate Change, 2014. 32; Blacker & Hawes, 2021.)
Some municipalities choose to get households to separate recyclables to separate bins as is
done in Finland. However, their recycling is not at the same level as Finnish homes. (Department of Energy & Climate Change, 2014. 32; Davies & Wilson, 2021.)
The people’s recycling activity is one of the biggest things that influence recycling rates.
Supermarkets and manufacturers influence the people’s ability to recycle. They choose
which materials they use for manufacturing and packaging items. These materials are then
recyclable or not. (Blacker & Hawes, 2021.) The people can choose to buy products that are
recyclable over things that are not. However, this requires people to be proactive in what
they buy and a lot of people do not have the time, patience or interest to do so.
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Recycling in British homes is increasing. It is likely that eventually recycling is extensive.
After all the recyclables are extracted something has to be done with the rest. Alternatives
for environmental residual waste processing are e.g. WtE and waste to chemicals e.g. plastic
to hydrogen. (Laaninen, 2020; Blacker & Hawes, 2021; Davies & Wilson, 2021.)

6.2 Conventional waste combustion
The UK WtE market is set to expand. Currently there is under capacity of waste incineration.
Industry experts say that 1–2 new WtE plants will be commissioned annually until 2035.
While old WtE plants will retire waste incineration capacity is likely to increase. (Blacker &
Hawes, 2021.)
There are many WtE plants being developed and built. In some areas there are more being
developed than there is waste for. In larger areas and cities there is competition for waste
contracts. Whoever gets their project to the finish line first gets to build their plant and the
others do not.

6.3 Landfills
Newer landfills in UK are well constructed and emissions are much better on hand. There
are many improvements that have been made. One of these is installing seal walls to prevent
leaching of toxins such as heavy metals. (Blacker & Hawes, 2021.) New landfills are more
likely to have landfill gas collection and utilization.
There is a landfill band on MSW in Scotland. It is not yet in effect. The starting date has
been postponed a few times because the industry is not ready for it. Currently it is going to
be in effect in 2025. This type of legislation is not in preparation anywhere else in the UK.
(Blacker & Hawes, 2021.)
Landfilling is likely to reduce. Recycling and waste combustion are increasing. This means
that landfilling is not needed as much.

6.4 Modular WtE
WOIMA is a company that is going to make modular WtE plants. They do not have a pilot
plant in operation yet. The WOIMA concept is building all power plant equipment to cargo
containers. These containers can be moved making the plant movable. The concept allows
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identical WOIMAlines to be combined to make a single power plant. Typically, the plant
can start with one to two lines and then add one or two more if needed. A presorting line can
be added to the plant.
WOIMAline type of waste combustion plant is flexible because more lines can be added and
removed. The lines can be moved from one location to the next. They are suitable for MSW
fuel. The MSW can come from houses or local landfills. The lines can combust local landfill
waste. When the landfill is empty the plant can be moved to another location.
Sugimat has developed a new horizontal boiler for difficult fuels that have a high sticky ash
content. RDF and SRF are such fuels. MSW is unsuitable for it. Waste needs some level of
pre-treatment before entering the new boiler. It does not accept glass or metal. The boiler is
equipped with a Turboden ORC system using thermal oil as its circulating fluid. This plant
system is used for small scale plants with small waste input. Together with Tidy Planet Energy they have references in UK and the world. Mostly these references and new projects
are in small communities such as islands. (Bertacchini, Walsh & Webb, 26.11.2020. Webinar.)
It is feasible to look into Spain when determining possible placements for a modular and
small scale WtE plant. In Spain there are over 8 000 small municipalities with less than 5 000
inhabitants. Some of them as few as 250 to 1 000. In their study, Fernandez-Gonzalez et al.
(2017) state that biomethanization is the most feasible solution for these areas. The waste
composition there has an almost 50 % biowaste fraction. The combustion option they were
considering is a conventional combustion plant. It was doing well in all other categories
except the economic one. (Fernandez-Gonzalez et al. 2017.)
It is possible that by increasing source separation in small municipality areas it is feasible to
bring in a small scale or a modular WtE plant. Currently Spain landfills most of its waste
and their gate fee is low (Fernandez-Gonzalez et al. 2017). Increasing gate fee for landfilling
is considerably going to impact WtE plant’s economic feasibility. Increasing source separation will increase fuel quality. Also, some recyclables give decent prices (Fernandez-Gonzalez et al. 2017).
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6.5 Waste to chemicals
In the world there are different projects aiming at making chemicals from waste. Waste can
be gasified and chemicals can be produced from the gas. Methanol and hydrogen can be
produced from this gas. There are different projects on them. In the UK there is one in development intending to produce hydrogen gas.
A new project is aiming at utilizing unrecyclable plastic as feedstock for hydrogen production. A demonstration boiler of this type exists. The next step is to build a pilot plant in the
UK. The pilot plant is in development.
The aim of the plant is to gasify non-recyclable plastic and then make hydrogen from the
gas. The lean gas that is left is then combusted to produce electricity and heat. The plant is
designed to be able to combust all of the syngas or to make most of it to hydrogen. There is
always supposed to be enough gas left for electricity production to satisfy parasitic load. The
hydrogen can be sold as fuel for industrial processes, to be used to produce electricity or as
transport fuel.
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7

SUMMARY

Waste is a very heterogenous fuel. MSW and its derivatives RDF and SRF are relatively
homogenous compared to industrial waste. This is why most WtE plants combust MSW. Its
combustion is reliant to the waste that is delivered and it is not always good quality. WtE
plants are base load plants. They can only do little peak load changes in energy production.
In WtE plant O&M the right things need to be done at the right times. The plants should not
be over maintained. The optimal is to maintain or repair equipment just before it is broken.
However, unplanned outages should be avoided. They cause lowered availability. This is
where a good professional O&M provider is recognized. Knowing when things need to be
done is something that people learn. Appropriate experience is needed to insure proper
O&M.
Unplanned outages cause different problems. Immediate problems are about fuel storage and
the bio-chemical processes that ensue. Unplanned outages reduce the amount of gate fees
that can be collected because waste is not incinerated. Unplanned outages lower plant availability. Unplanned outages can be mitigated with good plant design and proper O&M.
WtE market is highly privatized and very competitive in the UK. The market is set to expand
in the next 15 years. In UK they mainly produce electricity only from waste. Heat production
is uncommon because it is difficult to find a heat offtaker. The UK government is attempting
to increase heat use to reduce heating CO2 emissions. The market is starting to respond and
more heat offtakes are in development. More heat offtake will come in the future. WtE plant
financial feasibility is mostly dependent on waste gate fee and landfill tax.
A WtE plant development can proceed by a development company. This company then sells
the plant to investors. Typically, a development company develops the project on paper.
They can sell the project at any time. They make the most profit by selling their project at
financial close when all paperwork from planning consent, environmental permit, all plant
related contract and plant financing structure is done and signed. The investors buy the project and use their and loaners money to build the plant.
Project development starts with a pre-feasibility study to determine what kinds of projects
can be done. A feasibility study chooses one to determine if the project is viable. After this

85

financing and contracting the plant is done. After financial close detailed plant design and
equipment procurement are done. After this plant construction starts. At mobilization period
O&M personnel is recruited and trained. Plant systems and analysis such as IMS and a criticality analysis are done during it. Newly recruited O&M personnel often participate in commissioning the plant. At COD the plant is finished and the responsibility for it is turned over
to the O&M contractor. A typical timeframe between plant idea to COD is 6–11 years. Plant
O&M after COD is fairly uneventful. Some plant contracts are renegotiated and the contractor changed. At the end of plant lifetime the plant is decommissioned. A WtE plant lifetime
is typically 20–30 years without extending it with plant improvements.
Most owners choose to do their own O&M. Only plants that do not have a professional
operator need an external one. 3rd party O&M contracts are a heavily competed industry
which makes contract conditions worse for contractors. This has become a norm in the industry. The owners are placing more risk on the contractors. This can lower their quality of
work.
In the UK WtE plants get a lot of local opposition. There are a lot of NIMBY type complaints. These include worries for health hazards caused by emissions, odor, increased traffic, visual look and the range that waste is transported. Some of these complaints are connected to old waste incineration facilities. For instance, new WtE plants have a negligible
health impact due to strict emission limits and subsequently effective emission control. The
development company attempts to mitigate the rest to mitigate complaints to their planning
consent. For instance, waste deliveries are often done during business hours and plant architecture is made to look more appealing close to populated areas.
Recycling is advancing towards circular economy. As plastic recycling and recycling of paper and cardboard become more common MSW fuel quality decreases. Only non-recyclables
will be incinerated. In the future recycling will increase, landfilling decrease and new waste
treatment methods will be developed. The effect of increased recycling on waste fuel should
be studied. As recycling increases residual fuel quality changes should be studied.
If waste does not go to circulation it goes to landfill or combustion. Increasing recycling and
other higher value actions in the waste hierarchy decreases WtE fuel availability. Available
fuel can be supplemented with imports which increases fuel dependability or by incinerating
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waste from landfills. A new business model and regulations are needed for that. A ready
business model for using landfilled waste as fuel should be done alongside with determining
its quality. Needed regulatory changes require more study before considering implementation.
Incineration of MSW is an intermediate step towards circular economy. Material reuse and
recycling is preferred to incineration because material recycling ends in incineration. But
incineration of MSW is needed while recycling is extended so that the worst scenario of
landfilling the waste does not occur. Not everything can be recycled or incinerated so landfilling in some fashion will continue to exist.
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