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How to enhance the efficiency of energy use and to abate 

greenhouse gas emissions (GHGE) in agriculture has become 

very decisive in the mitigation of climate change. Organic 

farming has been recognized as the most reasonable 

alternative in agriculture to overcome this climate crisis. 

Studies on comparisons of energy use and greenhouse gas 

emissions (GHGE) between conventional and organic farming 

have been carried out vigorously in the previous decades. 

However, controversies exist over the problems in 

comparative studies on energy use and greenhouse gas 

emissions.

Taking these contexts into consideration, the objectives of 

this study are (i) to identify the structural variables to 

determine the differences of energy efficiency (EE) and 

greenhouse gas emissions (GHGE) between conventional and 

organic farming systems through meta-analysis of previous 

studies; (ii) to examine which input categories and farming 

practices cause the differences of energy efficiency (EE) and 

greenhouse gas emissions (GHGE) between conventional 

farming systems (CFS) and organic farming systems (OFS) by 

applying field studies on soybean production in Korea; and 
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thereby, (iii) to explore alternative solutions to decrease 

environmental impacts in agriculture.

First, the results of meta-analysis can be summarized as 

follows.

1. The results of the analysis obtained from 165 

observations of 68 previous studies on the use of energy 

illustrate that 67.3% of their observations is positive in the 

organic superiority of EE - which means organic EE is 

higher than its counterpart.

2. In comparisons of EE ratio (%), - organic EE versus 

conventional EE -, the total mean value of EE ratio is 

128.5%. This concludes that the EE of organic farming 

averages approximately 30% higher than that of conventional 

farming. 

3. The results of the analysis on 195 observations of 66 

previous studies on GHGE demonstrate that 67.7% of their 

observation is positive in the organic superiority of GHGE - 

which means organic GHGE is lower than its counterpart. 

The organic superiority of GHGE per ha basis is positive by 

71.4%, and per ton basis is positive by 60.3%. 

4. The GHGE ratio(%) shows 88.2%, which means that  

GHGE of organic farming is around 12% lower on the 

average than that of conventional farming. The GHGE ratio 

average per ha basis is 69.2%, which indicates that the GHGE 

of organic farming system (OFS) is considerably lower than 

that of conventional farming system (CFS), and the GHGE per 

ton basis is 96.5% on the average, which indicates that there 

is no difference between both systems per ton product unit. 

5. As for the structural variables to determine the organic 

superiority of EE and GHGE, the duration of the data 

collection is estimated as the significantly influential variable 

to drive organic superiority of EE. The researcher’s selection 

on the energy coefficient values of input materials also 

appears as a very significant factor to affect the difference 

of EE between conventional farming systems (CFS) and 
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organic farming systems (OFS). On the other hand, the 

variables of sample size, unit class, and farm product types 

appear to have a positive relationship with the organic 

superiority of GHGE. 

Second, the results of the field study on soybean 

production systems in Korea show considerable disparities 

with the European and American experiences.

 1. The EE (0.98) of organic soybean farms is noticeably 

poorer than that of conventional farms (1.56). The energy 

consumption of OFS is higher than that of CFS, since the 

yields of OFS are apparently lower than that of CFS. 

2. Seeds and mulch film in OFS and pesticides in CFS 

cause significant differences between both systems. Mulching 

and seeding used in OFS as well as weeding and spraying in 

CFS show significant variations between both systems. 

3. Analysis of the input variables to drive the EE shows 

that fuel, fertilizers, mulch film, and labor are the influential 

input variables. As for the variables regarding farming 

practices to determine the EE, cultivation, mulching, 

threshing and grading are significantly related with EE.

4. The GHGE of organic soybean farms (1562.3 kg 

CO2eq/ha) is relatively lower than that of conventional farms 

(2003.2 kg CO2eq/ha). However, with respect to the product 

unit basis, the GHGE of organic soybean farms (1629.8kg 

CO2eq/ton) is inversely just a little higher than that of 

conventional farms (1473.1 kg CO2eq/ton). 

5. In comparison of the GHGE by input categories between 

CFS and OFS, seeds and mulch film in OFS and pesticides in 

CFS led to significant differences between both systems. 

6. Analysis of the input variables to drive the outcome of 

GHGE in both farm systems indicates fertilizers as a variable 

which is strongly influential. 

7. Comparisons of LCIA (Life Cycle Impacts Assessment) 

between both soybean production systems show that 9 

categories except ARD, EP and EU among 12 environmental 
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impacts appear higher in CFS than in OFS.

8. In soybean production in Korea, fertilizers and manure 

are responsible for 37% of the total energy consumption in 

both systems. And they are the absolute contributors to 

GHGE which amount to 67.8% of total GHGE in both systems.  

This result indicates that although the use of synthetic 

fertilizers is reduced, the heavy use of animal manure can 

contribute greatly to the emission of nitrous oxide, which 

leads to the increase of GHGE. The substitution of manure in 

the place of synthetic fertilizers banned under organic 

agriculture regulations is not a recommendable alternative 

for organic farming. Therefore, reasonable strategies to 

mitigate climate change through energy consumption and 

GHGE reduction should be conducted not within, but beyond 

the scope of the nitrogen cycle.

Finally, most previous studies did not present detailed 

statistical data except for the descriptive statistics of 

performance variables. This has led to limitation in 

explaining definitely the relationship of performance variables 

and structural variables. Therefore, for the progress of 

future EE and GHGE studies, presentation of more detailed 

data through the appropriate statistical analyses is required.

In addition, more researches are needed in Asian countries 

including Korea, where studies on energy use and GHGE have 

not been pursued actively to date.

Key Words : Energy use, Energy efficiency , Greenhouse 

gas emissions, Organic farming, Global warming. Climate 

change. Meta-analysis
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I.  Introduction 

1.1 Problem Statement

Climate change has become one of the most complicated 

issues the world has faced in the 21st century. This is a 

critical issue that may have the heaviest impact on the 

agricultural sector than any other sector. Agriculture is 

affected by climate change but at the same time also 

contributes to it. Agriculture must, therefore, both adapt to 

climate changes and offer options for mitigation of them 

(Niggli et al., 2008). Agriculture accounts for about 13 to 33% 

of the global GHG emissions. As the share of agriculture in 

global GDP is just about 4%, this suggests that agriculture is 

very GHG emission-intensive.  

Climate change mitigation is urgent, and adaptation to 

climate change is crucial, particularly in agriculture, where 

food security is at stake. It is evident that new national and 

global socioeconomic policies need to be worked out to meet 

this huge challenge. Among these challenges there is surely 

an urge to develop more ecological agriculture practices 

(Pimentel et al., 2005).

In general, it is recognized that organic agriculture, along 

with other low input agricultural practices, results in less 

energy demand compared to intensive agriculture and this 

will be able to represent a means to improve energy savings 

and GHGE abatement if adopted on a large scale. On the 

other hand, there have been recent controversial debates on 

whether organic farming is really the most effective 
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alternative to save fossil energy and to mitigate the GHGE in 

the agricultural sector or not. Since agriculture is affected 

by various kinds of geographical, meteorological, and natural 

conditions, it can be asserted that the results of studies on 

energy use and GHGE in agriculture may be diverse 

according to the methodology of the research, the ways of 

measurement and statistical analysis. Given the growing 

importance of organic production in view of food security 

and an alternative for reducing the GHGE in the agricultural 

sector, there is a pressing need to understand the relative 

environmental impacts of organic and conventional farming 

methods (Venkat, 2011).

Faced with the situation of globally required energy savings 

and GHG mitigations, the Korean government announced in 

2011 that they will reduce 35% of the current levels of GHGE 

from BAU in the agricultural sector by 2020. However in 

Korea, there has not been much academic research which 

can provide reliable data needed to develop the pertinent 

policies in agriculture.

Therefore, through the systematic analysis of previous 

studies on the use of energy and GHGE of conventional and 

organic farming systems, to identify structural variables 

which determine the results of energy use and GHGE of 

researches are urgently needed. Furthermore, in the context 

of intensive and small holder farming systems such can be 

seen in Korean agriculture, empirical comparative study on 

the energy use and GHGE of conventional and organic 

farming systems are also required. 
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2.2 Study Objectives

This study intends to explore the driving factors which 

cause differences in energy use and GHGE between CFS and 

OFS, and to search for ways in which can improve the 

efficiency of energy use and mitigate GHGE in the 

agricultural sector.

The specific objectives of this studies are as the follows:

1. To explore the influential structural variables which affect 

the differences of EE and GHGE between conventional and 

organic farming systems through meta-analysis of previous 

studies.

2. To search for the essential input variables which 

determine the EE and GHGE between conventional and 

organic farms by empirical field studies.

3. To suggest reasonable alternatives which can mitigate  

energy use and GHGE in the agricultural sector.

For these objectives, chapter 2 shows the meta-analysis of 

previous studies on the comparisons of EE and GHGE 

between conventional and organic farming systems. Chapter 

3 describes the empirical field study carried out on the 

comparisons of EE and GHGE between conventional and 

organic soybean productions in Korea and Chapter 4 

concretely represents the alternative solutions to mitigate 

environmental impacts in agriculture based on research 

findings of chapter 2 and 3.
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II. A Meta-Analysis of Structural Variables 

in Environmental Performances : 

Comparisons of Energy Use and Greenhouse Gas 

Emissions in Conventional and Organic Farming 

Systems

2.1 Introduction

Improvements in measurable environmental performance  

resulting from the conversion to organic farming systems will 

be able to encourage transforming from conventional to 

organic farming systems as an alternative to mitigate climate 

change. However, with the review of extant studies, the 

results are likely to come under scrutiny. Not all studies 

have demonstrated definite superiority of organic farming 

systems.

Comparing organic and conventional farming systems is not 

an easy task as different approaches to farming are used. 

Where organic farming aims towards as much as possible at 

self-sustainability, conventional farming relies much more on 

external inputs (Gomier et al., 2008). Results from energy 

assessments are often difficult to compare because of the 

variety of methodologies and accounting procedures 

employed (e.g., Stolze et al., 2000; Hansen et al., 2001; Hass 

et al., 2001).

Disputes on the appropriateness of research methodology 

applied to the studies on the comparison of energy use and 

GHGE has continued to generate interest in the 

environmental assessment of agriculture. It sometimes has 
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been asserted that the extant literature has employed 

inadequate sample size, improper collection of data, 

inadequate measurement, irrational use of unit class, 

different types of culture, inappropriate selection of energy 

coefficients and analysis methods, in establishing a 

relationship between farming inputs and the environmental 

performance of farms. A trial study to examine validations of 

the above-mentioned assertions in the execution of energy 

use and GHGE studies and to improve reliability of results 

should be conducted by the comprehensive analysis of 

previous studies. There is a need for a systematic analysis to 

understand the structural characteristics of precedent EU 

and GHGE studies and how they affect their outcomes. Such 

findings will not only help as critical analysis of the results 

of previous studies, but also as a guide for future research.

Therefore, the objectives of this meta-analysis are to 

identify the influential structural variables which determine 

the differences of environmental impacts between 

conventional and organic farming systems by the analysis of 

previous literature, and thereby to suggest research model of 

EU and GHGE studies of CFS and OFS for future. Reliable 

data obtained from well-organized studies can assist 

policy-makers in developing effective strategies to mitigate 

climate impacts in agriculture.

For these objectives, the structural factors along which 

environmental performances differ are examined, and  

attempts to identify a pattern which discriminates between 

studies that result in positive environmental performances 

and those that do not are carried out in this meta-analysis.
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2.2 Review of Literature

For the last decades, comparative studies on environmental 

performances of CFS and OFS have been performed 

vigorously in Europe and North America. With the 

accumulation of these researches, review studies on previous 

literature were carried out to understand the comprehensive 

and categorical insights on the characteristics of energy use 

and GHGE between conventional and organic farming 

systems. However, most cases of review studies were 

conducted only by calculating and summarizing the 

comparison of mean value and percentage of energy use and 

GHGE (Lynch et al., 2011; Gomier et al., 2008; Lynch et al., 

2012; Hill, 2009;  Niggli et al., 2009; Ziesemer(FAO), 2007; 

Azeez et al., 2008). They had derived holistic trends of 

conventional and organic energy use and GHGE based on 

farm types or environmental indicators.

In addition, to predict the results of conversion from CFS 

to OFS or to explore the mitigation strategies of 

environmental impacts by transforming into organic farming, 

recently, simulation studies on the comparison of energy use 

or GHGE have occasionally been conducted on the level of 

farms or nations. Simulation studies on the farm level were 

conducted experimentally in experimental farms (Cooper et 

al., 2011). Simulation studies on the national level were 

carried out using national data base or previous literature on 

the study of energy use and GHGE. These national levels of 

simulation studies were performed in the United Kingdom 
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(Tzilivakis et al., 2004), Denmark (Hansen et al., 2001), 

Germany (Halberg et al., 2008), France (Acosta-Alba et al., 

2012) and Canada (Pelletier et al., 2008; Point et al., 2012). 

However, these simulation studies can show considerably 

different results according to the methodological approaches 

used such as data source, sample size, statistical analysis 

and selection of data in the previous studies. These reasons 

require to identify the structural factors which determine the 

differences of EE and GHG between CFS and OFS by a 

systematic analysis of previous studies. This is because 

findings from a systematic analysis of previous studies can 

provide reliable information to establish research model for 

simulation studies in the future.

In the sphere of methodological approach of studies on 

environmental assessment between CFS and OFS, there are 

various kinds of potential structural factors which may be 

likely to affect the differences of study results. I have 

reviewed the extant literature on the comparisons of EE and 

GHGE studies according to the categories of potential 

structural factors. 

2.2.1 Indicators for Environmental Performances

2.2.1.1 Selection of Environmental Indicators 

A number of indicators are employed in the assessment of 

environmental performance in agriculture. OECD provides 

three categories of environmental indicators for agriculture. 

First, the core indicators include land use, soil quality, water 

use, biodiversity, nutrient use, pesticide use and risks, 

greenhouse gas, energy balance, efficiency of resource use  
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and farm management. Second, the regional indicators 

include land conservation and agricultural landscape. Third, 

the context indicators include agricultural production, farm 

land cover etc (OECD, 2001; Kim and Kim, 2004). IRENA 

(Indicator Reporting on the Integration of Environmental 

Concerns into Agriculture Policy) by EU evaluated the 

usefulness of 35 environmental indicators for agriculture 

(CEC, 2006). 

In spite of many environmental indicators available, only a 

few indicators have been used so far to compare 

environmental performances of the conventional and organic 

farming systems. Energy use and GHGE are the most 

frequently used indicators and are also employed in this 

study to compare with previous researches. 

To avoid, or better to reduce, bias and/or flaws in the 

analysis, there has been assertions that sound comparisons 

should embrace a more complex approach where 

environmental, social and economic criteria are considered at 

the same time and at different scales (Wolf and Allen, 1995; 

Gomiero et al., 1997; Dalgaard et al., 2003; Laborte et al., 

2007). In reality, Golam and Gopal (2004) have conducted a 

comparative study on the sustainability of ecological and 

conventional farming based on 12 environmental, social and 

economic indicators in Bangladesh.

The following several environmental indicators are mainly 

used for comparative studies on conventional and organic 

farming.

A. Energy use
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 Through the review of previous empirical studies on 

energy consumptions of conventional and organic farming 

systems, Gomier et al. identified that in most cases, there 

were lower energy consumption for organic farming for both 

unit of land (GJ/ha), from 10% up to 70%, and per yield 

(GJ/t), from 15% to 45%. The main reasons for higher 

efficiency in the case of organic farming were: (1) lack of 

input of synthetic N-fertilizers and other mineral fertilizers, 

(2) lower use of highly energy-consumptive foodstuffs 

(concentrates), and (3) the ban on synthetic pesticides and 

herbicides (Gomier et al., 2008).

Through the review of about 130 studies to compare 

farm-level energy use and global warming potential of 

organic and conventional production sectors, Lynch et al. 

concluded that the evidence strongly favors organic farming 

with respect to the whole-farm energy use and EE both on a 

per hectare and per farm product basis, with the possible 

exception of poultry and fruit sectors (Lynch et al., 2011).

B. GHGE

Greenhouse gas emission is evaluated as a highly critical 

indicator due to its direct impact on global warming and 

climate change, because of the role played by CO2 and other 

GHGs (in particular CH4 and N2O), as emissions from 

agriculture, it is important to analyze whether organic 

agriculture offers possibilities to reduce GHG emissions 

(Gomier et al., 2008). On accounting only on the CO2 

emission, this can be considered as small in proportion. 

However, on summing up CH4 and N2O emissions as CO2 
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equivalents, even though the amounts of the CH4 and N2O 

emissions are comparably low, due to the high Global 

Warming Potential (GWP) of these trace gases, their climate 

relevance are much higher. This is because in agriculture, 

not only energy use is directly put into the process of 

production but also changes in soil ecology releases carbon 

into the atmosphere. 

A report by ITC and FiBL (ITC-FIBL, 2007), summing up a 

number of farm level studies from Northern Europe, reported 

a reduction of GWP per kg of products ranging from 6% to 

30% depending on the products used for organic farming, 

with peaks reaching 41%. Only in 4 out of 16 studies did 

GWP increase, ranging from 2 to 53% (Stolze et al., 2000). 

C. Soil Carbon Sequestration - SOC (Soil Organic Carbon) 

The distinctive discrepancy among environmental indicators 

of conventional and organic farming systems appears in soil 

carbon sequestration. Relative global warming potential of 

organic agriculture compared to conventional agriculture with 

and without consideration of CO2 sequestration is 

considerably variable (Küstermann et al., 2007). It is also 

noted that the main mitigation potential lies in the capacity 

of agricultural soils to sequester CO2 through the process of 

building up organic matter (Muller et al., 2012).

Many authors have proposed organic management systems 

as a means of promoting SOC gains. The consensus of the 

data suggests organic systems at least do not deplete SOC 

when compared with conventional production. Mondelaers et 

al. (2009) concluded that organic farms have ‘on average’ a 
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higher SOC content. Smith et al. (2008) and Gomiero et al. 

(2008) proposed the adoption of organic farming as one of a 

suite of practices to improve soil conservation and SOC 

sequestration. The important role of properly managed 

agriculture as an accumulator of carbon has been addressed 

by many authors (e.g., Janzen, 2004; Pretty et al., 2002; 

Holland, 2004). This carbon can be stored in the soil by 

increasing carbon sinks in the soil’s organic matter and 

above-ground biomass. 

Several researchers have also suggested through the 

comparative studies on carbon sequestration done by 

conventional and organic farming systems that organic 

farming has considerable potential to reduce the GHGE (Haas 

and Kepke, 1994; Küstermann et al., 2008; Leifeld et al., 2009; 

Mader et al., 2002; Fliessbach, et al., 2007; Teasdale et al., 

2007; Hepperly et al., 2006; Pimentel et al., 2005; Berner et 

al., 2008; Ruhling et al., 2005). All the results obtained from 

the experimental farms for around 10 to 20 years of trials 

show that soil carbon gain in organic farm soil increased to 

40-1200%, while its loss in conventional farm soil appeared 

to be 80-120% for the same period. 

When losses and gains of soil carbon stocks (mineralization 

or sequestration) are considered in the calculations, the 

global warming potential is considerably reduced for organic 

agriculture as shown in recent studies - Scheyern 

experimental farm (decrease of 80%), Bavarian survey of 18 

commercial farms (26% (Küstermann et al., 2007)), and 

Station experiments in Michigan (64% (Robertson et al., 

2000)).
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D. Biodiversity

Many authors reported the positive role of organic 

agriculture for preserving biodiversity both in soils and 

landscapes. The diversity of landscapes, farming activities, 

fields, and agro-biodiversity are greatly enhanced in organic 

agriculture (Niggli, et al., 2008), organic agriculture systems 

built on a foundation of conserving and improving diversity 

by using diverse crops, rotations and mixed farm strategies.

Several major reviews have focused on the question 

whether there is a difference in biodiversity contribution 

between organic and conventional farming. In the review of 

the Soil Association (2000), the authors concluded a higher 

abundance of wild and rare plants, more arthropods, 

harmless butterflies and spiders, and more birds up and 

around the field. With respect to species richness’s, they 

found more wild and rare plant species and more spider 

species ( in Mondelaers et al., 2009). Another review on this 

topic is from Hole et al. (2005). They screened 76 studies and 

reported a clear positive effect of the organic management 

practices on biodiversity. They found 66 cases where organic 

agriculture had a positive effect, against 8 with a negative 

and 25 with a mixed or had no effect. 

A meta-analysis of 63 paired studies on the biodiversity of 

conventional and organic farming systems is conducted by 

Bengtsson et al. (2005). Their main conclusions are generally 

a positive effect of organic farming on species richness, with 

an average of 30% more species compared to conventional 

fields, and a positive effect averaging 50% higher abundance 

within species. They clearly warn of the significant 
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heterogeneity between studies, for example 16% of the studies 

indicating a negative effect of organic farming on species 

richness. Belfrage et al. (2006) also found higher numbers of 

both bird diversity and bird abundance on organic farms 

than on conventional farms. They, however, remarked that 

the largest difference in bird abundance and diversity was 

found when comparing small and large farms, with high 

values correlated to small farms. 

Many factors are involved in characterizing the pattern of 

biodiversity in a specific agricultural area. Therefore, 

long-term, system-level studies of the biodiversity response 

to organic/conventional farming are needed to assess the 

relation between management practices and biodiversity (Hole 

et al., 2005).

E. Organic Matters

Desirable organic agriculture has been demonstrated to be 

effective in preserving soil organic matter and preventing soil 

erosion. Increasing soil organic matter greatly improves soil 

quality which plays a key role in guaranteeing sustainable 

crop production and food security (Reganold et al., 1995).

A number of studies on the organic matters of 

conventional and organic farming systems have been done. 

The results of meta-analysis performed by Mondelaers et al. 

show that the organic matter content on organically managed 

fields on average exceeds the conventional value with 5.4 

percent points, but no significant difference in organic 

matter contents between organic and conventional parcels 

has appeared (Mondelaers et al., 2009).
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Besides the surveyed indicators above, eutrophication and 

acidification have often been used as environmental 

indicators in the comparison of environmental assessment 

between conventional and organic farms. In most cases of 

previous studies, eutrophication and acidification are clearly 

more favorable to organic farms than conventional farms 

(Haas et al., 2001; Hokazono et al., 2009). In the study of 

Haas et al. the results showed that eutrophication and 

acidification in organic fields are much lower than that in 

conventional fields by 25% of intensive conventional fields 

and 45% of extensive conventional fields. However, there are 

some conflicting results. Hokazono et al. found out in 

another research that both of eutrophication and acidification 

are higher in organic farms than in conventional farms 

(Hokazono et al., 2012).

In comparisons of environmental performances between 

CFS and OFS, the selection of indicators for environmental 

assesment can influence the results of comparison. Those 

who are favorable to organic system in environmental 

performances assert the importance of the ignored benefits 

of organic farming compared to conventional farming in 

contrast to the environmental indicators.

2.2.1.2 Selection of Unit Class

In review of European farming systems by Stolze et al. 

(2000), trends toward lower CO2 emissions in organic 

agriculture were shown. But they could not conclude that 

overall CO2 emissions are lower per unit of product in 

organic systems compared to the conventional systems. The 
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30% higher yields in conventional intensive farming in 

Europe can compensate the lower CO2 emissions per unit of 

products in organic agriculture (Stolze et al., 2000). There 

has been considerable debates in the literature about the 

most appropriate measure, whether on per land unit basis or 

on product basis. In the comparative results, this is still a 

significant issue that has yet to be resolved. 

Due to yield differences in intensive conventional 

production zones (i.e., Europe), per product comparison does 

not commonly favor organic, especially when examining GHG 

emissions (Lynch et al., 2011). Brentrup (2003) suggests using 

a product-related functional unit (i.e. based on mass) rather 

than an area-related functional unit in assessing differences 

in land use efficiency. The choice of the functional unit is 

highly dependent on the aim of the study. 

On the other hand, in countries where production exceeds 

domestic consumption, it may be that efficiency assessed on 

per unit land area is closer to the model of food production 

and consumption which will remain within the carrying 

capacity of the planet. Macrae et al. (2010) also asserted that 

organic farming systems demonstrate greater EE and reduced 

GHGE compared with conventional operations, usually 

attributable to the absence of synthetic fertilizers, particularly 

nitrogen, and synthetic pesticides. However, results suggest 

that the efficiency of organic systems can improve with 

research on optimizing yields/inputs, as comparisons of 

efficiency/output are not as robustly positive as those of 

efficiency/area (Macrae et al., 2010).

For this reason, it is required to identify if the selection of 
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unit class in environmental assessment of conventional and 

organic farming influences the results. When energy use and 

GHGE are compared, they are needed to be commonly 

compared on the basis of two kinds of units- the area 

basis(ha) and product basis (ton, kg or liter).

A. The Unit Class in EE

Most of the studies strongly favor organic farming with 

respect to whole-farm energy use and EE on a per hectare 

basis. However, on a per farm product basis, organic 

farming is lightly favorable than conventional farming with 

the possible exception of poultry and fruit sectors. In most 

cases, poultry and fruits are favorable in conventional 

farming on a per product basis (Lynch et al., 2011). 

B. The Unit Class in GHGE.

For GHGE, results per ha favor more consistently in 

organic farming rather than GHGE per unit product (Lynch et 

al., 2011). The global warming potential of organic farming 

systems is considerably smaller than that of conventional or 

integrated systems when calculation is done based on per 

land area. This difference declines, however, when calculated 

based on per product unit, as conventional yields are higher 

than organic yields in temperate climates (Badgley et al., 

2007).

In general, the emissions of product per ton basis is 

considered a more relevant indicator to assess the 

environmental impacts of the farming system. The production 

of organic farming is associated with lower CO2 emissions per 
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ha but tends toward higher CO2 emissions per ton due to 

lower productivity. Estimates of the CO2 emissions per ton of 

crop give different results depending on the assumption of 

yield levels (Gomier et al., 2008). However, under dry 

conditions or water constraints, organic agriculture may 

outperform conventional agriculture, both per crop area and 

per harvested crop (Stolze et al., 2000).

2.2.2 Study Characteristics

2.2.2.1 Published Year of Studies

A. History of the Comparative Study on Energy Use.

A comparative study trial of energy use in organic and 

conventional farms was published for the first time by 

Klepper et al. (1977). Then more detailed and systematic 

comparisons of energy performance of organic and 

conventional farming systems were initiated by Pimentel and 

colleagues in the early 1980s (Pimentel et al., 1983). 

Since then, these studies have been conducted occasionally 

in the 1990s (Berardi, 1978; Nguyen and Haynes, 1994; 

Refsgaard et al., 1997). From early 2000s on, a number of 

studies that compare the EE of organic and conventional 

farming systems have been conducted. 

B.  History of the Comparative Studies on GHGE

Studies on GHGE in agriculture has begun from early 

1990's mostly in the field of animal husbandry (Howden et 

al.. 1994; Jarvis et al,, 1994; Marland et al., 1995).

The first study on the comparison of GHGE on a pair of 

conventional and organic dairy farms was surveyed in 1996 
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and published in 2000 by Cederberg et al. (Cerderberg et al., 

2000). From the last decade on, these GHGE studies have 

been actively accumulated. GHGE assessment from organic 

and conventional agriculture has been carried out in 

different countries with a variety of crops and livestock.

2.2.2.2 Data Sources

A. Field Survey

When establishing the comparative researches on energy 

use and GHGE, field surveys were mainly conducted. Data 

from field surveys of farms can provide greater access, 

empirical and additional detail, and supplementary variables 

for triangulation of results. However, data from field surveys 

can prove insufficient due to the lack of objectiveness in 

data or information and great variations according to the 

geographical & biophysical conditions between comparing 

both systems. It can also be difficult to conduct a consistent 

analysis across farms without uniform data definitions (Kohli 

et al., 2003).

Around half of the extant of EE and GHGE studies belong 

to these field surveys.

B. Experimental Trials

On account of the limitations of field surveys, from the 

early stages of energy use and GHGE studies, experimental 

research trials on the comparison of energy use and GHGE 

started in advanced countries. Data from experimental farms 

can overcome several of the above imitations by providing 

greater accurate data with minimized bias as all other factors 
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can be controlled except for farm management systems. 

Thereby, much more reliable and objective data can be 

obtained from the replicated experiments and long-term 

period trials. When data is accurate, they exhibit fewer 

errors in variable bias. Thus, from an estimation perspective, 

it is always desirable to have data that is precise as possible. 

However, this method has limitations as its results may  be 

vary considerably according to the kinds and amounts of 

inputs between conventional and organic plots. And 

sometimes, there can be a lack of applicability on account of 

no consideration of economical aspects on farming inputs in 

the experimental data source. 

There are two kinds of experimental trials. One type are  

conducted trials in the experimental plots of research 

institutes or universities (Nemecek et al., 2011; Ku¨stermann 

et al.,2007; Cavigelli et al., 2009; Robertson, et al., 2000; 

Syva¨salo,et al., 2006;  Gelfand et al., 2010; Pimentel  et al., 

2005; Reganold et al., 2001;  Zentner et al., 2011; Moreno e 

al., 2011; Nguyen et al., 1995; Hoeppner et al., 2005; Deike et 

al., 2008; Stalenga et al., 2008; Chirindaa et al., 2010).

Another type are experimental trials which are conducted 

experimentally by the use of intentional inputs and farming 

practices not of farmers, but of researchers at farm field 

(Flessa et al., 2002; Martin et al., 2012; Hokazono et al., 2012; 

Ramos et al,, 2004; Klimeková et al., 2007; Sartori et al., 

2005; Iepema et al., 2001).

C. Secondary Database

This data source is originated not by empirical studies, but 
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by secondary statistical data. As a result, its validation 

depends on the choice of data base. For instance, the results 

rely on the selection of period for the average product yields 

or kinds of inputs put into the farms.

Data gathered from secondary sources is easier to obtain 

and is generally objective. Secondary sources can provide 

access to a greater number of farms’ data and thus, improve 

the generalization of results. On the other hand, secondary 

or public data sources may be limited in detail, and may not 

match the exact needs of the researcher. 

Among the studies of secondary data source, there are 

studies conducted by research centers or institute based data 

(De Backer et al., 2009), company based data (Heller et al., 

2011), regional based data (De Backer et al., 2009) and 

national based data (Veysset et al., 2011; Basset-Mens et al., 

2007; Williams et al.., 2006; Hirschfeld et al.., 2008; Fritsche 

& Eberle, 2007; Tayler, 2000; Meisterling et al.., 2009; Coppola 

et al.., 2008; Dalgarrd et al.., 1996). Finally, there are studies 

that compared the differences of national conventional 

average data and data from organic field surveys (Wood et 

al., 2011; Pimentel, 2006; Ortega et al., 2005; Petersen et al., 

2006).

2.2.2.3 Duration of Data Collections

Organic systems often have lower nutrient inputs and rely 

on nutrients previously added to soils before conversion to 

organic agriculture. It may take decades until yields decline 

to levels reflecting true organic practices. Thus, there is a 

risk of energy outputs from organic systems being 
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overestimated (Bertilson et al., 2008). According to them, the 

short term duration of surveyed data can cause more 

favorable results than as they actually are. 

A. Single Year Survey

In general, data from field surveys and secondary data 

collections are undertaken cross-sectionally for one year or 

one crop season.

B. Multi-year  Survey

On contrary, rarely farms with crop rotation or most of 

experimental farms are surveyed longitudinally for the period 

of over two years. Most experimental farms of research 

centers have been surveyed for longer term periods which 

are around 10 to 30 years (Nemecek et al., 2011; 

Ku¨stermann et al,, 2007; Cavigelli et al., 2009; Robertson, et 

al., 2000;  Gelfand et al., 2011; Pimentel et al., 2005; 

Reganold et al., 2001;  Zentner et al., 2011; Moreno e al., 

2011; Nguyen et al., 1994; Hoeppner et al., 2005; Stalenga et 

al., 2008).

Furthermore, there was little secondary data collections 

obtained from the database of longer research period 

(Meisterling et al., 2009).

2.2.2.4 Measurement Tools for the Evaluation of 

Environmental Indicators

As the study for the assessment of environmental 

indicators in agriculture developed, various methods for 

measurement have been proposed and used to address the 
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question of the environmental impacts of agriculture. 

Recently, Van der Werf et al. compared and analyzed 12 

indicator-based approaches to assess environmental impacts 

at farm level and to propose a set of guidelines for the 

evaluation of such methods. They wanted to find the most 

optimal method among the 12 tools for the evaluation of 

environmental impacts at farm level that can be used for 

better evaluation and to estimate more definitely which 

indicators among 26 environmental indicators that were 

selected showed better performance (Van der Werf, et al., 

2012). Halberg et al. (2005) conducted a comparative study 

on the efficacy of six kinds of measurement tools to assess 

the environmental impacts on livestock production. The 

results indicate that LCA method explains the environmental 

impacts in agricultural production, the most effectively and 

comprehensively.

Although various measurement tools for the assessment of 

environmental impacts in agriculture have been developed, 

only several measuring methods have been applied to 

estimate the environmental impacts in the comparisons of 

conventional and organic agriculture. All of the 

representative methods use a set of indicators including 

energy use and/or GHGE to evaluate the environmental 

impact of agriculture at farm level. 

A. EAM (Energy Analysis Method)

Previously, this method has been used most widely and 

generally when the LCA method was applied in agriculture. It 

has been easily available as a method to be employed for the 



- 23 -

assessment of energy use from the beginning. Even though 

the formal name for this method was not given until now, 

the author named this general method as ‘Energy Analysis 

Method (EAM)’ in this study. The EAM also accounts for 

indirect (embodied) energy which was used in manufacturing 

input materials before the farm production stage and direct 

energy used during agricultural production. However, since 

this method is not standardized internationally, the results 

may show considerable variations according to the conditions 

and limitations of studies. 

Many studies on agriculture have aimed at incorporating a 

limited range of indirect effects, particularly in terms of 

energy. Typically, only obvious inputs such as fertilizers, 

pesticides, irrigation and machinery are included in such 

studies. However, it has been demonstrated in a number of 

comparative studies that the omission of higher production 

stages in process analyses, causes a systematic error that is 

due to the truncation of the production system by a finite 

boundary (Wood et al.,  2006).

B. LCA (Life Cycle Assessment)

Life Cycle Assessment (LCA) is an internationally 

standardized tool. Among environmental assessment 

approaches, LCA is a method to assess impacts associated 

with a product by quantifying and evaluating the resources 

consumed and emissions to the environment at all stages of 

its life cycle, from the extraction of resources, through the 

production of materials, product parts and the product itself, 

and the use of the product to its reuse, recycling or final 
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disposal (Guinee, et al., 2000). It is a valuable tool for 

environmental evaluation of farming systems (Van den Worf, 

et al., 2002). However, since LCA was initially developed  for 

industrial products, it is pointed out that it does present 

some difficulties when applied in agriculture.

For the first time, Audsley et al. (1997) tried to carry out 

the application of LCA to agricultural production. 

Comparative studies on energy use and GHGE by LCA have 

been started by Cederberg et al. (2000), Haas et al. (2001).  

Since then, LCA studies have been applied very vigorously 

especially in comparative studies of GHGE. Until now, several 

dozens of LCA studies have been performed in the 

comparative studies on energy use and GHGE.

C. Emergy

The emergy methodology has been described fully by Odum 

(1988). Emergy methodology converts all forms of energy, 

materials, and human services into equivalents of one form 

of energy (solar energy). The units of solar energy are solar 

emjoules (sej) (Ortega et al., 2005).

Traditional energy analysis provides the short-term 

feasibility of a process but all forms of energy do not have 

the same ‘‘quality’’. To measure such differences, a method 

based on solar emergy, defined as the solar (equivalent) 

energy is required to generate the flow or storage, which has 

been proposed (Odum, 1988).

Emergy evaluation deals at best with systems at the 

interface between the ‘‘natural’’ and the ‘‘human’’ spheres 

(Bastianoni and Marchettini, 1996) and it is able to account 
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for all the inputs on a common basis, avoiding difficulties 

and subjectivity that could take place with other methods 

(Bakshi, 2002). This tool was applied in the comparison of 

conventional and organic farming in Italy (Castellini et al,, 

2006), Denmark (Coppola, F. et al., 2008) and Brazil (Ortega 

et al., 2005).

D. LCCI (Life Cycle Climate Impact)

This method had been generally employed in estimating the 

amount of GHGE in agricultural production before LCA 

method was adopted to agriculture. Even though a general 

formal name has not yet been given for this method, the 

author named it the ‘Life Cycle Climate Impact’ (LCCI). 

It is generally understood that the LCCI method was most 

probably derived from the global warming potential (GWP). 

The LCCI usually stands for the amount of CO2 and other 

greenhouse gases, emitted over the life cycle of 

manufacturing materials and crops production. This method 

is quantified using such indicators as the GWP, which 

represents the quantities of GHG that contribute to global 

warming and climate change. A specific time horizon is 

considered, usually 100 years (IPCC, 2009). In LCCI, the 

amount of GHGE is calculated by multiplying the input 

materials with their GHG conversion factors and by adding 

the direct emissions generated during the production process 

in the field. This LCCI method can also be referred as a kind 

of LCA, even though it is not analyzed by LCA software 

programs. Different from LCA method, LCCI includes the 

amount of GHGE generated in the process of manufacturing 



- 26 -

and maintaining the machinery used in farming systems, 

besides all the GHG emitted through the whole life cycle of 

farming systems as well as LCA.

Most of carbon calculation programs at the farm level have 

been developed and operated upon the basis of this method1).

2.2.2.5 Sample Size

The results of studies may vary according to the number 

of sample farms that are included in the analysis. A small 

sample size increases standard errors and thus makes it 

more difficult to isolate the effects of organic farming system 

from random noise. Furthermore, a small number of data 

may not be sufficient for establishing a trend for EE and 

GHGE, especially, when there are lag effects generated by 

conversion from CFS to OFS. The sample size is a function 

of both the number of sample farms examined and the 

number of replications in farming trials.

Most field surveys do not have many sample sizes due to 

the limits of period and cost of research. Some studies 

gathered data from only one pair of conventional and 

organic counterpart farms on EE studies (Ramos et al., 2004; 

Sarcinelli et al., 2004; Castellini et al., 2006; Loake, 2001; 

Cederberg et al., 2000; Gro¨nroos et al., 2006; Sartori et al., 

2005; Risoud, 1999; Van der Sorf, et al., 2007), and on GHGE 

studies (Flessa et al., 2001; Cederberg et al., 2000; Hokazono 

et al., 2009; Basset-Mens et al., 2006; Christel Cederberg et 

1) Representative carbon calculator program is presented by Climate 

Friendly Food - available from : 

http://www.climatefriendlyfood.org.uk/grower_retailer
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al., 2000; Ku¨stermann et al., 2007; Van der Werf et al., 

2007). The sample size of a few studies reached 100 to 500 

farms at maximum.

National or big research projects were sometimes 

performed with large sample size- 511 sample farms (Williams 

et al., 2010), 241 sample farms (Guzmán et al., 2008), 149 

sample farms (Turhan et al., 2008), 180 sample farms 

(Moreno et al., 2011),  312 sample farms (Alonso et al., 2010). 

Sample sizes of experimental farms depend on the numbers 

of experimental plots, replications and duration. National data 

is usually based on very large sized samples. And in most 

cases, the pairs of conventional and organic farms are 

constant in number in small sample-sized field surveys, but 

generally unbalanced in large-sized studies. 

2.2.3 Farm Characteristics

2.2.3.1 Country under Study

A. On the national level

Studies on the comparison of energy use began in the US, 

and then were performed most vigorously in Europe before  

spreading to other continents except Africa. There is no 

research on this theme in Africa. In Asia, these studies were 

conducted scarcely in several countries including Turkey, 

Japan, China and Korea. In Korea, only one comparative 

study on energy use of rice was performed (Gil et al., 2008) 

and there has been no empirical study on GHGE in 

comparison of conventional and organic farming systems 

until the present. 
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B. On the International Level

Several international comparative studies on the 

comparison of energy use and GHGE have been carried out. 

Petersen et al. (2006) conducted the research on nitrous 

oxide emissions from organic and conventional crop rotations 

in five European countries. A comparative study on GHGE in 

conventional and organic dairy farms was performed in five 

European countries by Weiske et al. (2006) A study on the 

comparison of GHGE of pig farms was completed in four 

European countries by Kool et al. (2009). And Martin et al. 

(2012) published the results of an experimental comparative 

study on the GHGE of conventional and organic coffee 

production in Costa Rica and Nicaragua.

2.2.3.2 Farm Size (Area of Sample Farm)

Most Asian countries and several countries of Europe such 

as Austria and Switzerland do not have large-sized farm land 

area. The size of experimental farm plot size or green house 

farms is generally very small. The sample farm area of field 

crops and livestock are considerably larger in European, 

American and Oceania countries.

In small-sized farms such as in Japan and Korea, energy 

use and GHGE appeared commonly higher in organic farms 

than in conventional farms due to the intensive and high 

input farming systems on small and expensive land 

(Hokazono et al., 2009; Hokazono et al., 2012; Gil et al,. 

2008).

A comparative study of EE in different farm sizes was 

carried out in Iran by Mousavi-Avval et al. (2011). The 
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results revealed that medium farms have the highest energy 

use efficiency but there was no apparent difference within 

farm sizes. Recently, another research of energy consumption 

and EE in barberry production system was published by 

Mousavi-Avval et al. (2012). The results indicated that total 

energy input and productivity of small farms were higher 

than those of large farms. Also, energy resources are used 

more efficiently in small farms. Technical and scale efficiency 

in small farms were calculated higher than in large farms.

2.2.3.3 Types of Farming Products

In general, the values of energy use and GHGE not only 

within farming product types but also between conventional 

and organic farms within farming product types, show 

significantly different results. It appears that the energetic 

performances of different farming systems depend on the 

crops cultured and specific farm characteristics (e.g., soil, 

climate, etc.).

In contrast, the composition of GHG emissions in 

agriculture is very different than from that of other 

industries. Carbon emissions account for only about 9%, 

whereas nitrous oxide (N2O), mainly from fertilizer use, and 

methane (CH4) emissions related to fermentative digestion by 

mainly ruminant livestock, represent 46 and 45% respectively. 

This means that the main driving forces of GHGE in 

agriculture are fertilizers of conventional crop farming and 

methane gas from livestock farming. It is considered that 

these characteristics of agricultural production make a 

difference in GHGE between farm production types. 
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A. Fields Crops

Generally, field crops use less amount of energy per ha 

and per ton, and emit less amount of GHGE per ha and per 

ton than any other farm types. A review study on 12 

previous literatures of field crops explain that most of the 

results are favorable to the organic farms (Lynch et al., 

2011). In most organic field crop systems, the total N inputs 

to soil and the potential for N2O emissions are reduced 

compared to conventional systems. However, an increased 

risk for N2O emissions occurs in organic farms following the 

flush of soil nitrogen mineralization after incorporation of 

legume green manure or crop residues (Lynch et al., 2011).

B. Vegetables

With the exception of potatoes, organic vegetables show 

consistently higher EE and lower GHG emissions on per ton 

and ha basis. Most results favoring organic exceed 20% 

threshold (Lynch et al., 2011).

C. Fruits

According to the review of Lynch et al. (2011), organic is 

slightly favored on per ha basis, but not generally so on per 

ton production, unless the study takes a full emergy analysis 

approach or examines non-renewable energy use efficiency. 

In only a few studies, organic performance is higher than 

conventional one.  

D. Dairy
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Overall, organic dairy systems appear to reduce energy use 

and improve EE both per unit land base and per kg of milk 

produced. With respect to GWP per unit product, there is no 

consensus in the data available to suggest that organic dairy 

systems management is significantly beneficial (Lynch et al., 

2011). Review by Gomier et al. shows that the energy use of 

organic dairy farms is lower from 23% to 69% than those of 

conventional systems, and GHGE of organic dairy farms is 

from 8 to 54 % than that of conventional dairy farms 

(Gomier et al., 2008).

E. Meat Production

Beef production systems are well known to be much less 

efficient than crop production in terms of energy efficiency, 

requiring seven times as many inputs for the same calorie 

output (Smil, 2001). Correspondingly, GHG emissions are 

reported as greater in beef production than poultry, egg and 

hog production, milk and crops. As noted by Sonnesson et 

al. (2009), however, there is usually great variation in the 

results of studies assessing the net GHG impact of beef, 

because of methodological differences, system boundaries, 

and differences in production systems. 

The review by Lynch et al. shows that the energy use and 

GHGE of organic systems are lower from 3% to 57% than 

those of conventional systems in meat production (Lynch et 

al., 2011).

F. Poultry

Comparative data on poultry production are particularly 
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sparse, especially for eggs (Sonesson et al., 2009). In general, 

on poultry  production, energy use and GHGE are higher in 

organic farms than in conventional farms. Only on a solar 

emergy basis, organic production appear to be more energy 

efficient than conventional production, but this is an area 

with very limited analysis (Castellini et al., 2006).

2.2.3.4 Type of Culture

Mono-crop based industrial agricultural practices can be 

asserted as one of the key driving forces of GHG emissions 

in agriculture with land-use changes primarily deforestation, 

and industrial livestock production that rely on significant 

external inputs (UNCTAD, 2010). On the other hand, crop 

rotation is internationally one of the most essential and 

common regulation norms in organic farming certification 

(Codex, 2004; IFOAM, 2005). This means that environmental 

performance such as energy use and GHGE is considerably 

related with the type of farming cultures.

Bertilson et al (2008) point out the possibilities of 

misinterpretation of energy consumptions by the ways of 

misunderstood data calculation. Valid comparisons of systems 

must consider the total production of the systems. However, 

only crop-wise yields are usually reported, disregarding the 

area used to grow non-harvested green manure crops in 

organic agriculture. Therefore, total production over a whole 

crop rotation period and not crop-wise yields needs to be 

used to estimate the energy production of agricultural 

systems.  Reported yields based on single crops and not the 

whole rotation can result in significantly different 
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interpretations.

A. Comparison of Mono-culture

The comparison of conventional and organic mono-culture 

in energy use and GHGE was mainly on perennial crops( 

Noponen et al., 2012) such as fruits (Kaltsas et al., 2007; 

Michosa et al., 2012; Vassilios et al., 2011) or on the 

livestock (Ripoll-Bosch et al., 2011) which is dependent on 

exported feed without pasture. And the comparison of 

conventional and organic mono-cultural farming were 

sometimes performed on energy use and GHGE for only one 

crop season even in field crops (Hokazono et al., 2009) or 

vegetables (Zafiriou et al., 2012).

B. Comparison of Multi-culture

Comparisons of multi-culture have been conducted mainly 

in field crops, vegetables, pastures and mostly in 

experimental farms ( Hillier et al., 2009; Nemecek et al., 2011; 

Ku¨stermann et al., 2007).

2.2.4. Selection of Energy Coefficient for EE Studies

The selection of energy coefficients of inputs applied to 

calculate the energy consumption has significant implications 

on energy calculations in agricultural systems. Energy 

coefficients of inputs put into farm systems are applied 

variously according to the choice by the researchers.

Energy coefficients generally mean the whole embodied 

energy of each input used to produce machinery2), fuels and 

2) Inputs such as machinery should be considered to include the energy of 
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all kinds of materials per unit for farming. These energy 

coefficients of farming inputs have been calculated and 

applied from the beginning of energy use studies in 

agriculture. The amount of energy input depends on the 

amount of inputs and energy coefficients of each input. 

Since the amount of energy input is calculated by multiplying 

the amount of inputs with energy coefficient of each input, 

the value of energy coefficients determines the amount of 

energy input. Consequently the value of energy coefficient 

results in determining the efficiency of energy use - because, 

energy efficiency is the value of energy output divided by 

energy input.

As time passed, the values of energy coefficients were 

occasionally revised and updated to be applied reasonably in 

energy use studies. However, energy coefficients of each 

input put into farming practices were mainly chosen 

subjectively by the choice of researchers and calculated for 

getting data for energy inputs. 

Bertilsson et al. (2008) assert that it is important to use the 

most recent data of energy coefficients in energy 

calculations. For example, a central input for the 

interpretation of energy analysis is the consumption of 

energy for N fertilizer manufacturing. Technical improvement 

of fertilizer plants to increase the efficiency has reduced 

energy demand for N fertilizer production in recent years. 

They assert that the newest energy coefficients of inputs 

should be applied to calculate the energy consumption. This 

repair and maintenance as well as manufacture for its energy 

coefficient.
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has significant implications on energy calculations for 

agricultural systems. This is because selection of energy 

coefficients for inputs may determine the differences of the 

EE  and GHGE between CFS and OFS.

2.2.5 Other Controversies on Comparative Studies of EE 

and GHGE

2.2.5.1 Issue of Data Choice

Bertilsson et al. assert that there is great potential for 

misinterpretation of system comparisons resulting from the 

choice of data and the expression of energy data. For 

example, energy use per unit yield was lower in organic crop 

and animal production than in the corresponding 

conventional system. This is due to the exclusion of N 

fertilizer - the largest energy input in conventional cropping 

systems. However, reducing the energy input to crop 

production through exclusion of N fertilizers is not 

automatically beneficial because cropping systems have a 

positive energy balance. More energy can be produced than 

is consumed. The higher energy yield can be used to 

substitute for energy sources in other processes and thereby, 

save energy in total (Bertilsson et al., 2008).

Energy use per unit yield expresses system efficiency, but 

the term is insufficient to evaluate the energy characteristics 

of agricultural systems. Calculation of the most important 

energy component - the net energy production per unit area, 

showed that conventional systems produced far more energy 

per hectare than organic systems. The energy productivity 

(output/input ratio), - i.e. the energy return on inputs, was 
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at least sixfold in Europe (Bertilsson et al., 2008) in both 

types of farming, revealing the highly positive energy balance 

of crop production in general. Therefore, Bertilsson et al., 

(2008) assert that the evaluation of sustainability of cropping 

systems cannot be based on characterizing energy efficiency 

calculations only, but must be based on balancing of total 

energy amounts. 

Hence, in comparison of efficiency of energy use between 

CFS and OFS, besides energy efficiency, other characteristics 

of energy use need to be evaluated.

This is the reason why multi-lateral aspects of comparisons 

in energy use of CFS and OFS are required. 

 

2.2.5.2 Issue of Land Use and Productivity

By Bertilsson et al. (2008), lower yields in the organic 

systems, and consequently lower energy production per unit 

area, mean that more land is required to produce the same 

amount of energy. This greater land requirement in organic 

production must be considered in energy balances. When the 

same area of land is available for organic and conventional 

crop production, the latter allows for complementary 

bio-energy production and can produce all the energy 

required for farming, such as fuels, N fertilizers, etc., in the 

form of ethanol. Although energy offsets even in a limited 

capacity, can improve the overall GHG reduction and EE of 

an organic operation, they are likely to be relatively smaller 

in benefits than those that could arise from conventional 

operations (Lynch et al., 2011).
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2.2.6 Meta-analyses on Environmental Performance

General review studies show just brief and holistic trends 

about the comparisons of energy use and GHGE between CFS 

and OFS. Due to this weakness, a certain advanced statistical 

method is required for a little more qualitatively and 

quantitatively statistical comparison. Meta-analysis is 

employed to derive scientific findings regarding the 

differences in environmental impact of organic and 

conventional farming systems by the statistical analysis of 

previous researches. 

In order to statistically estimate the differences in 

environmental impact of organic and conventional farming 

systems, two meta-analyses were performed to date. 

Bengtsson et al. (2005) conducted meta-analysis on the 

differences of biodiversity and abundance between CFS and 

OFS. Mondelaers et al., (2009) assessed the difference in 

environmental pressure between organic and conventional 

agriculture by meta-analysis. They investigated land use 

efficiency, organic matter content, nitrate and phosphorous 

leaching, biodiversity and greenhouse gas emissions between 

two farm systems. 

However, nobody has yet carried out the meta-analysis to 

identify structural factors including research methodology 

and other external systems, which determine different scores 

of environmental performances between both farming 

systems. Meta-analysis for this purpose is applied for the 

first time in this study.
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2.3. Methods and Data

Meta-analysis is rooted in the fundamental values of 

scientific enterprise, replications, quantification, causal and 

correlation analysis (Benbasat and Lim 1993), and 

consequently can offer direction for future research. As 

research on energy use and GHGE proceeds, so does the 

need to conduct more comprehensive analytic studies on the 

precedent researches. The results of this meta-analysis will 

contribute in developing research framework, and eventually, 

in establishing a theory of environmental impacts in 

agriculture.

Meta-analysis refers to a specific set of statistical method 

that is designed to compare and synthesize the results of 

multiple studies. Accordingly the units of meta-analysis are 

the results of independent studies rather than the 

independent responses of individual subjects. 

While the target of independent study is farm production 

system, the target of meta-analysis is independent studies 

themselves. While the dependent variable (performance  

variable) of independent studies is EE or GHGE, the 

dependent variable (result variable) of meta-analysis is the 

characteristics and extent of differences in EE and GHGE 

between CFS and OFS. While the purpose of independent 

study is to identify the differences of environmental impacts 

between CFS and OFS, the purpose of meta-analysis of 

previous independent studies is to identify the structural 

variables which make the significant differences of 

environmental impacts in both systems between independent 
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<Table 2-1> Comparisons of Research Frameworks between  
Independent Study and Meta-analysis

Independent Study Meta-analysis Study

Targets Farm Production Systems EE or GHGE Studies

Dependent 
Variables

EE or GHGE
Organic Superiority of EE 

or GHGE

Independent 
Variables

Inputs or Farming 
practices 

Methodological structural 
factors

Objectives

To develop farming 
strategies for mitigation 
of environmental impacts 

by identifying driving 
input factors 

To develop research 
model for reliable 

environmental impact 
studies by identifying 
driving methodological 

factors

studies.

Conceptual research frameworks of independent study and 

meta-analysis study of independent studies are compared in 

Table 2-1.

Research framework of independent studies on 

environmental performances - the EE and GHGE between CFS 

and OFS, is shown in Figure 2-1.
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As shown in Figure 1. independent studies identify the 

relations of energy input and energy output, or the relations 

of inputs and emissions in farm systems. Among the 

environmental indicators for environmental assessment,  only 

the energy use and GHG emissions were taken into account 

in this study since most of the previous studies have used 

the energy use and GHG emissions as indicators for 

environmental assessment of conventional and organic farms.

2.3.1 Research Framework of Meta-analysis

On the other hand, research framework of meta-analysis 

for these previous independent studies is shown in Figure 

2-2.

In this framework of meta-analysis, result variables mean 

dependent variables of meta-analysis. They refer to the 

differences of environmental performance between CFS and 

OFS, which are presented as ‘organic superiority of EE and 

GHGE’. 
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Four categories of structural variables which can 

potentially affect the result variables are set up as 

independent variables for the meta-analysis. Four categories 

of structural variables include classification of dependent 

variables, study characteristics, farm characteristics and 

selection of energy coefficients <Figure 2-2>.

2.3.2 Result Variables of Meta-analysis

 One of the objectives in this meta-analysis is to 

understand which variables make a difference in the outcome 

of EE or GHGE studies between CFS and OFS. The result 

variables of this meta-analysis are defined as follows.

2.3.2.1. Result variables of EE Studies3)

A. Binary Result Variable of EE – Organic Superiority of EE

In this study, the result of EE studies is expressed as two 

types. One is expressed as the superiority of OFS on 

comparison of EE between CFS and OFS. This records the 

result variable of organic EE superiority into a binary result

—“positive” and “non-positive” including “negative” and “no 

difference”. That is, when organic EE is higher than 

conventional EE, the value of result variable is “positive”. 

B. Continuous Result Variable of EE – Ratio of Organic 

Superiority of EE

This study employed a percentage-based “continuous” 

3) In cases that the value of EE in studies is not definitely presented, its 

EE was obtained by calculations with the values of energy inputs and 

energy output. Additional data was also obtained from authors by email 

access.



- 42 -

result variable of organic superiority of EE by categorizing 

result (dependent) variables of independent previous studies 

into subcategories - positive or non-positive. Therefore, 

continuous result variable of EE were calculated by the ratio 

of positive versus non-positive in organic superiority of EE 

in previous studies. The formula to calculate the continuous 

EE and GHG variable for each study is: Continuous EE or 

GHGE variable = [(N of positive minus N of 

non-positive)/Total N of result variables]*100.

For example, a study with all result (dependent) variables 

showing positive results will be coded as 100%, whereas a 

study that had a total of 4 dependent variables (three 

positive  and one non-positive) will get a score of [(3-1)]/4 * 

100) =50%. Thus any score in the range from –100 to +100 is 

possible depending on the total number of result variables 

employed in the study, as positive and non-positive. This 

means that the more the continuous variable value, the 

higher the EE of organic farming system.

In addition, another continuous result variable was 

employed in this study, which was expressed as the ratio(%) 

of organic EE versus conventional EE. When organic EE is 

higher than conventional EE, its value is over 100%.

2.3.2.2 Result Variables of GHGE Studies4)

4) In cases that the value of GHGE per ton is not definitely presented, its 

GHGE per ton basis was calculated by GHGE per ha and product yield. 

  And in cases that the amounts of methane and nitrate oxide are 

presented without the value of Kg CO2eq GHG, their Kg CO2eq GHG 

was calculated by GWP index. The GWP (global warming potential index) 

was used to determine contribution to the greenhouse effect. The 

emissions are measured in terms of a reference gas, CO2 (IPCC, 1996).
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A. Binary Result Variable of GHGE

The result variable of GHGE is also expressed as two types, 

the same  with EE. One is expressed as superiority of OFS in 

comparison of GHGE. This records the result variable of 

organic superiority of GHGE into a binary result - “positive” 

and “non-positive” including “negative” and “no difference”. 

That is, when organic GHGE is lower than conventional 

GHGE, the value of result variable is “positive”.

B. Continuous Result Variable of GHGE

This one expresses the continuous result variable of GHGE 

measure calculated as the ratio of positive versus 

non-positive of organic superiority of GHGE, the same as 

with continuous result variable of EE.  This means that the 

higher this value, the lower organic GHGE. Any score in the 

range from –100 to +100 is possible depending on the ratio 

of the number of positive versus non-positive results in 

organic superiority of GHGE.

In addition, another continuous result variable of  GHGE is 

employed in this study, which was expressed as the ratio(%) 

of organic GHGE versus conventional GHGE. When organic 

GHGE is higher than conventional GHGE, its value is over 

100%.

2.3.3 Structural Variables and Hypotheses

The structural variables under the respective category 

selected for this meta-analysis are as follows.

2.3.3.1 Characteristics of Dependent Variables Employed
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A. Employed Dependent Variables.

Past studies have employed several types of dependent 

(outcome) variables in examining environmental performance 

at the farm-level. The most commonly used dependent 

variables are energy use and GHG emissions. And, among the 

energy use variables there are the EE, net energy, specific 

energy, energy productivity and energy renewability .   

In this study, only EE and GHGE were selected as the types 

of dependent variables. The following hypothesis aims to 

assess if results of organic superiority varied depending upon 

the type of dependent variables employed.

Hypothesis 1. The types of dependent variables will have 

significant differences in EE and GHGE between both systems.

B. Unit Class of Dependent Variables

Most previous studies have shown different tangible and 

measurable efficiency by units, especially in EE outcomes.  

Outcomes of EE and GHGE are considerably varied according 

to the unit class used - area basis (ha) or product basis 

(ton, kg, liter).

Hypothesis 2. Differences in EE and GHGE between both 

systems will appear differently by the unit class employed.

2.3.3.2 Study Characteristics

A. Published Year

The literature reviewed in this study has been published for 

over 30 years from the late 1970s to 2012. Since the time 

when the study was conducted can be related with the result 

variables, the published year was selected as a structural 
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variable of study characteristics. The published year variable 

is classified into two groups of ‘before 2005’ and ‘after 2006’.

Hypothesis 3,. Published year will affect the differences of 

EE and GHGE between both systems.

B. Surveyed Duration 

Likewise, the studies cover varying periods over which data 

are collected. Most studies used data collected at the annual 

level. Sometimes data are collected for the period of a crop 

season or term of crop rotation. The duration for which 

studies capture and analyze data also varies widely. Variable 

of duration is classified into two groups of ‘one year or one 

crop season’ and ‘over 2 years’.

Hypothesis 4. Surveyed duration will show the differences 

in EE and GHGE between both systems.

C. Data Sources

 Since the accuracy of EE and GHGE studies is contingent 

upon the quality of data utilized, the source of data is 

critical to the EE and GHGE analysis. For this reason, data 

source may influence the difference of results in EE and 

GHGE between both systems. Variable of data source includes 

three groups of field study, experimental farm and secondary 

data. 

Hypothesis 5. Data sources will show great differences in 

EE and GHGE between both systems.

D. Measurement Tools

Measurement tools of data have been employed in various 
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ways according to the choice of the researchers. Results of 

EE and GHGE studies can be changeable according to the 

measurement tools employed. In this study, four kinds of 

measurement tools are chosen for analysis – EAM, LCA, 

Emergy, and LCCI. 

Hypothesis 6. Measurement tools  will show the differences 

in EE and GHGE between both systems.

E. Sample size

The number of sample farms surveyed in EE and GHGE 

studies has the potential to affect the differences of EE and 

GHGE between both systems. This variable is classified into 3 

groups - “under 20 samples”, “21-100 samples or regional 

and institute’s secondary data”, and “over 100 samples or 

national secondary data”.

Hypothesis 7. Studies using larger sample sizes will show 

greater differences in EE and GHGE between both systems.

2.3.3.3 Farm Characteristics

A. Country under Study

Geographical and agri-environmental conditions such as 

climate, soil, farm size and agricultural policy of 

governments are very diverse according to the countries or 

even continents. Hence, the results of EE and GHGE may be 

different depending on the country or continent under study.

In this study, the variable of studied country was classified 

into 3 continents by the extent of intensiveness or 

extensiveness of the farming systems - EU, North and South 

America, Asia and Central America.
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Hypothesis 8. Country under study will show great 

differences in EE and GHGE between both systems. 

B. Types of Farm Product  

Most EE and GHGE sector studies have been conducted 

respectively on types of farm products. Outcomes of EE and 

GHGE appeared very diverse according to the types of farm 

products. Since required energy input and produced energy 

are tangibly different according to farm types, the results of 

EE and GHGE vary according to the types of farm products. 

Farm product types are classified into 6 groups – field 

crops, vegetables, fruits, dairy, meat livestock, and mixed 

products.

Hypothesis 9. Farm type will show big differences in EE and 

GHGE between both systems. 

C. Farm Size

The degree of management intensiveness of farms cannot 

help but be affected by farm size. This is the reason why EE 

and GHGE are inferred to be subjected to the farm area. In 

this study, 10 ha is set as a criterion area for farm size.

Hypothesis 10. Farm size will show great differences in EE 

and GHGE between both systems. 

D. Types of Culture

Environmental performance such as energy use and GHGE 

may be considerably related with the type of farming cultures 

– mono-culture or multi-culture. Hence, the type of culture 

was selected as a potential variable which may affect the 
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<Table 2-2> Result Variables in the Meta-analysis

Result Variables Classification  Specification

Organic 
Superiority of EE

binary result variable
Positive or 

Non-positive of 
Organic EE

continuous result 
variable

Ratio of Positive versus 
Non-positive of 

Organic EE

 Organic 
Superiority of 

GHGE

binary result variable
Positive or 

Non-positive of 
Organic GHGE

continuous result 
variable

Ratio of Positive versus 
Non-positive of 
Organic GHGE

result of EE and GHGE.

Hypothesis 11. Culture type will show significant differences 

in EE and GHGE between both systems. 

2.3.3.4 Selection of Energy Coefficients for EE Studies

Energy coefficients of inputs inserted into farm systems are 

employed in various values to calculate the energy input 

according to the choice by the researchers. The size of 

energy coefficients of input materials is considered to be able 

to affect the result of EE and GHG emissions in both 

systems. 

Therefore, the choice of energy coefficients by researchers 

may greatly influence the outcome of EE. 

Hypothesis 12, The choice of energy coefficient will show to 

greatly affect the result of EE between both systems.

2.3.3.5 Result Variable and Structural Variable

This meta-analysis sets up 2 kinds of result variables and  
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<Table 2-3> The Categories of Structural Variables in the 

Meta-analysis

Categories Structural Variables  Classifications

Classification 
of 

Dependent 
variables

Types of dependant 
variables

EE or GHGE

Unit class of dependent 
variables

per unit area or per unit 
product

Study 
characteristics

Published year
before 2005 
or after 2006

Duration of data 
collection

Single year(1 year or 1 
crop season), 

Multi-year(over 2 years)

Data sources
field survey, experimental 
farm, secondary(database)

Measurement tools EBM, LCA, Emergy, LCCI

Sample size
under 20 samples. 21-100 

samples, over 100 and 
national secondary data

Farm 
characteristics

Country under Study
Europe, America and 

Oceania, Asia and Central 
America

Types of product
field crops,  vegetables, 
fruits, dairy, livestock, 

mixed crops

Farm size (Area) below 10ha or above 10ha

Types of culture
 mono-culture or 

multi-culture(crop rotation)

Energy 
coefficients
(*Separately 
analyzed)

Energy Coefficients
energy coefficients per 
units- tractors, fuels, 

N-fertilizers, pesticides, 

4 categories of 12 structural variables. And the 12 

hypotheses consistent with 12 structural variables are 

presented. 

The classification of result variables and structural 

variables is illustrated in Table 2-2 and Table 2-3. 



- 50 -

2.3.4 Models of Statistical Analysis for Meta-analysis

In the previous section, structural variables and result 

variables were derived from the literature review. Structural 

variables refer to independent variables, and result variables 

refer to dependent variables for meta-analysis. To identify 

the relationship with structural variables and result variables 

and to explore structural variables which give a significant 

influence to the result variables, the following statistical 

analysis models are applied for the meta-analysis <Table 

2-4>.

Result variables are differentiated into three kinds of 

organic EE superiority, organic GHGE superiority and organic 

EE & GHGE superiority. Organic EE & GHGE superiority 

refers to the organic superiority of integrated environmental 

performances regardless of classification of dependent 

variables – EE or GHGE. 

Organic superiority refers to the extent that environmental 

performances in OFS is superior to the environmental 

performances in CFS. Organic superiority is estimated as 

positive or non-positive according to whether EE in OFS is 

higher than EE in CFS and GHGE in OFS is lower than GHGE 

in CFS or not. That is, organic superiority can be estimated 

as positive when organic EE is higher than conventional EE 

or when organic GHGE is lower than conventional GHGE. 

Organic superiority can be estimated as non-positive when 

organic EE is not higher than conventional EE or when 

organic GHGE is not lower than conventional GHGE. 

Employing logistic regression analysis, this study presents 

statistical evidence of the characteristics that discriminate 
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<Table 2-4> Statistical Analysis Models for Meta-analysis

　Contents of 
Analysis

Structural
(independent) 

Variables

Result 
(dependent)   
Variables

Applied Statistical 
Analysis　

Comparison 
of   

Environmental 
Performances
(EE & GHGE) 
between CFS 

and OFS

Duration
Data source
Measurement 

tool
Sample size

Area
Culture
Class of 

dependent 
variables 

 Unit class

Binary variable 
(positive or 

Non-positive of 
Organic EE & 

GHGE)
Logistic 

RegressionContinuous 
variable 

(positive or 
Non-positive of 
Organic EE & 

GHGE)

Comparison 
of   EE 

between CFS 
and OFS

Duration
Data source
Measurement 

tool
Sample size
Product type

Area
Culture type
Unit class

Binary variable 
(positive or 

Non-positive of 
Organic EE)

Logistic 
Regression

Continuous 
Variable
(Ratio of 

positive vs 
non-positive of 

Organic EE)

Multi-Regression
(Dummy)

Comparison 
of GHGE

between CFS 
and OFS

Published year
Country
Duration

Data source
Measurement 

tool
Sample size
Product type

Area
Culture type
Unit class

Binary Variable
(positive or 

Non-positive of 
Organic GHGE)

Logistic 
Regression

Continuous 
Variable
(Ratio of 

positive vs 
non-positive of 
Organic GHGE)

Multi-Regression
(Dummy)

Comparison 
of Energy 

Coefficients 
to the EE

Tractor
Diesel

N fertilizer
Pesticides

EE ratio
(Org/Con)%

Multi-Regression

between EE and GHGE studies that show a positive effect and 

those that did not. 

In addition, multi regression analysis is employed on a 
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continuous measure of the ratio (%) of organic superiority to 

examine the influence of structural variables on the result of 

EE and GHGE studies.

2.3.5 Procedure of Meta-analysis 

As applied in the meta-analysis by Kohli et al. (2003), this 

study also consists of the following steps as the procedure of 

meta-analysis.

(1) Development of a framework listing factors that 

contributes to explaining the difference of EE and GHGE 

between CFS and OFS;

(2) Selection of studies to be included in the analysis;

(3) Coding of the various characteristics and data of 

studies included in the analysis;

(4) Statistical meta-analyses through logistic regression and 

multi-regression analysis;

(5) Arrangement of findings from the statistical procedures, 

and directions for future research.

2.3.6 Data Collection

This meta-analysis of the EE and GHGE focused on 

farm-level studies that compared the differences of EE and 

GHGE between CFS and OFS as environmental performance 

in agriculture. This meta-analysis consists a total around 120 

EE and GHGE published studies, including research articles, 

recent working papers, and Doctorial dissertations between 

1970s and 2012. Literature used for meta-analysis are 

represented in Appendix III-1. 

In addition, to comprehensively compare other farm-level 
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<Table 2-5> The Number of Analyzed Studies

　 EE GHGE

No. of studies 68 66

No. of paired study cases 101 100

No. of analyzed observations 165 195

studies, this meta-analysis reviewed the bibliographies of 

previously published review papers (Gomier et al., 2008; 

Lynch et al., 2011, Lynch et al., 2012; Hill, 2009; Niggli et al., 

2009; Ziesemer(FAO), 2007; Azeez et al., 2008). 

Cases that have detailed and supplementary data or 

information are not presented in published studies. I carried 

out contacts with the authors by email. 

A meta-analysis of 68 studies on the comparison of EE 

between CFS and OFS from 1977 to 2012, and 66 studies on 

the comparison of GHGE between CFS and OFS from 1999 to 

2012, were analyzed systematically. Some studies examined 

multiple paired farm products studies for comparisons of 

conventional and organic farms, which result in the increase 

of analyzed study cases5). In addition, when a study had been 

analyzed based on the results of both units - ha and ton 

basis, the number of analyzed observations could increase 

two-fold. 

As a result, the numbers of paired farm product type 

analyzed between both systems were 101 for EE studies and 

100 for GHGE studies. And the numbers of paired 

observations analyzed were 165 for EE studies and 195 for 

GHGE studies <Table 2-5>.

5) This study treated each outcome variable of a study as an observation, 

thus creating multiple observations from each study. 
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2.4 Results of Meta-analysis

EU and GHGE researches included in the meta-analysis are 

distributed for over 30 years from 1970s to 2012 (Figure 2-3). 

The researches on EE and GHGE have increased gradually 

and were most actively undertaken in the late 2000s. 

Research to compare EE of CFS and OFS started in the late 

1970s and appear to be on the rise from the early 2000s, 

peaking in the mid-2000s and then gradually dropping down. 

Research to compare GHGE of CFS and OFS appeared late 

1990s and started to activate from the late 2000s.

Both EE and GHGE researches are very active in European 

countries and in the US. <Figure 2-4>

<Fig. 2-3> Published Studies by Year
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<Fig. 2-4> Frequency Distributions of EE and GHGE Researches 

by Countries 
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<Table 2-6> Frequency Distributions of Structural Variables  

within Groups by Result Variables
Variables within Groups EE & GHGE EE GHGE

Published 
Year

before 1985
35

(17.9)

after 1986
160

(82.1)

Country 
under 
Study

Europe
162

(83.1)

America &  
Australia

24
(12.3)

Asia & Central 
America

9
(4.6)

Duration
Single year

259
(71.9)

112
(67.9)

147
(75.4)

Multi Year
101

(28.1)
53

(32.1)
48

(24.6)

Data 
Source

Field survey
164

(45.6)
91

(55.2)
73

(37.4)

Experimental   
trials

89
(24.7)

36
(21.8)

53
(27.2)

Secondary 
data

107
(29.7)

38
(23)

69
(35.4)

Measurem
ent Tool

EAM
162
(45)

102
(61.8)

60
(30.8)

LCA
170

(47.2)
51

(30.9)
119
(61)

2.4.1 General Characteristics of Structural Variables

 

The result variable of organic superiority of integrated 

environmental performances (EE & GHGE) is analyzed by 9 

structural variables including class of dependent variable. 

The result variable of organic EE superiority is analyzed by 8 

structural variables. And the result variable of organic GHGE 

superiority is analyzed by 10 structural variables adding the 

published year and the studied country.

 Frequency distributions of structural variables within 

groups by result variables are shown in Table 2-6.
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Others
28

(7.8)
12

(7.3)
16

(8.2)

Sample 
Size

Under 20
154

(42.8)
60

(35.4).
94

(48.2)

Above 20 or   
regional data

121
(33.6)

72
(43.6)

49
(25.1)

National data
83

(23.1)
33
(20)

50
(25.6)

Product  
type

Field crops
159

(44.2)
75

(45.5)
84

(43.1)

Vegetables
44

(12.2)
21

(12.7)
23

(11.8)

Fruits
33

(9.2)
22

(13.3)
11

(5.6)

Dairy
53

(14.7)
19

(11.5)
34

(17.4)

Meat livestock
51

(14.2)
19

(11.5)
32

(15.4)

Multi crops
20

(5.6)
9

(5.5)
11

(5.6)

Area
under 10ha

109
(30.3)

56
(33.9)

53
(27.2)

above 10ha
251

(69.7)
109

(66.1)
142

(72.8)

Culture 
type

Mono-culture
188

(52.2)
82

(49.7)
106

(54.4)

Multi-culture
172

(47.8)
83

(50.3)
89

(45.6)

Class of 
Units

per ha
166

(46.1)
92

(55.8)
74

(37.9)

per ton
194

(53.9)
73

(44.2)
121

(62.1)

Class of 
Dependent 
Variables

EE
165

(45.8)

GHGE
195

(54.2)

In the comparative studies of EE and GHGE between OFS 

and CFS, organic superiority according to each result 

variables is identified like Table 2-7. 

As shown in Table 2-7, organic superiority of EE is 

estimated as positive by 67.3%, organic superiority of GHGE 
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<Table 2-7> Organic Superiority by Result Variables

Result Variables of 
Meta-analysis

EE & GHGE EE GHGE

Organic 
Superiority

Positive
242

(67.2)
111

(67.3)
132

(67.7)

Non-positive
118

(32.8)
54

(32.7)
63

(32.3)

is estimated as positive by 67.7%, and organic superiority of 

EE & GHGE is positive by 67.2%.

 

2.4.2 Results of Meta-analysis on the Integrated EE & GHGE 

Studies

All the analyzed study observations of EE totaled 165 and 

all the analyzed study observations of GHGE totaled 195 

regardless of units. A total of 360 observations were analyzed 

to examine the predicting forces of structural variables to 

organic superiority of EE & GHGE. Frequency distributions by 

structural variables were displayed in Table 2-6. In order to 

investigate whether the choice of environmental indicator – 

EE or GHGE, affects the organic superiority of environmental 

performances in the comparative studies of EE or GHGE 

between OFS and CFS, the class of dependent variables (EE 

or GHGE) is included as a structural variable in the analysis 

of organic superiority of integrated environmental 

performances, including both EE and GHGE comparative 

studies. Therefore, organic superiority in integrated 

environmental performances (EE & GHGE) is estimated as 

positive or non-positive regardless of the class of dependent 
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variables (EE or GHGE) and class of units (ha or ton).

The result variables of organic superiority in this 

meta-analysis are combined with two kinds of dependent 

result variables: (i) organic superiority - positive or 

non-positive (binary variable) and (ii) ratio of organic 

superiority – the ratio of positive versus non-positive results 

(continuous variable). The former result variable means 

organic superiority wherby EE or GHGE per unit of OFS is 

superior to that of CFS, and the latter result variable means 

the extent(%) of organic superiority of EE or GHGE between 

OFS and CFS. That is, when the ratio of organic superiority 

of EE & GHGE is above 0%, this means that organic EE is 

higher than conventional EE, or organic GHGE is lower than 

conventional GHGE. 

Table 2-6 shows that organic superiority in integrated 

environmental performances (EE & GHGE) across the class of 

dependent variables and class of units appears considerably 

favorable as 67.2%.

2.4.2.1 Organic Superiority of Integrated EE & GHGE by 

Binary Result Variable 

In order to identify the structural variables that influence 

the organic superiority of EE or GHGE, logistic regression 

was employed in this analysis. 

The result of logistic regression displayed in Table 2-8 

shows that the fit of the overall logistic regression model 

(indicated by a minus-two log likelihood  (-2 LL) statistic) is 

not so good (-2 log likelihood (2 LL) = 426.925). The log 

likelihood value is a measure to assess the lack of predictive 



- 60 -

<Table 2-8> Relationship of Structural Variables and Organic 

EE & GHGE Superiority by Binary Result Variable
　Independent 

Variables B S.E, p value

Duration .632 .316 .046*

Data Source .111 .188 .555

Measurement 
Tool

-.104 .196 .597

Sample Size .496 .207 .017*

Area .369 .299 .217

Culture -.430 .257 .095

Dependent 
Classification .226 .255 .374

Unit Class -.690 .260 .008**

(Constant) .376 .340 .268

-2 Log likelihood=426.925  Cox&Snell’s R-square=0.069  

Nagelkerke R-square=0.096

Model Chi-square=25.516    p value=0.001**

(Hosmer & Lemeshow test; Chi-square=3.894,  p value=0.867)

-Dependent variable: Organic Superiority of EE & GHGE 
 *p<.05  **p<.01

<Classification Results>

Actual Group 
Membership

Predicted 
Group 

Membership

Non-positive Positive
Correct 

classification

Non-positive 23 94 19.7%

Positive 21 220 91.3%

Total 　 　 67.9%

fit. Hence, a lower value indicates a better model fit. 

However, the p value (0.867) of Hosmer & Leme test is 

higher than the significant level (p=0.05), and Cox & Snell’s 

R-square(0.069) and Nagelkerke's R-square (0.096) is very 

small. Model Chi-square is 25.516 and the p value is 0.001.  



- 61 -

These results indicate that at least over one independent 

variable give very significant influence to the organic 

superiority of EE & GHGE at the level of 1%. The model 

correctly classifies 67.9% of the cases.

The choice of independent variables is based on the 

objective of constructing a parsimonious model to explain the 

result of organic superiority of EE & GHGE. Results of the 

logistic regression analysis indicate that the duration (p=0.46) 

and sample size (p=0.17) of studies included in the analysis 

are significantly associated (at the 5% level) with result 

variable. That is, the longer duration of performed studies 

and the larger the sample size, the more likely it is for 

studies to show significant organic superiority of integrated 

EE & GHGE. In  other words, the longer duration of 

performed studies and the larger the sample size, the more 

likely it is for studies to show that the EE of OFS is higher 

than CFS, and the GHGE of OFS is lower than CFS. 

The unit class of the dependent variable is also 

significantly related to the result at the 1% level (p=0.08). 

Studies that employed the unit of ha-based measures are 

more likely to report positive outcomes as compared to those 

that use the unit of ton-based measures. The class of 

dependent variables show that they make no difference in the 

result of organic superiority of integrated EE & GHGE. This 

means that the choice of environmental indicators – EE or 

GHGE, does not affect the organic superiority of 

environmental performances.

The type of the farming culture is not significantly related 

to the result variable, even though mono-culture is positive 
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at the 10% level. Data source, measurement tool, and farm 

area do not significantly influence the organic superiority 

regardless of  EE or GHGE.

Finally, analyzed results indicate that the type of farm 

product has no impact on the result variable in contradiction 

to belief.  For this reason, the variable of farm product type 

was deleted in the stage of choice of explanatory variables by 

the backward-conditional method in the regression analysis 

of organic superiority of integrated EE & GHGE.

2.4.2.2 Organic Superiority of Integrated EE & GHGE by 

Continuous Result Variable 

To investigate the relationship of structural variables and 

organic superiority of integrated EE & GHGE by continuous 

result variable, the multi-regression model was applied in 

this analysis and a total of 201 observations were included. 

Table 2-9 shows the results.

The result shows that this regression model is not 

appropriate for the explanation of the relationship in 

structural variables and organic superiority of EE & GHGE. 

Any structural variable does not appear to significantly 

influence the organic superiority of integrated EE & GHGE. 

It should be noted that the establishment of continuous 

result variable is not reasonable. The ratio of positive and 

non-positive of EE and GHG in each study does not express 

tangibly the differences in the organic superiority of EE & 

GHGE  between studies. 

Due to the problem of these uncertainties in the estimation 

of result variables, meta-analysis by the ‘effect size’ of each 
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<Table 2-9> Relationship of Structural Variables and Organic 

Superiority of Integrated EE & GHGE by Continuous Result 

Variable
　Structural 
Variables B t value p value

(constant) 35.724 2.244 .026

Duration 8.771 .595 .552

Data Source 3.374 .431 .667
Measurement 

Tool
-5.827 -.606 .545

Sample

Size
4.774 .533 .595

Area .641 .044 .965

Culture -10.197 -.831 .407
R=0.111     R-square=0.012    Corrected R-square=-0.019  

Durbin Watson=2.111      F=0.396  p=0.881

-Dependent variable : Organic superiority of EE & GHGE by 
continuous variable.     *p<.05  **p<.01

study would be recommended to quantitatively estimate and 

compare the results of previous studies. However, to achieve 

the ‘effect size’ of each study, the data of each independent 

study have to present the available statistical result values 

such as standard deviation, F value, t value, chi square, etc. 

However, most of the previous EE and GHGE studies did not 

present these statistical results except for just mean values. 

That is why this study could not perform meta-analysis by 

employing the ‘effect size’ of dependent variables of EE and 

GHGE.

2.4.3 Results of Meta-analysis on the EE Studies

The previous section presented the analysis result on the 

relationship of structural variables and organic superiority of 
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integrated EE & GHGE by logistic regression. However in 

general, EE and GHGE studies have been performed 

independently from each other even though some authors 

performed both studies in the same research. In view of the 

characteristics of EE and GHGE studies, it is much more 

meaningful to separately examine the relationship of 

structural variables with the result variable.  

In this section, separate from the organic superiority 

analysis of integrated EE & GHGE, the relationship of 

structural variables and organic superiority of EE are 

identified much more in detail by logistic regression and 

multi-regression analyses. 

Frequency distributions of structural variables in EE studies 

are shown in Table 2-6. 111 of 165 observations (67.3%) 

show positive in organic superiority of EE in comparative 

studies between organic EE and conventional EE, and only 

32.3% of the total observations show non-positive.

2.4.3.1 Results of Meta-analysis on the Organic Superiority 

of EE by Binary Variable

To identify the structural variables that influence the 

organic superiority of EE, logistic regression was employed.

 In Table 2-10, the results highlight the structural variables 

that significantly discriminate the organic superiority of EE 

between studies.

The p value (0.553) of Hosmer & Lemeshow test is much 

higher than at the significant level (p=0.05), and its 

chi-square (6.853) is relatively of small value. This means a 

relatively reasonable model fit. 
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<Table 2-10> Results of Organic Superiority of EE by Binary 

Result Variable

　Independent 
Variables B S.E, p value

Published year -.261 .427 .541

Country .041 .326 .901

Duration 1.330 .464 .004*

Data Source .126 .311 .686

Measurement 
tool .054 .309 .862

Sample size .461 .326 .158

Product types .095 .119 .424

Farm area .104 .458 .821

Culture types -.279 .386 .470

Unit Class .396 .386 .305

(Constant) -.240 .642 .709

-2 Log likelihood=193.648  Cox & Snell’s R-square=0.095  

Nagelkerke R-square=0.131

Model Chi-square=15.402    p value=0.089

(Hosmer & Lemeshow test; Chi-square=6.853,  p value=0.553)

-Dependent variable: Organic Superiority of EE (Org>Con)  
*p<.05  **p<.01

<Classification Results>

Actual Group 

Membership

Predicted 

Group 

Membership

non-positive Positive
Correct 

classification

Non-positive 18 37 32.7%

Positive 12 98 89.1%

Total 　 　 70.3%
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And Cox & Snell’s R-square (0.095) and Nagelkerke 

R-square (0.131) appear small. The Model Chi-square is 

15.402 at p value of 0.089. Holistically at least, over one 

independent variable significantly affects the result variable 

of organic EE superiority at the level of 10%. 

The result of the logistic regression analysis indicates that 

the variable of duration (p=0.004) included in the analysis is 

strongly associated (at the 1% level) with the organic 

superiority of EE studies. However, results indicate that other 

variables except duration do not have a significant 

association with the binary result variable of EE. All the 

other independent structural variables are shown not to 

significantly influence the organic superiority of EE.

2.4.3.2 Results of Meta-analysis on the Organic Superiority 

of EE by Continuous Result Variable

The relationship of structural independent variables with 

result variable which indicates the organic superiority of OFS 

compared to CFS, can be examined by continuous result 

variable that refers to the extent (%) of organic superiority in 

EE studies. 

To examine the influence of the structural variables on the 

results of organic EE superiority, multi-regression analysis 

were conducted. Table 2-11 shows the results of the analysis.

In Table 2-11, the results show that some of the structural 

variables have no significant influence the organic superiority 

of EE except for duration variable. It is just the duration that 

appears as a little influential variable related with organic 

superiority of EE at level of 10% (p=0.70). 
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<Table 2-11> Results of Organic Superiority of EE by 
Continuous Result Variable

　Structural 
Variables B t value p value

(Constant) 15.032 .448 .656

Published Year 1.256 .060 .952

Country -14.461 -.819 .415

Duration 44.755 1.837 .070*

Data Source -6.981 -.529 .598

Measurement Tool 1.806 .117 .907

Sample Size 6.937 .490 .625

Products 6.797 1.101 .274

Area 6.954 .279 .781

Culture -13.259 -.667 .507

R=0.236     R-square=0.056    Corrected R-square=-0.040  

Durbin Watson=2.230      F=0.583  p=0.808

-Dependent variable : Organic superiority of EE,  *p<0.1

Consistent with the binary result of organic superiority of 

EE, the longer  duration of performed studies, the more 

likely it is for studies to show positive results in organic 

superiority of EE. That is to say, the long duration of 

performed studies shows that EE of OFS appear higher than 

CFS. This fact is illustrated clearly by Table 2-12. 

Table 2-12 shows the frequency of positive results in 

organic superiority of EE within groups of structural 

variables. 

Although the discrepancies of frequency and ratio within 

groups of variables do not always show the statistical 

significance within groups, they explain the trends of organic 

EE superiority between CFS and OFS within groups of each 

variable.
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<Table 2-12> Frequency of Positive Results in Organic 
Superiority of EE 

Variables Groups Frequency 
of Studies

  Frequency 
of Positive

% of 
Positive by 

Groups 

Published Year
before 2005 59 42 71.2 

after 2006 106 69 65.1 

Country under 
Study

Europe 124 82 66.1 

America and 
Oceania 30 22 73.3 

Asia and 
Africa 11 7 63.6 

Duration
Single year 112 68 60.7 

Multi Year 53 43 81.1 

Data Source

Field Survey 91 53 58.2 

Experimental 
Trials 36 20 55.6 

Secondary 
Data 38 28 73.7 

Measurement 
Tool

EBM 102 69 67.6 

LCA 51 34 66.7 

Others 12 8 66.7 

Sample Size

Under 20 60 36 60.0 

Above 20 or 
regional data 72 48 66.7 

National 
Data 33 27 81.8 

Farm types

Field Crops 75 58 77.3 

Vegetables 21 6 28.6 

Fruits 22 12 54.5 

Dairy 19 16 84.2 

Meat 
Livestock 19 14 73.7 

Multi Crops 9 5 55.6 

Area
under 10ha 56 37 66.1 

above 10ha 109 74 67.9 

Culture

Mono 
Culture 82 56 68.3 

Multi Culture 83 55 66.3 
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Unit Class
Per ha 92 58 63.0 

Per ton 73 53 72.6 

Organic 
Superiority

(Organic EE>
Conventional 

EE)

Positive 111 67.3 %

Non-positive
54

32.7 %

As shown in Table 2-12, the organic EE is superior in early 

studies than in later studies, in America and Oceania than 

other continents, in secondary data than other data source, 

in larger sample size, and on a per ton base unit than ha 

base unit.  In farm product types, the organic superiority of 

EE is lowest in vegetables. No differences are shown within 

groups of other variables.

2.4.3.3 Comparisons of the EE Ratio

The more definite result of analysis for the comparisons 

can be clearly conducted by the meta-analysis with the 

‘effect sizes’ of previous studies. Since the values of ‘effect 

sizes’ of independent studies could not be calculated by the 

limitations of the data of previous studies, this study carried 

out the comparison of arithmetic mean values of EE between 

CFS and OFS for approximate evaluation of organic EE 

superiority. 

Such an estimate of EE ratio without using the effect size 

by the mean value of EE can provide only an estimate figure 

of the EE differences between OFS and CFS within groups of 

variables. 
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<Table 2-13> EE Ratio(%) of OFS vs CFS within Groups of 

Structural Variables.
Structural 
Variables Groups N Mean 

(EE ratio %) S.D,

Published  
Year

before  2005 59 144.1 82.5 

after  2006 98 129.4 92.8 

Country

Europe 116 132.7 88.6 

America  and 
Oceania 30 149.8 97.8 

Asia and  
Central 
America

11 118.0 69.6 

Duration
Single  year 104 134.6 96.6 

Multi  Year 53 135.7 73.1 

Data  source

Field survey 83 114.3 67.0 

Experimental 
trials 36 163.6 133.0 

Secondary data 38 152.9 68.8 

Measurement  
tool

EBM 102 130.6 80.8 

LCA 43 137.2 55.8 

Others 12 163.7 199.4 

Sample  size

Under 20 58 137.6 125.0 

Above 20  or 
Regional data 66 118.9 48.8 

National  Data 33 162.4 68.7 

Farm  types

Field crops 73 132.8 54.0 

Vegetables 20 100.2 57.4 

Fruits 22 94.3 39.1 

Dairy 18 175.4. 104.5 

Meal livestock 16 204.9 192.8 

Multi-crops 8 120.3 53.6 

Farm area
under 10ha 56 129.4 103.7 

above 10ha 101 138.0 80.3 

Culture types
Mono-culture 79 137.0 97.8 

Multi-culture 78 132.9 79.9 

Unit class
Per ha 84 130.3 82.6 

Per ton 73 140.4 95.4. 
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The energy efficiency (EE) ratio (%) of OFS vs CFS by groups 

of independent variables on 165 observations of EE studies, 

was examined as shown in Table 2-13. 

In this study, EE ratio(%) was calculated by the ratio of 

organic EE versus conventional EE [EE ratio(%)=(org EE/con 

EE)*100]. The total average ratio of organic EE to 

conventional EE is considerably favorable as 135.0%. When 

the ratio is over 100%, it means that organic EE is higher 

than conventional EE. 

As shown in Table 2-13, the EE ratio of organic to 

conventional systems appears relatively higher in early 

studies than in later studies, in America and Oceania than 

other continents, in experimental farms than other data 

sources, by the Emergy method than by other measurement 

tools, in larger sample size, in larger farm size and on a per 

ton base than ha base. Finally, in farm types, the ratio of 

organic EE is apparently higher in field crops, dairy and 

meat livestock, while it is very low in vegetables and fruits. 

2.4.3.4 Unit class and Organic Superiority of EE

Generally, the extent that organic EE is higher than 

conventional EE, is known to be much larger in unit of ha 

basis than ton basis. Contrary to expectations, it must be 

questioned why the EE ratio of organic to conventional 

farming per ton is higher than that of per ha in EE studies.

Table 2-14 shows that both of organic EE superiority and 

EE ratio are higher in ton basis than ha basis. EE per ha 

basis is higher in OFS by 63.04% and EE per ton basis is 

much higher in OFS by 72.60%. 
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<Table 2-14> Comparison of Organic EE Superiority by Unit 

Class

　Frequency by unit 
class

Organic EE Superiority

Frequency of 
Positive 

Frequency of 
Non-positive 

Energy  efficiency per 
ha (92 observations)

58 34

(63.04%) (36.97%)

Energy  efficiency per 
ton 

(73 observations)

53 21

(72.60%) (28.77%)

<Table 2-15> Comparison of EE Ratio(%) by Unit Class

EE ratio(%) N Mean S.D Mean 
discrepancy

per ha 84 130.3% 82.6% 10.1%

per ton 73 140.4% 95.4.%

* EE ratio(%) is the ratio of organic EE vs conventional EE. 
* Ratio>100% = organic EE > conventional EE

Table 2-15 shows that even though the organic EE ratio 

per ton is exceptionally higher than that of per ha, it should 

be noted that around 10% discrepancy of mean value 

indicates statistically that there is no significant difference 

between unit class due to large S.D in ton unit. EE ratio per 

ha of OFS vs CFS is 130.3% and EE ratio per ton of OFS vs 

CFS is 140.4%. In the holistic view, Figure 2-5 presents that 

both of EE per ha and per ton is higher in OFS than in CFS, 

and EE per ton is higher than that of EE per ha in both of 

the organic EE superiority and EE ratio. 

These results are considered to explain the potential biases 

and errors that comparisons of EE result through just 

arithmetic mean value which ignored the weights of data 

results that may appear in comparative analysis. 
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<Figure 2-5> Organic EE Superiority and EE Ratio(%) 

by Unit Class

2.4.4 Results of Meta-analysis on the GHGE Studies

In this study, two representative environmental indicators 

used to compare the environmental performance between 

OFS and CFS are EE and GHGE. This section analyzes the 

relationship between the structural variables and organic 

superiority of GHGE. Likewise with organic EE superiority in 

the previous section, the relationship with structural 

variables and binary GHGE result variable was performed by 

logistic regression and the relationship with structural 

variables and continuous result variable was analyzed by 

multi-regression.

The total number of 66 studies and 195 observations was 

included in this analysis. Among 195 observations, the 

organic superiority of GHGE appears as positive by 67.7% 

and non-positiveness by 32.3% <Table 2-7>.
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<Table 2-16> Results of Organic GHGE Superiority by Binary 

Result Variable

　Independent 
Variables B S.E, p value

Published
Year -.255 .475 .591

Studied Country .033 .362 .927

Duration -.028 .523 .957

Data Source -.040 .287 .889

Measurement 
Tools -.227 .325 .485

Sample Size .662 .316 .036*

Product Types -.164 .112 .145

Area .557 .525 .289

Culture Types -.793 .423 .060

Unit Class -1.891 .425 .000**

(Constant) 2.217 .793 .005

-2 Log likelihood=208.144  Cox & Snell’s R-square=0.162  

Nagelkerke R-square=0.227

Model Chi-square=34.188(d.f=8)   p value=0.000**

(Hosmer & Lemeshow test; Chi-square=11.565,  p value=0.172) 

-Dependent variable: Organic Superiority of GHGE
 *p<.05  **p<.01

2.4.4.1 Results of Meta-analysis on the Organic GHGE 

Superiority by Binary Result Variable

For identifying the structural variables that influence the 

organic superiority of GHGE, logistic regression was employed 

in this analysis, and Table 2-16 shows the results. 

In Table 2-16, the results highlight the structural variables 

that significantly discriminate the organic superiority of 

GHGE.
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<Classification Results>

Actual Group 
Membership

Predicted 
Group 

Membership

non-positive Positive
Correct 
classification 

Non-positive 29 33 46.8%

Positive 15 116 88.5%

Total 　 　 75.1%　

 

This regression model generally appears very significant at 

the level of 1% (p=0.000). Holistically, this model shows that  

at least over one independent variable affects significantly  

the organic superiority of GHGE at the level of 1%. 

Different from the EE studies, this result indicates that 

variables of the sample size (p=0.36) and unit class (p=0.000) 

are significantly associated (at the 5% level and 1% level, 

respectively) with the organic superiority of GHGE. This 

means that the larger the sample size, the better the 

likelihood of organic GHGE superiority – organic GHGE is 

lower than conventional GHGE.

Unit class appears to have a strong relationship with the 

organic superiority of GHGE at the level of 1% (p=0.000). 

Regression coefficient (B) of unit class was minus 1.891. This 

negative value explains that the organic superiority of GHGE 

per ha is higher than that of per ton basis. In other words, 

the possibility which the amount of organic GHGE becomes 

smaller than that of conventional GHGE is higher in unit ha 

than unit ton. 
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<Table 2-17> Results of Organic GHGE Superiority by 

Continuous Result Variable

　Structural 
Variables

B t value p value

(Constant) 76.327 2.829 .006

Published
Year -12.350 -.592 .555

Studied 
Country -20.305 -1.214 .228

Duration -12.526 -.641 .523

Data
Source 6.693 .631 .530

Measurement 
Tools -13.502 -.928 .356

Sample Size 6.775 .582 .562

Farm Types -9.184 -1.910 .059*

Culture Types -7.636 -.444 .658

R=0.301     R-square=0.090    Corrected R-square=0.010  

Durbin Watson=1.931      F=1.119  p=0.358

- Dependent variable: Ratio of organic GHGE superiority, 

 *p<0.1

2.4.4.2 Results of Meta-analysis on the Organic GHGE 

Superiority by Continuous Result Variable

Secondly, the analyzed continuous result variable is the 

ratio of organic GHGE superiority in each studied 

observation. The relationship of structural variables and 

continuous GHGE result variable was analyzed by multi 

regression. Table 2-17 shows the results. 

A specifically significant variable that determines organic 

GHGE superiority is not found in Table 2-17. Only the farm 

product type variable influences significantly the ratio of 

organic GHGE superiority at the level of 10% (p=0.059).
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<Table 2-18> Frequency of Organic GHGE Superiority within 
Groups of Structural Variables

Variables Groups N
Positive  

Frequency

% of 
Positive 

Frequency 

Published Year
before 2005 35 22 62.9 
after 2006 160 110 68.8 

Country

Europe 162 109 67.3 
America and 

Oceania 24 18 75.0 

Asia and Central 
America 9 5 55.6 

Duration
Single year 147 101 68.7 

Multi Year 48 31 64.6 

Data Source

Field survey 73 47 64.4 

Experimental trials 53 32 60.4 

Secondary data 69 53 76.8 

Measurement 
Tool

LCCI 60 44 73.3 
LCA 119 76 63.9 

Others 16 12 75.0 

Sample Size

Under 20 94 56 59.6 
Above 20 or 
regional data 49 36 73.5 

National data 50 39 78.0 

Farm types

Field crops 84 61 72.6 
Vegetables 23 13 56.5 

Fruits 11 9 81.8 
Dairy 34 24 70.6 

Meat livestock 32 16 50.0 

Multi crops 11 9 81.8 

Area
under 10ha 53 32 60.4 
above 10ha 142 120 84.5 

Culture
Mono-culture 106 77 72.6 
Multi -culture 89 55 61.8 

Unit Class
Per ha 74 60 81.1 
Per ton 121 72 59.5 

Organic GHGE 
Superiority

(Org GHG< Con 
GHG)

Positive 132 67.7 %

Non-positive 63 32.3 %
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<Table 2-19> Frequency of Organic GHGE Superiority 

by Unit Class

　Frequency per units
Organic Superiority of GHGE 

Frequency of Positive 
Frequency of 
Non-positive 

GHGE per ha (74)
60 24

(71.4%) (28.6%)

GHGE per ton (121)
73 48

(60.3%) (39.7%)

According to Table 2-18, the ratio of organic GHGE 

superiority within groups of farm types is revealed lowest in  

meat livestock and highest in fruit and multi-crops. This 

means that organic GHGE has no clear difference compared 

to conventional GHGE in meat livestock, and the organic 

GHGE is significantly lower than conventional GHGE in fruits 

and multi-crops. 

Table 2-18 shows the frequency and ratio of organic GHGE 

superiority (% of positive frequencies) within groups of 

structural variables. As shown in Table 2-18, the organic 

GHGE superiority (positive %) is relatively higher in America 

and Oceania than in other continents, in secondary data 

than in other data source, in larger sample size, in larger 

farm size and on per ha base unit than ton base unit.  In 

farm product types, the organic GHGE superiority is 

favorable in fruits and multi-crops. There are no clear 

differences shown within groups of other variables.

The comparison of GHGE between unit classes is presented 

in Tables 2-19 and 20. 

Table 2-19 shows the comparison of organic GHGE 

superiority between unit classes, and Table 2-20 shows the 
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<Table 2-20> Comparison of GHGE Ratio(%) by Unit Class

GHGE ratio(%) N Mean S.D Mean 
discrepancy

per ha 67 69.2 32.0 -27.6

per ton 121 96.5 38.0 

- GHGE ratio(%) = (organic GHGE / conventional GHGE)*100. 

- Ratio<100% = organic GHGE< conventional GHGE

comparison of GHGE ratio (%) between unit classes. As 

shown in Table 2-19, organic superiority of GHGE per ha is 

positive by 71.4% and organic superiority of GHGE per ton is 

positive by 60.3%. The organic superiority of GHGE per ha is 

higher than that of per ton. This means that the possibility 

of lower GHGE per ha in OFS is higher than that of lower 

GHGE per ton in OFS.

In Table 2-20, the organic GHGE ratio per ha unit (69.2 %) 

tends to be lower than the organic GHGE ratio of per ton 

unit (96.5 %). This means that the organic GHGE per ha is 

much lower than the organic GHGE per ton.

<Figure 2-6>Organic GHGE Superiority and GHGE Ratio by Unit Class
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Consequently, Figure 2-6 presents that (i) both of GHGE per 

ha and per ton is lower in OFS than in CFS; (ii) organic 

GHGE superiority per ha is better than that of ton unit; (iii) 

organic GHGE ratio per ha (69.2%) is remarkably lower 

(favorable) than organic GHGE per ton unit (96.5%). 

2.4.4.3 Results of the GHGE Ratio(%)

Although the values of effect size required for quantitative 

analysis in meta-analysis could not be calculated by the 

limitations in the data of previous studies, descriptively 

analyzed mean values of GHGE were calculated for 

comparisons of the differences of GHGE between CFS and 

OFS, as displayed in Table 2-21.

GHGE ratio (%) of OFS vs CFS by groups of structural 

variables respectively was examined by comparing the 

amounts of GHGE between OFS and CFS through 185 

observations. Total average ratio(%) of organic to 

conventional GHGE from 185 observations is estimated to be 

88.18%. This means that organic GHGE is around 12% lower 

than that of conventional GHGE.

Table 2-21 shows the general tendencies on the differences 

of GHGE in both systems by structural variables. As shown 

in Table 2-21, organic GHGE ratio is relatively lower in 

America and Oceania than in other continents, in mixed 

crops  than in other farm types, and outstandingly lower on 

per ha unit than ton unit. On the contrary, organic GHGE 

does not reveal a clear difference compared to conventional 

GHGE in the LCA method , in small sample size and in Asia, 

although organic GHGE is a little lower than in conventional 
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<Table 2-21> The Ratio(%) of GHGE by Structural Variables. 

Structural 
Variables Groups N Mean 

(GHGE ratio %) S.D,

Published  Year
before  2005 35 87.88 33.13 
after  2006 153 86.52 39.35 

Country 

Europe 155 87.56 39.23 
America  and 

Oceania 24 77.02 35.51 

Asia and  Africa 9 99.14 19.19 

Duration
Single  year 140 88.28 37.71 
Multi  Year 48 82.38 39.63 

Data  Source

Field Survey 66 87.63 41.05 
Experimental 

Trials 53 85.66 40.71 

Secondary Data 69 86.80 33.62 

Measurement  
Tools

Carbon 
Footprints 60 83.80 45.08 

LCA 112 90.68 32.56 
Others 16 70.55 43.75 

Sample  Size

Under 20 92 91.04 42.45 
Above 20  or 
regional data 44 76.84 30.50 

National  Data 50 87.00 35.47 

Farm  Types

Field Crops 82 81.01 37.20 
Vegetables 22 112.33 62.61 

Fruits 11 83.31 24.68 
Dairy 34 83.90 24.04 

Meat Livestock 29 95.94 28.81 

Mixed-Crops 10 64.74 23.77 

Area
under 10ha 53 88.34 45.00 
above 10ha 135 86.15 35.33 

Culture Types
Mono-Culture 104 88.39 32.87 
Multi-Culture 84 84.76 44.02 

Unit Class
per ha 67 69.16 31.98 
per ton 121 96.52 37.96 

* Ratio of GHGE = (organic GHGE/convetional GHGE)*100

ones. However, in vegetables production, organic GHGE is 

extraordinarily higher than in conventional ones. And organic 

GHGE is much lower on per ha base unit than ton base unit. 

There are no clear differences shown within groups of other 

variables.
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2.4.5 Relationship of Energy Coefficients and EE Ratio

The value of EE is the value of energy output divided by 

energy input. Energy input is calculated by summing up all 

the energy of inputs provided into farms. Energy input of 

each input is calculated by multiplying the amount of each 

input with its energy coefficient. Accordingly, the size of 

energy coefficients can determine the amount of energy input 

and consequently influences the value of EE. Hence, the 

choice of energy coefficients by each input may greatly 

influence the outcome of EE. Nevertheless, in the studies of 

energy use, the importance has been almost overlooked until 

now. This study undertakes a trial to identify the relationship 

with these energy coefficients and EE.

Among 68 studies included in this meta-analysis, only 20 

studies which have available data on energy coefficients of 

inputs commonly used in energy use researches were 

selected for analysis. Coded inputs include machinery, diesel 

fuel, N fertilizers, K fertilizers, P fertilizers, pesticides 

(fungicides, insecticides, and herbicides), electricity and labor. 

But P fertilizers, K fertilizers, electricity and labor which have 

almost similar values of coefficient were removed in analysis 

due to no variations between energy coefficients.

To search for which the choice of energy coefficient play a 

role of driving forces to determine the EE between OFS and 

CFS,  author employed the regression analysis. Coding sheet 

is  presented in appendix III-2. Results of analysis are shown 

in Table 2-22. 

Table 2-22 explains that energy coefficients have a strong 

relationship with EE ratio (p=0.004). And diesel (p=0.001), N 



- 83 -

<Table 2-22> Relationship with Energy Coefficients and EE 

Ratio(%)

　Structural 
Variables B t value p value

(constant) -1.228 -1.505 .163

Tractor -.003 -1.221 .250

Diesel .062 4.768 .001**

N fertilizer -.026 -4.477 .001**

Pesticides .005 4.180 .002**
 R=0.874     R-square=0.763   Corrected R-square=0.669 

Durbin Watson=3.387     F=8.607  p=0.004**

- EE ratio(%)=(organic EE/conventional EE)*100

-Dependent variable: Energy efficiency ratio(Org/Con)  

*p<.05  **p<.01

fertilizers (p=0.001) and pesticides (P=0.002) have a strong 

relationship with the EE ratio. The application of the larger 

energy coefficients on diesel results in the significant 

increases of organic EE. The application of the larger energy 

coefficient of pesticides increases the organic EE very 

significantly. It can be inferred that the increase of diesel 

and pesticides in conventional farms by application of their 

high energy coefficient conversely increases organic EE.

The application of the larger energy coefficient of tractors  

slightly reduces the organic EE ratio without any significant 

difference. Unexpectedly, the use of the higher energy 

coefficient on N fertilizers considerably affects organic EE 

ratios negatively. It is considered to be influenced by other 

unidentified factors in both systems. 

Thus, these results indicate that the energy coefficient can 

become an important driving factor in determining the 
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outcome of the EE ratio. If possible, recently updated values 

of energy coefficients will be desirable to be employed in 

future EE studies.
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2.5 Sub-conclusions and Implications

2.5.1. Structural Variables Influencing the Organic 

Superiority  in EE and GHGE Studies 

According to the results of meta-analysis performed by the 

framework as presented in Figure 2 and Table 2-4, this 

section discusses the implications of the findings in terms of 

the relationship with structural variables and organic 

superiority of EE and GHGE, and the recommendations for 

future studies.

2.5.1.1 Influence of Dependent Variables Employed.

Among the diverse environmental indicators, only two 

dependent (performance) variables - EE and GHGE, were 

selected as performance variables for the comparison. 

This meta-analysis aims to examine that such a 

classification of dependent variable is associated with the 

differences of environmental performance between CFS and 

OFS in precedent EE and GHGE studies. The result of 

analysis indicates that the classification of dependent 

variables leads to no significant differences in environmental 

performance between CFS and OFS. This means both 

dependent variables are reasonable performance variables 

available for the assessment of environmental performance 

between CFS and OFS without variation.

As for the unit class of dependent variables, meta-anlysis 

of both binary result variables – organic superiority of 

integrated EE & GHGE and GHGE shows that the unit class 
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has a strong significant influence on the result variables. As 

a result, when comparing the difference of GHGE between 

OFS and CFS, the choice of unit class may place 

considerable influence on the organic superiority of GHGE. 

Therefore, hypothesis 2 is significantly supported. 

2.5.1.2 Influence of Study Characteristics. 

The analyses of binary result variables indicate that the 

sample size has positive significant influences on both the 

organic superiority of integrated EE & GHGE and GHGE. 

Therefore, there is strong evidence that the sample size 

influences the results of EE and GHGE studies. This is 

consistent with the conventional understanding that larger 

sample sizes provide greater confidence in the results. 

Binary analysis in organic EE superiority shows that only 

the duration variable has strikingly significant influence on 

organic EE superiority. Thus, binary analysis in organic  

superiority of integrated EE & GHGE also shows that the 

duration variable has significantly positive influence on the 

outcomes. Consequently, future studies can increase the 

confidence in the results through a combination of a larger 

data collection and longer duration of data. 

Therefore, hypothesis 4 and 7 are supported.

In continuous analysis, the result indicates that only the 

duration variable has lightly significant relationship with the 

ratio of organic EE superiority (p=0.070). Therefore, this 

result also supports relatively hypothesis 4 in EE studies.

However, none of the binary and continuous variable 

analysis shows that the variables of published year, data 
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source and measurement tools influence the organic 

superiority of EE and GHGE.

2.5.1.3 Influence of Farm Characteristics 

The studies included in this meta-analysis consist of 

various types of farm products – field crops, vegetables, 

fruits, dairy, meat livestock and mixed products. 

The regression results of the continuous result variable 

indicate that farm type influences the GHGE positively 

(p=0.057). Further analysis reveals that field crops show a 

greater degree of positive outcomes in organic superiority 

than other farm product types - especially with vegetables.  

Therefore, hypothesis 9 is supported in GHGE studies.

However, neither binary variable analysis nor continuous 

variable analysis except for farm product types, indicates 

that other farm characteristics variables such as country 

under study, farm area and culture type, appeared to 

significantly influence the organic superiority of EE and 

GHGE. 

2.5.1.4 Influences of Energy Coefficients

Finally, the result of regression analysis indicates that the 

choice of energy coefficients applied in EE studies has a 

considerably severe influence on the results of the organic 

EE superiority. The reason is that energy coefficients are 

closely related to the calculation of the energy input and 

energy efficiency.

Hence, hypothesis 12 is also significantly supported in EE 

studies. 
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<Table 2-23> Summary of Organic Superiority and Organic 

Ratio in EE and GHGE Studies

Environmental 

Indicators

Result 

Variables

Total 

Values

Units

unit Values

EE

Organic 

Superiority of 

EE 

67.2%
ha 63.4 %

ton 72.6 %

Organic EE 

Ratio
135.0%

ha 130.3 %

ton 140.4 %

GHGE

Organic 

Superiority of 

GHGE  

67.7%
ha 71.4 %

ton 60.3 %

Organic 

GHGE Ratio
88.2%

ha 69.2 %

ton 96.5 %

2.5.1.5 Summary of Findings from Meta-analysis

Table 2-23 shows the overall results of comparative studies 

on EE and GHGE between CFS and OFS by meta-analysis. 

These comparisons were obtained from just the arithmetic 

mean values of EE and GHGE through the review of around 

120 EE and GHGE studies. 

Table 2-24 summarizes the findings of all meta-analyses. 

Overall, the results support that around half of the selected 

12 structural variables do influence the result variables of 

organic superiority in EE or GHGE.
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<Table 2-24> Summary of Findings by Meta-analysis

Result and Structural 

Variables Organic 

superiority

-binary result 

variable

(Logistic 

Regression)

Ratio of organic 

superiority

-continuous result 

variable

(Multi-Regression)

Result 

variables

Categories of 

Structural 

Variables

Integrated 

EE & 

GHGE

Classification of 

Dependent 

variables and 

units

unit class**

unsupported
Study 

characteristics

duration*

sample size*

Farm 

characteristics
unsupported

EE

Classification of 

Dependent 

variables and 

units

unsupported unsupported

Study 

characteristics
duration** duration(p=0.070)

Farm 

characteristics
unsupported unsupported

Energy 

Coefficients
unsupported

fuel**

N fertilizer**

pesticide**

GHGE

Classification of 

Dependent 

variables and 

units

unit class** unsupported

Study 

characteristics
sample size* unsupported

Farm 

characteristics
unsupported Farm type(p=0.057)

*p<0.05,   **p<0.01
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2.5.2 Implications for Future Research

With the exception of Bengtsson et al. (2005), who 

compared the biodiversity of conventional and organic farms, 

and Mondelaers et al. (2009) who analyzed several 

environmental indicators including GHG between CFS and 

OFS, this meta-analysis represents the first attempts to 

empirically identify the relationship of independent structural 

variables and performance variables of EE or GHGE by 

previous studies on the comparisons of conventional and 

organic farming systems.

Findings from the empirical validation of structural 

variables with organic superiority of EE or GHGE will improve 

the reliability of energy use and GHGE studies in the future. 

This meta-analysis may contribute to developing the research 

model of energy use and GHGE studies at the farm-level. 

There have been a number of hot controversial viewpoints 

about the methodological approaches of comparative studies 

on EE and GHGE between CFS and OFS. Without defining 

structural variables which determine the difference of EE and 

GHGE between CFS and OFS, it is considered difficult to get 

reliable data from the EE and GHGE studies. For this reason, 

meta-analysis of previous EE and GHGE studies was 

performed. 

In conclusion, on the basis of research framework of 

meta-analysis (Figure 2-2) and findings obtained from 

meta-analysis, the following research model for EE and GHGE 

studies in comparisons of OFS and CFS is developed as 

shown in Figure 2-7.
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First, the findings obtained from meta-analysis manifest 

that among the 4 categories of the 12 structural variables, 

just 5 variables are significantly influential variables in 

determining the differences of environmental performances 

between CFS and OFS. The influential structural variables are 

the unit class of dependent variables, duration of data 

collection, sample size of surveyed farm, the type of farm 

product, and selection of energy coefficients.

Second, since the results of EE and GHGE in both systems 

can be shown to be significantly different according to the 

selection of units of dependent variables – EE and GHGE, the 

unit class should be defined clearly in independent EE and 

GHGE studies. Taking into account the efficiency of land use 

and energy productivity, dependent variables of 

product-based unit (ton, kg or liter) are better suited to 
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assess EE and GHGE results than those of area based unit 

(ha). Therefore, it is recommended  that research results 

using both units of per ha basis and per ton basis should be 

reported for application for future studies as well as for 

utilizations of policy making data. 

Third, Bertilsson et al. (2008) asserted that organic systems 

often have lower nutrient inputs and rely on nutrients 

previously added to soils before conversion to organic 

agriculture. It may take decades until yields decline to levels 

reflecting true organic practices. Thus, there is a risk that 

energy outputs from organic systems can be overestimated.  

Their assertion assumes that the longer the duration of 

organic farming, the lesser the organic superiority of EE or 

GHGE. However, contrary to their assertion, the result of this 

meta-analysis indicates that the longer duration of data 

collections in both farms leads to positive results in organic 

EE and GHGE. Therefore, to obtain the reliable data from EE 

and GHGE studies on the comparisons of CFS and OFS, the 

longer duration of data collection and the larger sample size 

of surveyed farms are recommendable as far as possible. 

It would be better if researchers gather larger samples 

comprising of longitudinal data to assess the lag effects of 

organic conversions. Since most of the organic farms do not 

originate from virgin lands and are cultivated by conversion 

from conventional farms, the longitudinal data is better in 

evaluating the genuine effects of organic farms in 

comparative studies on EE and GHGE.

Fourth, the result of meta-analysis shows that the 

differences of EE and GHGE between CFS and OFS can 
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clearly vary according to the type of farm products. For this 

reason, the comparisons of EE and GHGE between both 

systems should be conducted between same types of farm 

products, and farm product type compared in both systems 

should be defined clearly. Especially when multi-culture is 

compared, the kinds of farm products included in 

multi-culture should be homogeneous between both systems. 

Fifth, the results explain that the type of dependent 

variables (EE or GHGE), data source, studied country, studied 

date, farm size and type of culture are not influential in the 

comparisons of EE or GHGE between CFS and OFS. Hence, in 

comparative studies on EE and GHGE between CFS and OFS, 

it is not so necessary to take into consideration these 

variables.

Sixth, as being debated in EE studies, the selection of 

energy coefficients of inputs appears strongly associated with 

the result of EE. Hence, the recent or reasonable values of 

energy coefficients are recommended for the calculation of 

energy use.

Finally, for the advancement of future EE and GHGE 

studies in agriculture, one of the urgent requirements is the 

presentation of sufficient data and information as far as 

possible through the advanced and appropriate statistical 

approaches.

Most extant studies of EU (energy use) and GHGE in 

agriculture have reported just mean amounts of EU or GHGE 

to assess the environmental performance in agriculture. As a 

result, even though the numbers of studies on the 

comparison of conventional and organic environmental 
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performance have increased vigorously to date, they can not 

provide successive researchers with sufficient and detailed 

data. This insufficiency appears as one of the limitations for 

more developed follow-up studies. Improved follow-up studies 

can also provide the appropriateness of EU and GHGE studies 

for future researchers and policy makers.

To facilitate future meta-analyses, therefore, EU and GHGE 

studies should explicitly report sample sizes, independent and 

dependent variables, correlation coefficients and their 

statistical significance, etc. In addition, future studies should 

present more clearly the amounts of input or energy output, 

energy coefficients of inputs, applied GHG conversion factors, 

and the results of both units. 

And to assess the differences of environmental 

performances between CFS and OFS, the comparisons of 

more various environmental indicators as well as EE and 

GHGE, will be required in future studies. Such advancement 

in the conduct of studies will develop the research model for 

the effective EU and GHGE studies in agriculture. As a result, 

such a development in studies will be able to provide more 

abundant and reliable data in searching for solutions to 

improve the efficiency of energy use and to mitigate GHGE at 

the farm and national levels.
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III. An Empirical Field Study : Comparisons 

of Energy Use and Greenhouse Gas Emissions in 
Conventional and Organic Soybean Productions 

of Korea

3.1 Introduction

In order to explore solutions for the mitigation of 

environmental impacts by organic farming in the agricultural 

sector, first of all, it is important to secure reliable research 

data on environmental performance between CFS and OFS. 

And to develop well-designed researches, it is required to 

identify which structural variables have significant effect as 

to make a difference in the environmental performances 

between CFS and OFS. 

For these purposes, a meta-analysis of previous EE and 

GHGE studies has been carried out in the previous chapter. 

Through findings obtained from the meta-analysis, 

reasonable research model for field study was developed. 

According to the developed research model, an empirical 

field study was conducted in soybean production systems in 

Korea.

Therefore, the specific objectives of this field study are to 

compare the environmental impacts between CFS and OFS, to 

identify principal inputs and farming practices which 

influence the results of environmental impacts of CFS and 

OFS, and finally to explore strategies to mitigate the climate 

change.
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<Table 3-1> Frequency Distributions by Data Sources of 

Previous Studies

Reviewed 
Studies　 EE GHGE

No of Studies 67

Field 39

66

Field 30

Experiment 17 Experiment 26

Secondary 11 Secondary 20

No of paired  
Farm product 
types

101

Field 58

100

Field 45

Experiment 20 Experiment 20

Secondary 23 Secondary 36

No of paired
 observations 

165

Field 91

195

Field 73

Experiment 36 Experiment 53

Secondary 38 Secondary 69

3.2 Review of Literature

There are three kinds of data sources in the comparative 

studies on EE and GHGE between OFS and CFS - field study, 

experimental trials and secondary data. Field studies have 

been conducted from the beginning of EE and GHGE studies.  

Field studies cover around 50% of all the studies on the 

comparisons of EE and GHGE. In the numbers of researches, 

paired farm product types and paired observations, field 

studies take up a predominant proportion among previous EE 

and GHGE studies. 

A general view of data sources in previous EE and GHGE 

studies is shown in detail in Table 3-1.

The overall results of EE and GHGE found through 68 EE 

studies, including 165 observations, and 66 GHG studies, 
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<Table 3-2> Organic Superiority and Mean Ratio of EE and 

GHGE by Data Sources

Data  Source

EE GHGE

Org EE 
Superiority- 

Positive

Mean 
Ratio of 
EE(%)

Org GHGE 
Superiority - 

Positive

Mean 
Ratio of 
GHGE(%)

Field Survey 58.2 % 114.3 % 64.4 % 87.63 

Experimental 
Trials 80.6 % 163.6 % 60.4 % 85.66 

Secondary Data 73.7 % 152.9 % 76.8 % 86.80 

- Mean ratio (%) = (Organic EE(GHGE)/Conventional EE(GHGE))*100

including 195 observations, are shown according to the data 

sources in the abstract in Table 3-2.

In Table 3-2, the organic EE Superiority in field studies 

(58.2%) is poorer than those of other data sources (80.6%, 

73.7%). The ratio of organic versus conventional EE in field 

studies (114.3%) is lower than those in experimental trials 

(163.6%) and secondary data (152.9%). However, these results 

never mean that the method of field study is poorer in 

validity than that found in other methods. The contrary 

result may be supported. The organic GHGE superiority in 

field studies (64.4%) is better than that of experimental trials 

(60.4%) and poorer than that of secondary data (76.8%). The 

ratio of organic versus conventional GHGE in field studies is 

almost the same with other data sources. 

 When well organized, field studies can provide much more 

definite current and practical on-site farm data. If there were 

no reliable and sufficient field studies on EE and GHGE, the 

experimental or secondary data will not be meaningful. 

In Korea, Gil et al., (2008) only carried out a comparative 
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study on EE between conventional and organic rice 

productions. Lim et al. (2011) conducted a study of 

environmental impacts by LCA between conventional and  

organic rice, and several studies on the estimations of GHGE 

by LCA in conventional farming have been carried out (Yoon 

et al., 2012; So et al., 2010). However, the comparative study 

on the GHGE between CFS and OFS has not been conducted 

yet.

For this reason, an empirical comparative field study 

between both systems was carried out on soybean 

productions in Korea. 



- 99 -

<Table 3-3> Research Framework for Field Study

Methods Specifications

Sample size 60 farms

Duration
1 year

( career of organic farming : 4-10 years)

Unit class both units of ha and ton basis

Measurement tool EAM, LCCI and LCA

Region 3 regions

Energy coefficient Recent or average values

Environmental indicators 12 indicators including EE and GHGE

Characteristics of

energy use

Comparisons of 6 kinds of  

characteristics in energy use

Statistical analysis T-test, Regression

3.3 Methods and Data

3.3.1 Research Framework of Field Study

The framework for field study was established on the 

ground of findings and implications derived from the 

meta-analysis of previous studies on the comparison of 

conventional and organic EE and GHGE. <Table 3-3>

Table 3-3 represents the research framework for field 

study of soybean production systems in Korea.

3.3.2 Models of Statistical Analyses for Field Study

Various statistical analyses for field study are applied as 

shown in the following Table 3-4. To compare the 

characteristics in energy use and GHGE, the t-test between 

both systems is employed. 

The multi-regression analysis is applied to this field study 
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<Table 3-4> Statistical Analyses for Field Study

Independent 
Variables

Dependent  
 Variables

Applied Statistical 
Analysis　

Comprehensive 
comparisons of 

Energy Use 
and GHG 
Emissions

Farm Systems
(Organic or 

Conventional Farms)

Energy 
Efficiency,

Net Energy,
Specific 
Energy,
Energy 

Productivity,
Yields,

Direct Energy,
Renewable 

Energy.

T-test

Comparison of  
EE between 

Con. and Org. 
Farms

(Socio-economic 
Characteristics)
Agri-system

Region
Age
Area

Energy 
Efficiency

Multi-regression
(Dummy)

(Inputs Categories)
Machinery

Fuels
Seeds

Fertilizers
Pesticides 

Mulch
 Labors

Energy 
Efficiency

T-test
Multi-regression

(Farming Practices)
Cultivation
Fertilizing
Mulching
Seeding
Weeding
Spraying
Pruning
Irrigation

Harvesting

Energy 
Efficiency

T-test
Multi-regression

to search for the driving factors of farming inputs and 

farming practices which determine EE and GHGE in both 

systems.
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Threshing
Grading

Comparison of 
GHGE between 
Con. and Org. 

Farms

(Socio-Economic 
Characteristics)
Agri-system

Region
Age
Area

GHG 
Emissions

　

Multi-regression
(Dummy)

(Inputs Categories)
Machinery

Fuels
Seeds

Fertilizers
Pesticides 

Mulch
 Labors

GHG 
Emissions

T-test
Multi-regression

(Farming Practices)
Cultivation
Fertilizing
Mulching
Seeding
Weeding
Spraying
Pruning
Irrigation

Harvesting
Threshing
Grading

GHG 
Emissions

T-test
Multi-regression

3.3.3 Calculation of EE and GHGE

3.3.3.1 Energy Flows and GHG Emissions in Soybean 

Production System

The studies of EE and GHGE in agriculture focus on the 

characteristics of energy use and GHGE at the farm-level. 

This field study also focuses on identifying the energy flows 

and GHG emissions of farm systems.

Energy flows and GHG emissions in soybean production 
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system is illustrated in Figure 3-1.

First, for the energy flows system, machinery, fuel and 

materials involving the embodied energy and labor are put 

into farms in several stages of farming practices. As a result, 

soybean products are produced as energy output. This study 

identifies the relationship of energy input and energy output 

between conventional and organic farming systems.

Second, for the GHG emissions of soybean farms, GHG 

emissions generated by the process of manufacturing the 

inputs, and emitted by applying the farming practices at the 

farm, and finally, generated in the process of soybean 

growing at the farm, are all calculated as the total GHG 

emissions of farm systems. 

All inputs applied in farm systems are considered to emit 

GHG in all the process of energy flows, not only prior to the 

farm applications, but also during the farming periods. The 
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amount of GHG emitted for the manufacture or applications 

of each input per unit is called GHG conversion factor.

3.3.3.2 Calculation of Energy Use

In the ‘Energy Analysis Method (EAM)’, the amount of 

energy of all the inputs is quantified through the conversion 

to energy values by corresponding coefficients (Moreno et al., 

2012). To calculate the input-output ratios and other energy 

indicators, the data are converted into input or output 

energy levels using equivalent energy values for each 

commodity and input. Energy equivalent6) is defined as the 

amount of energy used for manufacture, maintenances and 

applications of materials per unit which are used in farm 

plots. Consequently, energy inputs or energy outputs are 

calculated by multiplying inputs or outputs with their own 

energy equivalents. 

A. Energy Efficiency (EE)

In calculation of energy efficiency, energy output refers to 

the energy content of the material produced (soybean in this 

study) from the farming practices. Energy input refers to 

both the energy used in the transformation of the products 

into the state in which they are used by farmers, and the 

content energy7) (Guzman et al., 2008).

The EE is expressed as the value of total energy output 

divided by total energy input. For example, the EE per ha 

6) Energy equivalent is used as the same concept of energy coefficient.

7) Unlike energy coefficient or energy equivalent, energy content means 

the amount of energy which can be generated by combustion of a input 

material per unit.
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can be calculated as shown in the following equations. 

 


B. Classification of Energy Use

Energy use can be divided into direct and indirect EU 

(Uhlin, 1998). Direct EU is energy input used in production 

system when such input can be directly converted into 

energy units. It includes diesel-fuel, lubricants, electricity, 

etc. Indirect EU is energy used in manufacturing inputs used 

in production system when such inputs cannot be converted 

directly into energy units. Machinery, fertilizers, and 
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<Table 3-5> Classification of Energy in Agriculture

Category Division Items

Directness

Direct 
energy

Human, animal, petrol, diesel and 
electricity

Indirect 
energy

Seeds, fertilizers, farmyard manure, 
chemicals, and machinery

Renewability

Renewable 

energy

Human, animal, seeds, and farmyard 

manure

Non-renew
able energy

Petrol, diesel, electricity, chemicals,
fertilizers, and machinery.

pesticides would come into the latter category. 

On the other hand, in view of sustainability of energy use, 

the classification of energy can be divided into renewable 

and non-renewable energy. 

In this study, the energy input is examined as direct and 

indirect, and renewable and non-renewable forms. The mode 

of energy sources used in agricultural production is 

calculated by using the following criteria. Classification of 

energy is exemplified in Table 3-5.

Thus, the total EU (energy use) for growing a specific crop 

(EU crop) can be expressed by Eq. (1): 

EUcrop = EUdirect + EUindirect

= (EUdiesel + EUother) + EUindirect   (Dalgaard et al., 2001)

Likewise, it can be expressed by Eq. (2):

EUcrop = EUrenewable + EUnon-renewable

Depending on the energy classification shown above, 

characteristics of energy use between CFS and OFS are 

compared by the following indicators of energy use <Table 

3-6>.
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<Table 3-6> Various Indicators of the Energy Use

 Indicators of Analyzed Energy 

Use
Equations

Energy Efficiency (per ha) =E output(MJ/ha) / E inputs(MJ/ha)

Energy Efficiency (per ton) =E output(MJ/ton) / E inputs(MJ/ton)

Energy Productivity (kg/MJ) =Yields(kg) / E inputs(MJ)

Energy Density (MJ/kg)

(Specific Energy)
=E inputs(MJ) / Yields(kg)

Net Energy (MJ/ha) =E output(MJ/ha) – E inputs(MJ/ha)

Direct Energy (%)
=E(fuel+electricity+labor)

/Total Inputs E

Renewable Energy (%)
=E(seed+manure+compost+labor)

/Total Inputs E

3.3.3.3 Calculation of GHGE

GHGE in the agricultural sector are calculated as carbon 

dioxide equivalency (kg CO2-eq) of total gas emissions, 

including carbon dioxide, methane, and nitrous oxide. 

Carbon dioxide equivalency is a quantity that describes for 

a given mixture and amount of greenhouse gas - the amount 

of CO2 that would have the same global warming potential 

(GWP) when measured over a specified time scale (generally, 

100 years) (Wikipedia, 2012). The carbon dioxide 

equivalency8) for a gas is obtained by multiplying the mass 

and the GWP of the gas. 

The equation to get GHG emissions in field study can be 

8) Carbon dioxide equivalency (kg CO2-eq), GWP : Carbon dioxide (1 

kg CO2 = 1 kg CO2-eq), Methane (1 kg CH4 = 25 kg CO2-eq ), 

Nitrous oxide (1 kg N2O = 298 kg CO2-eq) (IPCC, 2007).
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expressed as the following equation. 

This field study shall evaluate two main aspects on the 

basis of the comparisons of organic and conventional 

soybean farms in Korea. 

First, the characteristics of energy use and GHG emissions 

through energy flows are examined by (i) energy inputs 

categories and (ii) farming practices, respectively.

Second, inputs (independent) variables strongly related to 

the differences of EE and GHGE between both systems are 

identified by (i) energy inputs categories and (ii) farming 

practices, respectively.

3.3.4 Data Collection

Comparisons are conducted between the same crops grown 

under different farm managements - organic and 

conventional methods. To minimize possible variations due to 

other external factors unrelated to farm management 

practices, a set of prerequisites was established, which had 
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to be met by the farms studied (as presented by Alonso et 

al. (2010): (1) the organic farms must have full certifications 

for the sale of organic products, a prerequisite based on the 

organic standards that the applied farm should be managed 

organically over three years to acquire the organic 

certification; (2) the organic and conventional farms 

compared must be close to each other as possible. thus 

avoiding possible bias in factors such as soil type, climate 

and topography. It would be better to have similarities in all 

other biophysical conditions except for the farm management 

systems.; (3) the pairs of organic and conventional farms to 

be compared must be the same or similar in terms of the 

type of culture, production cycles and others. 

Three locations for data collection were selected according 

to these criteria (Figure 3-2).

(1) North Gyeonggi – Younchun County was selected for 

surveyed location. It is located in the north area adjoining 

the DMZ of Gyeonggi Province neighboring Seoul.

(2) South Gyeonggi – Yangpyeoung and Icheon County of 

South Gyeonggi Province and Danyang County of Chungbuk 

Province were selected for second surveyed areas.

(3) Gangwon – Hongcheon County of Gangwon Province was 

selected as another surveyed area.

All locations are traditionally agricultural rural areas. 

Since there were fewer organic farms than conventional 

farms, organic sample farms were first selected, followed by 

selecting comparable conventional counterparts. Conventional 

sample farms were chosen according to their proximity to 

organic ones, usually those with neighboring plots, to ensure 
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similar biophysical conditions, and those with the same 

farming regime.

<Figure 3-2> Locations of the Selected Sample Farms

Data were collected via personal interviews with farmers 

and their farm working diary. The interviews were conducted 

from January to February 2012. Thirty pairs of conventional 

and organic farmers who owned soybean fields were 

surveyed in three locations. In reality, 76 farmers were 

surveyed with face-to-face interviews. However, samples of 

insufficient or improper data  were removed from the study 

samples.9)

9) Among the eliminated farms, there were farmers who were identified as 

uncertified organic farmers, who had to give up farming during the 

crop season as their farms were destructed by wild animal attack, and 

who had insufficient informations and documents proving their farming 

management. These farms were removed from study samples just after 

the interviews.
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<Table 3-7> Numbers of Selected Sample Farms

Area Conventional Farms Organic Farms Sum

North
Gyeonggi

10 10 20

South 
Gyeonggi 10 10 20

Gangwon 10 10 20

Sum 30 30 60

Ten pairs of farms were selected as sample farms in each 

location, respectively. A total of 60 farms were surveyed for 

field study from three locations. Table 3-7 shows the number 

of surveyed farms from 3 locations. 

Supplementary data on machinery, pesticides and fertilizers 

were obtained from the manufacturing companies, county 

offices or Nonghyub10).

10) A representative agricultural cooperative organizations which 

supply agricultural materials to farmers in Korea.



- 111 -

4. Results of Energy Use

3.4.1 Energy Coefficients

To estimate the amount and flow of energy use, the energy 

coefficients of each input materials should be first set up. 

3.4.1.1 Energy Coefficients of Machinery

The energy consumption of machinery and implements is 

generally attributable to four factors: production of raw 

materials, manufacture, repair and maintenance and fuel 

consumption (Guzman et al., 2008).

However, applications of energy coefficient values depend 

on the choice of researchers. The energy coefficient of 

machinery applied initially by Pimentel et al. (1974) has 

widely been used until recently. It defines that total energy 

embodied in machinery equals 142.7 MJ/kg (Pimentel et al., 

1973; Loewer et al., 1977; Fluck, 1985, 1992; Kaltsas et al., 

2007). This included energy for manufacturing (86.38 MJ/kg 

of mass; Pimentel et al., 1973), energy for repairs and 

maintenance (0.55 times the energy for manufacturing; Fluck, 

1985), and energy for transportation (8.8 MJ/kg; Bridges and 

Smith, 1979). Numerous authors have used similar values 

based on this approach.

On the ground of this basic energy coefficient value of 

machinery, various energy coefficients of machinery per unit 

hour (Tuhran et al,, 2008; Gundogmus et al., 2006), per unit 

day (Ramos et al., 2004) or unit ha (Moreno et al., 2011) 

were applied by the respective researches. 

As for the energy coefficient value of machinery, a more 
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precise method has been tried by the Ministry of Agriculture,  

Forestry and Fisheries (MAFF, 2000) in the United Kingdom. 

Indirect energy was calculated from machine weights using a 

factor of 86.77 MJ/kg (Bowers, 1992). It was based upon the 

UK data on energy requirements for raw materials (Boustead 

& Hancock, 1979) and energy added in manufacture and 

transport. Maintenance and repair energy had been 

calculated as a ratio of the total energy in manufacture 

(Bowers, 1992).

In addition, Alonso and GÜzman applied different kinds of  

embodied energy for machinery. They allocated 87.9 MJ/kg 

for basic embodied energy of machinery - respectively  49.2 

MJ/kg for steel production, 14.6MJ/kg for process energy and 

49% of steel production for repairs and maintenance (Alonso 

and GÜzman, 2010).

On the other hand, revised energy coefficient of machinery 

was applied in another study (GÜzman et al., 2008). They 

presented a smaller energy coefficient value of machinery 

than that of the former one. They applied energy figures 

taken from Doering (1980), except those of repair and 

maintenance of non-motorized machinery.

The suggested energy coefficients of machinery by these 

researchers were different according to the kind of 

machinery used (Table 3-8). This study employed the energy 

coefficients of machinery arranged by GÜzman et al. (2008). 

The energy coefficients of each machinery per hour used 

in this study were calculated by basic energy coefficient of 

machinery (Table 3-8)*weight of mass (kg)/UL. 
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<Table 3-8> Embodied Energy of Machinery

Machinery Raw mats. 
(MJ/kg)

Manufacture 
(MJ/kg).

Repair-
Maintenance SUM

Tractor 49.4 14.7 31.4 95.5

Hand-held trimmer 62.8 7.4 18.3 88.5

Backpack sprayer 62.8 7.4 18.3 88.5

Rotavator 62.8 7.4 18.3 88.5

Chain saw 62.8 7.4 18.3 88.5

Branch shaker 62.8 7.4 18.3 88.5

Centrifugal fertilizer 
spreader 62.8 8.6 21.4 92.8

Sprayer tank 62.8 8.6 21.4 92.8

Cultivator 62.8 8.6 21.4 92.8

Disc harrow 62.8 8.6 21.4 92.8

Tine harrow 62.8 8.6 21.4 92.8

Trailer 62.8 8.6 21.4 92.8

Roller 62.8 8.6 21.4 92.8

Chipper 62.8 8.6 18.6 90

Many kinds of machinery were applied in both of the 

soybean production farms surveyed in this field study. 

Taking into account the total weight and the life of 

machinery used in this field study, on the basis of above 

table of energy coefficients of machinery, all the energy 

coefficients of every kind of machinery used per hour were 

calculated as shown in the following Table 3-9. 

 Data on the weight and UL of all kinds of machinery were 

presented in detail in Appendix IV-1.
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<Table 3-9>Energy Coefficients of Machinery Used in Soybean 
Production Systems.

Machinery Items
Engine HP

(tractor ps range)
Energy 

Coefficients(MJ/h)

Tractor+Plow Tractor 24ps 24 11.686

Tractor+Plow Tractor 28ps 28 11.75

Tractor+Plow Tractor 30ps 30 15.869

Tractor+Plow Tractor 35ps 35 18.782

Tractor+Plow Tractor 38ps 38 19.387

Tractor+Plow Tractor 40ps 40 19.585

Tractor+Plow Tractor 43ps 43 20.59

Tractor+Plow Tractor 45ps 45 19.674

Tractor+Plow Tractor 48ps 48 27.55

Tractor+Plow Tractor 50ps 50 30.269

Tractor+Plow Tractor 55ps 55 31.517

Tractor+Plow Tractor 58ps 58 36.351

Tractor+Plow Tractor 60ps 60 33.766

Tractor+Plow Tractor 65ps 65 33.263

Tractor+Plow Tractor 70ps 70 40.421

Tractor+Plow Tractor 75ps 75 43.979

Tractor+Plow Tractor 80ps 80 42.139

Tractor+Plow Tractor 88ps 88 44.583

Tractor+Plow Tractor 90ps 90 47.919

Tractor+Plow Tractor 95ps 95 51.94

Tractor+Plow Tractor 105ps 105 51.952

Tractor+Plow Tractor 115ps 115 55.925

Tractor+Rotavator Tractor 24ps 24 15.296

Tractor+Rotavator Tractor 28ps 28 17.957

Tractor+Rotavator Tractor 30ps 30 22.076

Tractor+Rotavator Tractor 35ps 35 22.827

Tractor+Rotavator Tractor 38ps 38 24.175

Tractor+Rotavator Tractor 40ps 40 24.372

Tractor+Rotavator Tractor 43ps 43 26.12

Tractor+Rotavator Tractor 45ps 45 25.203

Tractor+Rotavator Tractor 48ps 48 25.885

Tractor+Rotavator Tractor 50ps 50 30.088

Tractor+Rotavator Tractor 55ps 55 31.336

Tractor+Rotavator Trnator 58ps 58 37.208

Tractor+Rotavator Tractor 60ps 60 34.623

Tractor+Rotavator Tractor 65ps 65 33.928

Tractor+Rotavator Tractor 70ps 70 40.714
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Tractor+Rotavator Tractor 75ps 75 43.484

Tractor+Rotavator Tractor 80ps 80 45.17

Tractor+Rotavator Tractor 88ps 88 45.553

Tractor+Rotavator Tractor 90ps 90 48.889

Tractor+Rotavator Tractor 95ps 95 56.507

Tractor+Rotavator Tractor 105ps 105 59.675

Tractor+Rotavator Tractor 115ps 115 63.647
Tractor+Compost 

Distributer Tractor 24ps 24 16.946

Tractor+Compost 
Distributer Tractor 28ps 28 17.01

Tractor+Compost 
Distributer Tractor 30ps 30 28.136

Tractor+Compost 
Distributer Tractor 35ps 35 28.887

Tractor+Compost 
Distributer Tractor 38ps 38 29.492

Tractor+Compost 
Distributer Tractor 40ps 40 29.689

Tractor+Compost 
Distributer Tractor 43ps 43 30.695

Tractor+Compost 
Distributer Tractor 45ps 45 40.29

Tractor+Compost 
Distributer Tractor 48ps 48 40.971

Tractor+Compost 
Distributer Tractor 50ps 50 43.689

Tractor+Compost 
Distributer Tractor 55ps 55 48.222

Tractor+Compost 
Distributer Trnator 58ps 58 52.424

Tractor+Compost 
Distributer Tractor 60ps 60 49.839

Tractor+Compost 
Distributer Tractor 65ps 65 58.726

Tractor+Compost 
Distributer Tractor 70ps 70 69.235

Tractor+Compost 
Distributer Tractor 75ps 75 70.89

Tractor+Compost 
Distributer Tractor 80ps 80 69.051

Tractor+Compost 
Distributer Tractor 88ps 88 70.558

Tractor+Compost 
Distributer Tractor 90ps 90 73.894

Tractor+Compost 
Distributer Tractor 95ps 95 77.058

Tractor+Compost 
Distributer Tractor 105ps 105 77.07

Tractor+Compost 
Distributer Tractor 115ps 115 81.043

Harvester

Combine Harvester 38 124.567

Combine Harvester 65 158.707

Combine Harvester 80 175.316
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Combine Harvester 95 182.237

Tractor Attachments

Thresher 1 for tractor 4.22

Thresher 2 for hand tractor 2.685

Fertilizer 
Distributer 　free size 7.382

Compost 
Distributer for hand tractor 16.61

Compost 
Distributer for truck 1 ton 12.181

Sower(S) 33-45ps 7.013

Sower(L) 40-55ps 7.382

Mulcher 25-50ps 7.715

Mulcher 40-65ps 13.584

Power Machinery

Excavator 0.18 m3 54.435

Excavator 0.58 m3 131.7

Mist duster 
Sprayer 3ps 0.48675

Mower 2ps 0.48675

Motor Pump 2ps 0.59

Cultivator S S size (6ps) 4.8906

Cultivaor M M size (6ps) 5.814

Riding type 
Cultivator 14.7ps 11.97

Rice Transplanter 10ps 5.13

Power Tiller 10ps 3.737

Agri-truck(1t) 48ps 13.499

Power Sprayer 3.5ton truck sprayer 38.2

Engine Sprayer 7ps 0.673

Non-Power 
Machinery

Attached Sprayer 　for Hand Tractor 0.192

Attached Sprayer for truck 0.408

Soybean 
Grader(3Kw) 　YBS1000G 11.812

Soybean Grader 
(5Kw) 　YBS2000G 18.456

Electric Pump 1/3ps (500w) 0.115

Electric Pump 1ps (1500w) 0.238

Electric Pump 5ps (3Kwh) 0.538

Electric Thresher 2kw model 2.598

Electric Winder 06kw model 2.506
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Sources: Weight (kg) and H (hours) of UL (useful life) have been obtained via 
consultation with various companies and their documents. 
Note : Since tractors do not run alone, but run attached with other 
attachments in farming, energy coefficients combined with tractor and 
attachment, were calculated according to the machinery operations.

3.4.1.2 Energy Coefficients of Fertilizers and Manure

Until now, previous studies on energy use in agriculture 

have employed diverse energy coefficients of fertilizers 

including N fertilizers, P2O5 fertilizers, and K2O fertilizers. 

In the case of N fertilizers, variations of the coefficient 

were flexible over two-fold from 35 MJ/kg to 80 MJ/kg, - 

80MJ/kg (Guzman et al., 2007), 74.2MJ/kg (Kavargiris et al., 

2009; Michosa et al., 2012), 60.6MJ/kg (Gu¨ndog˘mus, 2006; 

Turhan et al., 2008), 50.0MJ/kg (Liu et al., 2011), 45.0MJ/kg 

(Alonso et al., 2010), 35.3MJ/kg (Deike et al., 2007).

Recently, Kongshaug et al.,(2003) reported the accumulated 

energy consumption for N-containing fertilizers. They 

reported that the amount of energy consumed for 

N-containing product (e.g. Ammonia) per ton was minimized 

to 34.5 GJ/N ton by the latest technology in Europe. 

However, they reported that the world energy consumption 

from production of fertilizers (in Ammoina N basis) was 49.12 

GJ/N ton on average in the world.

This world average value (49.17 MJ/N kg) was applied as 

energy coefficient of N fertilizers for this study. 

The energy coefficient of P fertilizers also varies according 

to the choice of EE researchers from 5.2 MJ/kg to 17.4 

MJ/kg, - 17.4 MJ/kg (Asakereh et al., 2010), 13.7MJ/kg 

(Kavargiris et al., 2009; Zafiriou et al., 2012; Litskas et al., 
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<Table 3-10> Energy Coefficients of Fertilizers and Manure 
Used in Soybean Production

Fertilizers Kinds
(N-P-K) N P K MJ/kg

Compound  
fertilizer

(22-18-18) 0.22 0.18 0.18 14.45 

Compound  
fertilizer (21-17-17) 0.21 0.17 0.17 13.75 

2011), 11.1 MJ/kg (Gu¨ndog˘mus, 2006; Turhan et al., 2008), 

5.2 Ml/kg (Bos et al., 2007).  

Taken as an average value of these coefficients, 7.2MJ/P kg 

was applied in this study. 

The energy coefficients of K fertilizers are also very 

changeable according to the choice of EE researchers from 

4.15 MJ/kg to 10.0 MJ/kg, - 10.0 MJ/kg (Sartori et al., 2005), 

9.7 (Litskas et al., 2011; Alonso et al., 2010; Kavargiris et al., 

2009), 8.7MJ/kg (Michosa et al., 2012), 6.7 MJ/kg (Gu¨ndog˘

mus, 2006; Turhan et al., 2008), 5.8 Ml/kg (Bos et al., 2007), 

4.2 MJ/kg (Liu et al., 2011).

Taken as an average value of these coefficients, 6.5MJ/K kg 

was applied in this study. 

The energy coefficients of all kinds of fertilizers, including 

manure and organic fertilizer used in this field study,  were 

calculated on the basis of the above fundamental energy 

coefficients of N, P and K fertilizers. They were calculated by 

the amount of N ingredients in N fertilizers (Ammonia, Urea, 

etc.), P ingredient in P2O5 fertilizers and K ingredient in K2O 

fertilizers.

Energy coefficients of all kinds of synthetic fertilizers, 

organic fertilizers and manure are displayed in Table 3-10. 
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Compound  
fertilizer (18-0-16) 0.18 0.16 10.21

Compound  
fertilizer (16-8-9) 0.16 0.08 0.09 9.57

Soybean
(Compound) 

fertilizer1
(8-8-9) 0.08 0.08 0.09 5.63 

Organic  
fertilizer1 (4-1-1) 0.04 0.02 0.01 2.29 

Organic  
fertilizer2 (5-1-1) 0.05 0.01 0.01 2.66 

Amonia N (21%) 0.21 　 　 10.33 

Urea N (46%) 0.46 　 　 22.62 

P2O5 P2O5(20%) 　 0.2 　 2.33 

K2O K2O(60%) 　 　 0.6 5.10 

Biopot
(Nutrient) 10-0-2 0.1 0 0.02 5.09

　 　 　 　 　 　

Manure Moisture N P2O K2O MJ/kg

Cow manure 80.1 0.0176 0.0275 0.0139 1.30 

Cow 
manure(dried) 28 0.0305 0.0512 0.0244 2.30 

Cow  
manure+saw 

dust
65.5 0.0091 0.0174 0.0125 0.76 

Pig manure 69.4 0.0109 0.0176 0.0043 0.78 

Pig 
manure(dried) 24.3 0.0258 0.045 0.0149 1.92 

Pig 
manure+saw 

dust
57.7 0.0095 0.0108 0.0067 0.65 

Poultry manure 63.7 0.0042 0.0034 0.0034 0.28 

Poultry  
manure(dried) 19 0.0165 0.0185 0.0172 1.17 

Poultry 
manure+saw 

dust
54.1 0.0059 0.0062 0.0067 0.42 

Wood branch 
compost 60% 0.005 0.002 0.002 0.29 

Food waste 
compost 10% 0.035 0.014 0.012 1.99 

N: 49.17MJ/N kg, P2O5 : 11.66MJ/P kg, K2O : 8.50MJ/K kg were applied in 
this Table. 
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The majority of conventional farms included in this field 

study applied much more manure rather than fertilizers for 

their soil nutritions. On the other hand, organic farms mostly 

used organic fertilizers (mixed with oil press cake) and some 

manure instead of synthetic fertilizers, which is forbidden as 

usages in organic farms.  

3.4.1.3 Energy Coefficients of Pesticides

The largest differences between the two farming systems 

are related to synthetic fertilizers and the spraying of  

synthetic crop protectors in conventional production. In 

comparison with the organic soybean production, much more 

pesticides were sprayed for crop protections in  conventional 

production. This is especially true with a lot of herbicides 

applied in conventional soybean farms. 

On the other hand, few biological pesticides (botanical 

extracts or microorganism materials) were sprayed as 

protection from insects in organic production. Weeding was 

carried out mostly with tools by human labor in organic 

farms instead of herbicides commonly used in conventional 

farms. Some farms earthed up with cultivators or cutting 

with mowers, but burning was scarcely tried with the burning 

weeder. 

In conventional farms, many kinds of pesticides imported 

from various companies were sprayed, once to three times in 

the fields. Some organic farms sprayed some biological 

pesticides once or twice, but most of organic farms sprayed 

no pesticides for their crop protection. 

Energy coefficients of fungicides, insecticides and herbicides 
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were used in a wide range from about 100MJ/kg AI (Active 

Ingredient) to about 400 Mj/kg AI (Active Ingredient) in 

previous studies. More detailed examples are presented in 

Table 3-12.

Energy coefficients of pesticides applied in this soybean 

production are like the following - 124.4 MJ/kg AI for 

fungicides, 285 MJ/kg AI for insecticides and 324.54 MJ/kg for 

herbicides, regardless of chemical pesticides or organic 

pesticides. 

For this reason, in the calculation of the energy input of 

pesticides, the value of energy coefficient of organic 

pesticides (AI basis) was considered to be equal in 

equivalents of chemical pesticides (AI basis). Energy 

coefficients of pesticides were calculated by the amount of AI 

(active ingredient) of pesticides, not the gross mass of 

pesticides as well as fertilizers. 

Data on the AI of all kinds of chemical pesticides on sale 

are registered in the Rural Development Administration (RDA) 

and are available on the RDA11) web-site. Data on the AI of 

organic pesticides was obtained privately from manufacturing 

companies.12) 

Data on the AI of all kinds of chemical and organic 

pesticides is presented in Table 3-11.

11) RDA(Rural Development Agency); The  national organization which is in 

charge of agricultural research and extension services under the 

Ministry of Food, Agriculture, Forestry & Fisheries (MIFAFF) in Korea 

12) However, AI of organic pesticides was not known to the public as they 

were kept in secrecy by their manufacturing companies. After much 

efforts, data on the AI of organic pesticides could be obtained from the 

research centers of production companies on the condition that the 

anonymity of products be maintained.
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<Table 3-11> AI of Chemical and Organic Pesticides used in 
Surveyed Farms

Kinds Brand Name Packing Unit Main Ingredient
Active 

Ingredients
(%)

Fungicides Daisem M 500g Mancozeb 75

Fungicides Takonyl 1㎏ * 20 Chlorothalonil 75

Fungicides Benomil 500ml Benomyl 50

Insecticides DDVP 500ml Dichlorvos 50

Insecticides Muyngta 200ml Etofenprox 20

Insecticides Sebero 200㎖* 40 Etofenprox 20

Insecticides Manjang  200g * 60 Acetamiprid 10.5

Herbicides Lasso 300ml Alachlor 43.7

Herbicides Lasso 2kg Alachlor 5

Herbicides Kramokson 500ml Paraquat 
dichloride 23.1

Herbicides Geunsami 300ml Glyphosate 41

Herbicides Basta 500㎖* 20 Glufosinate 
ammonium 18

Herbicides Stomp 300ml Pendimethalin 31.7

Herbicides Stomp 2kg Pendimethalin 5

Herbicides Kongmand 2㎏* 10 Clomazone 2

Herbicides Partner 300㎖* 30 Linuron 25

Herbicides Round-up 1ℓ* 20 Glyphosate 48.8

Herbicides Dual Gold 3kg*8 S-Metolachlor 2.5

Herbicides Alla 300ml*30 Alachlor 43.7

Herbicides New One-side 100ml*100 Fluazifop-P-butyl 17.5

Herbicides Dangol 20kg*10 Benazone sodium 31

Organic Pesticides

Fungicide F-a 1000ml Bacillus 
Thurigiensis 10

Insecticides I-a 200ml unknown 0.5

I-b 200ml unknown 0.6

I-c 200ml unknown 5
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3.4.1.4. Energy Coefficients of Other Input Materials

Besides the above mentioned inputs, other input materials 

were also added to both of the farming systems.

a. Fossil Fuels

The surveyed farms mostly consumed diesel followed by 

petrol and just a little kerosene for their farming operations. 

Past field studies applied various energy coefficient values of 

the fuels. 

In the case of diesel, its range covers from 36.2MJ/L to 

56.3MJ/L – 56.31MJ/L (Asakereh et al., 2010; Gu¨ndog˘mus,  

2006; Turhan et al., 2008),  47.3 MJ/L (Kavargiris et al., 2009;  

Michosa et al., 2012; Zafiriou et al., 2012), 43.33 MJ/L (Leach, 

1976), 36.2MJ/L (Alonso et al., 2010). Diesel generally was 

used for cultivation operations. 

Petrol was mainly used for mower weeding and the 

spraying of organic fertilizers in organic farms, and for 

pesticide spraying or sometimes mower weeding in 

conventional farms. The  previous literature has also applied 

various values as  energy coefficient of petrol from 32.1MJ/L 

to 42.7MJ/L – 42.7MJ/L (Zafiriou et al., 2012), 40.7MJ/L 

(Berardi ,1978), 35.1MJ/L (Nguyen et al., 1995), 32.1MJ/L 

(Alonso et al., 2010). 

Kerosene was used once for weeding by the burning weeder 

in this study. The energy coefficient of kerosene was applied 

as 41.2 MJ/L (Williams et al., 2010). Natural gas or LPG was 

not used in the surveyed soybean fields.

This study has applied 35.80MJ/L for diesel, 32.20 MJ/L for 

petrol, and 34.0 MJ/L for kerosene as energy coefficients for 
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fuels.

b. Electricity

Electrical energy was mostly used for harvesting, threshing 

and grading for grain, except for a little use in irrigation. 

The energy coefficient of electricity was commonly employed 

as almost same value between previous independent studies. 

This study applied 11.6 MJ/kwh.

c. Labor

By the results of this field survey, it can be seen that 

soybean production in Korea is mainly managed by human 

labor. Although the amount of labor energy was not much 

due to the small energy coefficient of labor, both farm 

production systems (especially organic farms) depend on 

human labor. Even though the environmental performance of 

labor in soybean production was not so heavily burdensome, 

the economic costs of labor have became a serious burden 

in Korea. 

The energy coefficient of labor was generally not high as  

around 2 MJ/hour. 1.16 MJ/h was applied as the energy 

coefficient of labor in this field study.

d. Seeds

In the surveyed farms, only two kinds of seeds were used 

in the production systems. One was the rye seed which was 

used for cover crops in some organic farms, but not in all. 

Another seed was the soybean. Seeds as energy inputs are 

calculated not by its own energy content, but by its 
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embodied energy, which is energy consumed to produce the 

seed per unit. Its embodied energy may be the same or 

similar with its energy content. Mostly, its embodied energy 

is smaller than its energy content13). Only one variety of rye 

seed was used in this organic sample farms, and just a few 

varieties of soybean seeds were used in both of soybean 

farm management systems.

In regards to the coefficients of seeds, the values of 5.6 

MJ/kg for rye seed and 12.5 MJ/kg for soybean seed were 

used in this study.

e. Mulch film

Mulch film is widely used as the most available mean for 

weeding in organic farms in Korea. Since the energy 

coefficient of HDPE film per kg is considerably high in 

comparison with other materials, the use of mulch film for 

weeding strongly increased the energy inputs in the organic 

farming system. 

As for the energy coefficient of mulch plastic film, 

Mombarg and Kool reported 87MJ/kg and recently Hammond 

et al. (2008) presented 78.1MJ/kg. This study applied recent 

presented value of energy coefficient of the plastic film 

(78.1MJ/kg).

In the case of Korea, all the wasted plastic film used in 

organic farms was recollected from farms after harvesting 

according to the organic regulations and sent to recycling 

13) For instance, Gelfand et al. (2010) applied 12.9Mj/kg for the energy 

coefficient of soybean seed, and 23.5MJ/kg for the energy content of 

soybean product on the energy use in both systems in their study.
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<Table 3-12> Energy Coefficients of Inputs Applied in Previous 

Studies

Category Input Items
　

Units
(Mj/unit)

E 
Coeffic
ients(M
j/units)

Authors

Labor 　 H

2.2 Fluck(1992)

1.96
Bojaca and Schrevens 
(2010),  Mohammadi 

et al.(2010)

1.58 Chen(2002)

0.8 Gil et al.2008)

Machiner
y

Tractor 

H　
62.7

　
Samavatean et al. 

(2010), Mobtaker et al. 
(2010)

62.7 Singh et al.2002

kg

142.7 Pimentel et al.(1980)

210 Chen(2002)

138 Kitani(1999)

factories. Taking into account this recycling energy contents 

(10% of recycling energy was counted), 70 MJ/kg with 10% 

tradeoff was applied as energy coefficient for mulch film in 

the soybean farms in Korea.

f. Output Product.

Energy output refers to the energy content of output 

product. The energy coefficient of output product is 

considered as the energy which is contained in the output 

product. In this study, 18.56 MJ/kg was counted for the 

energy coefficient of soybean product. It was given by the  

mean value calculated from the various data sources.

In Table 3-12, energy coefficients applied by previous 

studies are arranged for all kinds of inputs related with 

soybean production, except for machinery. 
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95.5 Dowering(1980)

112.8 Williams(2010)

ha 67.6 Hernanz(1995) 

Fuel

Petrol L

42.33 Cervinka(1980)

41.2 ELCD(2006)

37.81 Ramos(2004)

32.1 Alonso&Guzman(2010)

35.1 Pimentel(1983)

39.3 Williams(2010)

Diesel L

56.31 Singh et al.(2002)

51.33
Erdal et al. (2007), 
Mohammadi et  al. 

(2010)

47.3 Fluck (1992)

47.79 Cervinka(1980)

Kerosene L 41.2 ELCD(2006)

Electricity 　 KWh

14.81 NREL (2010)

10.79 Pimentel(1992)

11.93 Singh et al.(2002)

12.1 Jarach (1985)

10.9 Guzman et al.(2008)

12.5 Chen(2002)

Organic 
fertilizer

Mixed oil cake kg 21 Rongjun, C. (1989)

Farm  manure kg 0.3 Singh et al.(2002)

Commercial  
compost kg 10.5 Guzman et al.(2008)

Cow  manure
(dried) kg 3.8 Guzman et al.(2008)

Chicken  manure
(dried)

　
kg

10.9 Guzman et al.(2008)

8.4 White (1981)

Bio Supplements kg 6.5 Mudahar and  
Hignett(1987)

Organic  fertilizers kg
17.81 Alonso et al.(2010)　

0.3 Hornacek(1979)

Fertilizer kg 129 Kitani(1999)

N kg N　

66.14 Esengun et al.(2007)

74.2 Lockerretz(1980)

60.6 Singh et al.(2002)
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Synthetic 
Fertilizers 

80 Pimentel (1992).

72.29 Bogner(2007)

78.1 Helsel(1987)

49.17 Mikkola&Ahokas(2010)

48 Borjesson(1996)

45.87 Davis et al.(1999)

57.5 West et al.(2002)

39 Ilya et al.(2010)

71.91 NREL(2010)

P(P2O5) kg P

17.4 Kitani (1999)

12.44 Esengun et al. (2007)

13.7 Lockerretz(1980)

14.38 NREL(2010)

7.9 Borsson(1996)

7.03 West et al.(2002)

7.7 Kongshsug(1998)

12.92 Bogner(2007)

11.1 Singh et al.(2002)

12 Yin(1998)

K(K2O) kg K 

11.15
Esengun et al. (2007), 
Rafiee et  al. (2010)

9.7 Lockerretz(1980)

13.57 Pimentel(1992)

4.8 Borsson(1996)

6.85 West et al.(2002)

8.8 Kongshsug(1998)

9.95 Bogner(2007)

6.7 Singh et al.(2002)

5 NREL(2010)

Lime

　
kg　
　
　
　

2.1
　

Hu¨Isbergen(2001)

1.2 Borsson(1996)

1.71 West et al.(2002)

1.05 Helsel(1992)

1.18 Pimentel(1992)

Urea kg N 68.41 Bhat et al.(1994)

Ammonia kg N 50.6 Bhat et al.(1994)
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Triple Super 
phosphate kg P2O5 6.82 Bhat et al.(1994)

Nitrate of Potash kg K2O 2.88 Bhat et al.(1994)

Chemical 
Pesticides

Fungicide
　
　
　

kg AI

115 Kitani(1999)

99 Fluck and Baird(1980)

92 Hessel ZR(1992)

196 Green(1987)

120 Samavatean et al. 
(2010)

Insecticide kg AI

199 Hessel ZR(1992)

310.35 NREL(2010)

237 Green(1987)

363.6 Fluck(1992)

Herbicide
s

      Herbicide
　
　
　

　

kg AI

238 Hessel ZR(1992)

418.2 Bogner(2007)

310.35 NREL(2010)

418.4 Pimentel(1992)

288 　Pimentel(1992)

Herbicide
(MCPA) kg AI 127.7 Fluck and Baird(1982)

2,4,D kg A.I 85 Green(1987)

Other 
Fertilizers

Mineral oil kg 43.2 Pimentel(1992)

Potassium soap kg 43 Pimentel(1992)

Ammonium 
phosphate kg 24.3 Pimentel(1992)

Bacillus 
thuringiensis (Bt) kg 77.2 Pimentel(1992)

Polyethylene traps kg 4.4 Pimentel(1992)

Plant Extract 
(biocide) kg 19.2 Mombarg & Kool 

(2004)

Plant extract kg 0.55 Alnoso&Guzman(2010)

Materials

Polyethylene vinyl kg 87 Mombarg & Kool 
(2004)

LDPE kg 78.1 Hammond et al.(2008)

LDPE kg 103 Baird et al.(1997)
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<Table 3-13> Energy Coefficients of Inputs Applied in This Study

Products Energy Coefficients
(Mj/unit) Units

Fossil liquid energy

Diesel 35.80 liter

Petrol 32.20 liter

Kerosene 34.0 liter

Electricity

Electricity 11.6 kwh

Organic composts and fertilizers

Commercial Compost 10.5 kg

Mixed oil cake 21.0 kg

Organic fertilizer 18.2 kg

Cow manure (dried) 1.17 kg

Pig manure(dried) 1.92 kg

Poultry manure(dried) 2.30 kg

Cow manure

Raw manure 0.28 kg

Raw manure & 
saw dust 0.42 kg

Pig manure

Raw manure 0.78 kg

Raw manure & 
saw dust 0.65 kg

Poultry 
manure

Raw manure 1.30 kg

Raw manure & 
saw dust

0.76 kg

Organic fertilizer 1 2.29 kg

On the basis of Table 3-12, recent or average values of  

energy coefficients applied in previous studies were selected 

as energy coefficients for this field study. Therefore, total 

energy inputs of each farm is calculated by summing up all 

energy inputs that is obtained by multiplying the amount of 

inputs with energy coefficients of each input. 

Table 3-13 shows a set of energy coefficients selected for 

this study for all kinds of inputs used in soybean production. 
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(4-1-1)

Organic fertilizer 2
(5-1-1) 2.66 kg

Food waste compost 1.99 kg

Wood branch compost 0.29 kg

Organic soil supplement 6.5 kg

Other organic liquid fertilizer 
(manufactured)

8.12 liter

Other organic 0.4348 kg

Limestone 0.8550 kg

Rock phosphate 7.3 kg

Rock potash 5.7 kg

Chemical Fertilizer

Fertilizer N 49.2 kg N

Fertilizer P2O5 11.66 kg P

Fertilizer K2O 8.50 kg K

Ammonia 46.6 kg N

Urea 54.0 kg N

　Compound Fertilizer
(22-18-18) 14.45 kg

Compound Fertilizer (21-17-17)　 13.75 kg

Soybean Compound   Fertilizer 
(8-8-9)　 5.63 kg

Ammonia (N 21%) 10.33 kg

Urea (N46%) 22.62 kg

Phosphate (P 20%) 2.33 kg

Potassium (K 60%) 5.10 kg

Pest and disease control (Organic)

Organic insecticides (AI) 285 kg

Bacillus thuringiensis (Bt) 77.2 kg

Pheromone traps 6.0 kg

Pest and disease control (Chemical)

Fungicides (AI) 124.4 kg

Insecticides (AI) 285 kg
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Herbicides (AI) 324.54 kg

Seeds

Green manure seeds (Wheat) 5.6 kg

Soybean seed 12.5 kg

Materials

Plastic film 70 kg

Labor

Labor 1.16 hour

<Table 3-14> Classification and Frequency of Surveyed Farms

Farm System Location Age Area

Organic Farms(30)
North Gyeonggi 

Province (20)

under 60

(26)

under 

1 ha(32)

Conventional 

Farms(30)

South Gyeonggi 

Province (20)

above 61

(34)

above 

1 ha(28)

Gangwon 

Province (20)

►(   ) is frequency of each groups

3.4.2 General Characteristics of Farms and Energy Use

Socioeconomic characteristics of the surveyed farms were 

analyzed within the groups of farm management system, 

location, age and area.

Compared groups of each variable are classified as Table 

3-14. Frequencies by groups are listed in Table 3-14.

Comparisons of average ages, farm areas and yields 

between conventional and organic farms are revealed as 

Table 3-15.

Taking into consideration the average agricultural land area 

of 1.2ha per farm household in Korea, the surveyed soybean 
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<Table 3-15> Comparisons of Ages, Farm areas and Yields 

between CFS and OFS

Farm System Age Area Yield(ha)

Organic Farms 60.8 1.36 ha 1,139 kg

Conventional Farms 60.3 1.88 ha 1,503 kg

Average 60.5 1.62 ha 1,321 kg

farms are a little larger than the Korean average farm size. 

In comparison to the average age of 63.7 years of Korean 

farmers, the soybean production farmers are a little younger 

than the general farmers. 

The average yields 1,321 kg per ha of the surveyed 

soybean farms in 2011 is lower than the national average 

soybean yield of 1,662 kg per ha in Korea for the same yea

r14).

3.4.3 Comparison of Input Materials

3.4.3.1 Comparison of Input Materials by Category

In both farming management systems, machinery, fuel, 

electricity, manure, seed and labor were commonly invested 

for soybean production. Besides these inputs, conventional 

farms additionally used some synthetic fertilizer and chemical 

pesticides. On the other hand, organic farms used few 

biological pesticides and mulch film.

Table 3-16 shows the comparison of inputs used in both 

systems. 

Table 3-16 explains that all the inputs except composts, 

fertilizers, pesticide and mulch film are commonly used in 

14) Data source: KOSIS(Korea Statistical Information Service) - access to 

http://kosis.kr/wnsearch/totalSearch.jsp



- 134 -

<Table 3-16> Inputs Per ha in Both Systems 

Inputs Organic Farms Conventional Farms

Machinery(h) 53.5 37.6 

Diesel(L) 161.3 141.5 

Petrol(L) 6.1 5.7 

Electricity(kw) 29.4 6.8 

Rye seed(kg)
(cover crop) 88.6 2.1 

Soybean seed(kg) 35.2 43.0 

Organic Fertilizer(kg) 2,177.2 10.6 

Manure(kg) 1,030.6 11,300.3 

Chemical Fertilizers(kg) 0.0 339.6 

Lime(kg) 29.4 0.0 

Supplementary 
Nutrients(kg) 0.0 0.9 

Bio-pesticides(AI kg) 0.3 0.0 

Insecticides(AI kg) 0.0 0.8 

Fungicides(AI kg) 0.0 1.6 

Herbicides(AI kg) 0.0 3.2 

Mulch vinyl(kg) 103.7 1.9 

Labor(h) 371.9 275.5 

both systems. While fertilizers, manure and pesticides are 

predominantly used in conventional farms, organic fertilizers 

and plastic film are used mainly in organic farms.

Soybean production in both systems is highly dependent on 

labor power in Korea. Organic farms require more labor due 

to weeding, because chemical herbicides are not allowed in 

organic systems. However, even though considerable amount 

of labor are put into both systems, the energy equivalent of 

labor is not great due to its low energy coefficient. 

Categorized inputs per ha are shown in Table 3-17 and 

Figure 3-3.
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<Table 3-17> Comparison of Inputs by Categories Per ha

Organic/ha Conventional/ha

Machinery(H) 53.45 37.62 

Fuel(L) 167.37 147.25 

Electricity(kw) 29.44 6.78 

Seeds(kg) 35.22 42.98 

Compost & 

Fertilizers(ton)
3.21 11.64 

Bio & Chemical 

Pesticides AI(kg)
0.32 5.60

Mulch(kg) 103.74 1.92 

Labor(H) 371.88 275.49 

In this table, the hours of machinery usage include hours 

consumed by all kinds of machinery as well as tractors.

<Figure 3-3> Comparison of Inputs by Categories Per ha
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<Table 3-18> Inputs Required for 1 ton Soybean Production

Organic Conventional

Machinery(H) 41.98 32.02 

Fuel(L) 131.46 125.34 

Electricity(kw) 23.13 5.77 

Seeds(kg) 27.66 36.59 

Compost & 
Fertilizers(ton)

2.52 9.90 

Bio & Chemical 
Pesticides AI(kg)

0.25 4.80 

Mulch(kg) 81.48 1.63 

Labor(H) 32.46 26.06 

Land use(ha) 0.74 0.62

In the case of pesticides, chemical pesticides (5.6 AI kg/ha) 

used in conventional farms are outstandingly greater than 

the bio-pesticides (0.36 AI kg/ha) used in organic farms. The 

usage of chemical pesticides is almost 16-fold compared to 

the usage of bio-pesticides. However, the amounts of 

pesticides calculated with AI unit are estimated to minimal 

amounts in both systems. Mulch film and labor are used 

much more in OFS than in CFS.

On the other hand, it is necessary to examine the amount 

of inputs required for 1 ton of soybean production in 

comparison with inputs invested in 1 ha soybean farm. 

The results are shown in Table 3-18 and Figure 3-4. 

Table 3-18 especially indicates that while fertilizers and 

pesticides required much more in conventional farms than in 

organic farms based on per unit production, electricity and 

mulching film is required much more in organic farms than 

in conventional farms. 
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<Figure 3-4>Inputs Required for 1 ton Soybean Production

3.4.3.2 Comparison of Inputs by Farming Practices

While the previous section showed the comparison of 

inputs categories between CFS and OFS, this section shows 

the result of  comparisons of inputs by farming practices.

Table 3-19 presents the detailed comparisons of inputs by 

farming practices between conventional and organic farms.

According to Tables 3-18 and 19, machinery and fuels are 

mainly used in cultivation without regard to farm 

management systems. Labor is mostly invested in weeding 

and harvesting regardless of farming systems. Electricity is 

mostly used in threshing without reference to farming 

systems and for irrigation in organic farms. The great 

amount of materials were mostly required for fertilizing in 

both systems, and for mulching and green manure 

cultivation in organic farm system.
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<Table 3-19>Comparison of Inputs by Farming Practices Per ha 

Practices
Farm

Systems　
Machinery

(H)
Fuel(L) Labor(H) Materials(kg)

Cultivation
Org 10.26 76.77 15.92 　

Con 8.56 72.89 10.53 　

　Mulching
Org 2.5 17.22 19.73 103.74

Con 0.2 0.33 3.92 0.5

　Seeding
Org 0.02 0.12 62 35.22

Con 1.47 13.48 38.53 42.98

　Fertilizing
Org 1.93 10.6 7.9 OF184.39+

M038.49

Con 3.36 9.33 5.22 OF0.64+M1300 
+F44.08

　Weeding
Org 6.99 3.79 81.14 　

Con 2.54 1.33 59.14 　

　Pruning
Org 0.15 0.04 1.37 　

Con 0.57 0.21 2.55 　

　Spraying
Org 1.79 3.62 6.28 0.32

Con 8.86 13.14 16.66 5.61

　Irrigation
Org 11.83 19.95kw 0.34 　

Con 0.11 0.11kw 0.02 　

Harvesting
Org 4.59 7.91 46.89 　

Con 1.42 11.89 93.84 　

　Threshing
Org 5.04

24.03+
0.98kw

22.98 　

Con 5.85
24.23+
4.72kw

28.65 　

　Grading
Org 4.65

0.15+
8.76kw 12.83 　

Con 4.81 3.13kw 11.48 　

Green 
Manure 

cultivation

Org 4.07 20.46 0.97 88.57

Con 0.02 0.02 0.02 2.13

►OF: Organic Fertilizers, M: Manure, F: Fertilizers, kw: Kwh
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<Table. 3-20> Comparisons of Energy Inputs by Categories 
(MJ/ha)

Inputs 
(Categories)

Farm 
Systems

Mean S.D,
Mean 

Discrepa
ncy

t 
value

p 
value

Machinery
Org 885.21 373.06 

207.78 1.677 .099
Con 677.43 566.98 

Fuels
Org 6,495.40 2,729.79 

1332.20 1.578 .120
Con 5,164.20 3,731.47 

Electricity
Org 245.42 302.94 

-67.53 -.645 .521
Con 312.95 486.64 

Seeds
Org 745.61 619.49 

325.57 2.713 .010*
Con 420.04 219.91 

Manure & 
Fertilizers

Org 6,363.73 4,855.82 
-1887.59 -.934 .354

Con 8,251.32 9,943.25 

Bio & 
Chemical 
Pesticides

Org 19.51 33.99 
-1152.18 -6.583 .000**

Con 1,171.69 958.05 

Mulch
Plastic

Org 6,,222.68 4,340.61 
4926.39 5.270 .000**

Con 1,296.30 2,716.04 

Labor
Org 589.79 327.92 

52.07 .558 .579
Con 537.73 391.82 

*p<.05    **p<.01

3.4.4 Comparison of Energy Inputs

3.4.4.1 Comparison of Energy Inputs by Category

This section compares the amount of energy input which 

was used by the calculation of each input material multiplied 

with its energy coefficient.

Comparisons of energy input per ha between CFS and OFS 

are presented by categories in Table 3-20 and Figure 3-5.

The results by t-test analysis on energy inputs between 

conventional and organic farms are presented in Table 3-20. 
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The results show that pesticides reveal a very significant 

difference between both systems at the level of 1% (p=0.000), 

and energy consumption by mulching film is very 

significantly higher in organic farms at the level of 1% 

(p=0.000).

Concerning the protection of the soybean plants against 

pests, in both systems spraying was performed once to a 

maximum of three times mainly during the blooming season. 

A detailed overview of the applied pesticides and their active 

ingredients are presented in Table 3-11. In the organic 

system, to protect the soybean plants against insects, one or 

two treatments with mixed organic pesticides (Bacillus 

Thuringiensis and several kinds of botanical extracts) were 

executed in the blooming season.

Energy input of seeds also showed a significantly bigger 

difference between both systems due to the seed used for 

green manure cultivation in organic farms (p=0.010).

<Figure 3-5> Comparison of Energy Inputs by Categories 

between CFS and OFS
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<Table 3-21> Energy Inputs by Categories 
in Both Systems

　Inputs 
(Category)

Org(MJ/ha) Con(MJ/ha) Total Mean
(MJ/ha)

% of Total 
Inputs

Machinery 885.21  677.43  781.32  4.0 

Fuels 6,495.4.0 5,164.20 5,830.30 29.6 

Electricity 245.42 312.95 279.19 1.4 

Seeds 745.61 420.04 582.82 3.0 

Compost & 

Fertilizers 6,363.73 8,251.32 7,307.53 37.1 

Bio & Chem  
Pesticides 19.51 1,171.69 595.60 3.0 

Mulch Plastic 6,222.68 1,296.30 3,759.49 19.1 

labor 589.79 537.73 563.76 2.9 

Sum 21,568.36 17,831.67 19,700.01 100.0 

The energy consumptions of machinery and fuels are 

higher in organic farms than in conventional farms, but 

there is no significant difference between both systems. Other 

energy inputs are almost similar to each other. 

Figure 3-5 shows more comparatively the results of energy 

input by categories between both farms. 

Finally, due to the high energy coefficient of mulch film 

commonly used in the organic farms, the energy inputs of 

mulch film appears great. The high amount of mulch film 

energy also resulted in a very poor efficiency of energy use 

in organic soybean farms in comparison with conventional 

soybean farms. Consequently, the use of plastic mulching 

film for weeding resulted in a higher environmental impact 

score for the organic soybean farms in Korea.

Total average energy inputs by categories regardless of 

farming systems is displayed Table 3-21 and Figure 3-6. 
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<Table 3-22> Comparison of Energy Inputs by Categories and   

           Farming Practices         (MJ/ha)

Practices
　Farm 

Systems

Machinery 

Embodied
Fuel&Elec Materials Labor SUM

Cultivation
Org 378.57 3,061.08 　 20.93 3,460.58 

Con 361.03 3,114.27 　 25.16 3,500.47

Fertilizers
Org 378.57 3,061.08 20.93 14.98 3,475.55 

Con 361.03 3,114.27 25.16 14.20 3,514.67 

Mulching
Org 46.28 378.59 6,222.28 119.05 6,766.20 

Con 9.21 87.30 1,296.30 25.24 1,418.05

In total, the proportion of compost and fertilizers covers 

predominantly 37.1% of the total inputs, and fuels (29.6%) 

and mulching film (19.1%) followed next in the ranks of total 

energy inputs. As a result, these three inputs cover 85.8% of 

totaled energy inputs.

<Figure 3-6> Proportion of Energy Inputs by Categories 

3.4.4.2 Comparison of Energy Inputs by Farming Practices

Table 3-22 shows how the consumption of energy inputs by 

categories is allocated according to farming practices.
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Sowing
Org 63.04 423.83 745.61 94.67 1,327.15 

Con 13.88 173.54 420.04 70.43 677.90

Weeding
Org 45.53 386.91 　 144.70 577.14 

Con 13.21 153.42 877.36 143.14 1,187.13 

Spraying
Org 6.91 85.92 19.51 34.87 147.21 

Con 22.99 443.11 294.36 26.20 786.66 

Irrigation
Org 2.78 132.36 　 0.54 135.68 

Con 0.14 13.93 　 0.23 14.30 

Pruning
Org 0.00 6.91 　 2.85 9.76 

Con 0.31 7.74 　 19.19 27.23 

Harvesting
Org 41.47 189.37 　 82.23 313.08 

Con 41.70 177.03 　 135.4.0 355.13 

Threshing
Org 210.67 1,620.63 　 52.17 1,883.46 

Con 147.18 901.59 　 66.73 1,115.50 

Grading
Org 36.52 114.99 　 22.80 174.31 

Con 27.12 75.53 　 30.78 133.43 

Overall, the comparisons on energy consumptions by 

farming practices between conventional and organic farms 

are shown in Figure 3-7.

<Figure 3-7> Comparisons of Energy Inputs by Farming 

Practices between CFS and OFS 
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<Table 3-23> Comparison of Energy Inputs by Farming 
Practices      (MJ/ha)

Farming 
practices

Farm 
Systems

Mean S.D,
Mean 

Discrepa
ncy

t value p value

Cultivation
Org 3,460.58 1,984.01 

-39.89 -.064 .949
Con 3,500.47 2,764.00 

Fertilizing
Org 6,773.39 5,169.68 

-1862.48 -.888 .378
Con 8,635.87 10,264.06 

Mulching Org 6,766.61 4,844.97 
5348.57 5.146 **.000

Con 1,418.04 2,988.78 

Seeding Org 1,327.15 1,410.94 
649.25 2.113 *.040

Con 677.90 916.77 

Weeding Org 577.14 993.98 
-609.97 -2.324 *.024

Con 1,187.11 1,038.27 

Spraying Org 147.21 147.08 
-1516.78 -6.968 **.000

Con 1,663.99 1,183.25 

Pruning Org 9.76 39.35 
-17.48 -1.205 .234

Con 27.23 69.02 

Irrigation Org 135.68 336.27 
121.37 1.925 .063

Con 14.30 78.35 

Harvesting Org 313.08 642.41 
-42.05 -.222 .825

Con 355.13 812.02 

Threshing Org 1,883.46 2,129.10 
767.96 1.751 .087

Con 1,115.50 1,112.97 

Grading
Org 174.31 118.91 

40.88 1.123 .266
Con 133.43 160.12 

*p<.05    **p<.01  

# minus t value means Organic farms’ inputs are smaller than 

Conventional ones.

To compare energy consumptions by farming practices 

between both systems, the t-test analysis was performed. The 

results of t-test are shown in the Table 3-23. As shown in 

Table 3-23, mulching for organic production (p=0.000) and 

spraying for conventional production (p=0.000) reveal very 

significantly higher consumptions than their counterparts at 

the level of 1%. 
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<Table 3-24> Energy Inputs by Farming Practices 

in Both Systems
Farming 
practices Org(MJ/ha) Con(MJ/ha) Total Mean

(MJ/ha)
% of Total 

Inputs

Cultivation 3,460.58 3,500.47 3,480.52 17.3 

Fertilizing 6,773.39 8,635.87 7,704.63 38.2 

Mulching 6,766.61 1,418.04 4,092.33 20.3 

Seeding 1,327.15 677.90 1,002.52 5.0 

Weeding 577.14 1,187.11 882.12 4.4 

Spraying 147.21 1,663.99 905.60 4.5 

Pruning 9.76 27.23 18.49 0.1 

Irrigation 135.68 14.30 74.99 0.4 

Harvesting 313.08 355.13 334.10 1.7 

Threshing 1,883.46 1,15.50 1,499.48 7.4 

Grading 174.31 133.43 153.87 0.8 

Sum 21,568.36  18,728.97  20,148.66  100.0 

Seeding is shown to need more energy in organic farms 

than in conventional farms (p=0.040) and weeding is shown to 

require more energy in conventional farms (p=0.024). 

 A total of average energy consumption by farming 

practices without reference to farm management systems are 

illustrated in Table 3-24 and Figure 3-8.

As appeared in Table 3-24, around 40% of the total energy 

in soybean production is consumed for fertilizing. When 

energy for cultivation and mulching is summed up, these 

three operations of all farming practices amount to over two 

thirds of the total energy consumption in soybean 

production. Figure 3-8 shows clearly the structure of energy 

consumptions by farming practices in soybean production in 

Korea. 
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<Table 3-25> Comparisons of Energy Input and Output 

Total Energy 

Input (MJ/ha)
Yields (Kg/ha) Energy Output 

(MJ/ha)

Organic 
Farms 21,568.36 1,139.26 21,144.74  

Conventional 
Farms

17,831.67 1,502.99 27,895.46  

<Figure 3-8> Proportion of Energy Inputs by Farming Practices

3.4.5 Comparison of Energy Use in Both Systems

3.4.5.1 Results of Energy Input and Energy Output 

While the previous section examined the comparisons of 

energy inputs between both systems, this section estimates 

the comparisons of outputs (yields) and energy outputs 

(energy equivalent of output yields) generated by those 

energy inputs.

Table 3-25 and Figure 3-9 show the results of energy 

inputs, energy outputs and yields in both systems. 
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<Figure 3-9> Comparisons of Energy Input and Output

In contrary to the general results identified throughout the 

previous studies, Table 3-25 and Figure 3-9 indicate that 

energy input in organic farms is higher than in conventional 

farms, and its yield and energy output are rather  lower 

than their counterpart’s. Hence, contrary to general 

expectations, efficiency of energy use in OFS went down 

sharply. 

The most principal reason why organic soybean yields are 

much smaller than conventional soybean yields appeared due 

to the big damages by wild animals in the current year15).

15) Most of the soybean farms surveyed are located in the area adjoining 

mountainous areas (especially in the region of North Gyeonggi), and are 

vulnerable to the attacks of wild animals. The essential cause of yield 

reduction was due to the vulnerability of organic plants to the damages 

caused by wild animals than conventional plants. This was the reason 

why several organic farms gave up their soybean farming during the 

growing season.
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<Table 3-26> Comparisons of EE Per ha and ton

Farming 
Systems

Total Inputs 
(MJ/ha)

Total Outputs 
(MJ/ha)

Energy   
Efficiency

(ha)

Organic 
Farms

21,568.36 21,144.74 0.98

Conventional 
Farms 17,831.67 27,901.7 1.56

Farming 
Systems

Total Inputs 
(MJ/ton)

Total Outputs 
(MJ/ton)

Energy 
Efficiency

(ton)

Organic 
Farms 22,420.72 18,560 0.83

Conventional 
Farms 13,430.09 18,560 1.38

3.4.5.2. Comparisons of EE per ha and ton

Consequently, EE of OFS in both of the units - per ha and 

per ton, is revealed to be lower than EE of CFS as shown in 

Table 3-26 and Figure 3-10.

<Figure 3-10> Comparisons of EE Per ha and ton 
in Both Systems

Through Table 3-26 and Figure 3-10, it can be interpreted 

that EE of organic soybean farms in both units is lower than 
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<Table 3-27> EE within Groups by Socioeconomic             
      Characteristics of Farmers

Farm System Location Age Area

Organic Farms
North Gyeonggi 

Province 
under 60 under 1 ha

(1.05) (1.17) (1.22) (1.55)

Conventional 
Farms

South Gyeonggi 
Province 

above 61 above 1 ha

(1.92) (1.69) (1.69) (1.42)

Gangwon 
Province 

(1.59)

►(   ) is EE of each groups

EE of conventional farms, and the difference of EE between 

both systems is almost same in both units. Accordingly, the 

ratio of organic EE vs conventional EE appears almost same 

between ha unit (0.63) and ton unit (0.60).

These results of soybean production in Korea are in 

reverse to the general results in previous EE studies. 

3.4.6 Correlations of General Characteristics and EE 

The EE within groups depending on the socioeconomic 

characteristics of farmers were estimated as in the following 

Table 3-27.

No apparent significant differences of EE are shown except 

for farm systems. However, in location such as North 

Gyeonggi, with the heaviest damage done by wild animals, the 

EE of that region is estimated to be lowest. The EE of young 

farmers and large land holders are lower than that of their 

counterparts. 

To identify the relationship of the socioeconomic 

characteristics of farmers and the efficiency of energy use, 
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<Table 3-28> Socioeconomic Characteristics of Farmers and EE

　Independent  
Variables

B t value p value

(Constant) .637 2.094 .041

Farm Systems .852 3.824 .000**

locations .098 .999 .322

Age .407 1.656 .103

Area .131 .504 .616

R=0.517     R-square=0.267    Corrected R-square=0.214 

Durbin-Watson=2.039      F=5.011  p=0.002*

-Dependent variable: EE,  *p<.05  **p<.01

statistical analysis on four kinds of socioeconomic variables 

and EE was conducted by multi regression.

Table 3-28 shows the results of the analysis.

The results indicate that all the other independent variables 

excepting farm systems are not significantly related to the 

difference of the EE within their groups. The differences of 

the EE between both farm systems appear noticeably 

favorable to conventional farm systems.  However, locations, 

age and area of farmers have no significant differences of 

EE within their groups.

Therefore, we can conclude that other socioeconomic 

factors of farmers except for farming systems have not 

influenced  the outcomes of EE.

3.4.7 Comparisons on the Characteristics of Energy Use

3.4.7.1 Comparisons on Various Indicators of Energy Use 

between CFS and OFS

Various indicators to identify the characteristics of energy 

use were already suggested in Table 3-3.
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<Table 3-29> Comparisons of Various Indicators in Energy Use 

Energy Use 　

Farm 
Syste
ms

N Mean SD t value p value

Total 
Inputs 
(MJ/ha)

Org 30 21,568.356 7,866.594 
1.411 
　

0.164 
　Con 30 17,831.668 12,184.706 

Yields
(kg/ha)

Org 30 1,139.264 535.656 (-2.116)

　

*0.039 

　Con 30 1,502.988 774.497 

EE
Org 30 1.046 0.494 (-3.910)

　
**0.000 

　Con 30 1.924 1.128 

Net 
Energy
(MJ/ha)

Org 30 (-423.614) 8,809.558 
(-3.296)

　
**0.002 

　Con 30 10,070.027 15,047.271 

Specific 
Energy
(MJ/kg)

Org 30 22.421 13.060 
3.216 **0.002 

Con 30 13.416 8.041 

Energy 
Productivit

y
(kg/MJ)

Org 30 0.056 0.027 
(-3.907)

　
**0.000 

　Con 30 0.104 0.061 

Renewable 
Energy

(%)

Org 30 34.174 10.959 
2.754 
　

**0.009 
　Con 30 21.603 22.473 

Direct 
Energy

(%)

Org 30 36.965 16.757 (-0.038)

　

0.969 

　Con 30 37.120 14.474 

 *p<0.05, **p<0.01

# Minus value of parenthesis indicates that parameter of OFS is 

lower than that of CFS

To understand the multilateral characteristics of energy use 

between both systems, comparative analyses of net energy, 

energy density (specific energy), energy productivity, and the 
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ratio of renewable energy and direct energy as well as EE, 

was carried out by t-test.

Table 3-29 shows the comparative results of various 

indicators of energy use between both systems.

The results of multilateral analysis of energy use are 

summarized as the followings.

(a) Total energy input : Even though there is no significant 

difference, energy consumption per ha in organic farm is 

larger than that in conventional farm. 

(b) Yields : Conventional yield has more than organic yield 

at the level of 5% (p=0.039).

(C) EE : Conventional EE is significantly higher than 

organic EE at the level of 1% (p=0.000).

(d) Net energy (MJ/ha) : The net energy (energy output - 

energy input) is much more in conventional farms (P=0.002).

<Figure 3-11> Comparison of Net Energy  
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While conventional net energy is 10,070 MJ/ha, organic net 

energy is –423.6 MJ/ha. As shown in Figure 3-18, the reason 

is why energy input of OFS is larger, energy output of OFS 

is smaller than CFS <Figure 3-11>.

(e) Specific Energy (SE) (Energy Density) (MJ/kg) : Specific 

Energy which means the amount of energy required to 

produce a unit product is significantly higher in organic 

farms than in conventional farms (p=0.002). The higher the 

energy density, the poorer the efficiency of energy use. 

(f) Energy Productivity (kg/MJ) : The energy productivity, 

which means the amount of yield that is produced by the 

input of 1 unit energy(MJ) is comparatively higher in 

conventional farms than in organic farms (p=0.000) <Figure 

3-12>

   <Fig 3-12> Comparison of Energy Productivity 

(g) Ratio of renewable energy (RE) (%) : The ratio of 

renewable energy, which represents the ratio of renewable 

energy to total energy (renewable energy + non-renewable 

energy) is significantly higher in organic farms (p=0.09).
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<Figure 3-13> Comparisons of SE, RE ratio and DE ratio

(h) Ratio of direct energy (DE) (%) : The ratio of direct 

energy, which means the ratio of direct energy to total 

energy (direct energy + indirect energy) has no difference in 

both systems.

Figure 3-13 shows the comparisons of specific energy (SE), 

renewable energy(RE) ratio and direct energy (DE) ratio in 

CFS and OFS.

3.4.7.2 Relationship of Energy Input, Yields and EE

For identifying statistically whether the increase of energy 

consumption practically increases the yields per ha and 

whether it results in the increase of EE or not, the 

regression model was applied to analyze the relationship of 

the energy input, yields and EE. 

The relationship of the energy input and yields was 

examined by simple linear regression analysis. 

Table 3-30 shows the results.
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<Table 3-30> Regression Analysis of Energy Inputs (GJ/ha) 
and Yields (ton/ha)

Total Inputs B t value p value

(Constant) .868 4.791 .000

Total Inputs .023 2.818 .007**
R=0.347    R-square=0.120   Corrected R-square=0.105 

F=7.941    p=0.007**

-Dependent variable: Yield/ha,  *p<.05  **p<.01

<Table 3-31> Regression Analysis of Yields (ton/ha) and EE

Total Inputs B t value p value

(Constant) .483 2.072 .043

Yields .758 4.831 .000**
R=0.536    R-square=0.287   Corrected R-square=0.275 

F=23.340    p=0.000**

-Dependent variable: EE per ha,  *p<.05  **p<.01

Table 3-30 shows that yields are strongly dependable on 

the amount of energy input (p=0.007). Hence, it is expected 

that the desire for high yields may drive farmers to apply 

high inputs and intensive farming practices. Moreover, the 

increase of yield appears to influence the improvement of EE 

(p=0.000) (Table 3-31).

However, farmers do not perceive that the increase of the 

energy input which increases the yields does not always 

result in the increase of EE. Even though excessive input 

may increase the yield, farmers are unaware that it can 

reversely cause the inefficiency in energy use. The evidence 

for this is revealed in following Table 3-32.

Table 3-32 indicates the results of the relationship with 

energy input and EE by the linear regression analysis.
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<Table 3-32> Regression Analysis of Energy Inputs (GJ/ha) and EE

Total Inputs B t value p value

(Constant) 2.371 9.880 .000

Total Inputs -.045 -4.163 .000**
R=0.480    R-square=0.230   Corrected R-square=0.217 

F=17.331    p=0.000**

-Dependent variable: EE per ha,  *p<.05  **p<.01

Ironically, Table 3-32 proves strongly at the level of 1% 

(p=0.000) that more the energy input is used, the lower the 

EE is achieved. This result provides a meaningful implication 

that the efficiency in energy use is maximized not by 

unconditional high inputs, but by proper inputs. 

Therefore, it should be noted that unconditional low input 

and extensive farming, and unconditional increase of yield by 

high inputs and intensive farming practices is also not 

recommendable to improve the efficiency of energy use. The 

exploration of the model for proper inputs to maximize the 

efficiency of energy use must be encouraged.

3.4.8 Driving Factors Determining the EE 

If so, what is the driving factors determining the EE on 

energy inputs? The evaluation for this was conducted on two 

aspects - input categories and farming practices, by using 

the multiple regression analysis. 

3.4.8.1 Input Categories Determining the EE

Regardless of farming systems, input category which can 

strongly influence the result of EE was explored by the 

multi-regression analysis.



- 157 -

<Table 3-33> Relations of Inputs Categories (GJ/ha) and EE

　Input  Variables
(category) B t value p value

(Constant) 2.215 6.542 .000

Machinery .594 1.264 .212

Fuel -.156 -2.482 .016*

Electricity -.216 -.733 .467

Seeds .042 .167 .868
Compost & 
Fertilizers -.038 -2.582 .013*

Natural & Chemical 
Pesticides -.036 -.266 .791

Mulch
Plastic -.124 -3.928 .000**

Labor .921 2.737 .009**

R=0.641     R-square=0.411    Corrected R-square=0.318  

Durbin-Watson=1.628      F=4.446  p=0.000**

-Dependent variable: EE,  *p<.05  **p<.01

Significant driving factors of input categories for EE are 

presented in Table 3-33.

The strongest driving factor to determine the outcome of 

EE beyond farm systems is mulching film (p=0.000) and 

labor(p=0.009). fuels (p=0.016), and composts and fertilizers 

(p=0.013) were also significantly related to the results of EE 

at the level of 5%. These results mean that the differences of 

these energy inputs vary largely between farms than other 

energy inputs.  

The more the mulching film, fertilizers and fuels were 

used, the poorer the EE was (minus t value). On the other 

hand, the more the labor used, the better the EE obtained, 

because the energy coefficients of labor is relatively much 

lower than that of other inputs. 
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<Table 3-34> Relations of Inputs Categories (GJ/ha) and EE in CFS

　Input  Variables
(category)

B t value p value

(Constant) 2.446 4.350 .000

Machinery .201 .224 .825

Fuel -.128 -1.007 .325

Electricity -.087 -.175 .863

Seeds .869 .805 .430
Compost & 
Fertilizers -.056 -2.496 .021*

Natural & Chemical 
Pesticides -.288 -1.471 .156

Mulch Plastic -.183 -2.296 .032*

Labor 1.305 2.539 .019*
R=0.722     R-square=0.522    Corrected R-square=0.340  

Durbin-Watson=2.071      F=2.864  p=0.025*

-Dependent variable: EE,  *p<.05  **p<.01

In addition, Tables 3-34 and 35 show the results when 

conventional and organic soybean production systems are 

separately analyzed from each other, 

Table 3-34 shows the influential input variables to 

determine the outcome of conventional EE.

The result indicates that the massive commitment of 

fertilizers (p=0.021), mulching film (p=0.032) and labor (0.019) 

decreased the efficiency of conventional EE in soybean 

production. This means that the amounts of these input 

materials have big variations between conventional farms. 

Hence, by regulating these inputs, conventional farms are 

able to effectively improve their EE. 

On the other hand, the driving factors of EE in organic 

soybean farms are revealed with extraordinary results as 

shown in Table 3-35.
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<Table 3-35> Relations of Inputs Categories (GJ/ha) and EE in OFS

　Input  Variables
(category)

B t value p value

(Constant) 1.558 4.932 .000

Machinery .757 1.983 .061

Fuel -.052 -.975 .341

Electricity -.130 -.392 .699

Seeds -.203 -1.190 .247
Compost & 
Fertilizers -.038 -1.706 .103

Natural & Chemical 
Pesticides -1.610 -.447 .659

Mulch
Plastic -.046 -1.573 .131

Labor -.174 -.465 .646
R=0.591     R-square=0.349    Corrected R-square=0.101  

Durbin-Watson=2.834      F=1.407  p=0.251

-Dependent variable: EE,  *p<.05  **p<.01

In organic soybean production, only machinery has a  

weak relationship with EE (p=0.061). No other inputs variable 

have relations with the outcome of EE in organic farms. 

These results imply that in general organic farmers typically 

use the same kind and amount of inputs within the limits of 

allowances under the organic standards.

Therefore, to improve the efficiency of energy use in 

organic farms, it is suggested that the development of  

alternative materials for low energy input is rather better 

than changing amount of currently used inputs.

3.4.8.2. Farming Practices Determining the EE

Which farming practices have serious impacts on the 

results of EE in both systems?
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<Table 3-36> Relations of Farming Practices (GJ/ha) and EE

　Input Variables
(practices)

B t value p value

(Constant) 2.374 7.696 .000

Cultivation -.118 -2.335 .024*

Fertilizing -.023 -1.659 .104

Mulching -.102 -3.404 .001**

Seeding -.100 -.872 .388

Weeding .021 .159 .874

Spraying -.074 -.594 .555

Pruning 1.718 .862 .393

Irrigation -.080 -.172 .864

Harvesting .157 .890 .378

Threshing -.138 -2.066 .044*

Grading 2.572 3.002 .004**

R=0.666     R-square=0.444    Corrected R-square=0.317  

Durbin-Watson=1.484      F=3.484  p=0.001*

-Dependent variable: EE,  *p<.05  **p<.01

Table 3-36 shows the results of relationship with energy 

use for farming practices and EE regardless of farm 

management systems.

The result indicates that the mulching (p=0.001) and 

grading (p=0.004) practices have strong affected on the 

outcome of EE regardless of the farming systems. In 

addition, cultivation and threshing are significantly related to 

the EE at the level of 5%.

On the other hand, the results of the conventional and 

organic farming practices in relation to the EE are separately 

shown in Tables 37 and 38, respectively.
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<Table 3-37> Relations of Farming Practices and EE in CFS

　Input  Variables
(practices) B t value p value

(Constant) 3.521 7.557 .000

Cultivation -.181 -2.436 .025*

Fertilizing -.030 -1.631 .120

Mulching -.107 -1.626 .121

Seeding -.245 -.448 .659

Weeding .081 .195 .848

Spraying -.540 -1.933 .069

Pruning 1.197 .422 .678

Irrigation 5.689 1.496 .152

Harvesting .344 .514 .614

Threshing -.203 -.926 .367

Grading 3.066 2.626 .017*

R=0.799     R-square=0.639    Corrected R-square=0.418  

Durbin-Watson=1.717      F=2.892  p=0.022*

-Dependent variable: EE,  *p<.05  **p<.01

In CFS, cultivation (p=0.025) and grading (p=0.017) energy 

have influenced on the outcome of the EE. This means that 

all other practices except cultivation and grading have no 

variations between practices. Also, cultivation and grading 

are meant to be adjustable practice for the improvement of 

EE at least in conventional farms.

Table 3-38 presents the results of the relationship of 

farming practices and EE in OFS. The results show that 

seeding (p=0.046) and harvesting (p=0.015) have significant 

variations to determine the result of EE in organic soybean 

farms.  That is, seeding and harvesting can be the adjustable 

practice variables to determine EE in organic farms. 
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<Table 3-38> Relations of Farming Practices and EE in OFS

　Input  
Variables
(practices)

B t value p value

(Constant) 1.256 4.017 .001

Cultivation -.043 -.903 .379

Fertilizing -.022 -1.197 .247

Mulching -.017 -.706 .489

Seeding -.169 -2.141 .046*

Weeding .057 .640 .530

Spraying 1.015 1.434 .169

Pruning -3.557 -1.201 .245

Irrigation .183 .530 .603

Harvesting .376 2.695 .015*

Threshing .004 .082 .936

Grading .739 .864 .399
R=0.731     R-square=0.534   Corrected R-square=0.250  

Durbin-Watson=1.854      F=1.878  p=0.113*

-Dependent variable: EE,  *p<.05  **p<.01

Therefore, to improve the efficiency of energy use, the  

alternative ways for cultivation and grading in CFS and for 

seeding and harvesting in OFS can be suggested as 

applicable solutions.
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3.5 Results of GHG Emissions

As shown in the system framework, GHGEs are generated 

from every stage of the soybean production system. 

Concretely stated, they are generated from every input, by 

every farming practices, and during the whole growing 

season.

3.5.1 GHG Conversion Factors

The calculation for the GHGE largely depends on the 

energy input based in fossil fuels. In particular, CO2 

emissions are highly correlated with the fossil energy 

consumed in manufacturing materials and in production 

systems. Hence, the amount of GHGE is calculated by 

summing up the emissions from every input – so called, 

upstream stage, and during crop-growing in the fields – so 

called, production stage. The GHGE generated from each 

input is calculated by multiplying the amount of each input 

with its GHG conversion factor. 

GHG conversion factors are used to calculate the amount 

of GHGE caused by the energy use. They are measured in 

units of kg carbon dioxide equivalent (Carbon Trust, 2012). 

Data for the GHG conversion factors of each input can be 

obtained from previous literature and on web-sites16) on GHG 

16) Representatively DEFRA in UK provides a number of useful 

conversion factors to calculate energy consumption in common units 

and to work out the greenhouse gas emissions associated with energy 

use. Available at : 

http://www.defra.gov.uk/publications/2012/05/30/pb13773-2012-ghg-conv

ersion/ .  And “Climate Friendly Food“ provides a Cabon Calculator 

program and GHG conversion factors data in its web site : 
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conversion factors. 

Since many kinds of inputs were used for soybean 

production systems in Korea, many kinds of conversion 

factors have been explored for the calculation of GHGE. 

3.5.1.1  Conversion Factors of Machinery

Until now, there have been discussions whether the GHGE 

from the manufacture of machinery including tractors should 

be calculated as the GHGE in farming systems or not.  

CO2-emissions are mainly based on the use of fossil energy. 

This is especially true of the GHG emitted from machinery 

which mostly depends on embodied energy based on fossil 

energy. Thus, GHG emitted from machinery manufacturing 

was included for environmental impact assessment as well as 

EE in this study. 

Several ways to calculate the GHGE of machinery have 

been applied by previous researchers. 

Maraseni et al. (2007) presented the calculation for the 

GHGE for machinery as the following. Their calculation shows 

that around 0.411 kg carbon dioxide equivalent (CO2eq) GHG 

is emitted into the atmosphere while producing one KWh of 

energy based on coal as the source of energy in Australia. 

On average approximately 83.7 MJ of energy is required to 

produce a kilo of farm machine. One KWh is equivalent of 

3.6 MJ, and 23.25 (83.7/3.6) KWhs are required for each of 

those machinery kilos. Hence, the CO2 equivalency emitted 

into the atmosphere while producing per kg of machinery 

must be 9.6 kg (0.411 x 23.25). 

http://www.climatefriendlyfood.org.uk/grower_retailer
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Another way for achieving the calculation of GHGE in 

machinery manufacture was applied by Beeton (2011). He 

suggested that since Audsley (2009) in relation to the primary 

energy for pesticide, used a factor of 0.069 kg CO2 equivalent 

per MJ energy and this conversion value can be used to 

convert to the Global Warming Potential (100 years). 

Converted MJ differs with different fossil fuel use but this is 

close to 0.07 if 1 KwH = 3.6 MJ is taken. Using DEFRA's 

conversion factors for kwh, in this case. the case with oil, 

petrol, diesel and electricity and 0.07 is opted for use 

(Beeton, 2011). Hence, GHG emitted for manufacturing 

machinery weight per kg can be calculated as 5.589 kg CO2 

equivalents (83.7 MJ * 0.07 kg CO2 equivalents/MJ).

On the other hand, recently in the ENPOS Workshop in 

2011, in Helsinki17), a new way for calculation of GHGE of 

farm machinery was suggested. It suggested 83g CO2eq /MJ 

on GHGE of farm machinery (IPCC Tier 1 : emission 

kg/TJ/Mobile combustion – Off-road/Agriculture).

This method of calculation for GHGE of machinery was 

applied in this field study (ENPOS, 2007). According to the 

method of the ENPOS, the GHGE usage for the machinery 

can be calculated by multiplying the embodied energy of 

each machinery per hour with 0.083 kg CO2 equivalents/MJ 

(embodied energy of each machinery/hr (see the Table 3-9) * 

0.083 kg CO2 eq).

17) ENPOS Workshop 14.-15.3.2011, Helsinki - access to: 
http://enpos.weebly.com/uploads/3/6/7/2/3672459/ghg_emissions_from_f

arm_machinery_mikkola.pdf
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<Table 3-39> GHG Conversion Factors of Machinery used in 
Soybean Production

Machinery Items
Engine HP
(tractor ps 

range)

GHG Conversion 
Factors        

(Kg CO2eq/h)

Tractor+Plow Tractor 24ps 24 0.970
Tractor+Plow Tractor 28ps 28 0.975 
Tractor+Plow Tractor 30ps 30 1.317 
Tractor+Plow Tractor 35ps 35 1.559 
Tractor+Plow Tractor 38ps 38 1.609 
Tractor+Plow Tractor 40ps 40 1.626 
Tractor+Plow Tractor 43ps 43 1.709 
Tractor+Plow Tractor 45ps 45 1.633 
Tractor+Plow Tractor 48ps 48 2.287 
Tractor+Plow Tractor 50ps 50 2.512 
Tractor+Plow Tractor 55ps 55 2.616 
Tractor+Plow Tractor 58ps 58 3.017 
Tractor+Plow Tractor 60ps 60 2.803 
Tractor+Plow Tractor 65ps 65 2.761 
Tractor+Plow Tractor 70ps 70 3.355 
Tractor+Plow Tractor 75ps 75 3.650 
Tractor+Plow Tractor 80ps 80 3.498 
Tractor+Plow Tractor 88ps 88 3.700 
Tractor+Plow Tractor 90ps 90 3.977 
Tractor+Plow Tractor 95ps 95 4.311 
Tractor+Plow Tractor 105ps 105 4.312 
Tractor+Plow Tractor 115ps 115 4.642 

Tractor+Rotavator Tractor 24ps 24 1.270 
Tractor+Rotavator Tractor 28ps 28 1.490 
Tractor+Rotavator Tractor 30ps 30 1.832 
Tractor+Rotavator Tractor 35ps 35 1.895 
Tractor+Rotavator Tractor 38ps 38 2.007 
Tractor+Rotavator Tractor 40ps 40 2.023 
Tractor+Rotavator Tractor 43ps 43 2.168 
Tractor+Rotavator Tractor 45ps 45 2.092 
Tractor+Rotavator Tractor 48ps 48 2.148 
Tractor+Rotavator Tractor 50ps 50 2.497 
Tractor+Rotavator Tractor 55ps 55 2.601 
Tractor+Rotavator Tractor 58ps 58 3.088 
Tractor+Rotavator Tractor 60ps 60 2.874 
Tractor+Rotavator Tractor 65ps 65 2.816 
Tractor+Rotavator Tractor 70ps 70 3.379 
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Tractor+Rotavator Tractor 75ps 75 3.609 
Tractor+Rotavator Tractor 80ps 80 3.749 
Tractor+Rotavator Tractor 88ps 88 3.781 
Tractor+Rotavator Tractor 90ps 90 4.058 
Tractor+Rotavator Tractor 95ps 95 4.690 
Tractor+Rotavator Tractor 105ps 105 4.953 
Tractor+Rotavator Tractor 115ps 115 5.283 
Tractor+Compost 

Distributer Tractor 24ps 24 1.407 

Tractor+Compost 
Distributer Tractor 28ps 28 1.412 

Tractor+Compost 
Distributer Tractor 30ps 30 2.335 

Tractor+Compost 
Distributer Tractor 35ps 35 2.398 

Tractor+Compost 
Distributer Tractor 38ps 38 2.448 

Tractor+Compost 
Distributer Tractor 40ps 40 2.464 

Tractor+Compost 
Distributer Tractor 43ps 43 2.548 

Tractor+Compost 
Distributer Tractor 45ps 45 3.344 

Tractor+Compost 
Distributer Tractor 48ps 48 3.401 

Tractor+Compost 
Distributer Tractor 50ps 50 3.626 

Tractor+Compost 
Distributer Tractor 55ps 55 4.002 

Tractor+Compost 
Distributer Tractor 58ps 58 4.351 

Tractor+Compost 
Distributer Tractor 60ps 60 4.137 

Tractor+Compost 
Distributer Tractor 65ps 65 4.874 

Tractor+Compost 
Distributer Tractor 70ps 70 5.747 

Tractor+Compost 
Distributer Tractor 75ps 75 5.884 

Tractor+Compost 
Distributer Tractor 80ps 80 5.731 

Tractor+Compost 
Distributer Tractor 88ps 88 5.856 

Tractor+Compost 
Distributer Tractor 90ps 90 6.133 

Tractor+Compost 
Distributer Tractor 95ps 95 6.396 

Tractor+Compost 
Distributer Tractor 105ps 105 6.397 

Tractor+Compost 
Distributer Tractor 115ps 115 6.727 

Harvester

Combine Harvester 38 10.339 

Combine Harvester 65 13.173 

Combine Harvester 80 14.551 
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Combine Harvester 95 15.126 

Tractor Attachments

Thresher 1 for tractor 0.350 

Thresher 2 for hand tractor 0.223 

Fertilizer Distributer 　free size 0.613 

Compost Distributer for hand tractor 1.379 

Compost Distributer for truck 1 ton 1.011 

Sower(S) 33-45ps 0.582 

Sower(L) 40-55ps 0.613 

Mulcher 25-50ps 0.640 

Mulcher 40-65ps 1.127 

Power Machinery

Excavator 0.18 m3 4.518 

Excavator 0.58 m3 10.931 

Mist duster Sprayer 3ps 0.040 

Mower 2ps 0.040 

Motor Pump 2ps 0.049 

Cultivator S S size (6ps) 0.406 

Cultivaor M M size (6ps) 0.483 

Riding type Cultivator 14.7ps 0.994 

Rice Transplanter 10ps 0.426 

Power Tiller 10ps 0.310 

Agri-truck (1t) 48ps 1.120 

Power Sprayer 3.5ton truck 
sprayer 3.171 

Engine Sprayer 7ps 0.056 

Non-Power 
Machinery

Attached Sprayer 　for Hand 
Tractor 0.016 

Attached Sprayer for truck 0.034 

Soybean Grader (3Kw) 　YBS1000G 0.980 

Soybean Grader (5Kw) 　YBS2000G 1.532 

Electric Pump 1/3ps (0.5kw) 0.010 

Electric Pump 1ps (1.5kw) 0.020 

Electric Pump 5ps (3kw) 0.045 

Electric Thresher 2kw model 0.216 

Electric Winder 06kw model 0.208 
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On the basis of this method of GHGE calculation, GHG 

conversion factors of all kinds of machinery used in soybean 

production in Korea are displayed in Table 3-39. 

3.5.1.2 Conversion Factors of Fertilizers and Manures

 The GHG conversion factors of fertilizers and manure were 

employed differently according to previous researchers.

In the case of the conversion factor of N fertilizers, the 

values of 8.6 kg CO2eq/kg (Ecoinvent,2010), 7.47 kg CO2eq/kg 

(Patyk and Reinhardt, 1997), 7.5 kg CO2eq/kg (Kongshaug et 

al., 2003), and 8.3 kg CO2eq/kg (Hoek,2002) were applied.

In the case of the conversion factor of P fertilizers, the 

values of 2.1 kg CO2eq/kg (Ecoinvent, 2010), 1.176 kg 

CO2eq/kg (Patyk and Reinhardt, 1997), 3.18 kg CO2eq/kg 

(Ledgard and Boyes,2008), and 0.6 kg CO2eq/kg (Kongshaug 

et al., 2003) were applied. 

As for the conversion factor of K fertilizers, the values of 

0.064 kg CO2eq/kg (Patyk and Reinhardt, 1997),  0.74 kg 

CO2eq/kg (Ledgard and Boyes,2008), 0.4 kg CO2eq/kg 

(Kongshaug, 1998), and 0.71 kg CO2eq/kg (Beeton, 2011) were 

applied.

The average values of the conversion factors of the above 

mentioned in N, P, K fertilizers were employed as conversion 

factors for inputs in this soybean production. Additionally, 

when N fertilizers and K fertilizers are applied in the field, 

they are calculated to generate additional GHG of 1.94 Kg 

CO2eq/kg for N fertilizers and 3.24 Kg CO2eq/kg for K 

fertilizers during the production process except for emissions 

for manufacturing the fertilizers (Bouwman, 1996). 
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<Table 3-40> GHG Conversion Factors of Fertilizers and 

Manure used in Soybean Production

Fertilizers
Ingredients 

Ratio
(N-P-K)

N P K
Kg 

CO2eq
/kg

Compound  
fertilizer (22-18-18) 0.22 0.18 0.18 2.665

Compound  
fertilizer (21-17-17) 0.21 0.17 0.17 2.534

Compound  
fertilizer (18-0-16) 0.18 0.16 1.457

Compound  
fertilizer (16-8-9) 0.16 0.08 0.09 1.660

Soybean
(Compound) 

fertilizer1
(8-8-9) 0.08 0.08 0.09 1.057

Organic  
fertilizer1 (4-1-1) 0.04 0.02 0.01 0.31

Organic  
fertilizer2 (5-1-1) 0.05 0.01 0.01 0.31

Amonia N (21%) 0.21 　 　 1.582

Urea N (46%) 0.46 　 　 3.465

P2O5 P2O5(20%) 　 0.2 　 0.994

K2O K2O(60%) 　 　 0.6 0.377

Biopot
(Nutrient) 10-0-2 0.1 0 0.02 0.766

　 　 　 　 　 　

Manure Moisture N P2O K2O

Kg 
CO2eq/k

g

Cow manure 80.1 0.0176 0.0275 0.0139 0.036

Cow 
manure(dried) 28 0.0305 0.0512 0.0244 0.159

Hence, the conversion factors of chemical fertilizers were 

calculated by summing up the GHG emitted for manufacture 

and the GHG emitted for applying. 

Table 3-40 presents the conversion factors of fertilizers 

and manures used in this study.
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Cow  
manure+saw 

dust
65.5 0.0091 0.0174 0.0125 0.056

Pig manure 69.4 0.0109 0.0176 0.0043 0.118

Pig 
manure(dried) 24.3 0.0258 0.045 0.0149 0.294

Pig 
manure+saw 

dust
57.7 0.0095 0.0108 0.0067 0.090

Poultry manure 63.7 0.0042 0.0034 0.0034 0.192

Poultry  
manure(dried) 19 0.0165 0.0185 0.0172 0.345

Poultry 
manure+saw 

dust
54.1 0.0059 0.0062 0.0067 0.113

Wood branch 
compost 60% 0.005 0.002 0.002 0.035

Food waste 
compost 10% 0.035 0.014 0.012 0.241

<For Chemical Fertilizers> N: 7.5334Kg CO2eq/N kg, P2O5: 4.9712Kg 

CO2eq/P kg, K2O: 0.6285Kg CO2eq/K kg were employed in this Table. 

<For Animal Manure> N: 5.3743Kg CO2eq/N kg, P2O5: 3.24Kg CO2eq/P 

kg(applied only), K2O: 0.6285Kg CO2eq/K kg were employed  in this Table. 

<Table 3-41> GHG Conversion Factors applied in Previous 
Literature

Products

Conversion 
Factors

(kg 
CO2eq/unit)

Conversio
n Factors

(kg 
CO2eq/unit)

(Average)

Unit
s

Sources

Fossil liquid energy

Diesel

2.6676

3.3069 L

DEFRA(2011)

3.07 Williams et al.(2006)

3.2066 Fehrenbach et al.(2008)

3.51
Blonk et 

al.(2008)DEFRA(2010)

3.108 Barber(2009)

3.767 Flessa et al.(2001)

Petrol 2.3117 2.8183 L DEFRA(2011)

3.5.1.3  Conversion Factors of Other Materials

Various kinds of conversion factors applied in previous 

literature are shown in Table 3-41.
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2.99 Williams et al.(2008)

2.735 Barber(2009)

Kerosene
2.6484

3.0200
L

DEFRA(2011)

3.03 Williams et al.(2008)

Electricity

30% Renewable 
tariff

0.527

0.4033 kwh

DEFRA(2010)

0.453 Ecoinvent(2010)

0.245 Barber(2009)

Organic compost and fertilizer

Compost
(manufactured)

0.0051
0.0276 kg

Williams et al.(2006)

0.05 Barber(2009)

Compost
(applied)

0.00019 0.00019 kg Carter(2010)

Stacked manure 
(manufactured)

0.0048

0.0710
kg
 

ADAS(1981)

0.0694 Hao(2001)

0.1388 Hao(2001)

Stacked 
manure(applied)

0.00019 0.00019 kg Carter(2010)

Animal manure
(dried)

5.225
5.3743

kg 
N

Hao(2004)

6.698 Beeton(2011)

Green Manure 5.698
kg 
N

Beeton(2011)

Pellet organic 
fertilizer 

(manufactured) 
0.13* 0.13 kg Carter(2010)

Pellet organic 
fertilizer(applied)

0.19 0.19 kg Carter (2010)

Kitchen / food 
waste

0.03 0.03 kg DEFRA(2010)

Other organic 0.03 0.03 kg DEFRA(2010)

Ground 
limestone

0.06

0.3590 kg

Williams et al.(2006)

0.01(M)+0.
477(app)=0

.587
Beeton(2011)

0.43

Rock phosphate 1.1 1.1 kg Williams et al.(2006)

Rock potash 0.86 0.86 kg Williams et al.(2006)

Chemical Fertilizer

Agrochemical 
ammonium 

nitrate(manufact
ured)

8.6*

6.5934 kg

Ecoinvent(2010)

7.470 Patyk & Reinhardt(1997)

Calcium 7.5 Kongshaug(1998)
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Ammonium N

(CAN) 8.3 Hoek(2002)

Urea

5.465

5.9092

kg

Flessa, et al.(2001)

3.97
Joaquim E.   A.Seabra et 

al. 2008

8.9 Hoek(2002)

4.7 Kongshaug(1998)

Urea
(manufacture

+ apply)
4.02 Ledgard and Boyes (2008)

Agrochemical   
ammonium 

nitrate (applied)
1.94 1.94 kg Bouwman(1998)

Agrochemical 
super 

phosphate
(manufactured)

2.1*

1.7312 kg

Ecoinvent(2010)

1.176 Patyk & Reinhardt(1997)

0.6 Kongshaug(1998)

3.18(manuf
acture)

Ledgard and Boyes (2008).

1.60 Beeton(2011)

Agrochemical   
super 

phosphate 
(applied)

3.24 3.24 kg Bouwman(2002)

Agrochemical 
Potash

0.664

0.6285 kg

Patyk & Reinhardt(1997)

0.4 Kongshaug(1998)

0.74(manuf
acture)

Ledgard and Boyes (2008).

0.71 UK GHG Inventory(2006)

Pest and disease control (Organic)

Anti coddling 
moth grease 

(vaseline)
0.7 kg Garden Organic(2007)

Bordeaux mix 8.4 kg Garden Organic(2007)

Derris 15.75 kg Garden Organic(2007)

Organic 
insecticide e.g. 

soft soap
10.5 kg Garden Organic(2007)

Organic 
Fungicides

10.5 kg Garden Organic(2007)

Pheromone 
traps

0.7 kg Garden Organic(2007)

Pest and disease control (Chemical)

Pesticides

11.84
(0.064kg 
CO2e/Mj)

8.699
kg
AI

Wells(2001)

6.381 Audsley review<Fluck & 
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(99.0*0.069) Baird,1982)

6.348
(92*0.069)

Audsley 
review<Hessel,1992>

13.524
(196*0.069)

Audsley 
review<Green,1987>

8.280
(120*0.069)

Audsley 
review<Samavatean & 
Mohammadi (2010)>

5.369 Biskupek et al.(1997)

Agrochemical 
fungicides

6.83
7.383

Kg 
AI

Audsley(2009) review

7.935
(115*0.069)

Audsley review
(Kitani, 1999)

Agrochemical 
insecticides

15.79

20.444
Kg 
AI

Audsley review

29.0 Beeton(2011)

13.731
(199*0.069)

Audsley 
review<Hessel,1992)>

21.734
(314.98*0.0

69)
Audsley(2009) review

21.414
(310.35*0.0

69)

Audsley 
review<NREL,2010>

16.353
(237*0.069)

Audsley review 
<Green,1987>

25.088
(363.6*0.06

9)

Audsley riview
<Fluck,1992>

Agrochemical 
Herbicides

31.33

23.836
Kg 
AI

Audsley(2009) review

25.0 Beeton(2011)

15.4.22
(238*0.069)

Audsley 
review<Hessel,1992)>

28.856
(418.2*0.06

9)

Audsley 
review<Bogner,2007>

18.928
(274.32*0.0

69)
Audsley(2009) review

21.414
(310.35*0.0

69)

Audsley 
review<NREL,2010>

28.870
(418.4*0.06

9)

Audsley 
review<Pimentel,1983>

19.872
(288*0.069)

Audsley 
review<Green,1987>
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Nitrous oxide emissions from green manures 

Nitrous oxide   
emissions from 
green manures 

not ploughed in 
that year(Low 

coverage)

518.32 ha UK GHG Inventory(2006)

N-fixation from 
peas and beans 

during the   
growing season

29 ha UK GHG Inventory(2006)

N-fixing green 
manure 

ploughed in 
early spring   
(field scale)

1203.53 ha Ball(2006)

Other residues 
ploughed in 
spring (field 

scale)

96 ha UK GHG Inventory(2006)

Seedling raising

Green manure 
seeds e.g. 

clover
0.06 kg Warwick(2006)

Vegetable seeds 0.31 kg Warwick(2006)

Compost 0.004* L Williams(2006)

Materials (minus Figure=carbon saving)

Plastic film
-1

kg
Climate Friendly 

Food(2012)

1.94 Hammond et al.(2008)

Aggregate 
materials

-0.004 kg DEFRA(2010)

a. Bio-pesticides and Chemical Pesticides

The conversion factors of pesticides depend on the kinds 

of pesticides used and choice of the researchers. The 

presented conversion factors of pesticides are mostly the 

values converted from their embodied energy by the Audsley 

review (Audsley et al., 2009).

As for fungicides, 6.83 Kg CO2eq/kg AI (Ausley et al., 2009), 

7.935 kg CO2eq /kg AI (Ausley review (Kitani, 1999) were 

employed in previous researches.
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As for insecticides, 25.09 kg CO2eq/kg AI (Fluck et al.,  

1992), 21.73 Kg CO2eq/kgAI (Green, et al., 1987 ), 15.79 kg 

CO2eq/kg AI (Audsley et al., 2009) and 13.73 kg CO2eq/kg AI 

(Hessel, 1992 ) were presented.

As for herbicides, 31.33 Kg CO2eq/kgAI (Audsley et al., 

2009), 28.87 kg CO2eq/kgAI (Pimentel et al., 1980) and 19.87 

kg CO2eq/kgAI (Green et al., 1987) were employed.

The GHGE of pesticides were calculated by the amount of 

AI (active ingredient) of pesticides, not by the gross mass of 

pesticides as well as fertilizers (Refer to Table 3-11).

The total average value on the conversion factors of the 

respective pesticides applied in previous studies were chosen 

as the conversion factors of pesticides in this study. 

b. Fuels

The surveyed farms mostly consumed diesel, followed by 

petrol and then a little kerosene for their farming operations. 

Previous field studies applied a few kinds of conversion 

factors of fuels. 

In the case of diesel, the range of GHG conversion factors 

covers from  2.6676 to 3.767 kg CO2eq/L – 2.6676kg CO2eq/L 

(DEFRA,2011), 3.51 kg CO2eq/L  (Blonk et al., 2008), 3.767 kg 

CO2eq/L (Flessa et al., 2001), 3.07kg CO2eq/L (Williams et al., 

2008). and 3.108 kg CO2eq/L (Barbe, 2009). 

The conversion factors of petrol also have been applied as 

various values according to the researchers. The values such 

as 2.3117 kg CO2eq/L (DEFRA, 2011), 2.99 kg CO2eq/L 

(Williams et al., 2008). and 2.735 kg CO2eq/L (Barber, 2009) 

were applied in previous researches.
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For kerosene, the conversion factors of 2.6484 kg CO2eq/L 

(DEFRA, 2011) and 3.03 kg CO2eq/L (Williams et al., 2008) 

were applied. 

To summarize, this study has applied the conversion 

factors of 2.6676/L (DEFRA, 2011) for diesel, 2.3117 kg 

CO2eq/L  (DEFRA, 2011) for petrol, and 2.6484 kg CO2eq/L 

(DEFRA, 2011) for kerosene.

c. Electricity

The conversion factor of electricity was applied in previous 

researches as 0.527 kg CO2eq/kwh by Beeton (2011), 0.453 kg 

CO2eq/kwh by Ecoinvent (2010) and 0.245 kg CO2eq/kwh by 

Barber(2009). This study applied 0.4033 kg CO2eq/kwh as the 

average value of these conversion factors for electricity. 

d. Mulch film

Since the embodied energy of high density poly ethylene 

film (HDPE film) per kg is considerably higher in comparisons 

with other materials, the conversion factor of mulch film 

must be considered to be relatively high. Recently Hammond 

et al. (2008) presented 1.94 kg CO2eq/kg as the GHG 

conversion factor per kg for mulch film.

On the other hand, University of Bath (2008) suggested the 

application of –1 Kg CO2eq/kg as a conversion factor for 

plastic film. This meant the tradeoff effect preventing GHGE 

by covering the soil with plastic film. Therefore, the GHG 

emission factors of plastic film was calculated by subtracting 

the tradeoff (-1Kg CO2eq/kg) from the pure conversion factor 

(1.94 Kg CO2eq/kg) of plastic film. Thus, this study adapts 
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0.94 Kg CO2eq/kg as the conversion factor for plastic film.

e. Seeds

Taking into account energy used for seed production, 0.12 

kg CO2eq/kg for rye seed and 0.25 kg CO2eq/kg for soybean 

was applied as their conversion factors respectively in this 

study (West and Marland. 2002).

3.5.1.4 Emissions from Crop Growing

The UK GHG Inventory (2007) suggests considering nitrous 

oxide emissions from peas or beans during the growing 

season and presented 29 kg CO2eq/ha as the amount of the 

GHGE during the growing season regardless of farm 

management systems. In addition, nitrous oxide emissions 

from digging or ploughing in green manures or residues are 

also presented. Thus it can be suggested that it is reasonable 

to apply 96 kg CO2eq/ha for other residues ploughed in the 

spring (field scale). In organic soybean farms, some farmers 

raised rye for green manure from late autumn to just before 

soybean seeding and then cultivated it with a rotavator. 

Hence, this study calculated that besides 29 kg CO2eq/ha, 

farms which grew rye for green manure caused additional 96 

kg CO2eq/ha in GHG emission.

3.5.1.5 Conversion Factors Applied in this Field Study

Through the review of the GHG conversion factors applied 

in previous studies and the GHG inventory sites, taking the 

average values of each input of the GHG conversion factors, 

the conversion factors of all kinds of inputs and emissions 
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<Table 3-42> GHG Conversion Factors applied in This Study

Products

 GHG Conversion 

Factors

(Kg CO2 eq) 

Units Notes

Machinery

Machinery 0.083 MJ ENPOS　

Fossil liquid energy　

Diesel 2.6676 liter

Petrol 2.3117 liter

Kerosene 2.5073 liter

Electricity

Electricity 0.6171 kwh 　

Organic compost and fertilizers　

Organic Fertilizer1

(mixed oil cake)
0.31

Organic Fertilizer2

(mixed oil cake)
0.31

Cow 

manure

Raw 

manure
0.0357 kg

*Moisture

80.1%

raw 

manure & 

saw dust

0.056 kg 65.5%

Dried 

manure
0.1594 kg 28%

Pig 

manure

Raw 

manure
0.1183 kg 69.4%

raw 

manure & 

saw dust

0.0903 kg 57.7%

Dried 

manure
0.2938 kg 24.3%

Poultry 

manure

Raw 

manure
0.1924 kg 63.7%

raw 

manure & 

saw dust

0.1131 kg 54.1%

factors from crop growing were chosen to calculate the 

GHGE in soybean production. The lists of the GHG conversion 

factors applied in this study are displayed in Table 3-42. 
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Dried 

manure
0.3451 kg 19%

Kitchen & food waste 0.2199 kg 　

Wood & branch waste 0.0316 kg 　

Ground limestone 0.359(0.74) kg 　

Chemical Fertilizers

N 7.5334 　
Manufactured(6.593

4) and applied(1.94)

P2O5 4.9712 　
Manufactured 

(1.7312) and 

applied(3.2)

K2O 0.6285 　 　

Agrochemic

al 

ammonium 

nitrate

(manufac

tured)
8.6 kg 　

(applied) 1.94 kg 　

Agrochemic

al 

phosphate

(manufac

tured)
1.7312 kg 　

(applied) 3.24 kg 　

　Compound Fertilizer

(22-18-18)
2.6653 kg 　

Compound 

Fertilizer(21-17-17)　
2.534 kg 　

NK Fertilizer 1.4566 kg 　

Compound 

Soy-fertilizer
1.6596 kg 　

Soybean Compound   

Fertilizer(8-8-9)　
1.0569 kg 　

Ammonia(N21%) 1.582 kg 　

Urea(N46%) 3.4654 kg 　

P2O5(P 20%) 0.9942 kg 　

K2O(K60%) 0.3771 kg 　

BioPot Fert(10-0-2) 0.7659 　 　

Bio-pesticides and Chemical Pesticides

Fungicides 7.383 Kg AI 　

Insecticides 20.444 kg AI 　

Herbicides 23.836 kg AI 　

Nitrous oxide emissions from green manures 　
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<Table 3-43> GHGE within Groups by the Socioeconomic      

            Characteristics (Kg CO2eq/ha)

Farm System Location Age Area

Organic Farms
North Gyeonggi 

Province 
under 60 under 1 ha

(1,562.32) (2,004.19) (1,917.20) (1,814.74)

Conventional 

Farms

South Gyeonggi 

Province 
above 61 above 1 ha

(2,003.25) (1,674.41) (1,679.97) (1,746.22)

Gangwon 

Province 

(1,669.74)

►(   ) is GHGE(kg CO2eq/ha) of each groups

N-fixation from peas 

and beans   during 

the growing season

29 hectare 　

Other residues 

ploughed in spring   

(field scale)

96 hectare 　

Seeding 　

Rye 0.12 kg　 　

Soybean 0.25 kg 　

Materials (minus figure=carbon saving)　

Plastic film
-1 kg

1.94-1=0.94/kg　
1.94 kg

3.5.2 General Characteristics of Farms and GHGE

Table 3-43 shows the results of the GHGE per ha within 

groups according to the socioeconomic variables of the 

farmers. The mean values of the GHGE shows that in 

conventional farms, in the North Gyeonggi Province region, 

the young age and small farm areas relatively emitted more 

GHG per ha than other groups.
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<Table 3-44> Relations with Socioeconomic Characteristics and 
GHGE (per ha)

Independent  
Variables

B t value p value

(Constant) 2101.255 3.678 .001

Farm Systems 460.504 1.153 .254

Region -215.662 -.759 .451

Age -293.602 -.659 .512

Area -357.193 -.747 .458
R=0.207     R-square=0.043    Corrected R-square=-0.027 

Durbin-Watson=2.137      F=0.617  p=0.652

-Dependent variable: GHGE/ha,  *p<.05  **p<.01

<Table 3-45> GHGE within Groups by Socioeconomic 

Characteristics (per ton basis)

Farm System Location Age Area

Organic Farms
(1,629.84)

North Gyeonggi 
Province 
(1,983.55)

under 60
(1,795.01)

under 1 ha
(1,473.51)

Conventional 
Farms

(1,473.14)

South Gyeonggi 
Province 
(1,498.99)

above 61
(1,365.27)

above 1 ha
(1,640.62)

Gangwon 
Province 
(1,171.94)

►(   ) is GHGE(kg CO2eq/ton) of each groups

However, the evaluation by statistical analysis indicates that 

any variable of the farm system, location, age and area does 

not show significant differences within their groups in the 

GHGE per ha. Table 3-44 is the result of the analysis on the 

relations with socioeconomic characteristics and the GHGE 

per ha conducted by multiple regression.

On the other hand, Table 3-45 shows the differences of the  

GHGE per ton basis taking into account socioeconomic status 

between the interviewed farmers. 
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<Table 3-46> Relations with Socioeconomic Variables and 

GHGE (per ton basis)

　Independent  
Variables B t value p value

(Constant) 2369.096 6.371 .000

Farm System -135.4.04 -.524 .602

Location -435.707 -2.355 .022*

Age -304.385 -1.050 .298

Area -302.590 -.972 .335

R=0.366     R-square=0.134   Corrected R-square=0.071 

Durbin-Watson=2.174      F=2.122 p=0.090

-Dependent variable: GHGE/ton,  *p<.05  **p<.01

Through the results using arithmetic mean values of the 

GHGE, organic farms, in the North Gyeonggi Province, the 

young age group and the large farm size group generated 

higher GHGE than other groups on a ton basis. 

In comparisons of the relations with socioeconomic 

characteristics and the GHGE per ton shown by multiple 

regression, it is only the location variable that shows an 

apparent difference within groups in the outcome of the 

GHGE per ton.

Table 3-46 shows the results of the multiple linear 

regression analysis on the relations with socioeconomic 

variables and GHGE per ton. 

In the location variable, there is a significant difference 

between North Gyeonggi and Gangwon (p=0.022). Gangwon 

appears to give much smaller environmental impacts in 

soybean production than other locations.
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<Table 3-47> Comparisons of GHGE Per ha and ton between 
CFS  and OFS (kg CO2 eq)

 GHGE　
Farm 

Systems N Mean SD t 
value

p 
value

GHGE/ha
Org 30 1562.32 783.39 (-1.124)

　

0.266 

　Con 30 2003.25 2001.11 

GHGE/ton

Org 30 1629.84 1053.81 0.579 
　

0.565 
　

Con 30 1473.14 1042.04 

*p<0.05, **p<0.01

3.5.3 Comparison of GHGE between CFS and OFS

3.5.3.1 Comparison of GHGE in Unit Class

In the previous section, the EE was identified to be more 

favorable to CFS than OFS in soybean production. 

This section examined the differences of the GHGE 

according to the unit class between both systems. In general, 

when such a mass-based unit is considered, organic farming 

is not always better from the environmental point of view. 

For the GHGE per ton unit, conventional farming is favored 

due to the fact that the overall yields are usually lower in 

organic than in conventional systems. Likewise with respect 

to soybean production systems in Korea, the yields for 

organic farming are 24 per cent lower than the yields for 

conventional farming. Consequently, GHGE per ton appeared 

lower in conventional farms than organic farms.

Table 3-47 shows the results of comparisons in GHGE per 

ha and ton between CFS and CFS. 

The GHGE per ha was lower in organic soybean farms 

(1562.32 kg CO2eq) than conventional farms (2003.25 kg 

CO2eq). However, the GHGE per ton was a little lower in 
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conventional  farms (1473.14 kg CO2eq) than in organic farms 

(1629.84 kg CO2eq) (Figure 3-14).

But, the result of t-test (Table 3-47) does not show 

statistically any significant difference of the GHGE per ha or 

ton between both systems. It is concluded that although the 

result of the EE from the farming system shows clear 

difference, the GHGE are not affected clearly by the farming 

systems of soybean production in Korea.

<Figure 3-14> Comparisons of the GHGE Per ha and ton

 in both Systems.

3.5.3.2 Comparisons of the GHGE in Input Categories

The GWP depends mainly on the use of fossil fuels for 

on-farm activities, energy use for the production of inputs 

and emissions of N2O connected to the on-farm nitrogen 

cycle (De Backer et al., 2009). Thus, the kind and amount of 

inputs determine the amount of the GHGE. For this reason, 

the GHGE is dependable on the energy input categories 
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<Table 3-48> Comparisons of the GHGE by Input Categories 

Inputs 
(Categories)

Farm 
Systems

Mean S.D,
Mean 

Discrepa
ncy

t
value

p 
value

Machinery
Org 73.47 30.96 

17.245 1.677 .099
Con 56.23 47.06 

Fuels
Org 469.26 207.64 

100.353 1.697 .095
Con 368.91 248.61 

Electricity
Org 13.21 16.15 

-3.439 -.617 .539
Con 16.65 25.89 

Seeds
Org 15.84 9.54 

4.737 2.333 .024*
Con 11.11 5.72 

Manure & 
Fertilizers

Org 855.4.6 632.35 
-560.671 -1.515 .139

Con 1,417.13 1,925.83 

Bio & 
Chemical 
Pesticides

Org 1.48 3.09 
-83.299 -6.572 .000**

Con 84.78 69.36 

Mulch
Film

Org 77.99 54.40 
61.744 5.270 .000**

Con 16.25 34.04 

Growing
Org 54.60 43.18 

22.400 2.633 .011*
Con 32.20 17.53 

*p<.05    **p<.01    

#minus value means the GHGE/ha of organic farims are smaller 

than that of conventional ones.

between CFS and OFS.

Table 3-48 shows the t test results of the GHGE by energy 

input categories between both soybean production systems. 

GHGE from mulch film is outstandingly high in organic farms 

at the level of 1% (p=0.000). The GHGE from seeds and crop 

growing appears higher in organic farms than in 

conventional farms because of the application of cover crops 

(rye).
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The GHGE from biological or chemical pesticides is 

estimated to be very high in conventional farms than in 

organic farms (p=0.000).

In contrary to expectations, there is no difference in the 

GHGE in composts and fertilizers between CFS and OFS, due 

to the enormous application of composts and organic 

fertilizers in organic farms as well as in conventional farms.

A comparative result of these analyses is shown clearly in 

Figure 3-15. 

<Figure 3-15> Comparisons of GHGE by Inputs Categories 

in Both Systems

Even though at a glance, there is a distinct difference in 

the GHGE from composts and fertilizers between both 

systems, there is no significant difference in both systems 

due to the large standard deviations. 

The reason that the GHGE for the conventional system is 

only a little higher than in organic production is mainly due 
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<Table 3-49> Total Average of GHGE by Input Categories 

in Both Systems

　GHGE
(Category)

Organic
(kg CO2eq/ha)

Conventional
(kg CO2eq/ha) Mean % of 

Total GHGE

Machinery 73.47 56.23  64.85  3.64 

Fuels 469.26  368.91 419.08 23.51 

Electricity 13.21  16.65 14.93 0.84 

Seeds 15.84  11.11 13.48 0.76 

Fertilizers& 
Composts

855.4.6  1,417.13 1,136.79 63.77 

 Pesticides 1.48  84.78 43.13 2.42 

Mulch Film 77.99  16.25 47.12 2.64 

Growing 54.60  32.20 43.40 2.43 

Total GHGs 1,562.32  2,003.25 1,782.78 100.00 

to the higher application of synthetic fertilizers and animal 

manure per ha in conventional production. Also, another 

reason is partly due to the fact that organic systems used 

larger quantities of organic fertilizers and some manure 

instead of synthetic fertilizer.

GHG emitted by input categories without reference to 

farming systems is displayed in the following Table 3-49 and 

Figure 3-16.

The results in Table 3-49 show that the proportion of 

composts and fertilizers used produces an extraordinary 64% 

of total the GHGE. It appears that the application of 

fertilizers and animal manure is responsible for a 

considerable part of the entire GHGE impact within the 

categories of energy input.
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<Figure 3-16> Proportions of the GHGE by Input Categories

Only two kinds of inputs including fuels and fertilizers 

contribute about three fourth of the total GHGE in soybean 

production. Figure 3-16 shows tangibly these results. 

3.5.3.3 Comparisons of GHGE in Farming Practices

Environmental impacts of agriculture depend on a large 

extent on farmer’s production practices. The link however is 

indirect, as emissions to the environment depend on the 

state of the farming system, which in turn depends on 

farmer production practices but also on random factors such 

as rainfall and temperature. Consequently, indicators of 

environmental impact may be based on farmer production 

practices (De Backer et al., 2009).

This section clarified the comparative amount of the GHGE 

by farming practice energy between conventional and organic 

farms, while this section identifies the type of farming 

practices which plays an influential role in the GHGE of CFS 
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<Table 3-50> Comparisons of GHGE by Farming Practices

Farming 
Practices

Farm 
Systems

Mean S.D,
Mean 

Discrepan
cy

t
value

p 
value

Cultivation
Org 259.51 149.19 

-2.080 -.045 .965
Con 261.60 207.91 

Fertilizing Org 52.66 81.01 
27.508 1.454 .152

Con 25.15 64.59 

Mulching Org 110.04 99.05 
86.764 4.246 .000**

Con 23.28 52.11 

Seeding Org 886.25 654.31 
-558.778 -1.489 .145

Con 1,445.03 1,948.88 

Weeding Org 32.21 77.99 
-43.378 -2.193 .032*

Con 75.59 75.22 

Spraying Org 8.36 10.73 
-46.341 -4.731 .000**

Con 54.70 52.57 

Pruning Org 0.50 2.72 
-.085 -.112 .911

Con 0.58 3.18 

Irrigation Org 8.13 21.67 
7.375 1.831 .077

Con 0.75 4.12 

Harvesting Org 3.44 10.66 
-.019 -.006 .995

Con 3.46 11.75 

Threshing Org 137.30 157.91 
62.671 1.926 .061

Con 74.63 82.61 

Grading Org 9.30 6.65 
3.032 1.584 .119

Con 6.27 8.11 

Growing Org 54.60 43.18 
22.400 2.633 .012*

Con 32.20 17.53 

*p<.05    **p<.01    
#minus value means organic farms’ GHGE/ha are smaller than conventional 
ones.

and OFS. Table 3-50 gives an overview of the contribution of 

the different farming practices as a share of the GHGE 

impact between both production systems. The analytical 

results of comparisons on the GHGE between both systems by 

farming practices are listed in Table 3-50.

The t-test results indicate that mulching (p=0.000) and 

spraying (p=0.000) have made big differences in the GHGE 
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between both soybean productions. The GHGE from mulching 

practices is very high in organic farms and the GHGE from 

spraying practices is very high in conventional farms. 

Weeding is also revealed as a principal emitter of the GHGE 

in conventional farms in comparisons with organic farms 

(p=0.032). On the contrary, the GHGE from crop growing 

including soybean and cover crops appears significantly 

higher in organic farms than in conventional farms (p=0.012). 

It can be noticed that while weeding and spraying practices 

in CFS are to a great extent responsible for the 

environmental impact, mulching and cover crop cultivation in 

OFS appear to have a strong impact on the GHGE, when 

compared to their counterparts.

<Figure 3-17> Comparisons of GHGE by Farming Practices 

in Both Systems

The share of mulching on the GHGE impact in organic 

farms is due to the fact that it is used as a predominant 

method for weeding in soybean production, and relatively 

large share of crop growing on the GHGE is due to the 
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<Table 3-51> Total Average of GHGE by Farming Practices 

in Both Systems

　Practices
Org GHGE

(kg CO2eq/ha)
Con GHGE

(kg CO2eq/ha) Mean % of 
Total GHGs

Cultivation 259.51 261.60  260.55  14.62  

Seeding 52.66  25.15 38.90 2.18 

Mulching 110.04  23.28 66.66 3.74 

Fertilizing 886.25  1,445.03 1,165.64 65.38 

Weeding 32.21  75.59 53.90 3.02 

Spraying 8.36  54.70 31.53 1.77 

Pruning 0.50  0.58 0.54 0.03 

Irrigation 8.13  0.75 4.44 0.25 

Harvesting 3.44  3.46 3.45 0.19 

Threshing 137.30  74.63 105.97 5.94 

Grading 9.30  6.27 7.78 0.44 

Growing 54.60 32.20  43.40  2.43 

Sum 1,562.32  2,003.25 1,782.78 100.00 

application of cover crop (rye) in organic fields. 

The corresponding impact indicator scores of the GHGE 

between both systems are well displayed in Figure 3-17. 

Figure 3-17 shows that fertilizing practices are responsible 

for considerable parts of the total GHGE regardless of 

farming systems.

On the other hand, Table 3-51 and Figure 3-18 show the 

types of farming practices which have become important 

sources of the GHGE regardless of farm management systems 

in soybean production .

While fertilizing and mulching take up the big proportions 

in the total energy consumption, fertilizing (65%) and 

cultivation (15%) appears to be the absolute contributor to 
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the GHGE in soybean production. 

Figure 3-18 shows these phenomena graphically. The large 

impact of fertilizing in the GHGE is chiefly due to the 

fertilization practices which consists of applying synthetic and 

organic fertilizers, and animal manure. This process involves 

a lot of emissions from diesel for distributing fertilizers and 

manures by tractors and attachments, subsequently resulting 

in a lot of GHGE when compared to other processes. Also, 

N2O emissions resulting from the nitrogen cycle by synthetic 

fertilizers and animal manures heavily contribute to the 

GHGE in the soybean production farms.

<Figure 3-18> Proportions of GHGE by Farming Practices 

3.5.3.4 Driving Factors to Determine the GHGE

This section examines the types of main input energy to 

determine the GHGE in soybean production systems. In two 

aspects of farming inputs and farming practices, statistical 

analyses to find out the driving factors to determine the 
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<Table 3-52> Energy Input Categories to Determine the GHGE

　Input  Variables
(category) B t value p value

(Constant) 86.894 .517 .608

Machinery .255 1.093 .280

Fuel .024 .779 .439

Electricity .118 .807 .424

Seeds .029 .233 .817
Compost & 
Fertilizers .181 24.655 .000**

Natural & Chemical 
Pesticides .116 1.716 .092

Mulch
Plastic .004 .271 .787

labor -.188 -1.123 .267
R=0.970     R-square=0.941    Corrected R-square=0.932  

Durbin-Watson=2.232      F=101.783  p=0.000**

-Dependent variable: GHGE/ha,  *p<.05  **p<.01

outcome of the GHGE were conducted by using the multiple 

linear regression method. 

A. Energy Input Categories to Determine the GHGE

Table 3-52 shows the results of significant input variables 

which affect the outcome of the GHGE regardless of the farm 

systems in soybean production. 

The most influential energy input variable to determine the 

extent of the GHGE in the process of soybean production is 

evaluated to be the variable of composts and fertilizers 

(p=0.000). These results indicate that although other input 

variables except composts and fertilizers have no variations 

between soybean farms, composts and fertilizers variables 

have very vigorous variations which emit the GHG between 
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<Table 3-53> Energy Input Categories to Determine the GHGE 
in CFS

　Input  Variables
(category) B t value p value

(Constant) 143.152 .448 .658

Machinery .756 1.488 .152

Fuel -.037 -.507 .617

Electricity .001 .003 .998

Seeds .235 .383 .705
Compost & 
Fertilizers .183 14.464 .000**

Natural & 
Chemical Pesticides

.075 .679 .504

Mulch
Film .005 .112 .912

Labor -.316 -1.082 .291
R=0.975     R-square=0.951    Corrected R-square=0.932  

Durbin-Watson=2.4522      F=51.019  p=0.000**

-Dependent variable: GHGE/ha,  *p<.05  **p<.01

farms. 

These results explain that emissions of N2O connected to 

the on-farm nitrogen cycle by animal manures and synthetic 

fertilizers have a larger share than CO2 emissions from fossil 

fuel use, eventually resulting in a higher impact score for 

the GHGE in soybean production.

Therefore the proper application of fertilizers or the 

development of available alternatives to replace the fertilizers 

can be the ultimate solution to mitigate the GHGE in soybean 

production. 

Additionally, the most decisive input variable to determine 

the outcome of the GHGE in conventional farms were 

separately identified by the same statistical analysis. 

Table 3-53 presents the results of the analysis. 
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<Table 3-54> Energy Input Categories to Determine the GHGE 
in OFS

　Input  Variables
(category) B t value p value

(Constant) -42.040 -1.073 .295

Machinery .024 .497 .624

Fuel .073 11.092 .000**

Electricity .069 1.680 .108

Seeds .113 5.349 .000**
Compost & 
Fertilizers .133 48.173 .000**

Natural & Chemical 
Pesticides .152 .340 .737

Mulch Plastic .019 5.095 .000**

Labor .074 1.598 .125
R=0.998     R-square=0.996    Corrected R-square=0.995  

Durbin-Watson=2.242      F=658.317  p=0.000**

-Dependent variable: GHGE/ha,  *p<.05  **p<.01

As indicated in Table 3-53, composts and fertilizers input 

variables are also the most decisive contributors to the GHGE 

even in conventional farms. 

On the other hand, the type of input variable that has the 

most powerful factor to drive the outcome of the GHGE in 

organic farms was analyzed by the same statistical analysis. 

The results are shown in Table 3-54. 

Unlike the results in conventional production, organic 

production has various influential input variables to 

determine the extent of the GHGE. Table 3-54 indicates that 

fuels, seeds, fertilizers and mulch film are all significant 

variables to influence the outcome of the GHGE in organic 

soybean production at the level of 1% (all, p=0.000). The 

results mean that while the amount of other inputs is nearly 
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<Table 3-55> Farming Practices to Determine the GHGE

Farming 
Practices B t value p value

(Constant) -12.556 -.077 .939

Cultivation .065 2.418 .019*

Fertilizing .176 23.778 .000**

Mulching .009 .551 .584

Seeding .068 1.109 .273

Weeding .022 .324 .747

Spraying .090 1.357 .181

Pruning -.139 -.131 .896

Irrigation .219 .893 .376

Harvesting .017 .183 .856

Threshing .023 .635 .528

Grading -.316 -.694 .491
R=0.968     R-square=0.936   Corrected R-square=0.922  

Durbin-Watson=2.321      F=64.087  p=0.000**

-Dependent variable: GHGE/ha,  *p<.05  **p<.01

fixed between organic farms, these significant inputs have 

large variations between farms. Consequently, these results 

imply that the appropriate application of these inputs can be 

an effective solution to reduce the GHGE in organic farms. 

B. Farming Practices to Determine the GHGE

When a certain farming practice is identified to be a 

critical factor to determine the GHGE, the way to minimize 

the GHGE is by greatly adjusting the farming practice which 

can be derived for that production system. 

Table 3-55 shows the kinds of farming practices which are 

significantly influential in determining the GHGE in soybean 

production regardless of farm management systems.
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<Table 3-56> Farming Practices to Determine the GHGE in CFS

Farming 
Practices B t value p value

(Constant) 98.530 .305 .764

Cultivation .046 .897 .381

Fertilizing .186 14.399 .000**

Mulching .012 .265 .794

Seeding .052 .138 .892

Weeding .038 .130 .898

Spraying .018 .093 .927

Pruning -.625 -.317 .755

Irrigation .924 .350 .730

Harvesting .063 .136 .894

Threshing .041 .272 .789

Grading -.442 -.545 .592

R=0.972     R-square=0.945   Corrected R-square=0.911  

Durbin-Watson=2.316      F=27.953  p=0.000**

-Dependent variable: GHGE/ha,  *p<.05  **p<.01

The result indicates that the most aggressive variable to 

influence the amount of GHGE in soybean production is 

fertilizing (p=0.000). In addition, cultivation also appears to be  

another principal variable to determine the extent of GHGE 

(p=0.019). 

In conventional soybean farms, the principal driving factors 

of GHGE are analyzed separately using the identical statistical 

method.

Table 3-56 shows the type of farming practices which 

influence the outcome of the GHGE in conventional farms. 

The result also presents the evidence that fertilizing is an 

absolute factor of the GHGE even in conventional farms 
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<Table 3-57> Farming Practices to Determine the GHGE 
in OFS

Farming 
Practices

B t value p value

(Constant) -58.394 -1.253 .226

Cultivation .084 11.941 .000**

Fertilizing .125 45.195 .000**

Mulching .023 5.4.68 .000**

Seeding .092 7.875 .000**

Weeding .056 4.181 .001

Spraying .086 .817 .425

Pruning -.160 -.363 .721

Irrigation .034 .660 .518

Harvesting -.009 -.425 .676

Threshing .069 9.001 .000**

Grading .151 1.185 .251
R=0.998     R-square=0.996   Corrected R-square=0.993  

Durbin-Watson=2.456      F=396.973  p=0.000**

-Dependent variable: GHGE/ha,  *p<.05  **p<.01

(p=0.000). Other practices except for fertilizing do not show 

any significant influence to the GHGE in conventional farms. 

On the other hand, Table 3-57 shows the types of practices 

which are strongly related with the extent of the GHGE in 

organic farms.

Unlike conventional farms, various variables contribute 

significantly to determine the extent of the GHGE in organic 

soybean production. Cultivation, fertilizing, mulching, seeding 

and even threshing are very significantly related to the 

results of the GHGE in organic farms (all, p=0.000). It can be 

interpreted that various solutions will be available through 
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<Table 3-58> Relations of Energy Inputs and GHGE Per ha

Total Inputs B t value p value

(Constant) -621.848 -2.588 .012

Total Inputs(ha) .122 11.282 .000**
R=0.829    R-square=0.687   Corrected R-square=0.682 

F=127.293    p=0.000**

Dependent variable: GHGE /ha,  *p<.05  **p<.01

the improvements of those farming practices in organic 

farms. 

In conclusion, these results explain that while in 

conventional farms, the improvement in fertilizing can be a 

practical factor to mitigate the GHGE, while in organic farms 

the improvement in cultivation, fertilizing, mulching, seeding 

and threshing can be the effective ways to mitigate the 

GHGE.

3.5.4 Relationship with Other Variables and the GHGE 

This section illustrates how other variables involved with 

soybean production are related to GHGE.

3.5.4.1 Relationship with Energy Input and GHGE

GHGE is originated mainly from fossil fuels and nitrous 

oxide generated from the nitrogen cycle during the growing 

season. Energy inputs is also given out mainly by fossil fuels. 

Hence, past studies shows evidence that GHGE must be 

related to the amount of energy input (Küstermann and 

Husbergen, 2008).

The relation of energy input and GHGE in this field study 

was identified by using simple linear regression. The results 

are presented in Table 3-58.
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<Table 3-60> Relations of Yields and GHGE

Total Inputs B t value p value

(Constant) 713.722 1.767 .082

Yields .809 2.977 .004**
R=0.364    R-square=0.133   Corrected R-square=0.118 

F=8.863    p=0.004**

Dependent variable: GHGE /ha,  *p<.05  **p<.01

<Table 3-59> Relations of Energy Inputs and GHGE Per ton

Total Inputs B t value p value

(Constant) 613.901 2.370 .021

Total Inputs(ton) .048 4.081 .000**
R=0.472    R-square=0.223   Corrected R-square=0.210 

F=16.655    p=0.000**

Dependent variable: GHGE /ha,  *p<.05  **p<.01

As expected, it is confirmed that the amount of energy 

inputs have a substantially strong relationship with the GHGE 

in soybean production (p=0.000). 

When per ton is taken as the unit base, the relation with 

energy input and the GHGE also shows the corresponding 

results as displayed in Table 3-59.

3.5.4.2 Relationship with Yields and the GHGE

The general results of previous studies show that yields are 

closely related with GHGE. The results on their relationship 

in this study are shown in Table 3-60.

The results surely prove that in Korea yields have a highly 

significant relationship with GHGE in soybean production 

(p=0.004).
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<Table 3-61> Relations of Renewable Energy(%) and GHGE

Total Inputs B t value p value

(Constant) 783.275 2.428 .018

Renewable Energy(%) 35.839 3.717 .000**

R=0.439    R-square=0.192   Corrected R-square=0.178

 F=13.819    p=0.000**

Dependent variable: GHGE /ha,  *p<.05  **p<.01

3.5.4.3 Relations of Renewable Energy(%) and the GHGE

The use of non-renewable energy in farming, a factor 

which considerably reduces the EE, continues to increase. 

Moreover, there is a growing worldwide concern regarding 

the emission of GHG and their effect on our climate, which is 

directly related to the use of fossil energy (Alonso and 

Guzman et al., 2010) which belongs to non-renewable energy. 

Therefore, the ratio of renewable energy is generally 

recognized to be an estimator of agricultural sustainability. 

The results of this study also give evidence that the ratio of 

renewable energy is significantly higher in organic than 

conventional soybean production. 

However, it should be noted that higher sustainability by 

the higher ratio of renewable energy cannot be interpreted to 

mitigate the GHGE in farming systems.

Table 3-61 indicates well such unrecognized results to date 

on .

The results obtained by regression analysis show that the 

ratio of renewable energy is not negative, but very positive  

related to GHGE. It illustrates that the higher the ratio of 

renewable energy, the higher the ratio of GHGE. For 

instance, although animal manure belongs to renewable 



- 203 -

<Table 3-62> Relations of Direct Energy(%) and GHGE

Total Inputs B t value p value

(Constant) 3001.846 6.167 .000

Direct Energy(%) -32.910 -2.712 .009**
R=0.335    R-square=0.113   Corrected R-square=0.097

 F=7.355    p=0.009**

Dependent variable: GHGE /ha,  *p<.05  **p<.01

energy, large amount of manure use can cause the increase 

of GHGE in soybean production. This result denies the 

general concept that renewable energy improves 

sustainability, resulting in the mitigation of the GHGE in 

agriculture. 

However, the opposite result in the ratio of direct energy is 

shown in Table 3-62.

The results show that the ratio of direct energy have  

significant negative relationship with GHGE per ha (p=0.009). 

This means that in Korea the higher the ratio of direct 

energy, the lower the possibility of GHGE in soybean 

production. 
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<Table 3-63> Comparisons of EE and GHGE between Farm 
Systems

Environmental 
Indicators Units Conventional 

Soybean 
Organic 
Soybean

EE
ha 1.56 0.98

ton 1.38 0.83

GHGE
(Kg CO2eq)

ha 2,003.2 1,473.1

ton 1,562.3 1,629.8

3.6 Comprehensive Findings from the Results   

     of Field Study

The aims of this field study are to compare the results of 

energy use and GHGE between conventional and organic 

soybean farms and to search for the factors to determine the 

outcomes of EE and GHGE. According to these aims, this 

section summarizes the results of the comparisons on the EE 

and GHG between both systems. 

First, in comparisons of EE and GHGE between CFS and 

OFS, the arithmetic mean values of EE and GHG per ha and 

ton units in soybean production are summarized in the 

following Table 3-63.

Second, in comparisons of EE and GHGE by input 

categories and farming practices, the comprehensive results 

of these analyses are summarized in Table 3-64. this table 

gives an overview of the significant results obtained from the 

comparative analyses on multilateral aspects of EE and GHGE 

in soybean production in Korea.
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<Table 3-64 > Significant Results in Comparisons 

of EE and GHGE

　Input  
Categories

EE GHGE

Energy 
Inputs 

between 
systems

Variables to 
determine EE

Energy 
Inputs 

between 
systems

Variables to 
determine 

GHGE

Bo
th Con Org

Bo
th Con Org

Machinery

Fuel * **

Electricity

Seeds * * **

Fertilizers * * ** ** **

Pesticides ** **

Mulch Film ** ** * ** **

labor ** *

Growing *

　Farming 
Practices

Cultivation * * * **

Fertilizing ** ** **

Mulching ** ** ** **

Seeding * * **

Weeding * *

Spraying ** **

Pruning

Irrigation

Harvesting *

Threshing * **

Grading ** *

Growing *

*p<.05  **p<.01
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3.7 LCA in Field Study

Evaluating the meta-analysis conducted in the previous 

chapter, a finding indicated that since comparative studies of 

environmental assessment between CFS and OFS have not 

applied various indicators for environmental assessment, they 

do not reflect the sufficient objectivity of the research results 

on environmental impacts. Due to the limitations of data in 

previous literature, only two indicators of EE and GHGE were 

compared in the meta-analysis undertaken in this study. 

To compare the environmental impacts between 

conventional and organic farming systems by various 

environmental indicators and to identify the parameters 

which have the biggest environmental impacts in the systems 

studied, LCA analysis  were conducted to evaluate soybean 

production in Korea. A comparative analysis of LCA including 

GWP and energy use between CFS and OFS has not yet been 

attempted in Korea. Only one LCA trial to evaluate the 

environmental impacts of conventional soybeans has been 

carried out once (So et al, 2010).

Hence, the comparison of LCA analysis for environmental 

assessment by various environmental indicators between CFS 

and OFS in Korea was performed for the first time through 

this study.

3.7.1 Methods

Data obtained from interviews with soybean production 

farmers in Korea in previous field study section was 
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commonly used for LCA of soybean productions. LCI data on 

input materials used in soybean productions were obtained 

from the LCI database of MKE (Ministry of Knowledge and 

Economy of Korea), ME (Ministry of Environment of Korea) 

and Ecoinvent. As for the software program for LCA, PASS 

ver.4.1.1 developed by MKE was applied for this study. Data 

on on-farm emissions factors were obtained from existing 

literature including IPCC and Ecoinvent.

For system boundaries, among the entire life cycle, phases 

of up-stream (manufacture of materials) and farm production 

were included excluding the down-stream phase of transport, 

marketing, consumer and waste handling phases in this 

study.

One ton of raw soybean grain was chosen as a functional 

unit (FU).

3.7.2 LCIA (Life Cycle Impacts Assessment)

3.7.2.1 Comparisons of LCIA in Soybean Production

LCA consists of the stages of classification, 

characterization, normalization, and weighing. This study 

performed the stages of classification and characterization. 

Ten impacts categories included for LCIA were selected as 

presented by MKE,  and added by 2 categories – energy use 

(EU) and non-renewable energy (NRE) ratio(%) which were 

applied in the previous field study section. By classification 

and characterization, the results of LCIA on the total 12 

impact categories were obtained as the follows. 

Table 3-65 shows the results of LCIA of conventional and 

organic production. ARD, EP and EU of 12 indicators appear 
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<Table 3-65 > LCIA by Categories between CFS and OFS 
(Per ton Soybean)

Impact Category
Abbrevi

ation
Unit

Conventio

nal Farms

Organic 

Farms

Abiotic  Resource 

Depletion
ARD 1 yr-1 6.789 7.918

Global Warming  

Potential
GWP

kg CO2-eq. 

kg-1
5021 3809

Ozone  Depletion 

potential
ODP

kg CFC-eq. 

kg-1
0.0184 0.0065

Acidification  Potential AP
kg SO2-eq. 

kg-1
17.120 6.255

Eutrophication  

Potential
EP

kg PO43-eq. 

kg-1
2.853 8.204

Photochemical  Ozone 

Creation Potential
POCP

kg C2H4-eq. 

kg-1
0.7790 0.6075

Human Toxicity  

Potential
HTP

kg 1,4 

DCB-eq. kg-1
409.3 165.0

Freshwater  Aquatic 

Ecotoxicity Potential
FAETP

kg 1,4 

DCB-eq. kg-1
256.3 227.4

Marine Aquatic  

Ecotoxicty Potential
MAETP

kg 1,4 

DCB-eq. kg-1
501.8 111.2

Terrestrial  Ecotoxicity 

Potential
TETP

kg 1,4 

DCB-eq. kg-1
6.5480 -0.0635

Energy Use EU* GJ 13.42 22.42

Non-renewable Energy NRE* % 78.40 65.80

- EU and NRE are not obtained by LCA program analysis, but by LCCI 

analysis in previous field study section.

- In LCA analysis, the amounts of input materials refer to the total average 

of conventional and organic farms, respectively.

higher in OFS than in CFS. Others are higher in CFS than in 

OFS.

Figure 3-19 illustrates graphically the differences of LCIA 

results between conventional and organic soybean production 

systems. When LCIA of conventional soybean production is 

set up in the base line of 100%, Figure 3-19 illustrates the 

LCIA ratio(%) of organic soybean production. 

Energy consumption, and eutrophication of organic soybean 

is much higher than those of conventional soybean. Abiotic  
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Resource Depletion is slightly high in organic farm. 

Terrestrial ecotoxicity, marine aquatic ecotoxicty, human 

toxicity, acidification and ozone depletion are definitely higher 

in conventional farms than organic farms. GWP, 

non-renewable energy, freshwater aquatic ecotoxicity and 

photochemical ozone creation are a little high in 

conventional farms.

<Figure 3-19> Comparisons of LCIA in Conventional and 

Organic Soybean Production

3.7.2.2 Comparisons of GWP in Soybean Production

The GWP category among 12 categories of environmental 

impacts was examined in detail by input categories in Table 

3-66 and Figure 3-20.

Figure 3-21 shows the proportions of GWP by input 
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<Table 3-66> Comparisons of GWP by Input Categories
(Kg CO2eq/ton soybean)

Inputs Category Organic GWP Conventional GWP

Seed 37.7 49.8 

Energy 2,185.5 2,074.9 

Nutrients 1,418.0 2,873.0 

Pesticides 2.5 20.1 

HDPE 165.1 3.3 

Total 3,808.7 5,021.1 

*Emission factors for machinery was excluded from LCIA

categories regardless of farm systems.

<Figure 3-20> Comparisons of GWP between CFS and OFS

 As shown in Figure 3-21, nutrients and energy cover a 

absolute proportion of total GWP in soybean production in 

Korea. Nutrients include input materials of synthetic 

fertilizers, manure and organic fertilizers. Energy includes 
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<Table 3-67> Comparisons of GWP by Kinds of GHG

Conventional Farms

Inputs  
Category Seed Energy Nutrients Pesticide

s HDPE Total

CO2 10.37 332.11 712.60 17.60 3.06 
1,075.74
(21.42%)

CH4 0.33 924.14 1,012.00 1.21 0.02 
1,937.70
(38.59%) 

N2O 39.11 818.50 1,147.00 1.12 0.23 
2,005.96
(39.95%) 

Others 0.03 0.10 1.40 0.16 0.00 
1.69 

(0.03%)

Organic Farms

Inputs  
Category Seed Energy Nutrients Pesticide

s HDPE Total

CO2 7.84 356.77 366.80 2.20 152.80 
886.41

(23.27%) 

CH4 0.25 969.57 122.20 0.15 0.89 
1,093.06
(28.70%) 

N2O 29.57 858.61 928.00 0.15 11.43 
1,827.76
(47.99%) 

Others 0.02 0.50 1.00 0.02 0.00 
1.53

(0.04%) 

fuels and electricity. HDPE is higher in organic farms than in 

conventional farms.

<Figure 3-21> Proportions of GWP by Inputs Categories 

in Both Systems
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The amounts of CO2 equivalent emissions according to the 

kinds of GHG are shown in Table 3-67 and Figure 3-22.

The result shows that CO2 equivalent of nitrous oxide is in 

charge of a large proportion of the total GHG. While 

conventional farms emit more methane than organic farms, 

organic farms emit more nitrous oxide than conventional 

farms. Three fourths of the total GHGE consists of CH4 and 

N2O in both systems.

<Figure 3-22> Comparisons of GWP by Kinds of GHG

Finally, comparisons of GWP by phases of life cycle are 

displayed in Figure 3-23. The emissions from the production 

phase appear larger than the emissions from the up-stream 

(manufacture) phase. 

It is evaluated that carbon dioxide emission from the 

combustion of fuels in farming practices and nitrous oxide 

emission from farm production in the production phase, 
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increased the proportion of GWP of the soybean field.

<Figure 3-23> Comparisons of GWP by Phases of Life Cycle
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3.8 Implications of Field Study

First, the energy consumption of organic soybean 

production is higher than that of conventional soybean 

production. Environmental assessment of GHGE by LCCI in 

the field study shows that environmental impacts of OFS are 

larger than CFS with little discrepancy on a per ton basis. 

But non-renewable energy ratio is lower in OFS.

In LCIA of 10 categories, environmental impacts of ARD 

and EP are higher in OFS than in CFS. However, other 8 

categories for environmental impacts are shown to be lower 

in OFS than in CFS. These results represent that more 

various indicators of environmental impacts enable more 

comprehensive and objective evaluation in the comparisons 

of environmental assessment between CFS and OFS.

Second, the GWP of soybean production in Korea is about 

3 times that of the European results. This means that small 

holder farming such as in Korea has a tendency to be very 

intensive farming, which results in the heavy loading of 

environmental impacts regardless of farm management 

systems. As a result, this intensive farming in OFS highly 

increases the environmental impacts in OFS no less than that 

of CFS.

Third, pesticides in CFS, mulch film in OFS and fertilizers 

and composts commonly in both systems, are revealed as the 

principal factors which determine the outcomes of 

environmental impacts. Hence, the reduction or alternation of 

these input materials can become the solutions available for 

the mitigation of environmental impacts and climate change. 



- 215 -

IV. Implications and Measurements to 

Mitigate Climate Change

Based on the findings obtained from the meta-analysis and 

field study of soybean production systems in Korea, a 

conclusion can be reached that while organic farming 

systems are generally favorable to environmental 

performances, improper organic management can actually 

have the opposite effect. This chapter presents the findings 

from the research which causes the limit of efficiency on 

energy use, trigger GHGE, and suggest available 

measurements to overcome those problems.

4.1 Environmental Performances and Food      

      Security 

It has been generally recognized that organic farming is a 

system which is more sustainable and efficient in energy use 

and environmental impact, except for the problem of lower 

yields. However, the productivity and economic performance 

of farms can’t be ignored on the grounds of the current 

environmental performance because it is essential to balance 

the demand for food supply with sustainable and permanent 

environmental objectives.  Therefore, the objective of organic 

farming should be to maintain the superiority of organic 

farming systems in EE and GHGE not only on a per ha base, 

but also on a per ton base. 

 As the global population creates pressure to increase food 
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supply, agriculture can’t help but pursue simultaneously the 

dual objectives of environmental performances and food 

supply for the world. 

For this reason, the assertion has often been presented as, 

in taking account of efficacy of land use and the growth of 

productivity, tradeoffs of environmental impacts by utilization 

of spared land (i.e. bio-energy production) in conventional 

systems would be better than the low productivity and low 

environmental impacts in organic systems. (Tuomisto et al., 

2009). However, since these assertions do not consider other 

important benefits of organic systems such as other 

environmental aspects and health issues, it cannot be 

accepted as a recommendable alternative. Since the functions 

of agriculture are associated with environmental 

performances, food supply (security), and food safety for 

human beings, agricultural policy and farming strategies 

should at all times be harmonized with these multi-lateral 

purposes.

Therefore, the strategies for the improvement of EE and 

mitigation of GHGE should focus on the reduction of 

environmental impacts in line with maintaining productivity 

and economic performances. For these reasons, it is strongly 

recommended that both the assessment per unit area and 

per unit of production should be considered, respecting the 

multi-functionality of agriculture (De Backer et al., 2009).  

To meet the requirements of these three dimensional 

objectives in agriculture mentioned above, further researches 

and agricultural technologies used to reduce energy 

consumption and GHGE should, of course, be carried out 
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sustainably without compromising productivity.

4.2 Problem of Nitrogen-based Production      

      Systems.

The changes to the nitrogen cycle are larger in magnitude 

and more profound than the changes to the carbon cycle. 

However, the nitrogen cycle has been neglected (Bohan, 

2007).  The composition of GHG emissions in agriculture is 

very different from that of other industries. Carbon emissions 

account for only about 9%, whereas nitrous oxide (N2O), 

mainly from fertilizer use, and methane (CH4) emissions 

(related to fermentative digestion by ruminant livestock, 

residue/manure management) represent 46% and 45% 

respectively (UNCTAD, 2010).

Although organic farming does not use synthetic fertilizers, 

the mass use of other nitrogen based nutrients can give rise 

to the same result. In this study, both the results of 

meta-analysis and field study indicate that the main 

contributor to environmental impacts in both aspects of the 

EE and GHGE appeared to be from nitrogen-based production 

systems. In soybean production of Korea, fertilizers and 

manure are responsible for 37% of total energy consumption 

in both systems. Moreover, fertilizers and manure are 

absolute contributors to GHGE in soybean production (67.8% 

of total GHG). 

Therefore, it must be noted here that the fundamental 

source of GHGE is not from synthetic fertilizers but from 

nitrogen ingredients. According to the example of soybean 
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production in Korea, although the use of synthetic fertilizers 

is reduced rather than general usages, the great input of 

animal manures can still become the main emitter of nitrous 

oxide, which results in increase of GHGE. 

While the GWP of 1 Kg methane is equivalent to 25 Kg of 

CO2, GWP of 1 Kg N2O is equivalent to 298Kg of CO2. Hence, 

the high input of nitrogen into farms regardless of the forms 

of fertilizers or composts can’t help noticeably increasing the 

GHGE regardless of farm management systems. 

Therefore, the substitution of manures for the synthetic 

fertilizers banned under organic regulations is not a 

recommendable alternative for organic farming. 

In conclusion, (i) the decisive factor of environmental 

impacts including energy use and GHGE in agriculture is 

nitrogen ingredients; (ii)  the replacement of other forms of 

nitrogen sources to avoid mineral N fertilizer’s form of 

nitrogen is proving to be difficult as a real alternative for 

GHGE mitigation; (iii) hence, the reduction of 

nitrogen-ingredient inputs can be a practical solution.

4.3 EE and GHGE in Livestock

Agriculture is an important contributor to global emissions 

of greenhouse gases (GHG), in particular of methane (CH4) 

and nitrous oxide (N2O). This is particularly due to CH4 

emissions from enteric fermentation in ruminants and 

manure handling, and due to the intensive nitrogen (N) cycle 

on livestock farms leading to direct and indirect N2O 

emissions (Olesen et al., 2006). The animal agriculture sector 

is responsible for 35–40% of annual anthropogenic methane 
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emissions (Steinfeld et al., 2006).

The 1 billion ruminants reared annually contribute as a 

significant source of methane emissions (FAO 2008). Besides 

enteric fermentation, farm animals annually produce billions 

of tons of manure in the world. Storing and disposing of 

these immense quantities of manure can lead to significant 

anthropogenic emissions of methane and nitrous oxide (U.S. 

EPA 2007). 

The results of meta-analysis conducted in this study show 

the outcomes of GHGE from 185 observations between groups 

of farm product types.

<Figure 4-1> Comparisons of GHGE by Farm Product Types

Figure 4-1 represents surprising evidence that while there 

is just a little difference in GHGE between farm management 

systems, there are extraordinary differences between farm 

product types.  GHGE per ha was lower in organic farms 

than in conventional farms. However. the differences of 

GHGE between crop farms and animal farms are noticeably 
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larger. GHGE of meat livestock appeared over 10 times of 

that of field crops. It is considered that these results provide 

many meaningful implications for policy makers and 

researchers. Although many efforts were made to mitigate 

the GHGE by organic farming systems during several 

decades, only miniscule effects were obtained. The FAO 

found that the animal agriculture sector emits 18%, or nearly 

one-fifth of human-induced GHG emissions, more than the 

transportation sector (Koneswaran and Nierenberg 2008). 

Besides problems of GHGE in livestock, the farm animal 

sector is a main anthropogenic user of land. Using crops for 

feed rather than food poses substantial challenges to food 

security; currently, one-third of the world’s cropland is used 

to produce animal feed (Scialabba et al., 2010). Livestock 

consume about half of the global grain produced (Goodland, 

1997).  From this point of view, fundamental alternatives can 

be inferred to solve the environmental problems in 

agriculture. The already large contribution from agriculture 

to global GHGE will therefore increase in importance unless 

more effective and climate-friendly systems are adopted 

(Basse et al., 2009). 

4.4 Food Consumption and Environmental      

     Performances

The associated production of these dietary proteins 

(especially animal products) leads to further disturbance in 

the nitrogen cycle. Ultimately, all the environmental impacts 

caused by human beings can be related to consumption 
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<Table 4-1> Comparisons of Energy Inputs Required for Unit 

ton by Farm Product Types

Farm Systems
Conventional  
Inputs(MJ/ton)

Organic  
Inputs(MJ/ton)

Field crops 2,612.58 1,850.74 

Vegetables 7,776.33 13,779.00 

Fruits 12,631.43 12,275.71 

Dairy 7,776.67 6,199.00 

Meat Livestock 26,233.58 17,385.43 

patterns (Carlsson-Kanyama et al., 2003).

In the relationship between food consumption patterns and 

agricultural land requirements, land requirements per food 

item are combined with food consumption of various food 

packages, varying from subsistence to affluent. In existing 

European food patterns, the land requirement for a 

hypothetical diet based on wheat was six times less than that 

of an existing affluent diet with meat. Changes in consumer 

behavior on a household level, can be considered as 

powerful options to reduce the use of natural resources such 

as agricultural land (Gerbens-Leenes and Nonhebel, 2002).

In this study, the results of the meta-analysis of 68 

previous studies including 165 observations show energy 

requirements needed for the unit products between farm 

product types as shown in Table 4-1.

Table 4-1 presents well that enormous differences exist in 

energy consumption not between farm systems, but between 
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farm product types. There is a gap of about 7-10 times 

between field crops and meat livestock. Production of meat 

requires energy inputs that are at least seven times as high 

as the inputs needed to produce the same quantity of 

non-meat calories. These results illustrate that the greatest 

potential for reducing GHGE from agriculture lies in changes 

in consumer behavior.   

In conclusion, the differences between organic and 

conventional production, while significant, may be relatively 

small compared to reductions that are possible at other 

levels in the food system such as through changes at a 

population level favoring lower levels of meat consumption 

(Lynch et al., 2011). Agricultural production is very closely 

related with consumer behavior in food purchase, since the 

production for food supply ultimately depends upon the 

demand of consumers.  Unless the diet types of consumers 

undergo change, the policy for GHGE mitigation is difficult to 

obtain its efficacy as expected. 

Therefore, no less than extension services for farmers, 

public education and promotion for consumers are as 

important to reach success in accomplishing environmental 

objectives. The importance of the ‘organic food movement’ to 

improve food safety and environmental performances; the 

‘local food movement’ to reduce carbon mileage; the ‘slow 

food movement’ to save the energy costs of processing; and 

the ‘vegetarian food  movement’ to reduce environmental 

stress of high energy consumption and GHGE, should be 

sufficiently appreciated by the general consumers.
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4.5 New Trials for Carbon-oriented Farming

Recently, new trials to reduce the environmental impacts in 

agriculture by carbon-oriented farming have been tried and 

studied in several countries (i.e. Kellig et al. 2010)

Fossil fuels are carbon-positive - they add more carbon to 

the air. Biochar18) systems can be carbon negative because 

they hold a substantial portion of the carbon in soil. The 

result is a net reduction of carbon dioxide in the 

atmosphere. Biochar is a solid material obtained from the 

carbonization of biomass. Hence, biomass pyrolysis with 

biochar returned to soil is a possible strategy to reduce 

emissions from biomass that would otherwise naturally 

degrade to GHG. 

Another innovative trial which was initiated in Brazil and 

has been tried in Japan is carbon-based farming which 

avoids nitrogen-based farming. The new method is called as 

“Tanjun Farming19)” which is meant “Carbon Circulation 

Farming” in Japanese. In contrary to the general knowledge 

of farming nutrient theory, it asserts that the most essential 

inputs for soil and plant are not nitrogen-based materials, 

but carbon-based materials which are the feed source of 

micro-organisms in the soil. This method appears more 

favorable to EE and GHGE than nitrogen-based farming. 

Although this Tanjun farming was not introduced in the 

field of academic research, it is notable that this farming 

18) Available from - http://www.biochar-international.org/biochar

19) There have not been the academic researches on the Tanjun farming 

to date. It can be accessed to the web site : 

http://page.freett.com/tenuki/jissen/tenkan.html 

http://tanjunnou.blog65.fc2.com/



- 224 -

would be an innovative and fundamental alternative to solve 

the environmental problems of nitrogen-based farming. In 

future, this Tanjun farming is considered noteworthy in the 

scope of disciplinary research. 

Findings from field study in soybean production in Korea 

illustrates another important implication that energy 

coefficients and GHG conversion factors of input materials 

determine to a great extent the amount of energy 

consumption and GHGE. The selection of input materials with 

lower energy coefficient and conversion factor will enable to 

enhance the EE and to mitigate GHGE. This point can’t be 

neglected in the strategy for the climate change mitigation. 

For instance, mulch film for weed control has made a great 

contribution to lower the EE and to raise GHGE in organic 

soybean production due to the high energy coefficient of 

mulch film compared to the other inputs. Renewable mulch 

paper with low energy coefficient can be applied to replace 

plastic mulch film for weed control in organic farming. 

4.6 Priority of Financial Support

Government financial support for organic farming is 

justified by the environmental public good which organic 

farming delivers, which extend to society as a whole and not 

just to the minority of consumers who choose to purchase 

organic food (Macrae et al., 2010). 

However, findings obtained from the meta-analysis of a 

number of past EE and GHGE studies, and empirical field 

study on the soybean production in Korea indicate that 
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unconditional enlargement of organically cultivated land or 

organically certified agricultural products is not consistent 

with the strategies for the EE improvement and the GHGE 

mitigation. The government should focus on creating a 

conducive environment and on changing the incentive 

structure as part of the targeted fiscal policies that 

strengthen environmental performance in agriculture.

It is also suggested that the government needs to remove 

or modify negative support policies such as  the existing tax 

and pricing policies that generate perverse incentives for 

sustainable production systems (UNCTAD, 2010). Financial 

support to reduce environmental burdens in agriculture 

should be carried out with high priority.

4.7 Expansion of Research on Environmental   

      Impacts 

 In order to establish the policies for the development of 

environmental performances, first and foremost it is urgent 

to secure sufficient and reliable data on energy use and 

GHGE. However, Korea has scarce and often outdated 

research data in this field. 

Studies on GHGE in agriculture, to say nothing of 

comparative studies on the GHGE between CFS and OFS, are  

in the early stages yet. Even though the Korean government 

has pronounced a definite goal to mitigate GHGE in 

agriculture, it will be difficult to develop concrete and 

effective policies for the establishment of goal without 

applicable data. Further work should be done in terms of 
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research to explore the potential of organic farming for 

reducing the environmental impact of agricultural practices. 

On the basis of above suggested implications and 

measurements, integrative strategy for mitigation of climate 

change in the full life cycle of agriculture can be 

summarized as shown in the following Figure 4-2.

Finally, as a result, a set of fundamental and practical 

solutions to enhance the EE and to mitigate the GHGE in a 

whole food chain can be suggested with the following slogans 

– Eat Less Meat! Eat Organic! Eat Local Food! Eat Seasonal 

Food ! Eat Slow Food! 
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V. Conclusions

5.1 Summary and Conclusions

Through the comprehensive analysis of previous studies on 

energy use and GHGE between CFS and OFS, a study to 

investigate the types of significant structural factors which 

cause these differences in both systems was conducted by 

meta-analysis. 

In addition, to empirically examine the differences of EE and 

GHGE between both systems, and to find the principal driving 

factors to determine the EE and GHGE as the outcomes of 

environmental performances especially under the agricultural 

structure of small holder farming, a field study was carried 

out on the soybean production system in Korea.

The results of the two studies are concluded as the following.

First, according to the meta-analysis, the result indicates 

that clear differences exist in energy consumption and GHG 

emission performance between organic and conventional 

operations. Organic farming generally has lower energy use 

and GHG emissions per ha, but the results for GHGE per unit 

of product show almost no difference. This means that in 

general, organic environmental performances appear clearly 

favorable on per ha basis, but does not show clearly their 

benefits on per product basis. Hence, the reduction of 

environmental impacts even on the unit of ton basis should 

be the objective of organic farming, to say nothing of per ha 

basis. Also, in energy use and GHGE studies, it is important 

to present the data of product based unit and not only the 
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data of ha based unit for the objective assessment of 

environmental performances.

Second, the results of meta-analysis performed to explore 

the structural variables to determine the organic superiority 

of EE and GHGE show that duration of data collection is a 

significantly influential variable to drive the organic 

superiority of EE. On the other hand, the organic superiorty 

of GHGE appeared very positively related with the variables 

of the sample size, unit class and farm types. These results 

indicate that longer the duration and larger the sample size, 

the higher the organic superiority of EE and GHGE appear. 

Since the variations by farm types in EE and GHGE 

differences of both systems are significantly large, the 

comparison of environmental performances between both 

systems should be estimated  separately according to the 

farm types.

Third, although the GHGE is relatively more favorable in 

organic soybean production than in conventional production 

on ha basis in Korea, the organic EE(0.98) is noticeably 

poorer than that of conventional ones (1.56). The reason is  

that while the energy consumption of OFS (21,568MJ/ha) was 

higher than that of CFS (17.832MJ/ha), the yields of OFS 

(1,139kg/ha) were apparently lower than that of CFS 

(1503kg/ha). 

These phenomena correspond to the experience of other 

intensive small holder farming systems such as Japan which 

contradicts the results of countries such as Europe and 

America. Hence, future studies should be vitalized especially 

focusing on small farm-sized intensive farming systems such 
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as in Asia.

Fourth, the input of seeds and mulch film in OFS and 

pesticides in CFS made significant differences in EE and 

GHGE in both soybean production systems. This means that 

the optimization of the use of seeds and mulch film in OFS 

and pesticides in CFS is an important factor to maximize the 

EE and to minimize the GHGE between farms within each  

farm system. 

Fifth, regardless of farm management systems, overall fuel, 

fertilizer, mulch film, and labor are the influential variables 

to determine the result of EE. Among them, the foremost are 

the nutrient inputs (fertilizers and manure) which are 

responsible for 37% of total energy consumption and 67.8% 

of total GHGE in both systems. Therefore, fertilizers and 

manure are revealed as the absolute contributors to GHGE in 

soybean production in Korea.  

In general, it is evaluated that the main reasons for better 

organic performances are the exclusion of synthetic N 

fertilizers and lower use of feed concentrates. However, it 

must be noted here that the fundamental source of GHGE is 

not synthetic fertilizers but nitrogen ingredients. As the 

example of soybean production in Korea, although the use of 

synthetic fertilizers is reduced, the great input of animal 

manures can still vigorously lead to the emissions of nitrous 

oxide, which result in the increase of GHGE.  Accordingly, 

the substitution of manures for the synthetic fertilizers is not 

a recommendable alternative for organic farming.

The practical strategies to mitigate climate change through 

the reductions of energy consumption and GHGE, can be 
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derived from transforming from a nitrogen-based production 

system. However, unconditional reduction or termination of 

nitrogen ingredient inputs can cause a sharp decrease in 

productivity which leads to low EE and food shortage. 

Consequently, the applicable strategy for GHG mitigation 

should be searched for not within but beyond the scope of 

the nitrogen cycle.

In plant production systems, the present nitrogen-based 

farming should be transformed into the carbon-based 

farming such as the invigoration of carbon sequestration  

and ‘Tanjun farming’ which is dependent on carbon-oriented 

materials. 

In food production and consumption, the extant meat 

protein-oriented foods based on nitrogen should be 

transformed into the carbohydrate-oriented foods based on 

carbon and plant protein-oriented foods. Hence, the 

consumer behavior on food consumption is much more 

significant than the choices of producers on food production. 

Finally, policies and financial support for farming and 

services to reduce environmental burdens in agriculture 

should be established and carried out with high priority. At 

the same time, the strategies for the change of consumer 

behavior in food consumptions should also be built up in 

viewpoint of environmental performances.

5.2 Limitations and Recommendations

First, the main purpose of the meta-analysis on previous 

studies was to identify the structural variables that influence 

the environmental performances such as EE and GHGE, 
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between CFS and OFS. For the quantitative meta-analysis of 

performance variables, the effect size values of performance 

variables should be calculated by statistical data of studies 

analyzed. 

However, since most previous studies did not present detailed 

statistical data except for the descriptive statistics such as 

mean values or percentages of performance variables, clearer 

quantitative meta-analysis by the effect-size taken into 

consideration and the weights of data, could not be 

conducted. Only the meta-analysis on the positiveness of 

organic superiority on the performance variables is lacking 

to explain definitely the relationship of performance variables 

and structural variables. This insufficiency appeared as one 

of the limitations for more developed follow-up studies. 

Therefore, for the advancement of future comparative EE 

and GHGE studies in agriculture, one of the most important 

requirements is the presentation of more detailed and 

sufficient data as close as possible through the advanced 

statistical analyses.

Second, since most of extant studies to assess the 

environmental performance between both systems are mainly 

limited to the EE and GHGE as environmental indicators, this 

study cannot help but be limited to these indicators. To 

assess more comprehensively the environmental impacts in 

agricultural systems, additional holistic approaches which 

employ the various environmental indicators are required to 

reflect the multi-lateral aspects of agricultural systems. 

Third, in Korea, due to a lack of empirical studies on the 

GHGE in agriculture, this first attempt of EE and GHGE study 
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between both soybean production systems have are limited to 

explain the overall trends of environmental impacts between 

both systems in small holder farming systems such as found 

in Asian countries. More positive research activities on every 

farm product should be vitalized in Asian countries including 

Korea where they have not been actively yet pursued. 

Fourth, only the assessment of environmental performances 

between farm management systems has the limitation to 

establish the practical strategies to enhance the 

environmental performances in agriculture. Future follow-up 

studies should embrace the comparisons of social and 

economic performances as well as environmental 

performances between CFS and OFS. 
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Appendix III-2. Coding on Energy Coefficients of Inputs

Studies Tractor
(MJ/kg)

Diesel
(MJ/L)

Electricity
(MJ/kw)

N Fert
(MJ/kg)

P Fert
(MJ/kg)

K Fert
(MJ/kg)

Pesticides
(MJ/AI kg)

Labor
(MJ/h)

EE
(Org/Con)

MAFF(2000) 142.00 　 　 49.10 17.70 10.50 176.33 　 2.19 

Adrian  Williams 
et al.(2010) 112.80 43.10 11.60 　 　 　 　 　 1.31 

Abbas  Asakereh 
et al.(2010) 138.00 56.31 　 　 17.40 　 115.00 2.20 1.03 

Gloria I.  
Guzmán,

et al.(2008)
95.50 43.33 12.10 80.00 14.00 9.00 335.40 2.20 0.66 

Jule Bos  
et al.(2007) 176.80 35.90 9.50 41.80 5.20 5.80 220.30 　 0.62 

Yuexian  Liu 
et al. 210.00 47.79 12.50 50.00 12.00 4.22 240.33 1.58 0.94 

Erdemir  
Gu¨ndog˘mus

(2006)
142.00 56.31 11.93 60.60 11.10 6.70 176.33 1.96 1.53 

Sule Turhan et 
al.(2008) 142.00 56.31 11.93 60.60 11.10 6.70 176.33 1.96 0.92 

Stefanos  E. 
Kavargiris 

et al.(2009)
142.00 47.30 12.00 74.20 13.70 9.70 293.53 2.20 1.06 

Marios C.  
Michosa 

et al.(2012)
142.00 47.30 12.10 73.20 13.60 8.70 293.53 2.20 0.71 

Panagiota  
Zafiriou 

et al.(2012)
142.00 47.30 12.10 74.20 13.70 9.70 293.53 2.20 1.33 
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G.M.Berardi(1978
) 142.00 49.60 3.60 20.89 13.38 9.23 　 　 1.15 

Vassilios  D. 
Litskas 

et al.(2011)
142.00 47.30 12.10 74.20 13.70 9.70 231.30 2.20 0.43 

L.  Sartori 
et al.(2005) 80.23 46.20 　 59.00 17.00 10.00 269.00 1.95 1.23 

길근환  외(2008) 142.00 48.60 3.60 74.20 13.70 9.70 127.70 0.80 0.23 
Antonio  M. 

Alonso 
et al.(2010)

112.80 36.20 10.86 45.00 12.80 4.15 　 2.20 0.54 

Erdemir  
Gu¨ndog˘mus et 

al.(2006)
142.00 56.31 11.93 60.60 11.10 6.70 176.33 1.96 1.19 

S. Deike  
et al.(2007) 108.00 39.60 　 35.30 15.80 2.10 240.33 　 1.29 

Erdemir  
Gu¨ndog˘mus

(2010)
142.00 56.31 11.93 60.60 11.10 6.70 176.33 1.96 1.28 

Davis Pimentel  
et al. (1983) 142.00 47.85 11.99 61.57 23.00 

8.50 352.00 　 1.64 
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Appendix IV-1. UL, Weight and  Applied Energy 

Coefficients of Machinery

Machinery Type  UL (H) Weight 
(kg)

Raw 
mats. 

(MJ/kg)

Manufact
ure 

(MJ/kg).

 Repair 
&

Maintena
nce(MJ/k

g)

SUM
(MJ/kg)

Tractor 24ps 15,000 770 49.4 14.7 31.4 95.5

Tractor 28ps 15,000 780 49.4 14.7 31.4 95.5

Tractor 30ps 15,000 1,427 49.4 14.7 31.4 95.5

Tractor 35ps 15,000 1,545 49.4 14.7 31.4 95.5

Tractor 38ps 15,000 1,640 49.4 14.7 31.4 95.5

Tractor 40ps 15,000 1,671 49.4 14.7 31.4 95.5

Tractor 43ps 15,000 1,829 49.4 14.7 31.4 95.5

Tractor 45ps 15,000 1,685 49.4 14.7 31.4 95.5

Tractor 48ps 15,000 1,792 49.4 14.7 31.4 95.5

Tractor 50ps 15,000 2,219 49.4 14.7 31.4 95.5

Tractor 55ps 15,000 2,415 49.4 14.7 31.4 95.5

Tractor 58ps 15,000 3,075 49.4 14.7 31.4 95.5

Tractor 60ps 15,000 2,669 49.4 14.7 31.4 95.5

Tractor 65ps 15,000 2,414 49.4 14.7 31.4 95.5

Tractor 70ps 15,000 3,480 49.4 14.7 31.4 95.5

Tractor 75ps 15,000 3,740 49.4 14.7 31.4 95.5

Tractor 80ps 15,000 3,451 49.4 14.7 31.4 95.5

Tractor 88ps 15,000 3,103 49.4 14.7 31.4 95.5

Tractor 90ps 15,000 3,627 49.4 14.7 31.4 95.5

Tractor 95ps 15,000 4,124 49.4 14.7 31.4 95.5

Tractor  105ps 15,000 4,126 49.4 14.7 31.4 95.5

Tractor  115ps 15,000 4,750 49.4 14.7 31.4 95.5

Plow 19-26 2,500 182 62.8 8.6 21.4 92.8

Plow 35-45 2,500 240 62.8 8.6 21.4 92.8

Plow 43-50 2,500 433 62.8 8.6 21.4 92.8

Plow <50 2,500 450 62.8 8.6 21.4 92.8

Plow <55 2,500 480 62.8 8.6 21.4 92.8

Plow <60 2,500 490 62.8 8.6 21.4 92.8

Plow <70 2,500 541 62.8 8.6 21.4 92.8

Plow <80 2,500 666 62.8 8.6 21.4 92.8
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Plow <90 2,500 689 62.8 8.6 21.4 92.8

Rotavator 19-25 2,500 280 62.8 8.6 21.4 92.8

Rotavator 25-35 2,500 350 62.8 8.6 21.4 92.8

Rotavator 35-40 2,500 370 62.8 8.6 21.4 92.8

Rotavator 40-45 2,500 390 62.8 8.6 21.4 92.8

Rotavator 45-55 2,500 430 62.8 8.6 21.4 92.8

Rotavator 52-60 2,500 475 62.8 8.6 21.4 92.8

Rotavator 55-70 2,500 500 62.8 8.6 21.4 92.8

Rotavator 60-70 2,500 530 62.8 8.6 21.4 92.8

Rotavator 63-75 2,500 625 62.8 8.6 21.4 92.8

Rotavator 70-80 2,500 660 62.8 8.6 21.4 92.8

Rotavator 80-90 2,500 695 62.8 8.6 21.4 92.8

Rotavator 90-100 2,500 815 62.8 8.6 21.4 92.8

Compost 
Distributer below 26ps 2,500 550 62.8 8.6 21.4 92.8

Compost 
Distributer 26-35 2,500 870 62.8 8.6 21.4 92.8

Compost 
Distributer above45ps 2,500 1,350 62.8 8.6 21.4 92.8

Compost 
Distributer above 50ps 2,500 1,500 62.8 8.6 21.4 92.8

Compost 
Distributer above60ps 2,500 1,980 62.8 8.6 21.4 92.8

Compost 
Distributer above65ps 2,500 2,150 62.8 8.6 21.4 92.8

Compost 
Distributer above70ps 2,500 2,320 62.8 8.6 21.4 92.8

Combine 
Harvester

38ps 2,000 2,700 62.8 8.6 21.4 92.8

65ps 2,000 3,440 62.8 8.6 21.4 92.8

86ps 2,000 3,800 62.8 8.6 21.4 92.8

95ps 2,000 3,950 62.8 8.6 21.4 92.8

Thresher 1 for tractor 2,500 165 62.8 8.6 21.4 92.8

Thresher 2 for hand tractor 2,500 105 62.8 8.6 21.4 92.8

Fertilizer 
distributer 　free size 2,000 200 62.8 8.6 21.4 92.8

Compost 
Distributer for hand tractor 2,500 450 62.8 8.6 21.4 92.8

Compost 
Distributer for truck 1 ton 2,500 330 62.8 8.6 21.4 92.8

Sower(S) 33-45ps 5,000 380 62.8 8.6 21.4 92.8

Sower(L) 40-55ps 5,000 400 62.8 8.6 21.4 92.8

Vinyl 
Mulcher 25-50ps 2,500 209 62.8 8.6 21.4 92.8

Vinyl 
Mulcher 40-65ps 2,500 368 62.8 8.6 21.4 92.8

Excavator 0.18 m3 10,000 5,700 49.4 14.7 31.4 95.5
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Excavator 0.58 m3 10,000 13,800 49.4 14.7 31.4 95.5

Backpack 
sprayer 3ps 2,000 11 62.8 7.4 18.3 88.5

Mower 2ps 2,000 11 62.8 7.4 18.3 88.5

motor 
pump 2ps 6,000 40 62.8 7.4 18.3 88.5

Cultivator S S size(6ps) 2,500 143 62.8 8.6 21.4 92.8

Cultivator 
M M size(6ps) 2,500 170 62.8 8.6 21.4 92.8

Riding type 
cultivator 14.7ps 5,000 700 62.8 8.6 21.4 92.8

Rice 
transplanter 10ps 2,500 150 62.8 8.6 21.4 92.8

Power tiller 10ps 12,000 486 62.8 8.6 21.4 92.8

Agri-truck(1
t) 48ps 15,000 2,035 49.4 14.7 31.4 95.5

Power 
sprayer

3.5ton truck 
sprayer 2,500 1,000 62.8 7.4 18.3 88.5

Engine 
Sprayer 7ps 2,500 19 62.8 7.4 18.3 88.5

attached 
sprayer for Hand Tractor 12,000 25 62.8 8.6 21.4 92.8

attached 
sprayer for truck 12,000 53 62.8 8.6 21.4 92.8

soybean 
Grader(3Kw) YBS1000 2,500 320 62.8 8.6 21.4 92.8

Soybean 
Grader 
(5Kw)

YBS2000 2,500 500 62.8 8.6 21.4 92.8

Electric 
Pump 1/3ps(500w) 12,000 15 62.8 8.6 21.4 92.8

Electric 
Pump 1ps(1500w) 12,000 31 62.8 8.6 21.4 92.8

Electric 
Pump 5ps(3Kwh) 12,000 70 62.8 8.6 21.4 92.8

Electric 
Thresher 2kw 5,000 140 62.8 8.6 21.4 92.8

Electric 
Winder 06kw model 5,000 120 62.8 8.6 21.4 92.8
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국문초록

행 과  에 지 사용과 실가스 출에 

한 비 연

  송

경 사 학  지역 보 공

울 학  학원

후변 에 어  업  가장 큰 피해 가  도 고 동시에 

후변 에 상당한 가해 가  도 는 경  에  지 난

  한 실가스 감과 에 지 사용  효  고  한 

안  찍  업  시 어 다. 업생산과 경 라

는 에  업  행 업에 비하여 후변  가 는 

경  충격  과연 얼마나  잘 할  는가에 한 연 가 

럽과 미  심  하게 진행 어 다. 

러한 연 결과  축 과 어 행 과  경 향에 

한 비 연  법  에   어 다. 그러

나 그동안 행 과  에 지 사용과 실가스 출에 한 연

 법  에  과 계  연 는 체계  진행  

가 없었 , 한  비 한  아시아 가들에 어 는 

 야에 한 실증  연 차도 극  미진한 상태 다. 

러한 상  고 하여 본 연  목  1) 과 행  에

지 사용과 실가스 출에 한 차  나타내는 결  변

 타  통하여 탐색하고 2)에 지 비  실가스 출에 

가장 크게 향  미 는 에 지  작업  변  실증연  

통하여 규 함  3) 업 야에 어  후변   한 효

과 고 실  안  모색  하는  었다. 
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러한 목  하여 과 행  에 지 사용과 실가스

출에 한 비 연 가 행  약 120여 편  행연 결과에 하

여 타  실시하 , 실증  연  하여 한  행

과  콩 생산 시스 에 한 에 지 사용과 실가스 출에 

한 비 연  행하 다.

첫째, 타  연 결과는 다 과 같  요약   다. 

1. 68편  과 그에 포함  165개  행 과  에 지 

효 에 한 사 비  결과 는  에 지 효  

행 보다 우월하다는 결과가 67.3%,  못하거나 차 가 없다는 

결과 는 23.7%  결과가 나타났다. 그리고 행  비  에

지 효  산  평균 는 128.5%  약 30% 도 우월하

다는 결과가 나타났다.

2. 66편  과 행  실가스 출에 한 비 연  그

에 포함  195개  사 연 결과  통해   단 당 실가스

출량  행 보다 다는 결과가 67.7%  양 한 것  

었다. 과 행  실가스 출량  비 에 는  

행  88.2%  약 12%  감결과  보여주었다. 헥타당 실가

스 출량   행  69.2%  30%  차  나타내었지

만 생산량(톤)당 실가스 출   행  96.5%  거  

차  나타내지 않았다.

4. 과 행  에 지 사용과 실가스 출  비 연 에  

 우  나타내는 연 법상   변  하  

한 타  실시한 결과, 에 지 사용에 어 는 료  집

간 , 에 실가스 출에 어 는 본크  단  

미한 결  변  었다. 아울러 재  에 지계  

값에 한 연  택  에 지효  결과에  상 계

가  었다.

째, 장연  결과는 다 과 같  나타났다.

1. 한   콩과 행  콩  에 지 효 과 실가스 출에 

한 실증  연 결과는, 계  행연   결과 는 달
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리  에 지 효 (0.98)  행  에 지 효 (1.56)  63%

  월등하게 떨어진다는 것  었다.  러한 결과는 

본  비 한 집약  에  동 하게 는 사실 다. 

 콩  헥타 당 실가스 출(1562.3 kg CO2eq/ha)  행

(2003.2kg CO2eq/ha)보다 었지만 단 생산량(톤)당 실가스 출  

 행 보다 다  많  것  나타났다. 

2. 에 지효  해하는 요 는 에 는 사용

과 비 사용, 행 에 는 잡  약살포가  시스  간

에 미한 차  나타내는 요 들  었다,  시스 에 

어  모  시비( 학비료 는 축 )가 에 지 사용  가장 큰 비  

차지한다는 사실  었다.

3. 콩생산 시스 에  실가스 출  엇보다 시비  

67.8%   비  차지하고 었 , 실가스 출에 결

 차  나타내는 요 는 에 는 비 과 재 과

에  비  출 , 행 에 는 잡  약살포에  비  

출   생산 시스 간  실가스 출 차  나타내는 한 

변  었다. 

4. 콩과 행  콩  경 향평가  비 하  하  한 

과  (LCA) 결과는 10가지 경 향범주 , 원고갈과 양

 지 는 에  높게 나타났 , 지 난  지  포함하는 

다  모든 특 지 는 행 에  높게 나타났다.

5.  행연 에 도 행  에 지 효  하나 실가

스 출증가  주요 원 는 학비료라는 것  어 지만, 

한  비 연 결과에   특 한 결과는 비  학비료  

게 하 라도 에 축  많  한 결과가 에 지효  

악 시키고 실가스 출  시키는 가장 비  는 요 라는 

사실  었다. 러한 결과는 업 야  실가스 출에 한 

주원  학비료라 보다는 질 라는 사실  증거하고 다. 

런 에 , 업 야  실가스 출  주  연료사용  근

거  하는 산 탄  출량  10% 도  차지하지만 축산  심
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 하는 탄과 아산 질 가 GWP  거  80% 상  차지하고 

다는 사실  주목한 연 도 많  진행 어 다. 

120여 편  연 결과에 하  과 행  실가스 출  

차 는 과 12% 도에 과한 ,  재 작 과 축산  톤

당 에 지 요 량과 실가스 출량  500-1000%  차  나타내

고 다는 사실 다. 러한 결과는 난 지  한 경  근

책  결  생산시스  개 과 택도 요하지만 보다  결  

변 는 질 심  생산체  질 심  식  탄 심  

업생산체  식 비 체   필요하다는 결 에 도달하

게 한다. 

라  실가스 감  한 안 는 질  심  생산체

 과 아울러 식 에 한 비행동  변  한 비  

  보 등 책  안  욱 모색  필요가 , 아울러 

경 업 책 한 탄 감  업 책  지향하고  한다  

축 에 하는 행  경 업 책보다 실가스 출 감  

업  책  지원 향  욱 필요할 것 다. 

한 향후 업 야  실가스 감  한 실  계 과 안 

립  해 는 우  한  업에 어  실가스 출에 한 연

  통하여 체 고 충 한 료  보  한 연

 한 하게 루어 야 할 것 다. 

주요어 : 에 지 사용, 에 지 효 , 실가스 출, , 

         지 난 , 후변 . 타

학  : 85514-806   

E-mail : lgeesong@gmail.com
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