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ABSTRACT 

In this study the landfill gas utilization project case in the Volkhonka landfill in Russia is 
presented. The carbon dioxide emissions into the atmosphere from landfills with and without 
landfill gas collection systems are estimated and also emissions of certain fuels are calculated. 
According to the results of the study, the utilization project might be very profitable if the 
circumstances are suitable. 
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1. INTRODUCTION

Climate change is one of the most serious environmental threats. Therefore, many 
governments have ratified the Kyoto Protocol, the purpose of which is to reduce greenhouse 
gas (GHG) emissions and prevent the greenhouse effect. Finland has committed to reducing 
GHG emissions to the level of 1990. In 2003, the emissions were about 15 million tonnes 
greater than in 1990 [I]. According to forecasts of authorities, the amount ofGHG emissions 
will continue to grow in Finland. Finnish industry has already taken many financially 
reasonable measures to save energy and to improve energy efficiency. It appears that it is not 
a matter of course to reach the emission reduction target in the future in Finland. One way is 
purchasing Assigned Amount Units (AAU) which are the CO2 equivalent units owned by 
states which participate in the emission trade mechanism of the Kyoto protocol. 

One very potent GHG is landfill gas (LFG), because it contains a great deal of methane 
(CH4), which is 23 times stronger than carbon dioxide (CO2) [2]. Landfills without a 
collection system have a major influence on the greenhouse effect. The Clean Development 
Mechanism (CDM) and Joint Implementation (JI) mentioned in the Kyoto Protocol are 
project based emission reduction systems and operate under the United Nations Framework 
Convention on Climate Change (UNFCCC). These mechanisms make it possible to launch 
LFG utilization projects for example in ANNEX I countries and purchase Emission Reduction 
Units (ERU) which are the CO2 equivalent units. 
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This paper presents a study of the utilization of LFG in emission trading, The study compares 
the CO2 emissions and the Global Wanning Potential (GWP) of landfills without any 
collection system, torch burning and energy utilization which replace fossil fuels, 

Torch burning decreases CH4 emissions by about 95 %, and emissions can be reduced even 
more with energy utilization, The comparison is carried out using the GaBi Life Cycle 
Assessment program, The study also examines the financial preconditions of LFG utilization 
projects with different CO2 emission costs, 

2. EMISSION TRADING 

In 1992 the United Nations Framework Convention on Climate Change (UNFCCC) was 
accepted, It defined the frames for international climate policy and 188 countries have ratified 
it The Framework came into force in 1994, The main goal of the Framework is to tackle the 
challenges posed by climate change, On 11 December 1997, a number of governments 
adopted the Kyoto Protocol, which sets legally binding limits to GHG emissions in industrial 
countries, These countries are required to reduce GHG emissions on average 5,2 % below the 
1990 levels, Finland has committed to reducing greenhouse gas emissions to the level of 
1990, GHG emissions were 70,4 Mtco2-ckv in Finland in 1990 [I], 

EU has drawn up a scheme for GHG emission allowance trading, Allowance means an 
aJJowance to emit one tonne of carbon dioxide or an equivalent during a specified period [3], 
Every EU member state has its own emission level target and the competent authorities of the 
member states grant the allowances for companies, In Finland the competent authority is the 
Ministry of Trade and Industry, EU emission trading is extended beyond the EU with The 
Clean Development Mechanism and Joint Implementation, 

2.1. Price of Allowance in EU Market 

Any company is able to buy more allowances if they need more GHG emission permits than 
they already have, The price of emission allowances is predicated on supply and demand, 
Before GHG emission permits had been granted, forecasts for allowance prices changed 
typically between 5 and 15 € / tco2, In the early 2005 the allowance price was 7,5 € / tc02 [4], 
After that the price started to rise and in July 2005 it had risen up to 28 € / tc02 [4], In October 
2005 the price was 23 € / tco2 [5], The very high price surprised operators, because for many 
Finnish companies it meant additional expenses, It is very difficult to predict the allowance 
price, because there are many unforeseeable factors which have an effect on it Financial 
analysts have generally forecasted that the prices of EU Allowances could be between S and 
50 € / t c02 [6], 

3. LANDFILL GAS GENERATION 

3.1. Quality and Quantity of LFG 

The quality of solid waste and the age oflandfill have a major influence on landfill gas quality 
and quantity, Many other factors have an effect on the consistence of LFG, The quality of 
LFG usually differs notably in different landfills, Typical chemical contents for landfill gas 
can be found from literature and one typical consistence is shown in Table I, 
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Table 1. Typical constituents found in LFG [7]. 

Component Percent (dry volume basis) 

Methane 45-60 

Carbon dioxide 40-60 

Nitrogen 2-5 

Oxygen 0.1 - LO 

Sulfides, disulfides, mercaptans, etc. 0-1.0 
Ammonia 0.1- LO 

Hydrogen 0 - 0.2 

Carbon monoxide 0 - 0.2 

Trace constituents 0.01 - 0.6 

Every landfill generates a certain type of LFG. The only way to define the exact content is 
measuring the LFG. The measuring should be carried out from sufficiently many locations at 
the landfill so that the average proportions of the landfill gas can be determined reliably. The 
measurements are usually carried out by sucking gas from drilled holes to the analyzer. 

3.2. Generation of CH4 

Amount of CH4 can be calculated. The Intergovernmental Panel on Climate Change (IPCC) 
has commonly used two calculation methods for the estimation of CH4 emission from 
landfills. The volume of CH4 can be calculated with the Default Method [8], which does not 
give an exact emission profile over time. The results of the Default Method are not exact, 
but sometimes there is no available data about the landfill and waste which generates CH4 

("see Equation 1 "). 

(I) 

where: 
CH4emission Methane emissions [kgrnJa] 
MSWr Total MSW generated [kg/a] 
MSWF Fraction of MSW disposed at SWDS 
R Recovered C� [kg/a] 
ox Oxidation factor (fraction) 
Lo Methane generation potential [kgctt4lkgwas1e] 

The methane generation potential Lo can be calculated with the Equation 2 below: 

16 
L =MCF-DOC·DOC ·-·F (2)

0 

F 12 

where: 
MCF Methane correction factor (fraction) 
DOC Degradable organic carbon fraction [kgc/kgMsw] 
DOCF Fraction DOC dissimilated 
F Fraction by volume ofCH4 in landfill gas 
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The First Order Decay (FOD) [8] method is considerably more exact, but it needs more 
data than the Default Method. In many cases certain data of waste is not available and 
methane generation has to be calculated with the Default Method. 

4. INFLUENCE OF LANDFILL GAS AND CERTAIN FUELS ON 

CLIMATE CHANGE 

Degradation of organic matter of municipal solid waste (MSW) generates LFG in anaerobic 
circumstances in landfills. Bogs, peat bogs and landfills are major sources of methane. The 
biggest methane source, resulting from human life, are landfills. Without a collection system 
landfills have a major influence on the greenhouse effect. From Figure I we can see that 
without any collection systems the GHG emissions of LFG are extensive and torch burning of 
LFG degrades CO2 emissions significantly ("see Figure 1 "). In accordance with IPCC, CH4 is 
a 23 times stronger greenhouse gas as CO2 [2]. But it is very important to notice that the 
official conversion factor is 21 (xcH4 = 2 I kgc02-ekvlkgcH4) when CH4 emissions are converted 
to CO2 emissions [9]. 

One common calculation method for the greenhouse effect is the Global Warming Potential 
(GWP), the unit of which is CO2-ekv• The results produced by the GWP 100 method cover the 
next one hundred year [2]. In the Figure 2 the GWP100 is calculated with the GaBi 4.0 Life 
Cycle Engineering software for general fuels such us oil, coal and natural gas when I kWh 
electric power is produced by these fuels ("see Figure 2"). 

I-------------------

' 

0 

002-errissions of LFG w �hout 002-errissions of LFG torch 

collection system burning 

Figure I. CO2 emission per one LFG cubic meter to air when LFG contains 50 Volume-% 
methane and 45 Volume-% carbon dioxide. 
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Figure 2. GWP100 C02.,1.v emission comparison between oil, coal and natural gas based on a 
database of the GaBi 4.0 Life Cycle Engineering software [JO}. 

LFG utilization decreases the need for fossil fuels in energy production. LFG contains a great 
deal of CO2 and C� ("see Table 1 "). Both compounds contribute to the greenhouse effect, 
but on the other hand, a high concentration of CH4 in LFG gives good properties for power 
generation. Numerous landfills worldwide are without any LFG collection system. A great 
amount of LFG could be collected for energy utilization. Substituting fossil fuels for LFG 
utilization reduces GHG emissions and in many cases other emissions, such as sulfur dioxide, 
can be avoided. CO2 emissions for different fuels can be assessed when the consistence of oil 
and coal fuels, the heating values, reaction equations (C + 02 -> CO2) and (CH4 + 202 -> CO2 
+ 2H20) and molar masses of carbon, methane and carbon dioxide and the energy efficiencies 
for the power plants are known. 

Table 2. Calculate values for electricity production by oil, coal and methane [J 1, 12, 13]. 

Fuel Content of Carbon Heating value Efficiency of 
mass-% [kWh/kg] electric power 

Oil 88.45 11.44 0,40 

Coal 72 6.89 0,43 

Methane (Cl-Li) 13,9 0,55 

The CO2 emissions can be estimated with the values from Table 2 ("see Figure 3 "). 
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1 .000 

Electricity production Electricity production Electricity production 
by oil by coal by methane 

Figure 3. CO2 emission to air when oil, coal and methane fuels are burned and 1 kWh electric 
power is generated 

Obviously, methane fuel causes notably lower CO2 emissions than oil or coal fuels ("see 
Figure 3 "). Energy utilization of methane is very profitable from an environmental point of 
view. In many cases, especially in developing _countries, big landfills have no LFG collection 
systems and carbon dioxide and methane are released into the atmosphere. Both gases have a 
significant effect on the climate change, which is a serious global environmental problem. 
Collection of LFG and torch burning considerably reduce GHG emissions ("see Figure J "),
The best results in LFG energy utilization could be reached if fossils fuels were replaced by 
LFG entirely. 

5. CASE - FEASIBILITY OF GHG EMISSION REDUCTION IN 
VOLKHONKA LANDFILL IN RUSSIA 

From the Finnish viewpoint, one very interesting Annex I country is Russia. Many Russian 
landfills are without any LFG collection system and greenhouse gas emissions could be 
reduced significantly. This study evaluated the feasibility of LFG collection and pilot burner 
systems in the Volkhonka landfill. Volkhonka is one of the largest landfills in the Leningrad 
region. This municipal solid waste landfill has been operating since 1978 and the volume of 
waste deposited in the landfill has exceeded the designed maximal waste capacity. The most 
important numerical data on the landfill is displayed in Table 3 below. 
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Table J Numerical information on Volkhonka landfill [/4}, 

Vo/khonka (SWL- 1) 

Waste type Municipal solid waste 

Opened 1 978 

Total volume 29,3 Mm 3 

Design capac ity 20,99 Mm3 

Area 34,5 ha 

Average depth 29 m 

Waste acceptance in  2000 1 ,768 Mm3 

According to theoretical modeling ("see Equations 1, 2 "), the methane formation of the 
landfill is between 11 200 - 13 700 tcH4 per year [8 ,  14] , This is equal to 0.24 - 0 . 35  million 
tonnes of CO2 . The result reveals that methane formation is very significant not only because 
of emissions but also regarding energy, The methane flow is equal to 18 - 22 MW of fuel 
power. 

5 . 1 .  Feasibility of LFG collection system in Volkhonka landfill: 

The capital costs of an LFG collection system and the profit from emission allowances can be 
roughly estimated for the landfill described in Table 3 when the typical unit prices are known 
and the yearly methane formation is assumed to be about 12 000 tcH4 , The costs of a 
collection, suction and utilization system are roughly calculated in following Table ("see 
Table 4"). 

In this case the yearly profit comes from emission allowances which are achieved by burning 
methane. As described earlier, I tonne of methane can be covered by 21 emission allowances, 
which have a certain price, when it is converted to CO2, The following Figure shows the 
cumulative profit of an LFG collection system in the Volkhonka landfill assuming that the 
methane formation is the same 12 000 t/a which equals 0 .25 million carbon dioxide tonnes per 
year in the 5 year period ("see Figure 4 ''), 

Table 4. Capital costs of components used in landfill gas collection systems [14, 15 I 

Component Unit price Amount Price 

Gas extraction wel ls  ( vertical) 1 50 - 350 $Im 1 50 X 29 m I 520 000 

Col lection piping 200 $Im 1 3 ,0 km 2 600 000 

Blower station 25000 - 50000 1 50 000 

$11O00m\
FG per hour 

Pi lot burner 5 0000 - 1 00000 270 000 

$/ 1 000m\
FG per hour 

4 540 000 I 
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Figure 4. The profit from the emission allowances when the LFG collection system project is 
realized in the Volkhonka landfill. 

Each line in the Figure 4 represents a different price of an emission reduction unit (ERU) in 
the case of Joint Implementation project. The price of ERU has recently varied approximately 
between 3 , 5  and 6 €/tc02 according to World Bank. The price of AAU has varied between 1 5  
and 28 €/tc02 during the latest 6 months. The difference in prices o f  ERU and AAU i s  caused 
by the risks related to ERU trade compared to AAU trade. There are for example such risks 
that the amounts of emission reduction will be lower than expected or the price of AAU will 
decrease during the period of emission reduction realization. The share of the risk between the 
seller and buyer of the ERUs influences on the price 

6. DISCUSSION AND CONCLUSIONS 

Many governments are concerned about climate change because it is obviously a serious 
environmental threat. Emission trading is one method for reducing GHG emissions and 
fighting the greenhouse effect. Finland has committed to reducing greenhouse gas emissions 
to the level of 1 990. GHG emission limits may produce additional expenses for many Finnish 
companies. If in future the allowance prices rise very high, a JI project could be profitable. 
Labor costs and other expenses have a great influence on the total cost of the project and these 
elements have to be taken into consideration in the planning phase of the LFG utilization 
project. In the case of JI project there is also a possibility that the purchaser of the emission 
reduction units can resell them. So there is possibility for profitable business because the 
selling price of the realized emission reduction units can be remarkably higher than the price 
of ERUs at the moment of JI contract. 

Nevertheless, in the Volkhonka landfill case it seems that a JI project in Russia is realistic 
from an economical point of view, and it also has environmental advantages. Reduction of 
greenhouse gas emissions is not the only environmental advantage. Collection of landfill 
gases decreases also substantially the risk of landfill fires which cause lots of toxic emissions 
to the atmosphere. Also the odors of the landfill can be reduced. However, in the case of 
Russia the landfills can be filled so that part of the organic material decomposes aerobically 
during the use of the landfill. Because of this the generation of the landfill gas 
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has to be measured and estimated carefully before the investment decisions and design of the 
gas collection systems. 
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