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Abstract: The aim of the study is to evaluate the potential of greenhouse gases, and production and substitution of fossil fuel 

from animal manure.  This paper describes a model for the prediction of greenhouse gases (GHGs) and ammonia emissions, 

originated from animal husbandry, were presented.  The input data in the model were primarily acquired from different 

Norwegian governmental institutions; however, some were unavailable.  The remaining data were based on personal 

knowledge such as manure storage conditions (i.e., storage time on Norwegian farms, temperature ranges between storage 

periods, loading capacity of trucks for manure transport, etc.).  The model included: methane emissions from animal facilities 

and waste storage units, ammonia emissions from storage units, nitrous oxide from stores, transportation of manure to 

collaborative biogas plants, and energy production and substituted energy when biogas production was selected.  The model 

was then used to study the reduction in GHG emissions when anaerobic digestion was applied.  All of the calculated gas 

emission values showed that methane was sensitive to temperature; however, only 4% of emissions were emitted from animal 

facilities due to minor amounts of manure.  The contribution of stored manure in summer was approximately 62%, although 

some amounts were excluded because it was the grazing season.  The estimates of GHG effects of anaerobic treatment was 

45% lower than the governmental estimates.  The contribution of ammonia emissions to GHG emissions is small due to low 

oxidation rates, but the reduction itself can lead to increase ammonia concentrations in manure and thereby reduce the need of 

artificial nitrogen input.  Transportation represented a minor contribution to GHG outlets compared to the reduction potential 

when including the substitution effect of biogas as an energy carrier, even for the longest transportation distances modeled.  

The type of energy carrier biogas that would be substituted was the most important factor for the potential reduction in GHGs. 
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1  Introduction 

One of the most substantial sources of organic 

materials comes from animal manure.  When manure is 

untreated or poorly managed, it becomes a major source 

of methane and ammonia release (Nielsen et al., 2007).  

In addition, the observatory monitoring framework- 

indicator data sheet (UK, 2009) indicates that 

approximately two-thirds of nitrous oxide (N2O) 

emissions are produced by agriculture.  Soils contribute 
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approximately 95% of the emissions, primarily as a result 

of fertilizer application and leaching.  In addition, 

manure is not only a direct source of greenhouse gases 

(GHGs) but also a major source of indirect atmospheric 

N2O associated with nitrogen (N) leaching and runoff 

from agricultural lands, and also produced from ammonia 

emissions due to oxidation, as mentioned by Lu et al. 

(2006).  

The huge amount of waste produced in a concentrated 

area, in particular, requires urgent treatment and disposal 

solutions because ammonia and GHGs [methane (CH4) 

and carbon dioxide (CO2)] emitted from waste storage 

units may contribute to air pollution problems 
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(Yetilmezsoy and Sakar, 2008).  Thus, emissions of CH4 

and N2O are regulated as part of the Kyoto Protocol under 

the United Nations Framework Convention on Climate 

Change (UNFCCC).  The reduction target for the 

European Union (EU) in GHGs is 9% by 2008-2012 with 

reference to 1990, and the EU has proposed a further 

reduction target of 20% by 2020 (Sommer et al., 2009).  

To date, the largest GHG decrease occurred in industrial 

processes, followed by agriculture, waste and energy 

from 1990 to 2009 (UNFCCC, 2011).  Agricultural 

emissions in 27 EU countries actually fell by 20% 

between 1990 and 2006 as a result of the significant 

decline in livestock numbers, more efficient application 

of fertilizers and improved manure management.  This is 

well above the 11% average reduction in emissions in all 

EU sectors.  Between 2008 and 2009, the impact of 

UNFCCC (2011) indicated that emissions from 

agricultural activities in these countries decreased by 

1.8%.  Similar results can be seen in the literature for 

Norway.  In 2008, the agricultural sector was 

responsible for almost 9% of total Norwegian GHG 

emissions, which amounts to 4.8 million tons of 

CO2-equivalent.  The contribution of CH4 was 44%, and 

N2O (agricultural) was nearly 46%.  The emissions from 

animals and manure management were 104 Gg for 

methane, with 85% from enteric fermentation and 15% 

from manure management (emissions from storage of 

manure) (LMD, 2009).  From 1990-2011, GHG 

emissions were 5.8% higher in 2011 than in 1990 (SSB, 

2011). 

Production of biogas through anaerobic digestion (AD) 

of manure is regarded as a viable method to reduce 

emissions from agricultural activities (Prapaspongsa et al., 

2010; Banks et al., 2007; Clemens et al., 2006; Monteny 

et al., 2006; Sommer et al., 2004).  Most Norwegian 

farms are comparatively small in size; however, there 

exists the potential to install cooperative plants in order to 

make biogas profitable for agricultural farmers.  Thus, a 

significant challenge for farmers is how to efficiently 

transport manure from farms to a plant.  Community 

manure handling systems (2006) reported that the use of a 

piping system to deliver manure to the facility would be 

more expensive than truck transportation.  Although 

truck transportation is an economical means of 

transporting manure, it emits GHGs during transport.  

Both the distances between farms and the truck size are 

important factors for quantifying the emissions.  

Therefore, transport emissions should be evaluated along 

with economic considerations. 

The aim of this research is to identify the main 

sources of GHG emissions during the management of 

manure in Norway and to quantify GHG reductions when 

choosing biogas treatment.  Using government data 

(Statistic Norway, 2007), a novel modeling approach for 

the prediction of GHG emissions was developed.  The 

objectives of this study are as follows: 

(1) To present the model for calculating GHGs 

emissions, including CH4 and N2O, from manure storages 

at summer season and winter season. 

(2) To examine the effect of establishing cooperative 

plants for GHG reductions.  

(3) To explore the relationships between GHG 

emission reduction and its potential energy value. 

Therefore, the model takes into consideration 

transportation from farms to plant, CH4 emissions from 

stables (gathering) and stores, N2O emissions from stores, 

including oxidizing of ammonia emissions and energy 

substitution.  Lastly the model includes substitution of 

various energy carriers.  

2  Definition of the model 

In the present model, two of the greatest challenges 

associated with an estimate of emission reduction 

potential include building a prediction model for GHG 

emissions based on a country’s condition and running it 

with proper data.  The model comprises (GHG) 

emissions at summer season and winter season during 

manure management (except soil emissions and enteric 

fermentations), including indirect N2O emissions and 

emissions during transportation of manure from farms to 

cooperative plants if the plants are established.  

Although the model used in this paper is not a strict 

life cycle analysis (LCA) according to ISO 14040-44, it 

uses some elements from LCA models.  Life cycle 

inventory (LCI) data of energy input was used, and the 

“avoiding burden” method (Finnveden, 1999), which is a 
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type of energy carrier biogas substitute, was selected to 

evaluate different uses of biogas as an energy resource.  

The system boundaries were defined as the annual 

production of animal manure in Norway.  Therefore, the 

functional unit is an annual manure production in 

Norway.  

The import and flow of all products through the 

internal and external chains from farms to plants were 

modeled (Figure 1).  Five sub-models constituted the 

model: (1) methane emissions from gutters (stables) and 

stores, (2) nitrous oxide from stores, (3) ammonia 

emissions from stables and storage, (4) transportation 

regarding both distance from farm to cooperative plant 

and truck size and (5) energy substitution.  

2.1  Methane emission 

The aim of making a new model for methane 

emission was that we needed a model that could predict 

emission as a function of time.  During agricultural 

activities, methane is emitted from gutters (stables) and 

stores (Sommer et al., 2004).  The quantity depends on 

several factors such as the amount of manure, which is 

related to the species and numbers of animals, and the 

conditions of the manure collection process.  It was 

reported that dairy cows’ fertility was seasonally 

correlated (De Rensis and Scaramuzz, 2003).  Because it 

has a positive correlation between an animal unit and a 

manure volume (Arthur and Baidoo, 2011), from an 

emission point of view, animal population and their 

corresponding manure production was evaluated during 

two different seasons: winter and summer.  The winter 

manure storage period, which was used to collect half of 

the total amount of animal manure, was set to six months 

in the model.  The summer storage period, which was 

used to collect the other half of total manure, was set to 

three months since the stores in this period are emptied 

twice (Figure 1).  The gutters in Norway are normally 

emptied twice a day.  GHG emission originating from 

stored manure displays variations due to the differing 

amounts of manure collected throughout the year.  

Emissions from manure collection were not only 

dependent on storage time but also on storage 

temperature (Sommer et al., 2009; Massé et al., 2003) 

because temperature influences the metabolic activities of  

 
Figure 1  Structure of the model including the submodels 

 

the microbial population (Metcalf & Eddy, 2003).  

Hence, the volume of produced methane shows variation.  

Norway is located in a cold climate zone.  Research on 

CH4 emissions in cold temperatures (Canada) showed 

that CH4 fluxes were strongly related to manure 

temperature, with decreasing fluxes from July to April 

and higher fluxes in July when compared with November 

(Park et al., 2006).  As observed previously, most 

Norwegian farms are comparatively small in size; for this 

reason, storage capacities of the farms are generally small.  

Because small storage capacity is affected by seasonal 

temperature changes, the corresponding GHG emissions 

display variations.  

Taking into account the fact that not all the manure is 

collected during the summer months (100 d) for horses, 

cattle and goats, and nothing is collected from sheep, 

methane is emitted during the grazing period (at c in 

Figure 2) and after this period ( at a, d and f in Figure 2).  

The gutters are normally emptied twice a day, and the 

storage is emptied twice a year (at b and e in Figure 

2).  However, when cooperative plants are used, the 

storage period (pre-storage of manure before it enters the 

biogas plant) is reduced to 30 d; otherwise, the storage 

period is zero as reported by Sommer et al. (2004).  

Therefore, there is no methane emission from the treated 

manure.  Consequently, when building the methane 

emission portion of the model, the contribution of 

methane from storage is calculated to consider the 

amount of manure depending on both animal unit in two 
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seasons and number of days in the collection period, 

tipping period of manure from the gutters, storage 

temperature and storage time of the manure in the storage 

tank.  Equation (1) which was reported by Sommer et al. 

(2004) and modified by Chianese et al. (2009) is used for 

the calculation of methane emission: 

4
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where, ECH4 is the emission of methane from manure 

storage (kg CH4 d
-1); VS,d and VS,nd 

are the degradable and 

non-degradable volatile solids (VS) in manure (g), 

respectively; b1 and b2 are rate correcting factors 

(dimensionless) as 1.0 and 0.01, respectively; A is the 

Arrhenius parameter; E is the apparent activation energy 

(J mol-1); R is the gas constant (J K-1 mol-1) and T is the 

temperature (K).  From Sommer et al. (2004), the 

degradable VS entering the storage is calculated by 

Equation (2): 

VS,d= VStot·

4

0

CH , pot

B

E
     (2) 

where, VStot indicates total VS amount, which was set as 

0.87 according to Chianese et al. (2009; and B0, which is 

the maximum methane producing capacity (m3 kg-1VS), 

was set to 0.2 (Park et al., 2006; Sommer et al., 2004).  

4CH , potE  is the potential CH4 yield of manure (g kg-1 VS), 

which can be estimated using Bushwell’s equation based 

on the average content of carbohydrates, fat and protein 

in manure.  The Arrhenius parameter under Norwegian 

conditions was calculated from Equation (1) when ECH4 

equals the calculation from SSB (2010).  This method 

was chosen because Sommer et al. (2004) only gave 

figures for cattle and swine; however, in this study, 

calculations would be made for all animal types.  

Additionally, we wanted to normalize the figures similar 

to those from the IPCC (SSB, 2010). 

For describing the temperature dependence of the 

methane emission rate, temperature variability was 

included in the Arrhenius equation as in the study of 

Mangio et al. (2002).  According to Sommer et al. 

(2004), the Arrhenius constant can be determined by 

solute Equation (1) when the emission is equalized to the 

emission provided by the IPCC Tier 2 model (Hoem, 

2006).  The assumption of the emission factor 

(MCF-factor) of methane from the storage of biogas 

treated manure is similar to the factor that IPCC 

suggested (0.01).  The sum of emissions from the 

facility, winter storage and summer storage equals the 

result of Equation (1), which was then used for 

determining the Arrhenius parameter.  A corrected 

emission was then calculated from the sum of emissions 

from the facility, winter storage, and summer storage 

multiplied by 
y g

y


, where y represents half of the year 

(182.5 d) and g represents the grazing period (100 d) for 

animals that are grazing during the summer period. 

 
Figure 2  Principle of modelling the amount of stored manure 

 

It is believed that selecting the appropriate parameters 

for this model is extremely important for getting sound 

forecasting results.  Although the main data for the 

prediction model from agricultural activities are taken 

from the literature, particularly public research reports or 

personal communication from farmers, some data require 

assumptions for running the model since the value of 

using parameters in the model shows differences 

depending on the region and time period.  One of the 

assumptions in the model was made for methane emission 

values for treated manure.  The amount depends on 

several factors such as temperature, rate of degradation, 

coverage of storage tanks, etc.  In this study, we 

assumed that the storage tanks have coverage and are 

used as gas storage; thus, there would be no methane 

emissions from the treated manure.  After personal 

communication with Norwegian farmers and considering 

the study of Mathot et al. (2012), the second assumption 
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in the model concerned temperature ranges within the 

storage and in the gutters.  Temperature of the stored 

manure was assumed to be 15℃ and 20℃ for winter and 

summer, respectively, and likewise, it was assumed to be 

25℃ for manure in gutters.  

2.2  Nitrous oxide emission 

Nitrous oxide can be emitted from stored manure and 

fields (IPCC, 1997a, b).  Nitrous oxide has a global 

warming potential of 298 CO2-equivalents (Sintori et al., 

2010; Cherubini et al., 2009; Forster et al., 2007).  Thus, 

emissions from manure management systems were 

evaluated in the present model (Figure 1).  Values for 

these emissions were taken from Statistics Norway 

(Hoem, 2006), which used Equation (3) in accordance 

with the IPCC Tier 2 method (IPCC, 1997a, b): 

E = Σs {[Σi (Ni Nex i MSi, s)] EFs}   (3) 

where, E is the emissions of N2O-N per year (kg); N is 

the population of animals; Nex is the annual average N 

excretion per year(kg N·); MS is the fraction of total 

excretion per species for each management system; EF is 

the N2O emission factor; s is the manure management 

system and i is the species. The emission factors used in 

this study are given in Table 1. 
 

Table 1  Nitrous oxide emission factors  

Livestock types EF 

Swine 0.01 

Hen 0.02 

Broiler 0.02 

Mink 0.02 

Fox 0.02 

Horses 0.01 

Dairy cattle 0.01 

Non-dairy cattle 0.01 

Sheep, Goats 0.01 

 

The IPCC model calculates the N2O emission to be 

proportional to the nitrogen produced per year due to 

anoxic conditions in the top layer when manure is 

exposed to air.  Park et al. (2006) investigated the GHG 

emissions from stored liquid swine manure in a cold 

climate.  The result suggested that N2O emissions from 

non-aerated liquid swine manure storage could be ignored 

in GHG inventories (Park et al., 2006).  This could be 

explained by a negligible top layer.  Thus, we assumed 

that the biogas treated manure also had no top layer and, 

therefore, had zero emissions.  If manure is used in 

cooperative biogas plants, it is assumed that the manure is 

stored one month before collection and transport to the 

plant.  As a result, the emission will originate from 

pre-storage of manure before it is transported to the 

biogas plant, as shown in Equation (4): 

E = Σs{[Σi (Ni Nexi MSi,s)] EFs}p/12   (4) 

where, p is the storing period.  According to IPCC 

(2000), there is no difference in the emission factors for 

the application of untreated and treated slurry. 

2.3  Ammonia emission 

Agriculture is the largest contributor of ammonia 

(NH3) to the environment in Norway (96% of the 

emissions) (Morken, 2003a).  More detailed descriptions 

of the agricultural ammonia emission model were 

provided in a previous study (Linjordet et al., 2005; 

Morken, 2003b).  The NH3 data were taken from 

Statistics Norway (SSB) (Hoem, 2006) and used to set the 

prediction model.  Because emissions of NH3 from 

manure depend on several factors such as animal type, 

nitrogen content in fodder, manure management, storage 

periods, facility types, storage types, and climate 

(Aasestad, 2008; Morken, 2004), emission factors for 

each county were calculated separately (one by one) 

(Morken, 2003c) and then aggregated for the entire 

country.  

Most Norwegian farms store their manure in the 

basement of the animal facilities, and sufficient 

information regarding the ratio of NH3 volatilization from 

this storage and the animal facilities was not provided.  

Therefore, for the model, 2/3 of the NH3 emissions were 

determined to originate from storage areas and the other 

amount (1/3) from housing (Figure 1) (Morken et al., 

1999). 

AD of organic matters leads to increased NH3 content.  

It is normal for 50% to 60% of VS to degrade, which 

theoretically corresponds to 50% to 60% mineralization 

of organic nitrogen.  This results in an increase of 25% 

in NH3 content according to the study of Rodhe et al. 

(2006).  Table 2 gives an overview of the calculation of 

the increase in mineralized nitrogen in manure.  

Documentation of farm-scale mesophilic AD plants (not 

published) indicates that only 40 % of VS is degraded.  
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Therefore, we assumed that degradation is only 40%.  
 

Table 2  The content of total nitrogen and ammonia in cattle 

and pig slurry, untreated and treated 

Manure 
type 

Total nitrogen content 
/kg mg-1 

 
Ammonia content 

/kg mg-1 Increase in 
ammonia content 

/% 
Untreated Treated  Untreated Treated 

Cattle 4.0 4.0  2.0 2.8 20 

Pig 5.0 5.0  3.5 4.1 20 

 

2.4  Transport 

Most Norwegian farms are comparatively small in 

size – the average area is 20.2 hm-2, and average cow 

farm hold 23 cows (Statistics Norway, 2011).  Therefore, 

to make biogas profitable for agricultural farmers, 

installing cooperative plants may be favorable.  

However, transportation will emit GHGs if fossil fuels 

are used for transportation.  Nevertheless, the transport 

distances from the farm to a plant should be economically 

situated depending on its energy requirement, such that 

the higher the energy requirement, the further the material 

can be transported.  In the literature, the following were 

used for the transportation of manure to energy facilities: 

high dry matter feedstock (~70%) may be transported 

from within a 40 km radius of the site, low dry matter 

feedstock (<10%), and typical slurries are transported 

from within a 10 km radius of the site (Dagnall et al., 

2000).  In fact, we discovered that transport distances 

between various types of farms and a biogas plant ranged 

from 10 km to 50 km in the literature (Pertl et al., 2010; 

Singh et al., 2010; Wiens et al., 2008; Ghafoori et al., 

2007).  In the present study, distances of 10 km, 20 km 

and 30 km were hypothesized due to the requirements in 

Norway.  Moreover, return transport was calculated on 

the basis of the following assumptions; the loading 

capacity of trucks was calculated as 50%, but when we 

assumed that the loading capacity was 100%, the 

returning transport was included.  Therefore, transport 

emissions were calculated from (a) the amount of manure 

which must be transported, (b) the size of a vehicle, (c) 

the GHG emissions from an actual vehicle, and (d) the 

average distance between farms and a plant.  This is 

calculated as a life cycle inventory (LCI) (emission from 

crude oil extraction, transport, refinery plant, and fuel 

consumption) (Rydh et al., 2002).  The equation (5) 

gives emission from the transport: 

Etransport=TDc×10-6     (5) 

where, T is the amount of slurry which must be 

transported (Mg); D is the average distance between 

farms and plant (10, 20 and 30 km) and c is the 

greenhouse emissions which is given as 176, 136 and  

52 g (Mg km)-1 CO2-eq, for the truck types light truck 

(3.5-14 t), medium size truck (14-24 t), and semi-trailer 

truck (40 t) respectively, (Rydh et al., 2002). 

In addition, the tank on the truck with slurry was 

filled up with energy, and the tank was emptied at the 

biogas plant.  Virtually the same amount of energy (Ep) 

was used for loading and unloading, and therefore, the 

equation is multiplied by 2: 

Ep= 2TFc Ed U×10-6     (6) 

where, T is the amount of manure which will be pumped 

(t); Fc is the fuel consumption of pumping (L t-1); Ed is 

the energy content of diesel (MJ L-1) and U is the 

CO2-equivalents per MJ diesel (Mg CO2-eq·MJ-1).  It 

was applied to fuel consumption (Fc) of 0.1 L mm-3 

(Dalgaard et al., 2001), and then the energy content (Ed) 

was used in diesel of 35.9 MJ·L-1 (Kelm et al., 2004).  

This represents the heat value of diesel, but there remains 

a need for the energy used in distribution and extraction 

to be added.  Kelm et al. (2004) suggested that this 

contributes to 3.8 MJ L-1.  The emission of GHGs is 

equal to 89.9 g CO2-equivalents per MJ (Nielsen et al., 

2003).  Finally, the total GHG emission (Etot) was 

calculated as follows: 

Etot= Etransport+ Ep      (7) 

Transport distances from farms to cooperative biogas 

plant were calculated and evaluated in Briseid et al. 

(2010).  According to this paper, average transport 

distances of 10, 20 and 30 km were chosen. 

2.5  Energy substitution 

A life cycle inventory (LCI) of energy input was used, 

and the method of “avoiding burden”, which is a type of 

energy carrier biogas substitute (Finnveden, 1999), was 

used to evaluate different uses of biogas as an energy 

resource.  The energy content of biogas varied according 

to the content of methane, though the energy content of 

methane in this study was 9.98 kW h·m-3.  The total 

energy was calculated theoretically (Deublein and 
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Steinhauser, 2008; Burton et al., 2003).  However, 

detailed calculations can be found in Raadal et al. (2008).  

The present model was analyzed to provide 

information that contributes to a better understanding of 

the net GHG emissions generated by different energy 

resources in the life cycle of agricultural activities as 

other substitute energy sources such as natural gas and 

petroleum are investigated. 

In the model, part of the energy in biogas is used 

internally for heating.  The data from Deublein and 

Steinhauser (2008) was used (13% of the produced 

energy).  Additionally, the biogas plants use electricity 

for pumps and mixers.  Electricity generation in Norway 

is hydroelectric, which is regarded as renewable, and 

without GHG emission.  Therefore, in the present model, 

electric power consumption of biogas plants will not 

contribute to GHG emissions.  Data for GHG outlets 

from the energy substituted from natural gas and 

petroleum is found in Global Emission Model for 

Integrated Systems (GEMIS, 2007), and the substitution 

effects used were 260.26 and 328.99 g CO2-eq·kWh from 

natural gas and petroleum, respectively.  Electricity 

from hydropower plants is deemed to be renewable with 

no GHG emission (GEMIS, 2007).  Net energy 

produced by biogas (total-energy for heating, energy for 

pumps, and eventually upgrading) was multiplied by the 

emissions from the fossil fuel alternatives to find the 

combined effect.  It was assumed that biogas can 

substitute for both petroleum and diesel as fuel for cars.  

When upgrading to substitute petroleum, 2% of the 

energy in biogas is used for the upgrading process.  

Global warming potential per functional unit is 

characterized in gCO2-equivalents (CO2-eq) on a 100 

year time scale using factors recommended by IPCC, as 

similarly reported by Pertl et al. (2010), Lechón et al. 

(2009) and Meisterling et al. (2009) (Table 3).  
 

Table 3  Global warming potentials for selected greenhouse 

gases 

Substance/kg Global warming potential Sources 

CO2 1.00 Brentrup et al. (2004) 

CH4 21.00 Brentrup et al. (2004) 

N2O 310.00 Brentrup et al. (2004) 

NH3 * 3.1 IPCC (1997b) 

Note: *Conversion factor from NH3 to N2O. 

2.6  Statistical analysis 

Model output values are generally related to input 

data.  The validation procedures require that we have 

statistical estimates of output.  In the present model, two 

of the greatest challenges associated with an estimate of 

emission reduction potential include building a prediction 

model for GHG emissions based on a country’s condition 

and running it with proper data.  The model prediction 

data were compared with data from the IPCC model.  

A two-sample t-test were also performed to evaluate 

the relationship between methane emission from summer 

seasons and methane emission from winter seasons using 

Minitab® 16.1.1 statistical software package.  An alpha 

(α) level of 0.05 was used to determine the statistical 

significance in the analyses.   

3  Results 

Results obtained from the sub-models of CH4 

emissions, N2O emissions, NH3 emissions, and the 

resultant GHG emissions from transportation due to the 

usage of fossil fuels are given.  The results of energy 

substitution are summarized at the end. 

3.1  Methane emission  

Table 4 shows the results of the methane model.  

The Arrhenius number varied between the animal species 

because of the differences in emissions per animal 

provided in the IPCC model.  It was calculated that in 

total, 4% of the emission arises from animal facilities, 

34.5% from the winter storage period, and 61.5% from 

the summer storage period.  Some animal species graze 

in pastures, and therefore, were not subjects for manure 

storage; as such, the methane model gave 34% less 

emission than the SSB model.  When manure was used 

in biogas plants, the storage period, depending on the 

study’s literature (Zhu et al., 2000) and the common 

application in Norway (personal communication with 

public farmers), was chosen as 30 d.  This reduced the 

emission by 31% on a yearly average.  

Table 4 shows that methane emissions from both 

gutters and storage changes, depending on the animal 

species and the housing period.  Additionally, methane 

emissions, especially from animal manure storage, are 

different (p < 0.05) between summer and winter seasons.  
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Table 4  Calculated Arrhenius parameter and emissions divided into emission from house, and storage in summer and winter,  

and also comparison of methane emissions from the new model and the IPCC model for Norway 

Animal type Arrhenius 

CH4 Emission /t Total emission 
Differences of both 

emission model 
/%** House 

Storage* 
new  

modell* 
IPCC 

Winter Summer 

Horses 47.0 20.9 179.5 260.1 460.41 775.5 40.6 

Bulls (< 1 year old) 47.0 25.5 220.7 319.8 566.0 953.6 40.7 

Heifers( < 1 year old) 47.0 22.7 196.0 284.0 502. 7 846.9 40.7 

Bulls( > 1 year old) 47.0 36.0 310.2 449.5 795.8 1340.6 40.6 

Heifers( > 1 year old) 47.0 50.6 436.7 632.7 1120.1 1886.8 40.6 

Dairy cattle 46. 9 123.3 1060.8 1537.0 2721.1 4520.3 39.8 

Sheep(< 1 year old) 46.5 0 0 151.0 151.0 198.1 23.8 

Sheep(> 1 year old) 46.5 23.9 207.5 0 231.4 896.4 74.2 

Goats 46.5 1.4 11.8 17.1 30.3 51.1 40.6 

Swine 47.0 35.9 310.7 995.7 1342.3 1342.3 0 

Poultry 47.2 40.9 354.7 1136.93 1532.52 1532.52 0 

Other animals 47.2 76.01 57.2 183.2 242. 1 242.1 0 

Total  382.7 3345.7 5967.2 9695.6 14586.2 33.5 

Note: *without treatment; ** differences of both emission model is calculated as (IPCC emission value-new model emission)*100 /IPCC emission value. 

 

3.2  Nitrous oxide 

According to the IPCC, biogas treatment of slurry led 

to a 90% reduction of emission.  The emission is, 

therefore, calculated to reduce from 19.2 to 1.69 Mg per 

year for the total herd in Norway.  

3.3  Ammonia emission 

Table 5 shows the result of the NH3 sub model.  

When treatment in common plants was chosen, the 

reduction was almost 60%.  One must be aware of the 

increased ammonia content, both from treatment and 

coverage of the storage tanks.  However, if injection is 

not chosen, then anaerobic treatment can lead to 

increased emissions. 
 

Table 5  Ammonia emissions from house and storage, 

untreated and treated manure, and change in Norway 

Emission source Untreated/t Treated/t Change/t 

House 2012 2012 0 

Storage 4024 335* 3698 

Sum 6036 2347 3698 

Note: *Emission value if the pre-storage periods are applied. 

 

3.4  Transport 

Table 6 shows the results of GHG emissions in the 

model associated with both the amount of slurry and the 

distance from the farm to the plant.  Table 6 indicates 

that there is a positive correlation between transportation 

capacity, which changes according to truck size and 

average distance.  
 

Table 6  Transportation’s GHG emissions for various 

transportation distances 

T /km D /mg ETransport /mg Ep /mg Etot /mg 

10 20 15184 7970 23155 

20 20 30369 7970 38339 

30 20 45553 7970 53524 

10 30 4147 7970 12117 

20 30 8294 7970 16264 

30 30 12441 7970 20411 

 

3.5  Energy substitution  

Table 7 shows the main result of modeling CH4 

emissions from manure management.  CH4 emissions 

from animal facilities were not reduced when the biogas 

alternative was chosen.  This represents 4% of the total 

emissions.  Because of the reduction in storage time, and 

because of the reduction of these emissions (CH4 and 

N2O) for the biogas alternative, the reduction was 

calculated as 66%.  Indirectly, N2O emissions from 

ammonia were reduced to 39%.  This could be explained 

by the reduced ammonia emissions from storage (slurry 

was stored in closed tanks after it was treated in a biogas 

reactor), and the reduced emission attributed to the 

injection technique.  

Energy from anaerobic fermentation of manure was 

evaluated to be GHG neutral.  Therefore, when it 

substitutes fossil energy, it reduces the net outlet of CO2.  
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This is clearly shown in Figure 3 as the alternative energy 

from biogas is used to substitute hydroelectricity is 0.  

Although the average distance between the farms and the 

plant is tripled, the transportation outlet was still 

relatively small. 

When energy from biogas substitutes fossil fuels, 

there was more than a 50% reduction in potential 

CO2-equivalents.  The reduction was somewhat higher 

when petroleum was substituted.  When this 

contribution was included in total emissions from the 

agricultural sector, the reduction ranged from 19% to 

23% if all agricultural waste is treated.  
 

Table 7  Emission of greenhouse gasses from handling of 

manure from untreated and treated manure 

Emission area 

Emission 

No treatment/mg 
Treated by anaerobic 

digestion/mg 

House 8037 8037 

Storage 201527 63624 

Indirect (from ammonia emission) 18713 11436 

Total 228277 83097 

 
Figure 3  Greenhouse gas reductions (Mg CO2-eq.) for cooperative plants with various transportation distances and various energy carriers 

 
 

4  Discussion 

4.1  General discussion of the model 

Reduction of GHG emissions has become an issue of 

growing importance due to climate change; as such, 

manure management could contribute to the reduction.  

The study was carried out to help us quantify the 

reduction potential.  Based on modeling studies (Xie et 

al., 2006; Wu and Chau, 2006; Zhao et al., 2006), it is 

imperative to select a good model and select appropriate 

input parameters.  It is also important that the computer 

model is carefully managed.  Model output values are 

generally related to input data.  In the present model, 

two of the greatest challenges associated with an estimate 

of emission reduction potential include building a 

prediction model for GHG emissions based on a 

country’s condition and running it with proper data.  

National and international reports did not include GHG 

emission values for gutters and stores of manure in 

Norway or information on the manure storage period on 

Norwegian farms. For these reasons, unfortunately, 

values of these important parameters were estimated by 

use of a mechanistic model (Sommer et al., 2004).  The 

obtained results from the model were neither investigated 

in the light of sensitivity nor tested on the basis of actual 

conditions, but the model was used to envisage the 

reduction potential of introducing anaerobic treatments in 

agriculture.  

The model also demonstrated the GHG effects of 

transporting manure from farms to centralized plants.  

The sensitivity of GHG emissions due to manure 

transportation was evaluated by choosing three distances 

(as 10, 20 and 30 km) from farms to biogas plants and 

three different truck sizes (as 10, 20 and 30 mg).  

A number of recent publications such as 

governmental reports and literature, which were 

previously discussed, were used for acquiring appropriate 

data as well as for obtaining additional inputs for the 
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model such as animal types and their units.  Apart from 

these explanations, the challenges in building a GHG 

emissions model for Norway should not be 

underestimated.  For example, the many factors that 

influence N2O emissions result in considerable 

uncertainty (60%) according to Hoem (2006), and 

consequently, the estimates are very tentative. 

4.2  Discussion of the results 

The equations used in the model were run with 

predominantly actual data as explained previously, 

because there was no information available on GHG 

emission measurements from animal farms in Norway 

(Figure 1).  Compared to estimates of the methane 

emissions from the Norwegian Pollution Authority, our 

calculation differed by 33.5%.  There might be at least 

four reasons for the differences: 

1) It might be that this study’s model takes into 

account emissions occurring from animal facilities 

(Figure 1), which were not reduced by AD.  

2) It might be that methane emissions from methane 

storage areas were calculated separately for winter and 

summer in the model.  These sources had a considerable 

influence on the seasonal variations in GHG emission 

from agricultural activities.  Approximately 23% of the 

loss occurred during the winter period, while 73% 

occurred during the summer period. 

3) It might be that GHG emissions during the grazing 

period results in reduced GHG emissions.  When taking 

into account the grazing period, the summer loss 

decreased to 62%.  Moreover, the value of the Arrhenius 

parameter with effects on temperature changes was 

calculated based on the use of various types of animals in 

the model by the equation.  This result is similar to that 

obtained by Sommer et al. (2004).  There might be at 

least two explanations for this.  First, we deduced that 

the temperature in the manure should be used rather than 

air temperature, and therefore, different temperatures 

were used.  Second, manure is kept in houses only for 

12 h (scraping of gutters two times per day) in our model 

and therefore, the amount of stored manure at high 

temperatures was less in this study than that reported by 

other studies.  The estimates could be improved by 

measuring the temperature of slurry in gutters and stores 

more accurately.  

4) It might be that the lower GHG emissions 

estimated by the Norwegian Pollution Authority may 

have an operational impact on the chosen technology for 

manure storage on the farm.  The results of GHG 

emissions from animal facilities and storage in the present 

model indicates that emissions decreased by almost 65% 

(Table 7).  

On the basis of the GHG emissions, as observed by 

the value obtained from the transportation portion of the 

model, the results were comparable to those of other 

studies in terms of the effect of manure transportation on 

GHG emissions.  The results show that transportation 

contributes slightly to GHG emissions.  This was also 

the findings of Briseid et al. (2010).  The reduction 

potential of GHG emissions from Norwegian agriculture 

is heavily dependent on which energy source the biogas 

will substitute.  There are also differences between fossil 

fuel types.  The greatest potential is when biogas can 

substitute petroleum, but this also holds for other vehicles 

and additional infrastructure for fuel supply because one 

needs to convert from liquid to gas-driven cars.  The 

model is not very detailed, and improvement of this 

sub-model is important for the results.  

The performance of treated manure and untreated 

manure of the present model was compared not only with 

GHG emissions data but also with NH3 emissions data.  

Because the treatment results in exposure of stored slurry 

to the atmosphere, and possible NH3 emissions, it is 

necessary to cover the storage tanks; therefore, the model 

also shows that anaerobic treatment could also lead to 

decreased NH3 emissions from stores.  

It was neither reported in this study, nor by other 

studies, that the actual measured quantity of manure on 

fields in Norway was comparable to results obtained from 

computer estimates based on the present model 

application.  An estimate on the reduction potential of 

GHGs from manure management in this model was much 

(55%) lower than that found earlier (Briseid et al., 2010).  

In the proposed model, emissions can be determined 

more accurately by a calculation of the contributions from 

the pre-storage period, and also from the non-stored 

amount of manure during pasturing, which is subtracted 
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from the total amount (Figures 1 and 2).  

4.3  Discussion of the Arrhenius parameter 

Sommer et al. (2004) provided figures for the 

Arrhenius value for cattle and pigs.  In this study, 

emissions from all animal types were calculated based on 

figures from SSB (2010).  These calculations gave a 

significantly higher calculated Arrhenius parameter than 

that calculated by Sommer et al. (2004).  The 

differences could be due to the unscientific estimation 

method for estimating the Arrhenius parameter.  On the 

other hand, this method made it possible to correlate our 

results to results obtained by the SSB’s method.  The 

differences call for an improvement in the SSB’s method, 

which could give additional information on the emissions 

related to the management of manure.  By using this 

type of model, it was possible to calculate emissions from 

animal facilities and storage tanks, which could vary from 

different storage periods and temperatures. 

5  Conclusions 

The model presented made it possible to divide 

methane outlets from storage of manure in summer and 

wither seasons.  This was based on Sommer et al. (2004).  

The submodel for emission of nitrous oxide was based on 

the model from IPCC (1997a), which could be improved 

if more accurate data were available.  The emissions 

were modeled and the key conclusions from this study 

were as follows: 

1) Biogas could reduce greenhouse gas emission from 

manure management by 64%. 

2) Transportation of manure yielded only minor GHG 

emissions compared to the reduction that could be 

achieved. 

3) The reduction potential of GHG emissions depends 

on the use of the gas (i.e., which type of energy it 

substitutes). The potential was highest when methane 

substituted oil, at roughly 610 - 650 Gg CO2-eq. 

depending on the transportation distance between the 

farms and the biogas plant.   

This study tried to simulate Norwegian farm 

conditions.  However, for future studies, either data 

estimated according to our observations in the field or 

some values acquired from other similar studies in the 

literature should be used.  Future work is needed to 

determine the correct value (ECH4, B0, etc.) for Norwegian 

farms.  

 

Acknowledgements 

There have been several projects that had led to this 

paper, but the one of the main contributors that we like to 

acknowledge is the Norwegian Climate Pollution Agency. 

We would also like to thank Tormod Briseid for his 

collaboration in several of the projects. 

 

 

References 

Aasestad, K.. 2008. Documentation of Methodologies for 

Estimating Emissions of Greenhouse Gases and Long-Range 

Transboundary Air Pollutants. The Norwegian Emission 

Inventory Reports 48.  Statistics Norway, Oslo–Kongsvinger.  

Arthur, R.and M.F. Baidoo.  2011.  Harnessing methane 

generated from livestock manure in Ghana, Nigeria, Mali and 

Burkina Faso.  Biomass Bioenerg, 35(11): 4648-4656. 

Banks, C.J., A.M. Salter, and M. Chesshire.  2007.  Potential of 

Anaerobic Digestion for Migration of Greenhouse Gas 

Emissions and Production of Renewable Energy from 

Agriculture: Barriers and Incentives to Widespread Adoption in 

Europe.  Water Sci. Technol, 55(10): 165-173. 

Briseid, T., J. Morken, and A. Grønlund.  2010.  Klimatiltak i 

Jordbruket - Behandling av Husdyrgjødsel og Våtorganisk 

Avfall med mer i Biogassanlegg.  Bioforsk Report,  5(2): 44. 

Aas, Norway. 

Brentrup, F., J. Kusters,  H. Kuhlmann, and J. Lammel.  2004. 

Environmental Impact Assessment of Agricultural Production 

Systems Using the Life Cycle Assessment (LCA) 

MethodologyM In. Theoretical Concept of a LCA Method 

Tailored to Crop Production.  Eur. J. Agron, 20: 247-264. 

Burton, C.H., C. Turner, and J. Beck.  2003.  Manure 

Management: Treatment Strategies for Sustainable Agriculture. 

Silsoe Research Institute, Silsoe, England. 

Cherubini, F., N.D. Bird, A. Cowie, G. Jungmeier, B. 

Schlamadinger, and S.Woess-Gallasch.  2009.  Energy- and 

Greenhouse Gas-Based LCA of Biofuel and Bioenergy Systems: 

Key Issues. Ranges and Recommendations. Resources, 



July, 2013         Evaluating biogas in Norway - bioenergy and greenhouse gas reduction potentials           Vol. 15, No.2  159 

Conservation and Recycling; 53: 434–447. 

Chianese, D.S., C.A. Rotz and T.L. Richard.  2009.  Simulation 

of Methane Emissions from Dairy Farms to Assess Greenhouse 

Gas Reduction Strategies.  T. ASABE; 52: 1313-1323. 

Clemens, J., M. Trimborn, P. Weiland, and B. Amon. 2006. 

Mitigation of Greenhouse Gas Emissions by Anaerobic 

Digestion of Cattle Slurry.  Agr. Ecosyst. Environ. 112, 

171-177. 

Community Manure Handling Systems, 2006. Annotated 

Bibliography, June (http://ctic.paqinteractive.com/pdf/systems. 

pdf). 

Dagnall, S., J. Hill, D. Pegg.  2000.  Resource Mapping and 

Analysis of Farm Livestock Manures - Assessing the 

Opportunities for Biomass-To-Energy Schemes.  Bioresource 

Technol, 71: 225-234. 

Dalgaard, T., N. Halberg and J.R. Porter.  2001.  A Model for 

Fossil Energy Use in Danish Agriculture Used to Compare 

Organic and Conventional Farming.  Agr. Ecosyst. Environ. 

87, 51-65. 

Deublein, D. and A. Steinhauser.  2008.  Biogas from Waste and 

Renewable Resources: An Introduction, Weinheim, 

Wiley-VCH Verlag, Germany. 

De Rensis, R. and R. J. Scaramuzzi.  2003.  Heat Stress and 

Seasonal Effects on Reproduction in the Dairy Cow—A 

Review. Theriogenology, 60, 1139–1151. 

Finnveden, G.  1999.  Methodological Aspects of Life Cycle 

Assessment of Integrated Solid Waste Management Systems. 

Resources Conservation and Recycling, 26: 173-187. 

Forster, P., V. Ramaswamy, P. Artaxo, T. Berntsen, R. Betts, D.W. 

Fahey, J. Haywood, J. Lean, D.C. Lowe, G. Myhre, J. Nganga, 

R. Prinn, G. Raga, M. Schulz and R. Van Dorland, 2007.  

Changes in Atmospheric Constituents and in Radiative Forcing. 

In: Climate Change 2007: The Physical Science Basis. 

Contribution of Working Group I to the Fourth Assessment 

Report of the Intergovernmental Panel on Climate Change. Eds 

Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., 

Averyt, K.B., Tignor, M., Miller, M., H.L. Cambridge 

University Press, Cambridge, United Kingdom and New York, 

NY, USA. 

GEMIS (Global Emission Model for Integrated Systems Ö.-I. E.V.), 

2007. Freiburg. Germany.  

Ghafoori, E., P.C. Flynn and J.J. Feddes.  2007.  Pipeline vs. 

Truck Transport of Beef Cattle Manure.  Biomass Bioenerg, 

31, 168–175. 

Hoem, B..  2006.  The Norwegian Emission Inventory 2006. 

Rapporter. SSB. Kongvinger, Norway 195. 

IPCC (Intergovernmental Panel on Climate Change). 1997a. 

Greenhouse Gas Inventory. Workbook. IPCC Guidelines for 

National Greenhouse Gas Inventories. Volume 2. London: 

Intergovernmental Panelon Climate Change. 

IPCC (Intergovernmental Panel on Climate Change). 1997b. 

Greenhouse Gas Inventory. Reference Manual. Revised 1996. 

Intergovernmental Panel on Climate Change London; 3. 

IPCC (Intergovernmental Panel on Climate Change), 2000. A 

Special Report of IPCC Working Group III: Summary for 

Policymakers Emissions Scenarios. 

Kelm, M., M. Wachendorf, H. Trott, K. Volkers and F. Taube, 

2004.  Performance and Environmental Effects of Forage 

Production on Sandy Soils. III. Energy Efficiency in Forage 

Production from Grassland and Maize for Silage.  Grass 

Forage Sci, 59, 69-79. 

Lechón, Y., H. Cabal, C. De La Rùa, N. Caldés, M. Santamaría and 

R. Sáez. 2009.  Energy and Greenhouse Gas Emission Savings 

of Biofuels in Spain’s Transport Fuel.  The Adoption of The 

EU Policy on Biofuels.  Biomass Bioenerg, 33, 920–932. 

Linjordet, R., J. Morken and A. Bøen.  2005.  Norwegian 

Ammonia Emissions - Present State and Perspective. In: 

Emissions from European Agriculture, eds T. Kucynski, U. 

Dämmgen, J. Webb and A. Myczko, 181-191.  Wageningen 

Academic Publishers, Nederland. 

LMD, 2009. Klimautfordringene – Landbruket En Del Av 

Løsningen. Ministry of Agriculture and Food. Oslo.  Norway 

39: 174. 

Lu, Y., Y. Huang, J. Zou and X. Zheng.  2006.  An Inventory of 

N2O Emissions from Agriculture in China Using 

Precipitation-Rectified Emission Factor and Background 

Emission.  Chemosphere 65, 1915–1924. 

Mathot, M., V. Decruyenaere, D. Stilmant and R. Lambert.  2012. 

Effect of Cattle Diet and Manure Storage Conditions on Carbon 

Dioxide, Methane and Nitrous Oxide Emissions from Tie-stall 

Barns and Stored Solid Manure.  Agr. Ecosyst. Environ, 148, 

134–144. 

Massé, D.I., F. Croteau, N.K. Patni and L. Masse.  2003.  

Methane Emissions from Dairy Cow and Swine Manure 

Slurries Stored at 10°C and 15°C. Canadian Biosystems 

Engineering, 45, 6.1-6.6. 

Meisterling, K., C. Samaras and V. Schweizer.  2009.  Decisions 

to Reduce Greenhouse Gases from Agriculture and Product 

Transport: LCA Case Study of Organic and Conventional 

Wheat.  Journal of Cleaner Production 17: 222-230. 

Metcalf &, Eddy.  2003.  Revised by Tchobanoglous, G., F. 

Burton and H. D. Stensel: Wastewater engineering: Treatment 

and reuse (4th ed.). Boston: McGraw-Hill, Boston. pp. 1329, 

ISBN: 0070418780.. 

Monteny, G.-J., A. Bannink and D. Chadwick.  2006.  

Greenhouse Gas Abatement Strategies for Animal Husbandry. 

Agr. Ecosyst. Environ, 112, 163-170. 

Morken, J., K. Christoffersen, and M.V. Pettersen.  1999. 

Reduksjon av Utslipp av Ammoniakk i Norge (Reduction of 

emissions of ammonia in Norway).  Statens forurensningstilsyn, 



160  July                Agric Eng Int: CIGR Journal   Open access at http://www.cigrjournal.org              Vol. 15, No.2 

Oslo Norway, Rapport 99:10, 57 pp. 

Morken, J., and L. Nesheim.  2004.  Utnytting og Tap av 

Næringsstoff i Husdyrgjødsel - Framtidige Utfordringar.  

Grønn Kunnskap, 8: 51-64. 

Morken, J., 2003a. Reduksjon av Landbrukets Utslipp av 

Drivhusgasser og NH3 gjennom anaerob Behandling av 

Husdyrgjødsel. Potensialet og Kostnader Norges 

Landbrukshøgskole. Institutt for Tekniske Fag. Ås. 

Morken, J., 2003b. Farmskriving av Ammoniakkutslipp. 

ITF-Rapport Nr. 125/2003, 12 pp. 

Morken, J., 2003c. Evaluering av ammoniakkutslippsmodellen 

(Evaluation of the ammonia emission model), Internal Note. 

Department of Agricultural Engineering. Norwegian University 

of Life Sciences.  

Nielsen, J.B.H., P. Oleskowicz-Popiel and T. Al Seadi.  2007. 

Biomass Resources – Manure and Energy Crop Potentials for 

Bioenergy in EU-27. In Proc. 15th European Biomass 

Conference. Berlin.  

Nielsen, P.H., A.M. Nielsen, B.P. Weidema, R. Dalgaard and N. 

Halberg.  2003.  LCA Food Data Base.. Available: 

http://www.lcafood.dk/ [Accessed]. 

Observatory Monitoring Framework in UK - Indicator Data Sheet, 

2009. https://statistics.defra.gov.uk. 

Park, K.-H., A.G. Thompson, M. Marinier, K. Clark and C. 

Wagner-Riddle.  2006.  Greenhouse gas emissions from 

stored liquid swine manure in a cold climate.  Atmos. Environ. 

40, 618–627. 

Pertl, A., P. Mostbauer and G. Obersteiner.  2010.  Climate 

Balance of Biogas Upgrading Systems.  Waste Management. 

30: 92-99. 

Prapaspongsa, T., T.G. Poulsen, J.A. Hansen, and P. Christensen, 

2010. Energy Production, Nutrient Recovery and Greenhouse 

Gas Emission Potentials from Integrated Pig Manure 

Management Systems.  Waste Management. Res. 28, 411-422. 

Raadal, H., V. Schakenda and J. Morken, 2008. Potensialstudie for 

Biogass i Norge. Rapport no. OR 21.08. Fredrikstad, Norway. 

Rodhe, L., E. Salamon and M. Edstrøm.  2006.  Handling of 

Digistate on Farm Level. JTI-Rapport. 349. Uppsala, Sweden. 

Rydh, C., M. Lindahl and J. Tingstrøm, 2002. Livscykelanalys. 

Studentlitteratur.  

Sintori, A., K. Tsiboukas and G. Zervas.  2010.  Evaluating 

Socio-Economic and Environmental Sustainability of The 

Sheep Farming Activity in Greece: A Whole Farm 

Mathematical Programming Approach, In Proc. 9th European 

IFSA Symposium, Vienna (Austria), 942.  

Singh, J., B.S. Panesar and  S.K.A. Sharma, 2010.  Mathematical 

Model for Transporting The Biomass to Biomass Based Power 

Plant.  Biomass Bioenerg, 34, 483-488. 

Sommer, S.G., J.E. Olesen, S.O. Petersen, M.R. Weisbjerg, L. Valli, 

L. Rodhe and F. Béline.  2009.  Region-Specific Assessment 

of Greenhouse Gas Mitigation with Different Manure 

Management Strategies in Four Agroecological Zones.  

Global Change Biol. 15, 2825–2837. 

Sommer, S.G., S.O. Petersen and H.B. Møller.  2004.  

Algorithms for Calculating Methane and Nitrous Oxide 

Emissions from Manure Management. Nutr. Cycl. Agroecosys. 

69, 143-154. 

Statistic Norway (SSB), 2007. http://www.ssb.no. 

Statistic Norway (SSB), 2010. http://www.ssb.no. 

Statistic Norway (SSB), 2011. http://www.ssb.no/klimagassn_en/  

UNFCCC (United Nations Framework Convention on Climate 

Change), 2011. National greenhouse gas inventory data for the 

period, Advance Version 1990–2009, FCCC/SBI/2011/9. 

Wiens, M.J., M.H. Entz, C. Wilson and K.H. Ominski. 2008. 

Energy Requirements for Transport and Surface Application of 

Liquid Pig Manure in Manitoba, Canada.  Agr. Sys. 98, 74–81. 

Wu, C.L. and K.W. Chau.  2006.  Mathematical model of water 

quality rehabilitation with rainwater utilization - a case study at 

Haigang.  Int. J. Environ. Pollut. 28, 534-545. 

Xie, J.X., C.T. Cheng, K.W. Chau and Y.Z. Pei.  2006.  A hybrid 

adaptive time-delay neural network model for multi-step-ahead 

prediction of sunspot activity.  Int. J. Environ. Pollut. 28, 364- 

381. 

Yetilmezsoy, K. and S. Sakar.  2008.  Development of Empirical 

Models for Performance Evaluation of UASB Reactors 

Treating Poultry Manure Wastewater under Different 

Operational Conditions.  J. Hazard. Mater, 153, 532-543. 

Zhao, M.Y., C.T. Cheng, K.W. Chau and G. Li.  2006.  Multiple 

criteria data envelopment analysis for full ranking units 

associated to environment impact assessment.  Int. J. Environ. 

Pollut, 28, 448-464. 

Zhu, J., P.M. Ndegwa and A. Luo, 2000. Changes in swine manure 

solids during storage may affect separation efficiency.  Appl. 

Eng. Agric, 16, 571–575. 

 


