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Waste management in Scandinavian 

Fig. 1. Data analysis and waste management options. 

In Scandinavian existing Waste-to-Energy (WtE) plants play an important role both as 

energy producers and for waste management. Examples of good practices on existing 

waste energy use are Biogas, Combustion/Incineration and Thermal Gasification. 

Managing solid non-hazardous waste within and across regions in Greece is a complex 

public policy problem of significant and growing magnitude. The Scandinavian 

economics literature for waste-to-energy in Greece suggests two exclusive approaches 

(Biogas and/or Thermal treatment) a postulate that may take to modulate site-level 

plants. 



Waste mangement in Sweden 

As Sweden illustrated, policy favorable to Waste-to-Energy (WTE) can be instrumental in 

encouraging its success. In Greece, the following policy opportunities have the greatest 

potential to incentivize waste-management companies and energy municipal companies 

to co-fund Waste-to-Energy projects. 

 

Waste-to-Energy Helps Reduce Greenhouse Emissions 
 

Waste-to-Energy Is Clean: Just as in Sweden  
 

Waste-to-Energy Does NOT Compete with Recycling 
 

Fig. 2.  The business model of Swedish municipal waste 

management for district heating has gone from fossil 

fuel to biomass and waste.  

Greece’s  total electricity production (scenario 2012-2023) 

Production 

in TWh 

~ 65 TWh 

Fig. 3. Incineration/combustion Plant. 

Fig. 4. Fluidized Bed Combustion Plant.  



Fig. 5. Worldwide energy consumption of fuel types from 1930-2090. 

Here is reported the world energy consumption trend and projection over the next 80 

years as shown in Fig. 5. 

The economic scope of this work 



Fig. 6. Unemployment rate (Percent).  Fig. 7. Contribution to GDP (Percent). 

Greece has >25% unemployment (Fig. 6) and low contribution to GDP (Fig. 7). Greece 

should issue every year for 3-4 years of €100 million development bonds at an interest 

rate of 4-4.5% and put all the money raised in the “European Fund for Strategic 

Investments”, known name – “The Junker Plan”. The Fund’s money should be 

invested in prioritized waste management investment. Investing while borrowing, it 

creates wealth and new work positions by reducing unemployment. The institutions 

representing creditor interests i.e. EC/ECB/IMF should allow Greece to make public 

investments. 

The economic scope of this work 



Fig. 8. Waste dumped sites in Greece. 
Fig. 9. Some of the different waste  landfill sites in 

Greece. 

Greece was convicted in 2005 for the operation of 3.036 illegal dumps. In light of the 

2014 decision - with Directive 2008/98/EC -, the Ministry of the Environment, Energy 

and Climate Change in conjunction with the Ministry of the Interior took action. It shut 

down or improved the illegal dumps, closed 103 out of the 1.128 large landfilled sites 

which received domestic waste on a daily basis, and rehabilitated 396 illegal dump 

sites following by a closure which do not meet strict environmental standards (Fig. 8 

and 9). Financial support has been awarded to local authorities – servicing about half 

of the population – for transporting waste to regulated sites following closure of 

dumps (Web-GIS application of LIFE reclaim available through the LIFE reclaim website 

at: http://www.reclaim.gr). 

Waste mangement and landfills in Greece 



Biomass is defined as organic material derived from plants, animals and wastes, virgin 

wood, energy crops, agricultural residues, food waste, industrial and municipal wastes. 

RDF and SRF from landfill mining, are some other examples of biomass. By virtue of its 

definition, biomass types may vary significantly in their chemical and physical 

properties. 

Fig.  10. Process of RDF/SRF, landfill mining and material-energy recovery. 

The material (industrial and municipal wastes and RDF, SRF 

from landfill mining, etc.) for thermal gasification 



Fig. 11. One fluidized bed gasification technology 

for different feedstock for energy generation. 

Thermal gasification technology converts solid fuel to gaseous fuel and opens the door 

to the existing energy system: Boilers, engines, gas turbines and chemistry. Where is 

the money? 

Fig. 12. Value of gaseous output. 
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General information about thermal gasification 

SR Is the oxygen/fuel ratio divided by that corresponding to 

complete combustion. 

ER is the stoichiometrically demanded mass ratio of air for the total 

combustion of the same quantity of biomass. 



Fig. 13. Industrial fluidized bed combustion systems. 

General information about thermal gasification 

Fluidized Bed Combustion Plants 



The thermal gasification Lahti Energia Project . 

Fig. 14. Lahti Energia Oy is municipality owened 

energy company (personel 340, turnover 85M€).  

General information about thermal gasification 

Fig. 15. The plant is designed to gasify a wide 

range of biomass and sorted waste fuels. 
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The technical scope of this CFD work 

In this work we consider an application of a two-flow model data 

methodology for the bed of a thermal gasification plant using the 

Eulerian-Eulerian approach. The effect of bubble rise and qualitative 

gas-solid flow pattern of a two-dimensional gas-solid fluidized bed 

reactor unit with the corresponding wall-to-bed heat-transfer 

process at a height of 0.30-0.50 m above the distributor is 

investigated. 

Euler (1707-1783) 

Bulk density 

Gas-solids mixing in fluidized bed 

hydrodynamics 



Fig. 16.  Large scale BFB/SFB-boiler/gasifier arrangement. 

An innovative plant concept for electricity and heat production from thermal 

gasification of non-fossil fuels is shown in Fig. 16. The spatial distribution of bubbles 

formed at the gas distributor is controlled to a large extent by the distributor. The gas 

flow through each nozzle or orifice in the gas distributor depends both on the local 

pressure difference between the plenum and the bed bottom and on the flow resistance 

of the distributor. 

The results of this CFD work 

 



Fig. 17. Shown here is a flow regime map, according to Kunni and Levenspiel. 

For gas-solid flow, various flow-regime maps have been proposed using combinations 

of gas velocity, pressure drop, voidage, slip velocity, solids loading, etc. The most 

comprehensive and practical flow-regime map was proposed by Kunni-Levenspiel. They 

plotted superficial velocity ( u*) versus particle diameter (d*) (Fig. 17), and demarcated 

regions corresponding to the major flow regimes observed in gas-solid systems. This 

map applies to up flow conditions only. Bubbles are the basic cause of numerous 

specific features of a fluidized bed. 

 

Apparently, bubbles are the basic feature of a fluidized bed 

The results of this CFD work 

 



Fig. 19. Single bubble regime. 

The model has been used in order to meet industrial needs, especially the distinct 

feature of gas-solid fluidized beds which is the bubbles (region with high solids) since 

them affect bubbling fluidized bed (BFB) or stationary fluidized bed (SFB) boiler/gasifier 

performance. Furthermore, the model would ideally employ computational fluid 

dynamics, chemistry and heat balance occurring inside the gasifier. The spatial 

distribution of bubbles formed at the gas distributor is controlled to a large extent by 

the distributor.  

The results of this CFD work 

 

Fig. 18. Main modelling fields. Fig. 20. Modelling aproaches. 

Fig. 21. Partial pressure with in single bubble regime. 



Fig. 22 illustrates the effect of change with increasing oxidant addition as the system 

ranging from pyrolysis (SR=0) to combustion (SR≥1) conditions. SR is the 

stoichiometric ratio calculated as oxygen/fuel ratio divided by that corresponding to 

complete combustion. The chemical energy in the gas increases with stoichiometric 

ratio (SR) up to a certain level because more volatiles are emitted and more char is 

converted with increasing temperature. These usually occurs from a stoichiometric 

ratio of 0.1 up to 0.3–0.4, depending on the composition of the municipal solid waste 

(MSW)/refuse derived fuel (RDF).  

Fig. 22. Influence of SR on gas thermal value from  

gasification of RDF (30 kg/h of dry MSW/RDF). 

Fig. 23 is a composite that illustrates the effect of temperature in fluidized bed 

gasifier (FBG) on some key output variables: char conversion, tar concentration, 

heating value of producer gas, and ash sintering risk.  

Fig. 23. Typical gasification temperature for various 

feedstock and influence of temperature change on 

some critical factors. 

(Stoichiometric Ratio)  

The results of this CFD work 

 



Fig. 24. Evolution and propagation in a 2d air BFB/SFB -boiler/gasifier with heated wall. The bubbles originate 

from an orifice near the heated right wall.  

The emulsion phase itself rises up with an absolute velocity up to the bed surface. We 

do see the emulsion phase rising above the bed height because its upper surface drops 

back as soon as a bubble bursts. On the other hand, the two-fluid Eulerian-Eulerian 

formulation is used to predict heat transfer coefficient from a heated wall to bed in a 

BFB/SFB gasifier/boiler. It takes around 0.68 seconds for the bubble to leave the bed. 

The results of this CFD work 

 



Fig. 27. BFB/SFB expansion. Calculated data 

compared to results from model calculations.  

Fig. 28. Numerical calculation of the wall-to-bed 

heat-transfer process at a height of 0.30-0.50 m 

above the distributor. 

The results of this CFD work 

By tracking the rising bubble along the wall region the heat transfer coefficient is 

calculated. The results showed that the heat transfer coefficient depend on the flow 

pattern of the solids induced by the bubble motion in the bed. The solid mixing in 

these reactors is very good, and bed-to-wall heat transfer rates are high enough, which 

is especially attractive when heat effects are involved.  

Fig. 25. Particle acceleration profiles on 

dimensionless radial position at different levels. 

Fig. 26. Particle velocity profiles on dimensionless 

radial position at different levels. 



Fig.  29. Heating value for certain biomass-based fuels plotted against their volatiles content.  

Reactivity of the biomass indicates how fast and intensively it will react in given 

conditions. Reactivity, among ash properties of a feedstock will mostly determine how 

easy the feedstock is to gasify:  

 

# a reactive biomass with ash of high melting point will be easy to gasify 
 

# a reactive biomass with ash of low melting point is bringing the reactor temperature 

down 
 

# a biomass with low reactivity and low melting point of ash will be rather difficult to 

operate with  

High-reactive fuels 

Thermal gasification and feedstock properties 



Fig. 30. Thermochemical reactions of lignocellulosic biomass and reaction flux diagram for benzene 

formation in the secondary pyrolysis of cellulose at 1073 K. Boxed compounds are the primary pyrolysis 

products by  K. Norinaga. 

 

The presence of tars in the product gas in gasification technology is considered as the 

Achilles heel and is seeing as the biggest economic penalty in the commercial 

applications. Hydrocarbons and tars condense at temperatures below 200 – 250°C 

forming tar layers in the piping or in the engine. The tar problem has not be solved 

after trying many alternatives for completely tar removal. A well accepted definition 

states that tars are all organic compounds with a molecular weight heavier than 

benzene. 

Thermal gasification and product hot-gas cleaning  



Fig. 31. Classification of tars are based on molecular weight, dew point, saturated pressure, etc.  

Tar is formed in the gasifier and comprises a wide spectrum of organic compounds, 

generally consisting of several aromatic rings. Appropriate gas cleaning technologies 

are too expensive for small/big-scale systems and cause additional environmental 

problems. Simplified tars can be distinguished in heavy tars (PAH) and light tars (AH). A 

better and more detailed tar description is given by the classification of tars. The type 

of tar components can be determined by the tar protocol. The tar protocol is a 

standardized tar measurement and analyses method.  

The tar problem as a technological barrier of thermal 

gasification (The tar protocol)  



Fig. 32. Most of the European research on catalytic thermal gasification has been done in Greece, Sweden, 

Spain and Finland. They have been pioneers to tar elimination.  

The tar problem as a technological barrier of thermal 

gasification  
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