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Abstract An agricutural energy systems analysis of China was carried out using the new
measure emergy spelled with a “m™. Emergy is defined as the energy of one kind previously |
required directly and indirerctly to make a product or service. Solar emergy is the available
solar energy uséd up directly and indirectly to make a service or product, its unit is solar
emjoules {abbreviated sej). Emergy provides a common denominator for measurment of the )

value of environmental resource and economy in an ecological-economic system. An emergy

analysis of Chinese agroecological-economic system is presented, showing its emetgy input
{environmental resources emergy . applied fossil-emergy and other renewable energy), and e-

mergy yeild (main crops. livestock and fishing production) providing an overview of Chinese

agriculture, giving some indices to evaluate the national agricultural environment resource ba-
sis and production, in order to recommend the elfect of national agroecological system and its
sustainability.
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1 Introduction
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An important problem facing humanity today is how to analyse rationally and deal
with integration of human and natural processes. Neither economics nor ecology alone
adequately addresses the problems the world society presently faces. People have been

' searching for a type of common criterion for many vears, which can measure nature, en-
vironmental resources as well as human economy. Money circulates only among people

for their services but does not flow through nature;it can not express the contribution of

nature and environmental resource for human economy. Energy flows through nature
and human society, but the quality and value of different types of energy are different,

and should not be added. In this study,a new emergy analysis theory and method is used
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to evaluate the contribution of natural resources to agriculture and the ability of differnt
energy forms to contribute to the economy. Emergy analysis of agriculture is great dif-
ferent from previous agricultural energy analysis, it not only analysis supplemental ener-
gy inputs and food energy outputs, but also environmental energy inputs and human ser-
vices, and put them in a common emergy basis for measurement of the value of agricul-
tural environment and economy. A comparision in general between emergy analysis and

energy analysis on agriculture is listed in Tab. 1.

Tab.1 Comparision of emergy analysis and energy analysis on agriculture

Characteristic Energy analysis Emergy analysis
Measure criterion Energy Emergy
Measure units I sej
Energy quality CAN DOt EXPress Can eXpress
Bk i i Fodaslouicgs ey Em'i.ronmemﬂ resoutce .

fossil-energy and others
Energy flows A part energy {lows . All energy flows
Results Qutput/Tnpur energy A serious emergy indices

2 Overview of agriculture and its energy use in China

China is the most populous country in the world with a tatal poulation of 1. 2 billion
over. But China has only 100 million hm?® of arable land for crop production to feed their

enormous number of peoplel!

. On average each person has about only 0.1 hm?® arable
land for food production, which is 1/3 of the world average, 1/6 of the United States av-
erage. About 80% of Chinese population live in rural areas, where farmers produce food
for their families in villages and for the pecele in cities and towns. During the past
decades, agricjlyure in China has changed dramatically. Nowadays the collective organi-
zations of people’s communes beflore 19805 have bcc'_rl replaced by individual peasent
families. Most of the traditinel organic.agroecosystems that had been dominant in China
disappeared. More and more [ossil-energy-based inputs in the form of synthetic fertiliz-
ers, pesticides, and machinery are used to increase agriculrural production. But Chinese

agriculture is still great deflerent from western countrics.,

3 Concepts and me:thodﬂlog}'

On the basis of general systems principles, Odum has lormulated a unifying theory
of system eccology and emergy theory!™*L In this paper,the enérgy inputs from environ-
mental sources (sunlight, rain, topsoil), applied energy from industry (fuels, electricity,
machinery, fertilize and pestisides) as well as other energy used from within agricultural

system (human labor, animal work, manure, seeds) have beén'put:on a common basis
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by evaluation the solar emergy as done in some previous papers on agriculture®=,

The following concepts and definitions are used in the emergy analysis for evalua-
tion of agriculture.

(1) Avalilible emergy. Potential energy capable of doing work and being degraded in
the process. )

(2) Emergy. Available energy of one kind previously required directly and indirectly
to make a product or resoure® ), However, energy of one kind is not equivalent in its a-
biliable to do work to energy of another kind. Therefor, in adding up the available ener-
gies of defferent kinds contributing to a production process, all have to be expressed in
units of one kind of energy. For convenience, all forms of energy continenting are su-
pressed in units of solar energy that would be required to generate all the inputs. Thus,
wealth is measured by the solar emergy required to accumulate it. Solar emergy is avail-
able solar energy required directly and indrectly to make a product or resource, its units
is Solar Emjoules (sej).

(3) Solar transformity. solar emergy per unit available energy. A list of solar trans-
formity for many types of energy and commodities is derived form previous studies,
which is appropriates to analysis of regions or large systems,such as this research. After
the energy content of a flow has been estimated, it can be multiplied by its solar trans-
formity to obtain its solar emergy. Several useflul emergy indices cal be calculated to il-

lustrate the ecological-economic interface of agriculture (Fig.1).

-
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Fig.1 Emergy diagram illustrating agricultural computation of emergy use and yield ratios

(4) Net emergy yleld ratio. The ratio of an output yield of emergy divided by the e-
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mergy of all the feedbacks from the economy including fuels, fertilizers and services (sup-
plemental emergy).

(5) Emergy yield ratio. a measure of its net controbution to the economy beyond its
own operation.

(6) Emergy investment ratio. The purchased emergy (F) feedback from the econo-
my to the indigenous emergy inputs from environmental resources (I). This index mea-
sures the intensity of the economic development and the loading of the environment, it is
useful for evaluating the relative contribution of free environmental inputs. For a process
to be competitive,it must have as much environmental input as competitors. A high ratio
means that the environment supports higher levels of economic inputs than other regions
or processes with lower ratios.

(7) Environmental loading ratio. The ratio of supplemental emergy and nonrenew-
able indigenous emerly to renewable environmental resources emergy. A large ratio sug-
gests a high technological level in emergy use as well as a high level of environmental
slress. C

Data {rom various sourecs of geographical or economic inlormation and statistics of
the agriculture in China were collected and interpreted; (D to understand its ecological-
economic network; @ to calculate emergy folws and understand emergy basis for Chi-
nese agriculture; @ to calculate principal public emergy indices of the ecological-econom-
ic interface, and (@ to assess the national agricultural system and its sustainability.

4 Results and discussion

4.1 Resource emergy basis of Chinese agriculture

An emergy diagram of Chinese agriculture is shown in Fig. 2, which represents an
aggregated agroecological-economic systems of China including its main emergy flows
and processes. Also, Fig. 2 shows a general agricultural production system of China.

The emergy analysis for resource basis of Chinese agriculture is presented in

Tab. 2, which includes the main rernewable and nonrenewable environmental sources
(sunlight,rain, topsoil) , the nonrenewable inputs purchased from the industrial economy
(fuels, electricity, fertilizers, pesticides, machinery), as well as the rernewable organic
energy applied from within the self-system of agriculture (human and animal labor, or-
ganic fertilizers, seeds).

An emergy analysis of the main agriculrural prodection in China has been performed
and the results are schematized in Tab. 3. A summary of the emergy flows is given in
Tab. 4, in which the emergy indices were calculated and listed.
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Fig. 2 Emergy diagram for general agricultural production system of China,
Dashed lines are flows of money

Tab. 2 Emergy analysis of resoutces basis for agriculture of China

Actual energy" Transformity Solar emergy
Nili /) (seil]) (X 10" sej/y)

Renewable resources
Sunlight 3, 85X 10" 1 0. 36
Rainchemical energy l.4gx= 10" 18 199 2.7
Total 3.07

Monrenewable sources from within the system
Net loss of topsoil 3. 39X 10" 62 500 21.20

" MNonrenewable industrial subsidiary energy

Machinery 1. 20 10" 7.50x10° 89. 78
Fossil oil 6. 07 = 10" 6. 60104 4.0]
Electricity 2. 37 %107 1. 59 10% 3.7
Mitrogen fertilizer 4, 08 10" 1. 69 10¢ 6. B0
Phosphae fertilizer 1. 26 10" 4. 14107 5. 21 '
Potassium fertilizer 1. 04 % 10" 2. 63 10° 0,27 ]
Pesticides 4.93%10M 1. 87 % 107 8.71 i
Total B g2 10" 119. 65

Renewsble organic subsidiary energy '
Human labor 7.78x 10" 3. 80%10° 29, 55

) Animal wark 1. 5410 1. 46108 2. 25

Organic manure 4, TEx 10" 2. 7010 12. B
Seeds 1. 37x 10" 200100 3. 46
Total 5. 86 10 48.15

13 All data is in 1988
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Tab.3 Emergy output of main crops,livestock and fishing production in China"

s Entrpr Transformity Solar emergy
Uly) - (sej/]) (X 107" sej/y)
Selected crops production
Rice ©o2.BEX10™ . 3.59X10 10.10
Wheat =t 1L 59X 10 6. BOX10' 10. 20
Corn 132X 10 2.70X10* 3. 56
Other grains 1. 0510 2.70% 10 2.83
Cotton 7.03% 10" 1. 90 10 13. 40
Vegetable oil 2. 46X 10" 6. 90% 10* 17. 00
Sugar 1. 04X 10" B. 40X 10" 8.87
Fruits 2. 79 10" 5.30x10* 14.76
Vegetable 1. 75X 10" 2. 7010 4.72
Other crops 4. 38 10" . 2. 70%10 11. 80
Total 97.15
Liverstock production . .
Meat 8. 06 10" 1. 71 %10t 13. 80
Other products 3.55X 10" 1.73x10° 6.15
Wool 6.17x10" 3. 84%10° 2.31
Total 22.32
Fishing production
Fish products 3. B4 10" 2. 0010 7.70

1)All data is in 1988

Tab. 4 Summary of emergy flows and indices for Chinese agrivulfure system

3 Quantity : x
Kind of emergy flows Express (X 10% sej) Indices Ratios
_R_e-newzble environmental sources R 207 I/U+1) 0.13
Nonrenewable environmental sources N 21. 20 Fiiu+n 0. 62
Total free environmental sources I=R+N 224. 27 RS+ 0. 25
Renewable organic energy R’ 48.15 Fiu 0.71
Fossil-energy use F 118. 65 RU 0. 29
Total supplemental energy use U=F+t+k 167. BO Fil 4.93
Total inputs U1 192. 07 Y/ 0. 27
Crops yield Y, 97.15 (F+NY/I(R4+ R 2.80
Liverstock yield . Y 22.32
Fishing yield Y 7.70
Total yield Y=Y,+Y: 1Y, 127.17

4.2 The emergy flows of Chinses agricalture

The total emergy used for Chinese agrivulture is estimated at 192X 10" sej in 1988
(Tab. 2, 4). Free environmental resource emergy accounts for 13% of the total emergy
use driving Chinese agrivultural system, applied fossil fuel emergy from industries ac-
counts for 62%, and applied organic {ertilizers (green manure, dung, straw) emergy ac-
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counts for 25%. . ' b
During the past few decades there have been remarkble increase in Chinese agricul-

ture fossil-fuel energy for machinery, fertilizers, and pesticides. However, the organic
energy has long been an important source for agriculture production in China. For the
organic energy. the major inputs were from manure, crop residues, human labour and
animal work,as well as seeds from within the system of agriculture. The organic emergy
use in 1988 is estimated at 48. 15X 10 sej, accounting for 94% of the total renewable e-
mergy inputs, which plays an important role in Chinese agriculture for its sustainability.
However,nonrenewahble fossil energy used in Chinese agriculture is now much more than
organic energy(Tab. 2,4),especially including inputs of commercial fertilizers and pesti-
cides.

The total emergy yield of the national agriculrure in China is estimated at 127. 17X
10°* sej, of which crops accounts for 7634 , livestock and fishing are low-level (less inten-
sive) in contrast with crops production. Perhaps livestock and fishing can be developed
futher for improving food supply in China. Meat consumption per person in China was
only 14 kg, one-eighth of that in the United Stated™,

4.3 Emergy indices and discussion

The general emergy investment ratio of the Chinese agricultural system is estimated
at 4.93 (Tab. 4), which is similar to that in some developed countries (Ulgiati, 1992).
The higher purchased emergy inputs is , the higher is the cost of production and the
higher is emergy investment ratio. High investment ratio causes more use of enveron-
mental energy to match purchased inputs. It may diminish natural capital and thus re-
duce agricultural production. Thus the production have much lower competition (Odum,
1992). So China should match its (ree renewable environmental resources and renewable
organic energy , and decrease the agriculrural production cost. The net emergy yield ratio
of Chinese agricultural system is only 0. 75, lower than that in many developed countries
(for example 1. 37 in Traly). It shows that Chinese agricultural technology and yield are
low. Finally, the environmental loading ratio of Chinese agricultural system is estimated
at 2. 8, which is close to that in middle-level developed countries. The higher is the envi-
ronmental loading ratio, the higher is the level of technology-development. From the fig-
ure it can be seen that the total development-level and environmental pressure of Chi-
nese agriculture is average in the world.

In Chinese agriculture, fossil-energy use derectly and indirectly for machinery, fer-
tilizers, and pesticides has increased. Draft animal power input and organic fertilizer use
has declined. However, the inputs of human labor remains high. Clearly, with abundant
human labor in rural areas, it may not be desirable to adopt a highly mechanized agricul-
rural system like the USA. Ever though in 1990s agriculture production in China is be-
coming more {ossil-energy intensive, it is still highly intensive in labor and animal pow-
er. Perhaps the best approach would be to increase the machenization energy 5% —~10%
to reduce or eliminate some of the less desirable hand operations, such as planting and
weeding {Wen Dazhong et al, 1984).

The rapidly growing human population needs more nutrition food. Our ability to
produce more food through agricultural production depends on arable land, and various
forms of energy (Wen D, et al, 1984). With the increasing demand for these limited re-
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sources, Chinese agriculture is facing serious problems of resource shortage and environ-
mental degradation. There is a need to develop a productive and sustainable agriculture
to meet the increasing human demand A miore effective use of renewable organic fertiliz-

ers and nonrenewable fossil- -energy is most important aspects in deveiopmg a productive
and sustainable agriculture in China.
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