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Abstract 

Sustainability of society became a globally discussed issue as a response to climate 

change, especially, the sustainability of agricultural production as it remains as a 

fundamental pillar of the society for fulfilling basic needs. It is time to move forward 

real sustainability through measuring the whole process between production and 

consumption embracing transportation, packaging, processing, distribution, and 

preservation among others. For this purpose, Life Cycle Assessment (LCA) is used in 

this research as an appropriate tool for the systematic evaluation of the whole cycle of 

production. This paper examines agricultural production in Taiwan in 2015 focusing 

on sustainability of food production in three dimensions: environmental, economic, 

and social aspects, as well as its impacts and identifying the relative importance of 

each part in the cycle. Therefore, with drawing the whole picture of Taiwanese 

agricultural production system using LCA, it helps to understand circumstances 

behind the whole agriculture sector. The part concerning environmental dimension 

talks about energy consumption and efficiency of its usage; as well as, contamination 

of soil and water. Economic dimension consists of self-sufficiency analysis and price 

analysis of some components in the life cycle of production. Finally, the social 

dimension reveals certain problems in food safety, particularly, health risks of 

exposure to pesticides. And finally, a summary of results and practical implication of 

this research are presented. This research highlights many issues which could be 

further investigated.  

KEY WORDS: 

life cycle assessment, Taiwan, agriculture, energy, consumption, contamination 
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The world has enough for everyone's need, but not enough for everyone's greed.” 

Ghandi 

1. Introduction 

Agriculture and food production are fundamental necessities for our society, national 

security and safety. Food production has to challenge environmental sustainability, 

producer livelihoods, regional economies, food security and equity. One billion 

people around the world are affected by their inadequate physical and economic 

access to safe and sufficient food they need (Friel, 2010). Globalization increased 

interdependence on food import and extended use of inorganic input which has not 

been fully evaluated in long-term impact on human health and degradation of soil 

quality. Due to soil deterioration of agriculture land caused by harmful chemicals, 

areas of arable land may shift or be significantly reduced (McMichael, 2013).  

Thus, global supply lines may become vulnerable towards environmental issues 

resulting in insufficient food in some areas relying only on imported food (Edwards et 

al., 2011). Shrinking of fossil fuel reserves and government interference by 

implementing environmental policy to control carbon emissions are likely to make 

long distance transportation and mechanized production more expensive (Graham and 

Smart, 2011), creating obstacles in smooth global food distribution. Therefore, to face 

threat on environmental changes, there is emerging necessity to reevaluate food 

production process and measure its sustainability and efficiency.  

In the agriculture sector, Taiwan has adapted significant best practices from Japan 

where there is modern agriculture with the newest technologies. Overall, from the 

modernization and mechanization which have been quite developed, the trend is 

becoming dualistic, one flow aims to more mechanized production and second flow is 
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slowly turning towards organic agriculture. This research aims to measure current 

sustainability of the Taiwanese agriculture sector and its impacts in environmental, 

economic, and social dimensions. Consequently, this research tries to address what are 

the strongest and weakest point of Taiwanese agriculture; what aspects of agriculture 

sector should be changed. 

In this introductory part Life-Cycle Assessment (LCA) is described. Particularly, its 

definition, process of forming this method over time, limitations of usage, connection 

to research focusing on agriculture, and its opportunities compared to other methods. 

The next section describes the goals and scope, as well as the methodology of this 

study with more detailed description of calculating energy consumption. In the 

succeeding part, this research tries to summarize notions about Taiwanese agriculture, 

its development and recorded efforts toward sustainability. The next section talks 

about organic and inorganic fertilizers, their properties, production, consumption, 

pricing, and energy consumption. There is also a space invested into certain details 

about fertilizers which are not known to the wide public, particularly, about nitrogen, 

phosphorous, and potassium. It also talks about the secondary outcome of their 

production, overuse, and their impact on the environment. And finally, there is focus 

on fertilizers in Taiwan.  

In the following part, pesticides are, the same as in previous part, defined, and some 

additional information are given about health risks of chemicals used in pesticides and 

also some shocking results of studies conducted concerning the latter and their impact 

on human health. Then it discusses the position of the Taiwanese government towards 

the use of pesticides. The fifth part focuses on organic agriculture, its development 

and how it began in Taiwan. The energy consumption analysis is the topic of sixth 
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part. The results of analyzed data are presented in seventh part, which is divided 

according to three dimensions being, environmental, economic, and social. 

Afterwards what follows would be conclusion. This research concludes with the 

summary of findings that would allow to. 

1.1 LCA  

Life-Cycle Assessment (LCA) is an evolving quantitative tool consisting of compiling 

data about energy and material input as well as environmental output, evaluating 

potential impacts of identified inputs and outputs, and finally interpreting the results 

to provide enough information for decision makers. This holistic assessment provides 

an environmental profile of the product system. The International Organization for 

Standardization (ISO) defines LCA as “the compilation and evaluation of the inputs 

and outputs and the potential environmental impacts of a product system during a 

product’s lifetime” (ISO, 2006). LCA has potential to be applied to evaluate various 

areas including agricultural production system and examine various areas of impact.  

This method is often used to compare or critique products and to help narrow outlook 

on environmental concerns. The agricultural LCA’s characteristics defines alternative 

decision for production systems by analyzing environmental impacts of 

environmental measures such as fertilizer application methods and organic 

agricultural practices. Thus, LCA is contributing to improving the quality extension 

services, improving the profitability of farms by green marketing, and, the most 

importantly, supporting the regional transition to sustainable agriculture systems 

(Hayashi et al., 2005, p. 107). With the increase of public attention to the areas of 

protection, the number of application of LCA to agricultural production systems and 

of comparative risk assessment (CRA) to many agricultural and food products also 
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increased.  

Some scholars started to split LCA into subcategories as Social Life-Cycle 

Assessment (SLCA) focused on impact in terms of society, Environmental Life-Cycle 

Assessment (ELCA) concerning environmental characteristics, or Life-Cycle Costing 

(LCC) researching economic attributes. However, in this paper, the LCA is used in its 

holistic way to create a whole picture about the agricultural system in Taiwan. 

1.1.1 Early development 

In 1970s, research of measuring the input energy into agriculture in the United 

Kingdom has revealed that new methods used in agriculture are less effective because 

of dependency on fossil fuels, agrochemicals, and electricity (Leach, 1976). The first 

conference in Europe on LCA on Agriculture was in Belgium, 1996 called, 

“Application of LCA in Agricultural, Food and non-food Agro-Industry and Forestry.” 

Using LCA method to national agriculture was introduced by Heller and Keoleian 

(2002, 2003) inspired by the workshop organized by the Center for Sustainable 

System entitled “A Life Cycle Approach to Sustainable Agriculture Indicators” held in 

1999. Measuring food production on national level expanded from US to Europe 

where it is used as an indication for complex comparison among countries in the 

European Union.  

Early LCA was used mainly to serve “green” oriented goals and it resulted in harming 

LCA’s reputation (Finkbeiner, 2014). Later LCA became known as “the best tool 

currently available” (European Commission, 2014) to assess products’ environmental 

impacts. In recent times, there are requests for LCA community to adapt tool to new 

uses, for instance, creation of indicators enabling non-experts to assess products 
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(Freidberg, 2015, p. 2). It is now also well recognized that sustainability assessment 

needs to consider three interconnected main pillars: environment, economy, and 

society (Giddings et al., 2002). 

1.1.2 Limitations  

Originally, LCA was not considered as a specific tool for assessment. Nevertheless, 

for purposes of measuring agricultural production, some things have to be considered. 

Some institutes in Europe, such as those in France, Denmark, Finland, and Sweden, 

“are trying to regionalize emission and characterization factors for eutrophication 

and acidification caused by N (nitrogen) and P (phosphorus) fertilizers (including 

manure) application (Hayashi et al., 2005, p. 106)” to develop missing indicators. In 

general, LCA is limited because it simply may not be able to explain all 

environmental impacts. An example would be the indicators for soil quality and 

biodiversity, which are currently investigated by Agroscope FAL Reckenholz. 

Another example would be the indicators related to pesticides. Although EDIP and 

USES-LCA are applied and modified in applications, “there are still many problems 

to be resolved (Hayashi et al., 2005, p. 106).” Which means, there are still some 

problems in precise calculations. For this reason, this paper will in some cases not 

calculate assessment with numbers, as with the missing precise indicators and data, 

the results would be more than inaccurate. Therefore, in the case of fertilizers and 

pesticides assessment, the focus is kept on the overall qualitative impact. 

Methodological values are “the source of the rules determining what constitutes 

acceptable scientific practice (Longino, 1990).” Methodology in LCA has been 

mainly codified as principles in ISO 14040/44 which are constituted international 

standards of LCA. The uncodified part can be described as social and cultural 
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environment. Also, it can be influenced by values as in choosing the research question 

or data. “Decisions within a LCA are preferably based on natural science” (ISO a, 

2006) but its value choices, such as those used in weighting, are “not scientifically 

based (ISO b, 2006).”  

In general, LCA can be used as “a tool that can model ‘everything mankind does’ and 

assess the impacts on ‘everything we find important’ (Goedkoop, 2014).” Therefore, 

the scope of LCA usage can be extremely wide and can be summarized as “ISO 

14040 frames LCA’s expected scope only somewhat more modestly as the entire life 

cycle of a product and… all attributes or aspects of natural environment, human 

health and resources (Freidberg, 2015, p. 2).” In case that a client is a part of industry, 

there is expectation on the practitioners of LCA that the study has to be scientific, 

independent, and credible and it should have marketable or profitable results if 

possible. The result of the assessment could potentially provide such expected 

outcome, but can never promise it. Since this research is non-profit, there is no 

specific pressure on the result.  

1.1.3 Relation with Agriculture 

With the goal of reducing risks in agriculture, a new production system was 

established based on the codes of Good Agricultural Practices (GAPs) as application 

of standards and certification of procedures. The GAP approach focuses on the front 

side of the system boundary while LCA can be used for integrating environmental and 

food safety issues. Comparing systems among agricultural production with or without 

the codes of GAPs is useful for comparing other sets of standards, such as the organic 

farming rules or cross compliance criteria. GAPs defined by the Food and Agriculture 

Organization (FAO) refers to food production and security, food safety and quality, 
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and the environmental sustainability of agriculture (FAO, 2013). One of the 

certification standards is for example, GLOBAL G.A.P. is concerned with safe food 

that is produced for worker’s health, safety and welfare, environmental and animal 

welfare issues (GLOBALG.A.P., 2016).  

In Europe, examples of definitions of GAPs are series of the Code of Good 

Agricultural Practice for the Protection of Water, Air, and Soil by MAFF UK. In the 

United Kingdom and in this part of the world in general, the majority of GAPs is 

related to environmental issues. In the European Union, the term regarded as an 

equivalent with GAPs is Good Farming Practices (GFPs) required under EU 

Commission Allowance Scheme (LFACA) and Agri-environment schemes (European 

Commission, 2016). Both GAPs and GFPs are used in documents of OECD. On the 

other hand, in the U.S., GAPS are only related to food safety issues and the main 

focus is reduction of the microbial risks to fruits and vegetables. This approach is also 

applicable in Japan. In the case of Switzerland, the code also includes topics as 

mycotoxins, acrylamide, and GMOs (genetically modified organisms).  

Nowadays, the discussions on GAPs are focused more on minimum ecological 

requirements corresponding to a kind of integrated production system confirming that 

it is necessary to integrate environmental issues and food safety issues. LCA method 

makes this integration possible. One of the most important themes in the LCA studies 

of agricultural production systems is the comparison between organic and 

conventional farming, the most of the other researches concern energy questions 

(Hayashi et al., 2005, p. 100-101). 

The result of LCA is useful in decision making process about alternatives in 

agricultural production system, including organic production systems, integrated 
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production systems, or conventional production systems. These production systems 

are results of long-term research under consideration of overall principles, for 

instance, integrated pest management refuses preventive treatments without 99% 

evidence of damage; however, organic farming prohibits the use of artificial chemical 

inputs (Hayashi et al., 2005, p. 98-99).  

In Taiwan, there is a tendency to apply LCA methodology to certain agricultural 

products, such as rice (潘瀅如, 2008) or mango (Nicki, 2016); however, to 

understand circumstances behind single products is necessary to draw the whole 

picture of agricultural production system by LCA which is the aim of this paper. In 

last decades, attention to agriculture sector was significantly decreasing in Taiwan and 

instead society was increasingly focusing on industrial and service sector. Today, there 

are not many people doing research about Taiwanese; our society is not conscious 

about importance of agricultural production. Therefore, there was not found any 

available book concerning Taiwanese sector in English language.   

1.2 Methodology  

Life-cycle assessment (LCA) is emulated in this research which is fully standardized 

as an official tool used to evaluate the environmental burdens of producing particular 

products or activities by assessing environmental impacts with all stages of 

production from raw material extraction to material processing and consuming (ISO, 

1997). In the case of agriculture, it deals with the whole process from initial input 

(seeds, water, fertilizers, pesticides, machines) to the final stage of selling to 

customers (processing, transportation, packaging, distribution, final consumption). 

This whole process is known as from the “cradle to the grave”. The overview of 

stages in Taiwan agriculture sector are shown in Figure 1, “Overview of Taiwanese 
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agriculture production system’s life cycle” (next page). These stages are used to 

assess the energy efficiency as well as the overall sustainability of the system. In the 

case of other assessing values except energy, there would be no calculation of the 

whole process because of missing data. Instead of it, the main factors affecting 

sustainability are pointed out and discussed qualitatively.  

The data used in this research are the latest available complete data which are from 

2015; therefore, this study researches mainly that particular year. In few cases there 

are no available data from 2015, then the data from the closest year to 2015 would be 

used. The significant part of data is taken from Taiwanese government website 

concerning agriculture, the Council of Agriculture, Executive Yuan, particularly from 

the Agriculture Statistics Yearbook 2015 (ASY, 2015). Another important source is 

also the Agriculture and Food Agency (AFA). Other than the internet sources, data 

and books, part of the data is based on the series of interviews with many public 

servants from different departments of the Council of Agriculture, since nearly for 

Figure 1: Overview of Taiwanese agriculture production 

system’s life cycle 

Source: own research based on LCA guideline ISO, 1997, a 2006, b 2006. 

1

• PRODUCTION: cultivation, harvest, irrigation, animal husbandry, 
aquaculture, forestry, fertilizers, pesticides

2
• PROCESSING: food storage, freezing, processing

3
• PACKING: with plastic, with glass, with paper

4
• TRANSPORTATION: by sea, by road, by railway

5
• RETAIL: wholesale, retail

6

• HOUSEHOLDS: cooking, domestic appliances, preserving / storage 
of food
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every kind of animal or plant has different government office and different worker 

dedicated. This interviews were conducted in the end of March and in the beginning 

of May.  

For the purpose of environmental analysis in terms of energy consumption, the 

majority of data are originating from the Taiwan Power Company (TPC, 2015) and 

the Bureau of Energy, Ministry of Economic Affairs and their Energy Statistical 

Annual Reports (EMEA, 2016), which both provide detailed data about energy 

consumption in the all main sectors and much more. The missing data or coefficients 

are taken from other studies concerning energy issue, as it is more elaborated in the 

following part “Calculating the Energy Consumption”. For the rest of the 

environmental part, data from the Council of Agriculture and from the Agriculture 

Statistics Yearbook 2015 (ASY, 2015) as well as from many other papers and studies, 

some of them are originated from the Council of Agriculture’s publications section 

and some of them are from different sources across the globe will be used. 

For economic analysis is based on data from the Council of Agriculture’s Statistics 

Yearbook 2015 (ASY, 2015) and the Ministry of Economic Affairs, Statistics of 

Economic (MOAE, 2016). For the social dimension, data from the Agriculture 

Statistics Yearbook 2015 (ASY, 2015) from Council of Agriculture would be used as 

well as ideas from other scientific studies.  

This research is limited on the data it uses to address its questions. This research 

simply assumes that all the data used are based on truth and with no significant 

inaccuracies. Consumption of other sectors are omitted since it is impossible to 

distinguish data concerning agriculture sector only, for example advertising on 

agricultural products from services sector. 
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1.2.1 Calculating the Energy Consumption 

The inspiration for calculating energy consumption were derived from the Journal of 

Clean Production and in various studies concerning energy research and particularly 

in Heller and Keoleian (2002, 2003). Consumption may be classified into: first, direct 

consumption may be considered in the likes of fuel, electricity and animal feed and 

seeds while second, indirect consumption pertaining to the use of fertilizers, other 

treatments, or the depreciation of machinery. Only imported seeds were taken into 

account since domestic seeds are not included in any statistics and government has no 

record of data; therefore, domestic seeds are considered as an internal flow of 

consumption. The human labor is not taken into account in energy calculation. 

For energy calculations total energy consumption in production of all products 

including most stages in the life cycle, with accuracy as much as possible would be 

used. Some inputs of the agrarian sector are used with the same coefficients 

considering that they use different energy sources. This is due to the fact that this 

source offers only a median value, therefore, it was impossible to distinguish between 

diverse energy sources. Energy consumption used to produce imported agricultural 

products is not taken into consideration. Since it is not possible to distinguish energy 

consumed to produce goods for export, this energy consumption is taken into account. 

Estimation of the real energy consumption of agriculture sector distinguish between 

consumption for livestock, fishing, farming machinery and irrigation. To estimate 

primary energy consumption derived from the application of inorganic fertilizers is 

taken from Helsel’s coefficients (1992). According to these calculations, the 

production of each kg of nitrogen, phosphorus and potassium consumes 78,230 kJ, 

17,500 kJ, and 13,800 kJ, respectively in stages of production, packaging, 
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transportation and application. They are all included in this paper’s estimations. 

Pesticides calculations are based on Ferraro (2007) research about pesticides’ use and 

consumption. The amount of nutrients and energy consumed in Taiwan in year 2015 

is available in the Agriculture Statistics Yearbook 2015 (ASY, 2015). 

In case of sea transportation, to calculate the energy consumed by the export and 

import of agricultural products come from the Agriculture Statistics Yearbook 2002 

(ASY, 2002) and Annual Report 2015 of Bureau of Foreign Trade (Ministry of 

Economic Affairs, 2015). For calculating land transportation were used data from the 

Ministry of Transportation and Communications and its Statistics Inquiry (MTC, 

2017). Since the statistics above do not provide precise number of tons related with 

agriculture, this research works with value amounts recalculated with the same ratio 

to ton amounts. The sea transportation provides data about imported and exported 

value goods by country. Therefore, this percentage of value is used to calculate tons 

of transported, exported and imported goods and we assume that the same percentage 

is applicable to number of tons.  

Then, for the data about the distance between the largest port in Taiwan, Kaohsiung, 

and the main sea ports in the major export and import destination areas are based on 

SeaRates database (http://www.searates.com, viewed on March 2017). To data of sea 

transportation were applied the coefficient of 0.2 MJ1 per t/km and to data of land 

transportation were used the coefficient 1.7 MJ per t/km compiled by different case 

studies for the EU and the rest of the world (Peréz and Monzón, 2008). 

The processing calculations are reflecting the amount of final energy consumed by 

                                                      
1 MJ (= megajoule) is equal to one million (106) joules, or approximately the kinetic energy of a one 
megagram (tonne) vehicle moving at 160 km/h. 

http://www.searates.com/
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agriculture industry based on data from Taiwan Power Company (TPC, 2015). In case 

of packaging, data are based on that which were provided by public servants during 

interviews with the Council of Agriculture’s workers. The consumption of plastics for 

packaging food in Taiwan in 2015 was approximately 627,000 tons.  

The calculations for energy consumption per material produced are based on Heller 

and Keoleian (2002) which adapt the data produced by SAE (1998) about the 

coefficients applicable to packaging for the estimation of LCA. This gives the indirect 

primary energy consumption for the life-cycle packaging stage of agricultural 

production in Taiwan.  

For retail, data came from the Taipei Power Company (TPC, 2015) and from the 

Energy Bureau, Ministry of Economic Affairs (EMEA, 2016 a) providing the final 

energy consumption figures for the services related sector to agriculture sector. These 

services are wholesale of agricultural raw materials and live animals (120,325,861 

kWh2) and retail of agriculture raw materials and live animals (140,150,248 kWh). 

Agriculture related services consumed around 5.63% of energy expenses on 

wholesale and retail services (TCP, 2015). The energy consumed by households for 

cooking purposes, such as gas or electricity, is adapted from the Journal of Clean 

Production studies concerning this issue.  

 

 

                                                      
2 kWh = kilowatt hour. 
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2. Taiwanese agriculture 

Taiwan is located in subtropical zone characterized by high 

temperatures and heavy rainfall in summer, winter season is 

usually quite warm with no snowfall, except high mountains. 

These conditions are fitting well for agriculture and, 

unfortunately, also for breeding of insects and diseases. 

Taiwan is known for frequent typhoons mostly in 

summer and autumn. Total area of Taiwanese island is 

35,981 km2 where is 29% of flat land (Figure 2, below) and around 24% of arable 

land (AFA, 2014).  

Agriculture nationally contributes 

to the food security, rural 

development and conservation of 

Taiwan, it remains as one of the 

main industries. In Taiwan, the 

agriculture sector contributed as a 

strong foundation for commercial 

and industrial “economic miracle” during which was challenged by rapid economic 

development and increasing wages. Agricultural population has steadily decreased 

from 1974 to 2002; therefore, the Council of Agriculture promoted modern farm 

management, provided technical training and offers counseling. However, compared 

to 1950s and 1960s, agriculture sector plays minor role in the Taiwanese economy 

today.  

In 2002, Taiwan joined World Trade Organization (WTO) and consequently its 

Picture 1.: Land in Taiwan. Source: 

http://www.taiwan-agriculture.org/ 

33%

38%

29%

Figure 2: Types of land 
in Taiwan

Mountainous land

Slope land

Flat land

Data source: http://www.taiwan-agriculture.org/ 
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commitments were fulfilled as liberalization of trade with no more protective trade 

measures, for example, import of 94,068 tons of brown rice each year. As one of the 

condition for entering WTO, Taiwan signed a market access agreement with U.S. 

which is releasing import bans on goods from U.S. This agreement together with 

political game of U.S. playing the guardian of Taiwan creates a certain pressure on 

Taiwanese government resulting in huge imports of cheaper foodstuffs from U.S. and 

in lower status for agriculture sector. Thus, joining WTO formed a new situation for 

agricultural production in Taiwan since cheap imported goods resulted in decrease of 

prices and many farmers had to find a new way how to make a living. Thus, 

internationalization of agriculture sector became very intensive and farm land shifted 

to use for leisure and recreation purposes (U.S. Department of Agriculture, 2000, p. 

110). 

According to Council of Agriculture, Executive Yuan, Taiwan has three following 

advantages (COA a, 2014): 

I. Quality-agriculture product processing: develop new innovative products 

which can create new consumer patterns and demands. Increase agricultural 

product’s added-value and help expand overseas markets.  

II. Key technologies and research capabilities such as breeding, cultivation, 

storage, and transportation: the improvement of agro-products’ easy storage 

and transportation through key technologies will significantly increase such 

products’ time and space value, which will elevate the agricultural value chain.  
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III. Agro-product safety management system: Taiwan has already established 

important agro-product safety management systems such as traceable 

agricultural products (TAP), good agricultural practices (GAP), and organic 

farming. 

In 2013, the Free Economic Pilot Zones (FEPZ) were established enabling 

improved administrative effectiveness and releasing all restrictions on the flow of 

goods, personnel, fiscal policies, foreign investments, tariff adjustment etc. (COA a, 

2014). The government policy creating FEPZ and encouraging exports with provided 

advantages enabled better export conditions resulted in agricultural production 

increase in following year. Figure 3 (previous page) shows variation of agricultureal 

production with pie chart and history of total food production value from 2006 to 

2015. From 2011 to 2013, the production increased moderate, but in 2013, after 

creating FEPZ, there is visible increase in agriculture production by 6.92% from 231 

billion to 247 billion NTD.  

Three objectives in Taiwanese agriculture set by the government are (1) to raise 

quality of the work force, improve efficiency in the use of farmland, adjust the 

production structure, increase value added, lower marketing costs and raise 

Figure 3: Variation of agriculture and food production value (UNIT: billion NTD) 

Source: AFA, 2016.  
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competitiveness; (2) to improve welfare for farmers and their families, to improve 

culture and the quality of life in rural areas, to narrow gap in the living standards 

between city and country and to achieve an equitable distribution of wealth; (3) to 

ensure sustainable use of agriculture resources, harmonize agriculture and the 

environment and to sustain and enrich the nation’s “green assets,” partly through 

encouraging development of recreational farms. 

Stable food production and ensuring farmer’s profits are necessary to ensure national 

food security. Since 1974, guaranteed prices for farmers was ensured by Agriculture 

and Food Agency, under the Council of Agriculture, by purchasing rice with certain 

price. Security level of food is set for rice reserve sufficient for three months’ 

consumption, ensured by imported rice and domestic guaranteed prices. This reserve 

is periodically provided to the military, prisons, schools, brewing, overseas charity 

aids, and for the domestic market during natural disasters and abnormal price 

fluctuation. (AFA, 2014)  

2.1  Development 

Formerly, the agriculture sector in Taiwan was the main pillar of the fast economic 

development after the Second World War; however, later Taiwan shifted to science 

and technology oriented. Therefore, agriculture lost its importance in development 

process and transformed into heavily subsidized sector of economy (Rains 2007, 42) 

and without any change in this state remains until today. In 1977, special fund was 

established by government for accelerating farm mechanization. As result, planting 

and harvesting of the most important products as crop and rice were nearly 100% 

mechanized. In 1998, the “Animal Protection Act” was implemented as the social 

value and people’s conception changed. 
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Facing the challenge of trade liberalization and extreme climate change, the 

government is trying to turn the crisis into opportunities by establishing paradigms in 

agriculture, constructing safety system for agricultural products, and enhancing 

marketing abilities in agriculture (COA c, 2016). Taiwan’s food supply has relatively 

low self-sufficiency because food is mainly imported. Population in rural areas is 

considerably aging and birth rate is decreasing; consequently, shortages in manpower, 

as is shown in Figure 4 “Agriculture Employment” (next page), has impact on its 

productivity and on its competitiveness with other countries. Therefore, in 

government, there is a will to expand technological innovation through the project 

Smart Agricultural 4.0. The Council of Agriculture is targeting agri-biotechnology, 

quality agriculture, and precision industries (COA a, 2016). 

At the recent years, major policies continue to promote the industry as well as 

restructuring of agriculture resources to increase competitiveness of Taiwanese 

agriculture. Also, the policies are focusing on driving innovation and extend the scope 

of agriculture by integration primary industry into secondary and third industries, for 

400000

500000

600000

700000

800000

900000

1000000

Figure 4: Agriculture employment (UNIT: persons)

Agriculture Source: Energy Statistics Handbook 2015. 
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instance, promotion of agritourism. Green technologies and intelligent information are 

used in order to create environment for very efficient and modern agriculture 

production system, resulting in increase of output. Additional aim is to create 

operational and service-oriented development of agriculture sector (Lee, 2014). 

According to the newest data from COA Annual Report, main objectives of 

agricultural policies focus on building new agricultural value chains, continuing to 

broaden and deepen global strategy for agriculture, promoting “local production, local 

consumption,” increase effectiveness of testing and disease prevention for plants and 

animals. The last mentioned is not really followed by the current government, as is 

more elaborated in the Pesticides section (COA, 2015). The Council of Agriculture’s 

New Agriculture Project concerns creation of agro-products information cloud 

enabling traceability in agricultural goods by finishing nine daughter regulations and 

nearly a hundred regulations of Taiwan Good Agricultural Practices (TGAP) for main 

products (COA, 2017). 

The Council of Agriculture sets new goals and policies for the agricultural strategy in 

the medium-run 2017-2020. The new vision is to consolidate small scale agribusiness 

while fostering agricultural enterprises and establish national agricultural and fishery 

products export company to export to Southeast and Middle East Muslim market. 

With new policies there is also plan to substitute imported crops by domestic 

production, reduce chemical fertilizer and pesticides, promote environmental friendly 

and organic farming, and fertilize fallow land by promoting biochar3. Encourage 

schools to use local products and educate kids about advantages of buying local 

products. The new system enables to track products and their safety. Farmers will be 

                                                      
3 Biochar is charcoal used as a soil amendment. 
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encouraged to grow non-genetically modified soy beans and corn in order to increase 

rural vitality and farmers’ income. Council of Agriculture will promote organic 

farming, biotic control, and carbon sequestration technology aiming to enhance water 

conservation, soil fertility preservation and soil microbe (COA c, 2016). 

2.2  Efforts towards sustainability 

In this research, sustainability is defined as the exploitation of resources, the direction 

of investments, the orientation of technological development and institutional change 

are all in harmony and enhance both current and future potential to meet human needs 

and aspirations. The complete sustainability problem is solved when all the three 

pillars of sustainability, environmental, social and economic, are sustainable. 

Taiwanese government is aware of great exhaustion energy and natural resources as 

well as damaging natural environment caused by global economic development. 

There is also concern about the location of Taiwan which is considered as on the 

borderline of high risk area by international climate change researchers. “Historical 

data show that increasing temperature, shifting of precipitation patterns, rising sea 

level, and tendency of frequent and intensified extreme climate all influence 

agricultural production and biodiversity of Taiwan (COA b, 2016).”  

In response to climate change, the Council of Agriculture held the Agricultural 

Adaptation Policy Conference in 2010. In 2012, the National Adaptation Strategy 

guidelines to Climate Change has been approved by the Executive Yuan referring 

different adaptation measures from various countries with consideration of Taiwan’s 

historical experience and specific environment, embracing disasters, critical 

infrastructure, water resources, land use, coastal zones, energy supply and industry, 
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agriculture production and biodiversity, and health topics. In 2015, the Action Plan for 

adaptation to climate Change in Taiwan (2013-2017) was accepted suggesting 

complete adaptation and implementation. (COA b, 2016). After adopting international 

standard to estimate the domestic emission, the Council of Agriculture successfully 

reduced GHGs emission produced by the agriculture sector by 24% from 7.274 

million metric tons (in CO2 4eq.) in 2005 to 5.537 million metric tons in 2014. The 

share of emission from agriculture took 1.95% of overall emission in 2014 (COA, 

2017). According to national and international level, The Council of Agriculture 

continues to promote agricultural adaptation against climate change which directly 

affect water, land, biodiversity, and other natural resources, factors on which depends 

agricultural production. 

3. Fertilizers 

3.1  Definition and introduction 

Fertilizers are by the International Fertilizer Association defined as “any solid, liquid 

or gaseous substances containing one or more plant nutrients. The purpose of 

fertilizers is5 to supplement the natural supply of soil nutrient, build up soil fertility in 

order to satisfy the demand of crops with a high yield potential and to compensate for 

the nutrients taken by harvested products or lost by unavoidable leakages to the 

environment, in order to maintain good soil conditions for cropping (IFA).”  

For the purpose of this paper, fertilizers are divided into two categories, chemical 

fertilizers and organic fertilizers. Chemical fertilizers (or inorganic, synthetic, 

artificial or manufactured fertilizers) are produced from petroleum products, rocks or 

                                                      
4 CO2 = carbon dioxide. 
5 Corrected from the original “are”. 
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even organic resources and refined to extract a pure state and stripped of substances to 

get specific ratios of nutrients. Since plant are exposed to nutrients immediately, 

improvement occurs in days. Price of chemical fertilizers is inexpensive while 

standardized labeling makes ratios and chemical sources are easy to understand.  

The following are considered disadvantages: they are produced from 

nonrenewable resources, including fossil fuels, they help to grow plants but not to 

sustain the soil nor support soil health. Even products labeled as “complete” do not 

include decaying matter necessary to improve soil structure. Actually, chemical 

fertilizers do not replace many trace elements that are gradually depleted by repeated 

crop plantings, resulting in long-term damage and degradation of the soil. There is 

also danger of over fertilization which do not kill plants but upset the entire ecosystem 

and, consequently, have negative impact to the environment. In addition, they tend to 

leach and filter away from plants, this makes them require additional applications. 

Furthermore, repeated application may result in a toxic accumulation of chemical as 

arsenic, cadmium, and uranium in the soil, even these toxics are eventually absorbed 

by the fruit and vegetable itself. And finally, long-term usage changes the soil pH6, 

intervene beneficial microbial ecosystem, increase pests, and even contribute to the 

release of greenhouse gases. Consequently, the more fertilizers are used, the more 

pesticides are needed. 

Organic fertilizers (or natural fertilizers) are defined as made from plant or 

animal or powdered minerals while minimally processed and the nutrients remain is 

bounded with natural forms, rather than been extracted and refined, for example, 

manure or compost. Since the nutrient ratios are difficult to guarantee, they can be 

                                                      
6 pH (=potential of hydrogen) is a numeric scale used to specify the acidity or basicity. 
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sold under name “soil conditioners” rather than fertilizers. Using organic fertilizers 

make it difficult to “over” fertilize or harm plants and the overall risk is extremely 

low. Organic fertilizers are renewable, sustainable, biodegradable, and 

environmentally friendly.  

Disadvantages would be the limitation by seasonal usage, need of following 

natural rules, in other words, releasing nutrient takes some time, and information 

about nutrient ratios are unknown and overall lower than in chemical fertilizers. 

However, by its usage, microorganisms obtain energy from decaying plant and animal 

matter; therefore, organic fertilizer provides a complete package of nutrients for soil.  

Despite land degradation, agricultural yields continue to increase, mostly 

because of synthetic fertilizers and pesticides temporarily boost soil productivity. 

Chemical fertilizer application can increase short term crop yields or improve 

aesthetic look of grass and flowers; in the same time, it comes with its share of 

harming environmental and negative health effects. Plants’ stems are unable to absorb 

all of the fertilizer applied to the soil. In fact, it is estimated that about one half of 

every metric ton of fertilizer applied to fields never even reach the plants, but instead 

ends up evaporating or being washed into local waterways.  

3.2  Efficiency and Sustainability Analysis 

In following part, chemical fertilizers are elaborated in more detailed way than 

organic fertilizers since organic fertilizers are in accordance with sustainable 

agriculture methods and do not harm the environment. Typically, the most of 

chemical fertilizers consist of three main macronutrients which are the primary major 

nutrients required for plant growth: nitrogen (N), phosphorus (P), and potassium (K). 
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Nitrogen is used for leaf growth; phosphorus for roots developments, flowers, seeds 

and fruit; and potassium is used for strong stem growth, movement of water in plants, 

promotion of flowering and fruiting (Dittmar, 2009). 

In general, consumption of fertilizers 

in East Asia is very high compared to other 

world regions through history, as is 

presented in the work by Max Roser in 

Figure 5 “Fertilizer use by developing 

regions and type (nitrogen, phosphates, 

potassium in kg/ha) between 1961-1999” 

(right) and in Figure 6 “Consumption of 

fertilizers by world regions from 1961 to 

2002” (below). The same for waste 

generated by production of nitrogen and 

phosphorus which is more elaborated in the 

Figure 6: Consumption of fertilizers by world regions from 1961 to 2002. 

Source: Roser, 2016, based on FAO data (Fertilizer Archive). 

Figure 5: Fertilizer use by developing regions and 

type (nitrogen, phosphates, potassium in kg/ha) 

between 1961-1999. Source: Roser, 2016, based on 

FAO data (Fertilizer Archive). 
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last part of this part. 

In Taiwan, in order to obtain high yields, amounts of N given to plants are often 

higher than required. In case of other three east Asian countries, China, Japan, South 

Korea, fertilizers are also overused (Lian, 1991; Ahmed, 1994). This significantly 

decreases the productive efficiency of N because of limited absorption and utilization. 

The excess of applied nitrogen remains in the soil in the form of nitrate which, due to 

leaching and denitrification, are usually lost. Denitrification is typical case for wet soil 

with a lack of oxygen, for example, rice field. Timing of nitrogen application is also 

important to increase effectivity in increasing yield.  

Over the four decades between 1950 and 1990, the fertilizer consumption in 

Taiwan was increasing and it is estimated that in 1991 farmers used about 1.3 million 

m.t. of fertilizer (0.4 million m.t. of nutrients) annually. In that time, the average rate 

for consumption of N-P-K in Taiwan was one of the highest in the world (at 269-78-

112 kg/per hectare of arable land, or 188-55-79 kg/ha per crop). Compared to 

absorbed N by plant, the rate of N applied to vegetables is three to five times higher. 

The main reason is the outcome which makes leafy vegetables to grow rapidly and 

with good quality, resulting in high prices in the market. Excessive usage of N is also 

in case of fruit trees, where chemical fertilizers and manure (organic fertilizers) are 

applied together, resulting in twelve times higher ratio of applied N then removed by 

harvested fruit. The N remain is far higher than needed also for other agriculture 

products, remaining as inorganic nitrogen. Due to leaching, losses of N are 

approximately from 13% to 102% (Lian, 1991; Ahmed, 1994).  
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Over the last two decades from 1997 to 2015, consumption of fertilizers 

decreased approximately by 20% from 1,203,163 m.t. in 1997 to 959,623 m.t. in 

2015. This is displayed in Figure 7 “Fertilizers in Taiwan from 1997 to 2015” (below) 

where is also evident that import of fertilizers remains near average 474,842 m.t. and 

export almost triples in 2015 compared to 18 years ago. Production of fertilizers is 

variable with slight decrease over time, with the highest amount of 1,678,511 m.t. in 

1998 and lowest amount of 1,195,553 m.t. in 2015. 

Figure 8, “Chemical Fertilizers Usage in Taiwan 2015” (next page) shows more 

details about types of used chemical fertilizers indicating that mostly are used 

combinations of chemical fertilizers then only single one. The total fertilizer 

production stood for 1,195,553 m.t., the total consumption of fertilizers in 2015 

accounted 959,623 m.t., import and export were 503,852 m.t. and 355,728 m.t. 

respectively; therefore, the surplus of inorganic fertilizers accounted 348,054 m.t. in 

0
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FIGURE 7: CHEMICAL FERTILIZERS IN TAIWAN FROM 1997 TO 2015 
(UNIT: METRIC TONS)

Production Consumption Import Export

Data source: ASY, 2015 and 2008. 

Data source: Ag. Statistical Yearboo
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2015.   

 

According to the largest fertilizer company in Taiwan, Taiwan Fertilizer Co., 

Ltd., the ratio of N-P-K (N-P2O5-K) for Ammonium Sulphate is 21-0-0, for Urea is 

46-0-0, for Calcium Superphosphate 0-18-0, and other artificial fertilizers are 

Potassium Chloride with ratio 0-0-60 and Potassium Sulfate with 0-0-50. (TFC, 2014) 

N-P-K numbers represents the percentage by weight of the three major nutrients 

nitrogen-phosphorus-potassium.  

Fertilizers also contain metals as cooper, iron, cobalt, aluminum, etc. However, 

these metals are not major three nutrients and their percentage do not have to be 

displayed on index of each product. Since there is no law to obligate fertilizers’ 

producers to inform users in details about products, no other information about 

content of fertilizers is given except the three major nutrients.  
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This is visible on Pictures 2 A-E and 3 

A-C (above), particularly Pictures 2 E and 3 

C show detail of two fertilizers’ composition 

where are specified only the three major 

nutrients. Fertilizer 1 on the Picture 2 E report 

only 29% of its compound and Fertilizer 2 on 

the Picture 3 C describe 35% of its 

composition. For some reason the rest of compound remains mystery and customer 

has to rely on his/her trust to producer that the 50% of product are not heavy metals 

Picture 2A. Fertilizer 1 Picture 2B. Fertilizer 1  Picture 2C. Fertilizer 1 Picture 2D. Fertilizer 1  

Picture 2E. Fertilizer 1 detail on conposition 

Picture 3A. Fertilizer 2 Picture 3B. Fertilizer 2 

Picture 3C. Fertilizer 2 detail on composition 

Pictures 2A – 3C. Source: own pictures. 
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nor any other chemicals which have negative impact on human health. The result of 

majority researches concerning fertilizers and pesticides conducted by the government 

are also not available for public. This topic is more elaborated in the next part about 

pesticides and Taiwan Agriculture Chemicals and Toxic Substances Research 

Institute, Council of Agriculture, Executive Yuan. 

For computing the produced and consumed N-P-K in Taiwan for year 2015, 

ratios provided by Taiwan Fertilizer Company are used and as well as data about 

fertilizers from Agriculture Statistical Yearbook 2015. The result is presented in Table 

1, “Three major fertilizer nutrients production and consumption in 2015” (below). In 

2015, total nitrogen produced accounted 180,617 m.t., phosphorus 39,639 m.t., and 

potassium 62,270 m.t. while total consumed amount of these three fertilizers are 

178,584 m.t., 24,890 m.t. and 112,847 m.t. respectively. 

Source: own calculation using data from ASY, 2015; TFC, 2014. 

These data in metric tons are converted into energy with Table 2 “World average 

of energy requirement for production, packaging, transportation, and application of 

inorganic fertilizers” (below) computed by Helsel (1992). Production and packaging 

parts are calculated with produced fertilizers while transportation and application are 

calculated with consumed amount of fertilizers. Fertilizers for import and export are 

omitted from this calculation since it is not clear what process is made with imported 

Table 1: Three major fertilizer nutrients production and consumption in 2015 

(UNIT: m.t.) 

 Nitrogen (N) Phosphorus (P) Potassium (K) 

Produced 180,617 39,639 62,270 

Consumed 178,584 24,890 112,947 
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and exported fertilizers, for instance, whether they are already packed before import 

or packet after import. Therefore, the result of energy is the minimal energy 

consumption in fertilizer’s life cycle.  

 

Table 2: World average of energy requirement for production, packaging, 

transportation, and application of inorganic fertilizers (UNIT: kJ / kg) 

 Nitrogen (N) Phosphorus (P) Potassium (K) 

Produce 69,530 7,700 6,400 

Package 2,600 2,600 1,800 

Transport 4,500 5,700 4,600 

Apply 1,600 1,500 1,000 

Total 78,230 17,500 13,800 

Data source: Helsel, 1992.  

 

The result is displayed in Table 3 “Total energy requirement for production, 

packaging, transportation, and application of inorganic fertilizers in Taiwan” (next 

page) about total energy consumption of nitrogen was 14,117,226 GJ7, phosphorus 

consumed 187,489.7 GJ, and potassium total energy consumption accounted 

1,143,117 GJ. The grand total of energy consumption was 15,847,872.7 GJ, 

equivalent to 15.872 PJ8. 

 

                                                      
7 GJ (= gigajoule) is equal to one billion (109) joules. 6 GJ is about the amount of potential chemical 
energy in 160 L (approximately one US standard barrel) of oil, when combusted. 
8 PJ (= petajoule) is equal to one quadrillion (1015) joules. 210 PJ is equivalent to about 50 megatons of 
TNT. This is the amount of energy released by the Tsar Bomba, the largest man-made nuclear 
explosion ever. 
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Table 3: Total energy requirement for production, packaging, transportation, 

and application of inorganic fertilizers in Taiwan 2015 (UNIT: GJ ) 

 Nitrogen (N) Phosphorus (P) Potassium (K) 

Produce 12,558,300  305,220 398,528 

Package (produced) 469,604 103,061 112,086 

Transport (consumed) 803,628 141,873 519,556 

Apply (consumed) 285,734 37,335 112,947 

Total 14,117,266 587,489.7 1,143,117 

Grand total  15,847,872.7 

Grand total in PJ 15.872 

Source: own calculation based on Helsel’s (1992) world average data; ASY, 2015; 

TFC, 2014. 

The Figure 9 “Average price of fertilizers in Taiwan between 1994 and 2015” 

(above) presents the changes in the average price of fertilizers over the last two 

decades from 1994 to 2015. In first part of observed period of time from 1994 to 

2002, the average price of fertilizers remained quite stable, then after 2002 followed 3 

5 5.2 5.2 5.2 5.2 5.2 5.3 5.3 5.4
5.9

6.6
6.9 6.7 6.8

7.9 7.7 7.6 7.8

8.6 8.8 8.8 8.9
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FIGURE 9: AVERAGE PRICE OF FERTILIZERS IN TAIWAN 
BETWEEN 1994 AND 2015 (UNIT: NTD PER KG) 

Price NTD/kg

Data source: ASY, 2015, 2007, and 2003.  
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waves of increases in prices in 2003, 2007, and 2011. The recent average price from 

2012 to 2015 was higher by 41% compare to first part of observed period of time 

from 1994 to 2002. The total consumption of fertilizers in 2015 accounted 959,623 

m.t. equivalent to 959,623,000 kg with the total price of 8,540,644,700 NTD (8.9 

NTD/kg). If the same amount of fertilizers would be consumed 16 years ago in year 

1999, the total price would be only 4,990,039,600 NTD, making difference of 

3,550,605,100 NTD in total. Thus, the overall increase in average price has significant 

impact on farmers who have to pay 41% higher expenditures for fertilizers within two 

decades. 

In addition, all three chemicals N-P-K are energy intensive to produce creating 

vast amounts of waste, and contributing to greenhouse gas emissions. The production 

of nitric acid, the primary feedstock for synthetic commercial fertilizer, is also a 

source of nitrous oxide, a greenhouse gas 310 times more robust and influential than 

carbon dioxide. Nitrous oxide accounted for 15.9 Tg CO2E in 2005, the equivalent 

emissions of 2.9 million vehicles (EPA, 2016). 

Producing one unit of N (nitrogen) requires 1.4 units of carbon and additional 3 

units of carbon are required to manufacture, transport and apply 1 unit of phosphorus 

(P2O5 fertilizer). For every ton of phosphoric acid produced, additional five tons of 

phosphogypsum are generated. Over the past 50 years, more than 700 million m.t. of 

phosphogypsum have accumulated in U.S. in Florida alone. In 2005, huge stacks are 

covering there more than 300 hectares and more than 60 meters high with settling 

ponds that threaten local water sources (EPA, 2016). After recalculation of these 

information to production in Taiwan where was produced 180,617 m.t. of nitrogen, 

then we get 252,836.8 m.t. of carbon necessary to fulfill the nitrogen production in 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

33 
 

 
 

2015. And to manufacture, transport and apply 39,639 m.t. of phosphorus, there is 

generated 118,917 m.t. of carbon dioxide and also huge amount of wastewater by 

phosphogypsum accounting 198,195 m.t. in 2015 alone. It would be interesting to find 

out where is such a huge amount of waste is stored.  

Nitrogen inorganic fertilization has both regional and global consequences. 

Many research confirmed that excess of nitrate causes serious problems to the soil and 

the environment (Addiscott, 1991). In addition, experiments showed that lower rates 

of nitrogen fertilizer reduced the loss of nitrogen without affecting yield and grain 

quality, saving farmers money and reducing environmental impact (Matson et al., 

1998). Long-term field observations for several decades often showed that metals 

contained in chemicals used in agricultural can remain in soil, even in nonacid soil 

when total metal concentration are below the proposed limits, and harm sensitive 

crops and microbes (McBride, 1994). 

In contrast, the nitrogen concentration in compost, natural fertilizer, is found in 

stable compounds in the organic matter. The nitrogen compounds remain in the soil, 

available for uptake by the plant roots over a long period of time, greatly reducing the 

threat of water pollution and eutrophication. According to the European Commission, 

long-term application of compost will establish higher nitrogen levels in soils such 

that compost will completely displace synthetic fertilizers (Smith et al., 2001).  
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4. Pesticides 

4.1  Definition and introduction 

The Toxic Action Center9 says, “pesticides are the only toxic substances released 

intentionally into our environment to kill living things. This includes substances that 

kill weeds (herbicides), insects (insecticides), fungus (fungicides), rodents 

(rodenticides), and others. The use of toxic pesticides to manage pest problems has 

become a common practice around the world. Pesticides are used almost everywhere 

-- not only in agricultural fields, but also in homes, parks, schools, buildings, forests, 

and roads. It is difficult to find somewhere where pesticides aren't used -- from the can 

of bug spray under the kitchen sink to the airplane crop dusting acres of farmland, 

our world is filled with pesticides. In addition, pesticides can be found in the air we 

breathe, the food we eat, and the water we drink (Toxics Action Center, 2015).”  

“Chronic human toxicity refers 

to product properties that may 

cause any adverse effect as a 

result of repeated or long-term 

exposure. Such adverse effects 

could for instance include 

cancers or developmental 

disorders (FAO, 2016, p. 10).” 

According to the World Health Organization, some 3 million people a year suffer 

from severe pesticide poisoning. Pesticide exposure can lead to cancer, birth defects 

                                                      
9 The Toxic Action Center: Organizing with residents to clean up and prevent pollution in New England 
since 1987. 

Picture 4.: The pesticide cycle. Source: nile.riverawarenessskit.org 
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and damage to the nervous system. Drinking water contaminated by pesticide runoff 

is a main source of exposure (EPA, 2016). According to the Food and Agriculture 

Organization of the United Nations, for high risk pesticides exists three categories 

divided according to hazard they cause, namely “may cause cancer”, “may cause 

genetic defects”, and “may damage fertility the unborn child (FAO, 2016, p. 33).”  

4.2  Efficiency and Impact on Human Health Analysis 

It is crucial to pay attention to following researches conducted in order to investigate 

impact of pesticides on human health. The first research was performed by scientists 

from the University of Montreal and Harvard University releasing a study that has 

discovered that exposure to organophosphate pesticides is associated with increased 

risk of attention-deficit hyperactivity disorder in children (ADHD) (Bouchard et al., 

2010).  

The second study by the Public Health Institute, the California Department of Health 

Services, and the UC Berkley School of Public Health revealed a six times increase in 

risk factor for autism spectrum disorder (ADS) for children and women exposed to 

organochlorine pesticides (Roberts et al., 2007). Organochloride pesticides are in 

category of Persistent Organic Pollutant, they are able to persist in the environment 

and even to accumulate to high levels. Thus, they are not only causing increase of 

autism probability for children six times, but they also pose a risk to the environment 

by its accumulation and concentration (Tsai, 2010). 

In Taiwan, due to the widespread use of pesticides in the agricultural sector, the soil 

contamination by organochlorine pesticides occurred during 1950s – 1970s, 

estimating of two million kilogram of organochlorine pesticides released annually (Vu 
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Duc et al., 1993; Doong et al., 2002). Since the 1970s, organochlorine pesticides are 

banned or restricted and the level of contamination in the environment is being 

monitored every 10 years since 1980s by the Council of Agriculture and the 

Environmental Protection Administration. Last soil monitoring was conducted 

between 2004 and 2006. Currently, manufacture, sell, import and use of persistent 

organic pollutants are officially prohibited in Taiwan (Tsai, 2010).  

The third study conducted by the Agency for Toxic Substances and Disease Registry 

published a study that found that children who live in homes where their parents use 

pesticides are twice likely to develop brain cancer compare to those who live in place 

where no pesticides are used (S.T.A.T.E., 1995).  

The fourth study, the National Cancer Institute in 1989 reported children develop 

leukemia six times more often when pesticides are used around their home. 

“Pesticides with high acute toxicity can affect 

people who are preparing, mixing or using 

pesticides, but also by-standers, people entering 

treated fields, consumers eating treated produce too 

soon after application, etc. Other handling during 

which such pesticides can pose risk include storage, cleaning and storage of 

application equipment, disposal of empty containers and contaminated materials such 

as gloves (FAO, 2016, p. 10).”  

In addition, according to the EPA, 95% of the pesticides used on residential lawns are 

possible or probable carcinogens. Finally, congress found that 90% of the pesticides 

on the market lack even minimal required safety screening (American Defender 

Network, 1989; Shultz, 1989). In other words, there are no doubts about the health 

Picture 5.: Working with pesticides. 
Source: www.google.com. 
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risks posed by pesticides during all stages of usage, mainly its application, remains in 

food, and contaminating environment, as water and soil. 

“Besides acute risk of occupational poisoning, several countries documented abroad 

problem of use of acutely toxic pesticides for self-harm purposes. In several countries, 

it has been demonstrated that prohibiting or restricting access to such products 

significantly reduces fatalities due to suicide…Hazards to the environment include 

contamination of water resources and soils, and acute or chronic toxicity to non-

target organisms that may lead to disruption of ecosystem functions, such as 

pollination or natural pest suppression (FAO, 2016, p. 10).”  

According to the Toxic Active Center, “even if we know that a pesticide causes severe 

health and environmental impacts, including cancer and genetic damage, it may still 

be allowed for use. The EPA may determine that a cancer-causing chemical may be 

used despite its public health hazard if its ‘economic, social or environmental’ 

benefits are deemed greater than its risk. According to the US EPA, more than 70 

active ingredients known to cause cancer in animal tests are allowed for use. 

Although industry tests for a wide range of environmental and health impacts, the vast 

majority of pesticides currently on the market have not been fully tested. Pesticides 

often contain inert ingredients in addition to the active ingredients that are designed 

to kill the target pest. Unfortunately, the public is not provided information about 

what inert ingredients are included in pesticides in most cases (Toxics Action Center, 

2015).” In other words, human life has been accounted for its value (for example by 

insurance companies) and if the increased yield of production using pesticides exceed 

the “cost” of its use, pesticides can be used even with health risk they cause. 

However, it is also clear that the majority of pesticides were not tested for their 
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negative effect and public is kept in the dark about this whole issue. 

One research even found that over 98% of sprayed insecticides and 95% of herbicides 

reach a destination other than their target species, because they are sprayed or spread 

across entire agricultural fields (Miller, 2004). In other words, the impact of pesticides 

consists of the effects of pesticides on non-target species. Pesticides are chemical 

preparations used to kill fungal or animal pests; however, also can influence 

environment and human health, especially children.  

It is quite stunning that the FAO document (FAO, 2016, p. 11) says that health 

problems are caused by inaccurate using of pesticides, low illiteracy level, limited 

education, labels in languages different from the mother language of farmers, 

insufficient protection equipment, higher price of safe pesticides etc.; however, there 

is not even one word about problematic of pesticides itself or producing and 

distributing these pesticides. The document mentions countries in Sub-Sahara Africa 

where 60% of population works in agriculture and overall country has problem with 

poverty. How could these countries produce such high toxic pesticides? Do they 

invent technology needed or can they afford to buy know-how from developed 

countries? If factories are located in poor countries who built or finance them? It is 

obvious that those farmers are only users and victims of the pesticides. Nevertheless, 

the document is not questioning if there is an elemental need for them or where the 

high toxic chemicals are produced. Probably, they are produced in or by high income 

countries since only usage is limited by recommendation of organizations and 

agreements caring after human health. Not to mention, chemical concerns producing 

pesticides can be effectively lobbying for their interest during WHO or any nation’s 

research process became regular procedure with many records from U.S. Therefore, 
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even the international limits set by WHO and other organization are possibly 

influenced by chemical concerns. 

In Taiwan, the use of pesticides increased rapidly from 2 million NTD in 1952, 662 

million NTD in 1979 (Li, G.C., 1979), 4.78 billion NTD in 2002, and, finally, to 7.69 

billion NTD in 2015. Below are pictures for comparison of proper protection 

equipment, Picture 6A and Picture 6B (below) with pictures taken in Taiwan, Picture 

7A and Picture 7B (below). To conclude, not all farmers in Taiwan use the proper 

protection equipment and pose themselves to health risk. 

 

 

According to Taiwan Agriculture Chemicals and Toxic Substances Research 

Picture 6A. Proper protection 

Picture 6B. Proper protection 

equipment.  

Picture 7A. Applying pesticide with a dust mask in 
Taiwan. 

Picture 7B. Applying pesticide without any protection in 
Taiwan. 

Pictures 6A – 7B. Source: www.google.com 
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Institute, Council of Agriculture, Executive Yuan, nearly every two years are exposed 

some pesticides which could be directly connected to cause cancer, toxicity or other 

serious illnesses (TACTRI). Thus, in Taiwan, chemicals are being used without clear 

and researched side effects and impact on human health. This institute has many 

publications but the majority is not provided to the public. Those available shows that 

heavy metals are increasing in plants, rice and shellfish in Taiwan. Still below the 

international limit in 2004, but already getting closer to the limit (Lin, Haw-Tarn, 

2004; Li, G.C., et al., 1994). While in 1979 many heavy metals, such as mercury, 

were below the detectable limit of research devices (Li, G.C., 1979). Unfortunately, 

there are no publications concerning this issue since 2004, even when it can pose 

serious health risk to human health of Taiwanese nation.  

In 2010, a research investigating persistent organic pollutants in Taiwan concludes 

that there has been significant progress about declining residual levels of persistent 

organic pollutants. The persistent organic pollutants are aldrin, chlordane, 

chlordecone, DDT, dieldrin, endrin, heptachlor, hexachlorobenzene, α/β-

hexachlorocyclohexanes, lindane, mirex, pentachloro-benzene, and toxaphene. These 

pollutants are very stable and resist photolytic, biological and chemical degradation. 

They also tend to accumulate in food chains and human bodies. There is sufficient 

evidence of carcinogenicity in experimental animals proving that chlordecine, DDT, 

hexachlorobenzene, hexachlorocyclohexane, lindane, mirex, and toxaphene are 

reasonably anticipated to be a human carcinogen. The most important milestone was 

the Stockholm Convention signed in 2004 which contributed to reduction of exposure 

of humans and the ecosystem to organochloride pesticides. Taiwan is not a member of 

the Stockholm Convention, but implemented the content into domestic work on 2008. 

The Stockholm Convention formerly includes aldrin, chlordane, DDT, dieldrin, 
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endrin, heptachlor, hexachlorobenzene, mirex, and toxaphene. Later in 2010, new 

persistent organic pollutants were added, namely hexachlorocyclohexane, 

chlordecone, lindane, and pentachlorobenzene (Tsai, 2010).  

The data concerning pesticides production, consumption, export and import between 

2006 and 2015 are summarized in Figure 10, “Pesticides by quantity in Taiwan 2015” 

(above). Clearly, production, import, and export, all are increasing overall. The most 

significant increase is in export which more than doubled over time. In observed 

period of time, the mean of pesticides consumption is 8,932 m.t. with lowest level of 

7,851 m.t. in 2010 and highest levels in 2007 and 2013 with 9,792 m.t. and 9,636 m.t. 

respectively. There is no significant increase in pesticides consumption, but compare 

to fertilizers, there is also not decrease at all. 

Pesticides manufacturing involves the extensive use of energy during production, 

because many pesticides are derived from petroleum chemicals, mainly ethylene, 

propylene, and methane. Electricity, natural gas, steam, and other petroleum sources 

are also used in manufacturing for such process as heating, distillation, stirring, and 
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drying. Other inputs of energy also occur in the construction and maintenance of the 

manufacturing plant and equipment, import of raw materials, export of waste, and the 

many energies involved in human operations. 

For the computation of the produced and consumed pesticides in Taiwan for year 

2015, ratios provided by the Council of Agriculture in the Agriculture Yearbook 2015 

(ASY, 2015) were used. This data were presented in Table 4 “Pesticides’ Total 

Production and Consumption in Taiwan 2015” (below). In 2015, total produced 

pesticides accounted 10,560 m.t. and the total consumed amount was 9,295 m.t. 

 

 

 

 

Data source: ASY, 2015.               

Table 5: World average of energy requirements for produce, 

package, transport, and apply pesticides (UNIT: kJ/kg) 

Produce 243,355 

Package 9,100 

Transport 15,750 

Apply 5,600 

Total 273,805 

Data source: Ferraro, 2007.        

Produced and consumed pesticides in metric tons are converted into energy with 

Table 5 “World average of energy requirement for produce, package, transport, and 

Table 4: Pesticides’ total production and 

consumption in Taiwan 2015 (UNIT: m.t.) 

 Pesticides 

Produced 10,560 

Consumed 9,295 
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apply pesticides” (above) computed by Ferraro (2007). Production and packaging 

parts are calculated with produced pesticides and transportation with application are 

calculated with consumed amount of pesticides. In the case of import and export, due 

to lack of information pesticides are also omitted from calculation as it was made in 

the case of fertilizers and this makes the result of energy as the minimal energy 

consumption by pesticides’ life cycle. The result is displayed in Table 6, “Total 

energy requirement for produce, package, transport, and apply pesticides in Taiwan” 

(below). The total energy consumed during whole life cycle of pesticides’ production, 

packaging, transportation, and application accounted 2,864,373.05 GJ, equivalent to 

2.864 PJ or to 795.7228 GWh, in Taiwan 2015.  

Table 6: Total energy requirements for produce, package, 

transport, and apply pesticides in Taiwan (UNIT: GJ/kg) 

Produce 2,569,828.8 

Package (produced) 96,096 

Transport (consumed) 146,396.25 

Apply (consumed) 52,052 

Total 2,864,373.05 

Total in PJ 2.864 

    Source: own calculation based on Ferraro’s (2007) world average data; 

ASY, 2015. 

There are no available data for the whole process of pesticides production which starts 

from raw materials produced in Taiwan or if it is used already as half processed input. 

Thus, the total consumed energy required to produce pesticides is not necessary all 

consumed in Taiwan and can exceed the real energy consumption in Taiwan; 

however, it is important to calculate the whole process and consumption of energy 

regardless of country’s origin to obtain the real environmental price. 
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Figure 11, “Average price of pesticides in Taiwan between 1994 and 2015” (below) 

shows changes in the average price of pesticides over the last two decades from 1994 

to 2015. In this period of time, there are two very significant increases in price in 

2003 and 2008, from 133 NTD/kg to 149 NTD/kg in 2003 and from 128 NTD/kg to 

152 NTD/kg in 2008. The price development is quite unstable and each rapid decrease 

in price results in following rapid increase until 2010 when price rise in more stable 

manner. In the last part of observed period of time, the average price (139 NTD/kg) is 

close to the average price in 1994 (140 NTD/kg). 

  

5. Organic agriculture 

5.1  Definition and Introduction 

Conventional agriculture uses chemical inputs as artificial fertilizers, herbicides and 

pesticides, while organic farming mainly relies on crop rotation and residues, the use 

of organic fertilizers and biological pest control. Organic food is recognized by the 
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Taiwanese government as beneficial to both food safety and national health. While 

producing safe and fine products, pollution impact on environment is also reduced. 

Taiwanese officials acknowledged that organic agriculture is “effectively contributing 

to the biodiversity and the sustainable development of agriculture (COA b, 2014).”  

The origin of organic agriculture has roots in 1924 in Europe when Rudolf Steiner in 

his eight lectures introduced biodynamic agriculture as the first modern system of 

organic agriculture (Paull a, 2011). These lectures were held because of requests by 

farmers noticing degradation of soil and deterioration in health and quality of corps 

resulting from the use of chemical fertilizers from middle of 19th century (Horne, 

2008, Paull b, 2011). Presented concept during lectures later became known as 

organic agriculture. Since then, various organizations continue to develop this kind of 

farming. Expansion of organic agriculture was enhanced by increasing usage of 

artificial fertilizers in 20th century (Stinner, 2007) as reaction to negative impact of 

artificial chemical treatment (Lotter, 2003). As a result, over the recent decade, 

organic farming has increased sharply in many parts of the world (European 

Commission, 2013; European Commission b, 2014). 

5.2  Efficiency and Sustainability 

Organic agriculture has lower yield than conventional agriculture but do not cause 

long-term degradation of soil. Therefore, comparing organic farming with 

conventional agriculture should be done not only in terms of yield as it often did, but 

also with right share of natural fallow. Many scholars claim that organic farming is 

more sustainable and less harmful to the environment than conventional farming 

(European Commission, 2013; European Commission b, 2014; Chatzisymeion, 2016). 
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The most important advantage of organic agriculture is minimal negative impact to 

human health and its safety. As it is important to note that food produced in organic 

way do not contain any remains of pesticides, artificial fertilizers or other chemicals. 

Consequently, it contributes to good human health condition and protecting natural 

environment. Thus, it is also contributing to sustainable agriculture. For instance, 

LCA study in 2016 comparing conventional and organic pepper cultivation in Greece 

focusing on sustainability revealed that organic cultivation has a significantly lower 

effect on the freshwater eutrophication impact category since phosphate emissions 

arising from application of chemical fertilizers are absent (Chatzisymeon et al., 2016). 

In Taiwan, the first government organic standard was published in 1999 and revised in 

2000. In 2003, it was revised again and promulgated as the Organic Standard Law. 

The number of certificated organic farms land until June 2003 reached 1,092,4 ha, 

these organic farms produce organic rice, vegetables, fruits, tea, etc. (Hsieh, 2005). 

The Council of Agriculture officially accredited three nongovernment organizations as 

Organic Food Certification Organizations. In recent years, Taiwanese import of 

organic food increased with two main exporting countries, Japan and U.S. There are 

four ways to purchase organic food: supermarkets, organic health food stores, 

agribusiness scale chain, and e-commerce. In 2005, there was no penalty regulation 

for violators of the law on organic labeling. Since 2007, misuse of certification is 

penalized according to the Agricultural Production and Certification Act. (COA c, 

2014).  

According to IFOAM, in 2003, the percentage of organic area of the total agricultural 

area in Taiwan was 0.03 percent (1,092 ha) as relatively very small compare to Japan 

0.1 percent (5,083 ha), China 0.79 percent (301,295 ha), Papua New Guinea, 0.49 
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percent, New Zealand 1.93 percent, or Australia with 2.08 percent (Hsieh, 2005). Year 

2005 was designed as the Year of Safe Agriculture with promotion of organic 

agriculture, Certified Agricultural Standards, and tracking system for agricultural 

products. (FFTA, 2006) The government management of organic agricultural products 

began in 2007 when Agricultural Production and Certification Act was introduced 

aiming to protect consumers’ health and interest by increasing quality and safety of 

agricultural products and processed goods (COA b, 2014). In 2010, a total cultivated 

area without applying chemical fertilizers or pesticides was 166,278 ha, from which 

6,490 ha is certified as organic, as is presented in Figures 12, 13, and 14 (below). 

With comparison to the total area with 579,617 ha, 

we can conclude that 28.67% of land was 
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cultivated without chemicals and 1.11% was under organic management in 2010 

(National Statistics, 2010). 

6. Energy 

6.1  Energy consumption analysis 

In Taiwan, total supply of primary energy in 

2015 accounted 523 PJ, as Figure 15, 

“Energy Supply in Taiwan 2015” (right) 

shows, there was 2.16% energy (124.831 PJ) 

produced in Taiwan and 97.84% energy 

(5,347.704 PJ) was imported. The total 

domestic final consumption of energy 

accounted 4,429.709 PJ, when classified by 

a sector as can be seen in Figure 16 “Energy 

Consumption in Taiwan 2015, 

Energy use by sector” (right). The 

agriculture, forestry, and fishery 

sectors used 0.91%, energy sector 

consumed 6.59%, industrial sector 

37.08%, transportation sector 

11.9%, services sector 11.03%, 

residential sector 10.69%, and 

non-energy uses 21.99%. The 

energy consumed by agriculture 

sector compared to previous year 

98%

2%

Figure 15: Energy 
Supply in Taiwan 
2015 (UNIT: %)

Imported
energy

Indigenous
energy

Source: Energy Statistics Handbook, 2015. 
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Consumption in Taiwan 

2015, Energy use by sector 
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Source: Energy Statistics Handbook, 2015. 
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2014 increased 1.79% (EMEA, 2016, p. 6; ESH, 2015, p. 26-29).  

The Figure 17, “Energy consumption in agriculture in 2015” (above) shows more 

detailed data about energy consumption in Taiwanese agriculture sectors where 49% 

of energy is consumed by agriculture, animal husbandry, and hunting sector, 33% of 

energy is used by fishery sector, less than 1% of energy is consumed by forestry and 

logging, and 18% of energy is used by non-specified other activities.  

Energy consumption in 

agriculture by subsector is 

displayed in Figure 18, 

“Energy consumption in 

agriculture by subsector in 

2015” (right). The share of 

energy 33% was 

consumed by aquaculture 

subsector, 19% of energy 

was used by animal 

49%

0%

33%

18%

Figure 17: Energy consumption in 
agriculture in 2015 (UNIT: %)

Agriculture, animal husbandry, hunting 
(農、牧、狩獵合計)
Forestry and Logging (林業及伐木業合

計)
Fishery  (漁業合計)

Others (其他)

Source: TPC, 2015. 
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Figure 18: Energy consumption 
in agriculture by subsector in 

2015 (UNIT: %)

Agronomy (農藝及園藝)

Farm work (農事服務)
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Others (其他)

Source: TPC, 2015. 
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husbandry subsector, 18% by others, 16% by agronomy, and 14% by farm work. Last 

three subsectors forestry, logging and fishing consumed together less than 1% of 

energy. 

In 2015, electricity in Taiwan was mainly generated by coal (44%) and nuclear (14%) 

power generators. However, nuclear power is planned to be phased out before 2025 

with policies implemented by the Democratic Progressive Party elected in January 

2016. In April 2015, the Energy Bureau of the Ministry of Economic Affairs warned 

that closure three operating nuclear plant by 2025 might result in lower economic 

growth rates by 0.53% decrease in GDP as well as in higher levels of pollution by rise 

15% of carbon dioxide emissions. Furthermore, such plan is going to be also very 

expensive; the price of electricity is expected to increase more than 10%. The 

government started to obstruct nuclear power generating since December 2014 

(EMEA, 2016, p. 6). 

6.1.1 Production 

The first stage of life cycle of agricultural sector in Taiwan is the production cycle. In 

this production process, the agricultural electricity consumption considered in this 

research is following: product cultivation and harvest with electricity, machinery, 

fuel, and seeds 4.26%, agriculture irrigation 1.77%, animal husbandry with animal 

feed 4.69%, aquaculture 4.67%, fertilization with nitrogen, phosphorus and potassium 

71.66%, and pesticides 12.95%. (COA d, 2016) All these data are summarized in 

Table 7, “Consumption of energy in production life cycle”. The total agriculture 

production consumption is accounting 22.117 PJ from which the most energy 

consuming items are fertilizers 71.66%, particularly nitrogen consuming 63.83%. 

Whole life cycles of fertilizers and pesticides alone consumed 84.6% (18.712 PJ) of 
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the energy consumed by production stage (22.117 PJ), 13.3% of total consumption of 

whole life cycle of agriculture sector (140.737PJ) and 3.58% of the total energy 

consumption in Taiwan (523.16 PJ).  

Table 7: Consumption of energy in production life cycle  

(UNIT: PJ and %) 

 PJ % 

PRODUCTION   

Cultivation and harvest 0.942 4.26 

Irrigation 0.392 1.77 

Animal husbandry 1.039 4.69 

Aquaculture 1.032 4.67 

Fertilisation 15.848 71.66 

Nitrogen (14.117) (63.83) 

Phosphorus (0.587) (2.66) 

Potassium (1.143) (5.17) 

Pesticides  2.864 12.95 

TOTAL 22.117 100% 

Source: own calculation based on methodology. 

The widespread use of fertilizers and pesticides responds to the predominance of a 

conventional model of agricultural production that uses large amounts of diesel oil 

and fertilizer, especially nitrogen formulas, to maintain highly intensive production 

outcome. This model is causing environmental problems as contamination of surface 

and underground water, erosion, loss of biodiversity, etc. There are many possibilities 

to improve efficiency of agriculture; however, it is not enough to save fuel and 

resources by modernizing agriculture machines and irrigation systems, as proposed by 

the government. Since these two items decrease energy consumption of cultivation 

and harvest and irrigation, both consuming only 6.03% of production energy demand 

and less than 1% (0.95%) of total agriculture life cycle energy demand.   
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6.1.2 Transportation  

The second stage is transportation, the second largest energy consuming stage in 

Taiwanese agriculture life cycle (34.5 PJ). Transportation stage in this research is 

considering international export and import (90.89%) as well as transportation within 

Taiwan (9.11%) where the energy consumption for transport of agriculture products 

accounts around 4.8% from the total road and railway transportation consumption. 

Import and export is calculated with top twenty-five agricultural countries by the 

distance of their largest port with the largest port in Taiwan, port Kaohsiung. The 

amount of exported and imported good is calculated according the methodology of 

this research by the value of exported and imported goods by country. Data 

concerning the value of import and export by country are provided by the Council of 

Agriculture (COA c, 2017). Percentage of value to the certain country computed into 

the m.t. is showed in Table 8, “Top 25 agriculture export and import countries in 

2015” (next page).  

The total import of agriculture sector (agriculture, forestry, fishery, and animal 

husbandry) was 18,304,288 m.t. with total value 14,518,690,000 USD. While export 

accounted significantly less amount of 2,131,117 m.t. with total value 4,877,641,000 

USD. These amounts of goods in m.t. together with distances of ports and energy 

consumed are summarized in Table 9, “Main agriculture export and import by sea” 

(second page forward). The energy consumption is calculated by the coefficient 0.2 

MJ per t/km compiled by Peréz and Monzón (2008).  
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Source: own calculation based on the data from COA c, 2017; COA f, 2016. 

 

Table 8: Top 25 agriculture export and import countries in 2015, 

based on value (UNIT: m.t., %) 

Rate Top 25 export countries Top 25 import countries 

Country % m.t. Country % m.t. 

1 China 20.5 436,879 U.S. 24.3 4,447,942 

2 Japan 15.9 338,848 Brazil 7.7 1,409,430 

3 U.S. 10.2 217,374 Japan 6.8 1,244,692 

4 Hong Kong 9.8 208,849 China 6.3 1,153,170 

5 Vietnam 9.1 193,932 Australia 5.2 951,823 

6 South Korea 4.6 98,031 New Zealand 5.1 933,519 

7 Thailand 4.5 95,900 Thailand 4.9 896,910 

8 Indonesia 2.5 53,278 Malaysia 4.8 878,606 

9 Malaysia 2.0 42,622 Indonesia 3.0 549,129 

10 Australia 1.9 40,491 France 2.8 512,520 

11 Singapore 1.8 38,360 U.K. 2.8 512,520 

12 Republic of 

Mauritius 

1.6 34,097 Vietnam 2.6 475,911 

13 Canada 1.4 29,836 Canada 2.4 439,303 

14 Philippines 1.4 29,835 Netherlands 1.8 329,477 

15 Cambodia 1.3 27,705 South Korea 1.6 292,869 

16 Netherlands 1.1 23,442 India 1.6 292,869 

17 Papua New 

Guinea 

0.8 17,049 Chile 1.5 274,564 

18 Bangladesh 0.6 12,787 Italy 1.1 201,347 

19 Germany 0.6 12,787 Germany 1.1 201,347 

20 Myanmar 0.4 8,523 Norway 0.9 164,739 

21 South Africa 0.4 8,523 Spain 0.7 128,130 

22 U.K. 0.4 8,523 Denmark 0.7 128,130 

23 Italy 0.4 8,523 Argentina 0.6 109,826 

24 Saudi Arabia 0.4 8,523 Singapore 0.6 109,826 

25 India 0.3 6,393 Nicaragua 0.6 109,826 

TOTAL 93.9   91.5  
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Source: own calculation. 

The entire energy consumption used by the transportation life cycle is described 

in Table 10, “Transportation life cycle of agriculture sector” (next page). 

Table 9: Main agriculture export and import by sea  

(UNIT: m.t., PJ) 

Country (Port) Km to 

Kaohsiung 

Total m. t. 

transferred 

Consumed 

energy in PJ 

United States (Los Angeles)  11,330 4,665,316 10.572 

China (Shanghai) 1,089 1,590,049 0.346 

Japan (Tokyo) 2,543 1,583,540 0.805 

Brazil (Santos) 19,397 1,409,430 5.467 

Australia (Melbourne) 5,187 992,314 1.029 

New Zealand (Auckland) 9,147 933,519 1.708 

Malaysia (Port Kelang) 3,467 921,228 0.639 

Vietnam (Ho Chi Minh 

City, Sigon) 

2,110 669,843 0.283 

Indonesia (Tanjung Priok) 3,651 602,407 0.439 

U.K. (Immangham) 18,570 521,043 1.935 

France (Marseille) 15,194 512,520 1.557 

Canada (Vancouver) 10,050 469,139 0.943 

South Korea (Busan) 1,722 390,900 0.135 

India (Kandla) 8,293 299,262 0.496 

Chile (San Antonio) 18,471 274,564 1.014 

Germany (Hamburg) 18,927 214,134 0.811 

Hong Kong (Hong Kong) 639 208,849 0.027 

Italy (Genova) 15,067 201,347 0.607 

Norway (Bergen) 19,295 164,739 0.636 

Singapore (Singapore) 3,096 148,186 0.092 

Spain (Valencia) 15,479 128,130 0.397 

Argentina (Buenos Aires) 9,512 109,826 0.209 

Denmark (Copenhagen) 19,231 128,130 0.493 

Nicaragua (Corinto) 18,455 109,826 0.405 

Thailand (Laem Chabang) 3,039 95,900 0.058 

Republic of Mauritius 

(Louis) 

9,153 34,097 0.062 

Philippines (Manila) 1,090 29,835 0.007 

Cambodia (Sihanoukville) 2,631 27,705 0.015 

Netherlands (Rotterdam) 18,462 23,442 0.087 

Papua New Guinea 

(Moresby) 

5,187 17,049 0.018 

Bangladesh (Chittagong) 5,876 12,787 0.015 

Saudi Arabia (Jeddah) 11,095 8,523 0.019 

South Africa (Durban) 11,909 8,523 0.020 

Myanmar (Yangon) 5,124 8,523 0.009 

TOTAL   31.355 
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Table 10: Transportation life cycle of agriculture sector 

(UNIT: ton-kilometres, PJ) 

 Ton-kilometres10 coefficient PJ % 

Road 1,814,654,688 1.7 MJ / t-km 3.085 8.95 

Railway 30,442,560 1.7 MJ / t-km 0.052 0.16 

Sea (Table 10) 0.2 MJ / t-km 31.355 90.89 

TOTAL   34.492 100 

Source: own calculation, energy coefficients based on Peréz and Monzón (2008). 

6.1.3 Processing and packing  

The third and fourth stages are processing and packing, both summarized in Table 11, 

“Consumption of energy in processing and packing life cycle” (next page). In 

processing stage (12.309 PJ), the largest consumer of energy is food processing 

(82.88%). While in packing stage (61.305 PJ) is the largest amount of energy spend 

on plastic’s production and packing (79.51%).  

The packing is the subsector that consumes the most energy in the whole life cycle of 

agriculture (43.56%). Since during packing are used large number of plastics of which 

manufacturing involves the extensive use of energy during production, as they are 

derived from petroleum chemicals. On the other hand, the processing stage 

concerning refrigeration and storage, food, leather, and forestry processing consumes 

8.75% of total agriculture life cycle energy demand. (COA d, 2016; TPC, 2015) Both 

two stages account for more than half (52.31%) of the total consumption of 

agriculture life cycle, and 1.67% of the total energy consumption in Taiwan 

(4,429.709 PJ).  

In Spain, for example, food processing and packing accounted for almost 20% of the 

                                                      
10 The measurement ton-kilometres is a Taiwanese unique measurement used in the government 

official documents which is obtained by m.t. multiplied with a number of km. 
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total consumption of primary energy in 2000 (Amate and Molina, 2011). In the U.S., 

food processing alone accounted for 16.4% of the total consumption in 2003 (Heller 

and Keoleian, 2002, 2003). The increase experience in recent decades indicated that 

their relative importance in the system’s energy consumption will continue to grow. 

Although, the reduction of these processes is not usually built into the political 

agenda, there is an opportunity to reduce their consumption by using less plastic to 

package products and favoring local and seasonal products that reduce the need for 

processing, preserving, and, consequently, packaging of foods.   

Table 11: Consumption of energy in processing and 

packing life cycles (UNIT: PJ and %) 

 PJ % 

PROCESSING 12.309  16.72 

Refrigeration and 

storage 

 0.408 0.55 

Food  10.202 13.86 

Leather 0.768 1.04 

Forestry 0.932 1.27 

PACKING 61.305 83.28 

Plastic 48.741 66.21 

Glass  9.822 13.34 

Paper 2.742 3.72 

TOTAL 73.614 100% 

       Source: own calculation based on Heller and Keoleian (2002);

 COA d, 2016; TPC, 2015. 

6.1.4 Retail and Households 

The last two stages in this research are retail and households. The results of this part 

are summarized in Table 13, “Retail and households’ energy consumption life cycle” 

(next page). The retail stage of agriculture life cycle is divided into two parts: 

wholesale (0.505 PJ) and retail (0.433 PJ). Both of them accounts for approximately a 

half (wholesale 53.84% and retail 46.16%) of energy consumption in retail subsector 

(TPC, 2015). Whole retail related to agriculture consumed 0.37% (0.938 PJ) of whole  
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 life cycle of agriculture in 2015. 

The households stage concerns 

activities related to agriculture 

products, in other words, to food, for 

instance, cooking, domestic 

appliances required to prepare food 

and energy spend by preservation or storage of food.     Source: Kramer et al, 1994 

For the calculation of energy in kitchen consumed during cooking were used data 

from Kramer et al. (1994) showed in Table 12, “Consumption of energy in cooking 

according to the type of food” (above), together with data of consumed agricultural 

products (ASY, 2015). In 2015, the total household energy consumption accounted 

for 52.93 PJ in Taiwan. According to this paper calculation, household energy 

consumption related to the agriculture products accounted 9.575 PJ, in other words, 

18% of energy consumption of households was used in relation to the agriculture. The 

result also shows, that both retail and households were consuming 10.47% of the 

whole life cycle of agriculture in 2015.  

Table 13: Retail and households energy 

consumption life cycle (UNIT: PJ, %) 

 PJ % 

RETAIL 0.938 8.92 

Wholesale 0.433 4.12 

Retail 0.505 4.80 

HOUSEHOLDS 9.575 91.08 

Kitchen 4.232 40.25 

Domestic Appliances 1.656 15.75 

Preservation / Storage 3.687 35.07 

TOTAL 10.513 100% 

Source: own calculation based on data from TPC, 2015.        

The overall data from the energy consumption analysis obtained as a result of this 

research are summarized in Table 14, “Total consumption of energy in agricultural 

Table 12: Consumption of energy in 

cooking according to the type of food  

(UNIT: MJ/kg) 

Type of food MJ/kg 

Potatoes 1 

Vegetables 1-4 

Fruit 2-5 

Milk 10 

Eggs 20 

Fish 20-40 

Meat 30-70 
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production life cycle” (below). All stages ranked by consumption from the largest to 

the least are following: packing 43.56%, transportation 24.51%, production 15.7%, 

processing 8.76%, households 6.8%, and the last one is retail with 0.67%. In total of 

140.737 PJ accounting 3.18% of the total energy consumption in the year 2015. 

Table 14: Total consumption of energy in agricultural 

production life-cycle (UNIT: PJ, %) 

 PJ % 

PRODUCTION   22.117 15.70 

Cultivation and harvest 0.942 0.67 

Irrigation 0.392 0.28 

Animal husbandry 1.039 0.74 

Aquaculture 1.032 0.73 

Fertilisation 15.848 11.26 

(Nitrogen) (14.117) (10.03) 

(Phosphorus) (0.587) (0.42) 

(Potassium) (1.143) (0.81) 

Pesticides  2.864 2.04 

TRANSPORTATION 34.492 24.51 

Road 3.085 2.19 

Railway 0.052 0.04 

Sea 31.355 22.28 

PROCESSING  12.31  8.75 

Refrigeration and storage  0.408 0.29 

Food  10.202 7.25 

Leather 0.768 0.55 

Forestry 0.932 0.66 

PACKING  61.305 43.56 

Plastic 48.741 34.63 

Glass  9.822 6.98 

Paper 2.742 1.95 

RETAIL 0.938 0.67 

Wholesale 0.433 0.31 

Retail 0.505 0.36 

HOUSEHOLDS 9.575 6.80 

Kitchen 4.232 3.01 

Domestic appliances 1.656 1.18 

Preservation / storage 3.687 2.62 

TOTAL 140.737 100% 

Source: own calculation 
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All previous data are input energy into the agriculture sector. The output is the food 

energy available for consumption which according to the data of energy supply in 

food accounts 10.813 PJ in 2015 (COA e, 2016). The final result of energy 

consumption analysis input and output are summarized in Figure 19, “Agriculture life 

cycle’s energy input and output in 2015” (below). The left column is input of energy 

and the right column is output, in other words, the amount of food available in Taiwan 

measured in energy / nutritional values. The output energy is 7.68% of the total 

energy consumption by agriculture sector (input). 
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7. Results 

7.1  Environmental Dimension 

7.1.1 Energy 

Taiwan has a clear deficit in this area and must import most of its energy 

requirements (97.84%) while only one forty-fifth of energy (2.16%) is domestically 

produced. Industry 395.464 PJ is the sector that consumes the most of its primary 

energy while agriculture sector account for a very low participation in energy usage 

with 0.91 % of total with 10.496 PJ. However, this number only considers the direct 

consumption of the agrarian sector that is fuel, electricity, processing of agriculture 

food, etc.  

Consideration of the energy used in pesticide and fertilizer production are often 

overlooked in assessing the energy efficiency of agriculture. It is interesting to note 

that manufacturing and applying of pesticides and fertilizers consumes around 

84.61% of the energy use in agriculture production stage and fertilizers consumes 

around 11% of overall energy consumption in agriculture. After incorporating 

consumption derived from the use of fertilizers and pesticides, the production stage 

energy consumption increase to 22.117 PJ (15.7%). 

If we also add indirect consumption during the whole life cycle according to this 

research calculations, the total consumption during life cycle more than thirteen times 

increases and became 140.737 JP, or energy equivalent to 26.9% of the total 

consumption in Taiwan. However, the energy contained in the food consumed 

accounts only 10.813 PJ (7.683%). In other words, for each unit of energy in output of 
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agriculture sector, 13 units of energy are consumed during its production, preparation, 

transportation and distribution. Taking all activities related to agriculture life cycle 

into consideration, the agriculture sector represents over a quarter of the total energy 

consumption in Taiwan.  

Just a few decades ago, agriculture in general provided more output energy than input, 

but currently it is dependent on external output. In other words, Taiwanese modern 

agricultural model has been turned into high energy dependent system. One of the 

fundamental element in industrial agriculture system in developed countries are 

artificial fertilizers and pesticides. Especially, the nitrogen contained in most of the 

fertilizers in Taiwan requires high levels of pressure and high temperatures to produce 

it in artificial way. It represents around 40% of the total energy expenditure for 

agricultural production in certain developing countries and almost 70% of the total 

energy consumption in developed countries. The Taiwan is not an exception since 

according to calculations above the nitrogen’s production energy represents 63.83% 

in the agriculture production stage.  

One of the main problems of any agriculture system is the energy cost of 

transportation. Thought, this stage is the second the most energy consuming in 

Taiwan and it is two simple reasons that Taiwanese import and export is mainly 

conducted by the sea transportation which is one of the most efficient options with 

consuming significantly less energy compared to the road transportation and also 

because Taiwanese area is not so large resulting in less agriculture products 

transportation requirements within Taiwan. But still, due to large distances and huge 

amounts of imports, transportation energy cost is around one quarter (24.51%) of the 

life cycle energy expenditure.  
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During long distances travelled and long duration of the distribution process, food 

must be kept in a good state of conservation and maintain an attractive appearance 

which requires processing and packaging stages. According calculations in this 

research, the processing activities’ energy share is 8.75% of the total agriculture 

sector which is quite common among developed countries.  

On the other hand, there are not doubts that there is an excess of plastics used in 

agriculture sector in Taiwan. The packaging is even more energy consuming 

(43.56%) then transportation. In order to maximize shelf life and protect food against 

high humidity typical in Taiwan, the mass use of packing is engaged, especially 

plastic packing. For example, instead of a one plastic bag used in Europe, three plastic 

bags are used in Taiwan. Before, Taiwan used to be a kingdom of plastic production 

and even when the production decreased, the habit of people preserved. The western 

green propaganda telling us that “each plastic bag is on average used for 20 minutes 

but in nature remains for 200 years” probably missed Taiwan and this kind of 

thinking is not in Taiwanese consciousness.  

The least consuming stage in life cycle of Taiwanese agriculture production system is 

retail with only 0.67% of the total agriculture energy expenditure. In comparison, 

cooking and preserving or storing food require quite a lot of energy, but still it still 

remain less energy consuming stage compared to others. Therefore, households 

consume the second least (6,8%) of energy among other stages in the life cycle.  

In short, the result reveals an overall picture of agriculture production system energy 

consumption in Taiwan. Where are nitrogen production, huge of import and excess 

use of plastics constituting the most serious issues which should be focused on in 

terms of energy use.  
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7.1.2 Contamination of Soil and Water 

The abundant energy required to produce plastics for packaging process is not the 

only issue concerning plastics. The environmental impacts of the using plastics, which 

are often highly contaminant, and their inappropriate throwing away to the nature 

results in many plastics on the lands and further cause a serious pollution of nature all 

over the Taiwan. This has negative influence on animals and natural environment. For 

instance, a plastic bag consumed by animal can cause serious health problems to 

animals’ organism. 

Nevertheless, the most serious issues connected to soil and water contamination are 

usage of fertilizers and pesticides. This problem as one has three part. The first part is 

a problem of own producing of these substances, producing of both creates 

considerable waste which has to be released somewhere. The second part, more 

serious one, is the usage (or overuse) itself when fertilizers and pesticides enter the 

plants, soil and surrounding. This results in contamination of surface, erosion, loss of 

biodiversity, etc. The last part is leaking of chemical and artificial substances to the 

underground water as well as remains of these in agriculture product (food), which 

has negative impact on entire environment. Namely on humans’ drinking water, 

animals’ drinking water, irrigation of agriculture area (even organic), which all have 

very negative effect on life in nature and in some cases is very hard to remove certain 

kinds of contamination. The contamination caused by overuse of artificial fertilizers 

can be overcome over some time with using organic fertilizers; however, the 

contamination by chemical pesticides can remain in soil for at least few decades, as 

we could see with certain later prohibited pesticides.  

The fertilizers’ problem is excess of waste during production, its overall overuse 
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during agriculture production resulting in soil contamination and leaking to the 

underground water, and, consequently, losing its full effect. In comparison, pesticides 

cause even more alarming problems connected to negative affecting health of living 

entities. Pesticides represent a first a health issue during application to the person 

applying it as well as to people living near that place. The second problem is 

following contamination of environment, especially soil and finally its leaking to the 

underground water.  

And what is worse, the later kind of contamination has a devastating effect (not only) 

on human health causing diseases as cancer, genetic degeneration and infertility. The 

part of contamination problem is also contamination of food itself which has direct 

effect on human health mentioned above. There is no economic revenue which could 

possibly overreach these kind of negative influence on human health. At least with a 

health moral thinking and sense for humanity. 

7.2  Economic Dimension 

7.2.1 Prices  

This research found some increases in prices in agriculture production. Yet, increase 

of prices is unavoidable phenomenon in current capitalist market economy system and 

even the significant increase of fertilizers’ price in last two decades by around 40% 

still remains a minor payment necessary to pay for farmers which are, as usual in 

developed countries, depending on the government subsidies. Therefore, the 

sustainability of the Taiwanese agricultural production system is in short-term quite 

sustainable and in long-term is equally sustainable as the market economy system. 

Which can be sustainable for some people and for some not. Fortunately, the 
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Taiwanese government is try to make a big effort to financially support farmers and 

their families, as well as paying attention to the total income of farmer families as 

whole. Therefore, the response of the government on the increasing expenditure of 

farmers every year could be considered as sustainable in long-run. 

7.2.2 Self-sufficiency 

In contrast, a weak point in the Taiwanese agriculture sector planning is its strong 

dependence on imported goods from overseas while main emphasize is on building 

strong export. Mainly from the U.S., Brazil, Japan, and China, among many other 

countries, there was an import reaching 18.3 million tons in 2015 while the export 

accounted 2.1 million tons. The most successful exporting agriculture sector is fish 

and seafood subsector, accounting 1.31 million tons of domestic production, 

exporting 0.935 million tons or 71.4% of its produced amount, and importing 0.376 

million tons or 50% of domestic supply. The most balanced sector is eggs production, 

in which 413,400 kg of eggs are produced, 2,100 kg exported, 2,100 imported, and 

413,400 kg accounts for domestic supply. 

The response by the government of intended increase of export do not seems to work 

in long-term since the import still plays major problem in Taiwanese “self-

insufficiency”. In order to improve Taiwan self-sufficiency, production of food which 

is excessively imported should be focused on own market instead of export. This 

decreases transportation, processing and packing requirements. 

This situation could be easily improved by decrease of imports from U.S. and other 

countries. The prices of foodstuff increase to their natural level when Taiwanese 

farmers can make a living and status of agriculture also rise up encouraging new 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

66 
 

 
 

farmers to join. 

7.3  Social Dimension 

7.3.1 Food Security 

The regulatory infrastructure (Environmental Protection Administration, Department 

of Health, Council of Agriculture, and Council of Labor Affairs) made certain 

improving of pesticide control for the known most risk posing pesticides, but overall 

the pesticide control is still insufficient as well as research about health and 

environmental impacts of pesticides creating a health risk for the Taiwanese nation. 

However, the current Taiwanese government seems to not be conscious of importance 

of studies written above. Instead of making regulations more demanding and 

defending health of Taiwanese people, the government is releasing limits and 

allowing restricted pesticides to be use.  

Side effect on human health by these chemicals used in agriculture has not been well 

explored yet. Artificial pesticides and herbicides especially those directly 

implemented into food by genetic modification (GMO) methods are by many people 

suspected to be responsible for overall increase of many diseases in society, such as 

cancer or obesity. Since the very same chemicals are known as extremely toxic and 

usually are used as strong and cheap poison to kill germs, insects or unwanted 

animals. 

In conclusion, pesticides situation in Taiwan is highly unsustainable in terms of food 

security and poses a health risk for Taiwanese population as well as for the 

environment. Solution stated by Toxics Active Center is “we need to make our food, 
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our air, our water, and our soil free from toxic chemicals” (Toxics Active Center, 

2015). There is need of non-toxic methods in agriculture. “Organically grown foods 

and sustainable methods of pest control are key to our families’ health and the health 

of the environment.” (Toxics Active Center, 2015)  

Failed regulatory system problem need to be repaired by the government to have 

better and independent testing. As a first step, wide public, especially farmers, should 

be informed about pesticides’ effects, health risks, current range of usage and degree 

of water and soil pollution. Pollution of water and soil should be strictly prohibited 

with providing sufficient surveillance of actions causing pollution like agriculture or 

industrial activities. Pesticides used only for aesthetic reasons should not be allowed 

by law. All toxic pesticides with known or suspected health risk must be restricted by 

regulations through government policies including usage of pesticides as well as 

production and import. Toxic pesticides should be reduced and instead should be used 

non-toxic pesticides or other methods of dealing with problems. For instance, instead 

of pesticides killing insect, insecticides, should be paid more attention to using more 

natural methods like supporting natural enemies of insects as birds or bats. 

The responses of the government mention desirable decrease of fertilizers and 

pesticides while enhancing organic agriculture, but practically remains only a theory 

and after all those years of the government efforts the area cultivated in organic way 

is only 1.11% of the total area. Even with provable health advantages of the food 

produced without chemical fertilizers and pesticides, the total area without using 

chemical fertilizers and pesticides represents less than one third (28.67%) of the total 

cultivated area. 

With the social dimension is also related manpower, which is not abundant in Taiwan. 
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It was decreasing until 2008 from when it became more or less stable and sustainable. 

8. Conclusion 

In terms of fertilization and “pesticidation” during production, mass plastics usage for 

packing, clear dependence on import offer many of the possibilities for increasing 

sustainability in Taiwanese agriculture production. It is not enough to focus on 

increasing of yield and export, as proposed in plans published by the Council of 

Agriculture, Executive Yuan. The soil has a limited capacity of production and with 

use of fertilizers and pesticides, the soil is facing long-term degradation. Furthermore, 

the health risk for humans and animals emerging by annually increasing use of 

chemical pesticides causing poisoning and deteriorating of (human) heath while their 

usage is time limited until the insects adapt to new poisons. The current solvation of 

using even more toxic pesticides is not sustainable. 

On 15th March 2017, the government bureau for Food and Drug Administration 

allowed to use of two types of pesticide, formerly restricted, and 19 types of 

pesticides are newly allowed to use for wider range of plants (FDA a, 2017). For 

example, one of them is Dimethomorph which was completely forbidden before 2009, 

since 2009 it was allowed to use it up to 0.5ppm (0.00005%). The limit was changed 

to 2.5ppm (0.00025%) in 2012 and then to incredible 10ppm (0.001%) in 2017 (FDA 

b, 2017). Dimethomorph pesticide has a direct negative impact on reproduction 

system and nervous system, causing damage of fertility and causing cancer of liver 

and kidney. This suggests that the limit was in total increased twenty times in 8 years 

(2009-2017) from the originally entirely forbidden pesticide.  

Next example is Fluopyram pesticide which is newly possible to use for tea 
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production with a limit of 6.0ppm (0.0006%), other 19 plants initially permitted for 

use of Fluopyram pesticide with a limit exceeding 0.1ppm (0.00001%) are left 

without change (FDA b, 2017). Nevertheless, the internationally established limit for 

Fluopyram pesticide is 0.1ppm (0.00001%) set by the World Trade Organization and 

the European Union. Therefore, the allowance for tea treatment with Fluopyram 

pesticide exceeds international limit sixty times in Taiwan.  

The only way of creating healthy and sustainable future in agriculture is to change the 

model used, switch to a new model that substantially reduces health risks, degradation 

of soil, lack of self-sufficiency, and energy inefficiency. Organic production focused 

on domestic demand would substantially reduce these areas. Studies into energy 

efficiency show that organic farming consumes less energy to obtain the same product 

of better quality with lower health risk while do not cause degradation of soil. This is 

mainly because of the replacement of chemical fertilizers with organic fertilization. 

Future development, in order to be sustainable, has to pay attention to how this 

process is conducted. It is obvious that only a shift towards organic farming and 

corresponding changes in consumption patterns can contribute to a substantial 

reduction of resources used in the food system and to sustainable future. The way, in 

which it can be achieved, is improving the quality of what we eat by minimum usage 

of pesticides and without reducing agrarian income and employment to switch to 

organic farming, and to change to have more vegetarian thinking, with the big 

emphasize on seasonal products produced locally.  

The current consumption patterns build on a myth that more consumption creates 

happy life which is taken as a dogma in economics should be also challenged and 

further research could be made about a different pattern containing shorter working 
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hours and higher wages while producing high quality products. If the corporations 

profit is not put on the first place, then entire production system is also changed and 

agriculture sector become overall more sustainable aiming to bright future. 

Proponents of de-growth economy11, ecological economy or athroposophy12 made 

very interesting findings in this field proving excellent results with using organic 

farming and different (non-profit) patterns of thinking. For instance, an alternative 

proposed by Serge Latouche is based on the strategy of re-territorialisation of 

production, re-localisation of markets, re-vegetarianisation of diet, and re-

seasonalisation of food consumption. 

 

 

 

 

 

 

 

 

 

 

                                                      
11 Serge Latouche, Giorgio Kallis, Christian Kerschnerm Joan Martinez-Alier, Juan Infante Amate, 
Manuel González de Molina, Nadia Johanisova, Tim Crabtree, Eva Fraňnková 
12 Rudolf Steiner, Sergej Prokofiev, Herbert Witzenmann, Stephan Eistenhut 
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