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From the  
Editor’s Desk

Valuing cultural diversity and promoting intercultural 
understanding in a networked world

Our new web site and digital journal has been 
a huge step forward in delivering a quality 
product to our members. 

As the new National Science Curriculum has been released, the focus of this Journal 
is Science and Technology We hope that this may be a starting point for those 
teachers, who have not in the past, ventured into Asia in their studies of Science and 
Technology 

In future, we will attempt to cover the greatest possible range of subject areas in 
each Journal. These may include Geography, History, Visual Arts, Creative Arts, 
Literature, Science and Technology, Society and Culture, Legal Studies and Business 
Studies.

I would like to welcome a new contributor to our Journal, Wendy Pan from Meriden 
School and would like to encourage other teachers to contribute to the Asia Journal.

Di Dunlop.
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The HUMAN DEVELOPMENT INDEX (HDI) 
ranks countries by their investment in their 
populations. It considers health, life expectancy 
at birth, educational attainment and income, 
technology.

1. Norway  6 New Zealand
2. Australia  7. Ireland
3. USA  8 Sweden
4. Netherlands  9. Switzerland
5 Germany  10 Japan.

In Australia, babies can expect to live to 82, only 
Japan (83.61), Hong Kong (83.1) and Switzerland 
(82.5) surpass Australia. Australia was down on the 
technology indicator which compared the number 
of telephone and mobile subscriptions for every 
1000 people… Australia was 139, Hong Kong was 
257. 

The Asian nations of Japan, South Korea, Hong 
Kong and Singapore now have higher HDI ranks 
than France. Spain, Italy and Great Britain.

China and India have doubled their per capita 
economic output in less than twenty years (double 
the rate of the Industrial north in Europe and North 
America). China’s expected economic growth for 
2013 is 8.1%, USA is 2.4%. 

In January 2013, the Kumbh Mela Festival was held 
along the Ganges River in India. This event occurs 
every twelve years and is a Hindu pilgrimage which is 
the largest gathering on Earth. Over a 55 day period 
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up to 80 million pilgrims will descend on Allahabad 
in Uttar Pradesh in Northern India. (The Haj to 
Mecca in 2012 was about 3 million.)
Six hundred million is the number of jobs that 
need to be created by 2020 globally, just to keep up 
with population growth.

A three year study by the Chinese Ministry of 
Water Resources and the National Bureau of 
Statistics has found that only 22,909 rivers can 
be located compared with more than 50,000 
in the early 1990’s. The official explanation is 
climate change but environmentalists blame 
ill-conceived development where projects were 
imposed without local consultation. China is in 
the top thirteen countries most affected by water 
scarcity as industrial toxins are pumped into 
rivers such as the Yangtze. It is believed that over-
exploitation of many underground water reserves 
poses a threat to sustainability as does the 
desertification of large areas of forests in some 
mountain areas (this reduces the rainfall which 
in turn affects the river flow). Another threat has 
been the diversion of trillions of litres of water 
due to the construction of the Three Gorges Dam.

The Indonesian Government has released 
1.2 million hectares of land in Aceh Province 
for mining extraction, timber and palm oil 
plantations. Environmentalists are concerned 
about deforestation, danger to habitats for orang-
utans, tigers, rhinos and elephants. There are also 
concerns for villages downstream.

�

�

�

Three Gorges Dam on the Yangtze River, China. Source: Wikimedia Commons
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East-WEst  timElinE
scientific and technological advances in global civilization

Compiled by Cec and Peg White
tHE WEst, including africa Period Date Period asia

mapping the human genome using Dna technology shows that...
Modern humans move from 
their Central East African 
homeland to North Africa 
(Egypt), and then to Australia.

Tools made by chipping 
natural stone or bone Modern 
humans reach Northern 
Europe.

Remains of Cro-Magnon 
man (discovered in France) 
show more sophisticated 
manufacturing techniques, 
including tools for making 
other tools and products made 
from wood, bone and flint.

Modern man in Central and 
Southern Europe.

Paleolithic or 
Stone Ages 
(Nomads)

BCE*

–60 000

–50 000

–45 000

–40 000

–35 000

–30 000

–20 000

–10 000

– 8000

– 8000

– 5600

Paleolithic or 
Stone Ages 
(Nomads)

Anatolia

Anatolia

Modern humans move into East 
Asia, 
– then Central Asia, 
– then Northern and Eastern  
    Asia and China,
– then India.

End of the Paleolithic or Stone 
Ages in Anatolia (Turkey). Nomads 
settle down and invent urbanised 
civilisation and agriculture, in 
Anatolia (especially between the 
Taurus Mountains on the southern 
coast of Turkey) and the freshwater 
lake which later became the Black 
Sea.
Catal Hüyük (first city in the 
world) on the northern slopes 
of the Taurus Mountains was 
inhabited from 8000 – 6000 BCE, 
then it was abandoned due to 
the big freeze at the end of the 
third Ice Age. Population around 
5000. A very early manufacturing 
and trading centre with products 
in wood, clay and metal, as 
well as textiles and weapons. 
Domestication of animals 
including dogs, goats, cattle and 
sheep. Wheat domesticated in 
Mesopotamia.

The Mediterranean Sea breaks 
through the Bosphorus in the so-
called ‘Biblical Flood’, turning the 
freshwater lake into the Black Sea, 
wiping out most of civilisation at 
the time.

Above: Skull of Cro-Magnon man
Below: Flint tool, Southern Hungary

Above: Bulls’ heads,
excavated from  

Catal Hüyük, Angora 
Museum



ASIA Volume 41 Number 2 – Focus: Science and Technology      �

tHE WEst, including africa Period Date Period asia

– 5000

– 4000

– 3500

Mesopotamia

Sumeria

After the flood survivors move up 
to the headwaters of the Tigris and 
Euphrates Rivers in Mesopotamia. 
Agriculture, which provided a 
guaranteed food supply leads to 
an increasing population, forcing 
people to move down-river where 
the sparse rainfall only allows 
crops to be grown along: the 
river banks. Fighting for scarce 
agricultural land ensues 

Between 5000 and 2100 BCE, the 
invention and development of 
irrigation between the two rivers 
alleviates this situation and leads 
to a population explosion and 
the founding of great cities like 
Babylon.

The Bronze Age originated in 
Western Asia in the 4th century 
BCE. More superior weapons 
(knives and axes) replace stone 
and flint. Horses are ridden on the 
steppes. Light wooden ploughs are 
used in Mesopotamia

The city of Uruk in Sumeria 
(modern Iran) became a thriving 
centre for trade and culture, buying 
and selling on an international 
scale, and producing incredibly 
modern textiles and silverware 
Written tablets were discovered 
here too. The first wheels were 
used for transport. Cuneiform 
(wedge-shaped) writing in clay was 
invented. Simple numerals were 
used.

The Na’rmer Palette 
(discovered 1898), the first 
piece of Egyptian recorded 
history and the first example 
of early hieroglyphic writing.
Papyrus used to write on.

The oldest known dam, a 
rockfill dam, on the Nile in 
Egypt. A calendar of 365 
days/ 12 months in Egypt. 
Simple sailing boats in Egypt

Ancient Egypt – 3100

– 3000
– 2700

India Cotton was grown in India..

East-WEst  timElinE

Above: The Na’rmer Palette, Egypt.  
Royal Ontario Museum

Abovet: Remains of the 
ancient city of Babylon, 
Mesopotamia, current 

day Iraq
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tHE WEst, including africa Period Date Period asia

Pyramids were constructed in 
Egypt

Egypt

– 2500

–2540

–2500

Sumeria

Syria

The city of Ur, located not far 
from Uruk, had begun as a village 
around 4500 BCE. It was now 
the capital of Sumeria. with a 
sophisticated administrative 
structure which controlled the 
thriving international trade. People 
were dressed in fine clothes, and 
the rich and powerful wore gold 
and beautifully made jewellery.
In the city of Ebia, recently 
excavated, archaeologists found 
a library of 19 000 clay tablets 
covered in cuneiform writing.

The Bronze Age begins in 
Europe.

Practical mathematics in 
Egypt, but never abstract or 
theoretical—no proofs.

Greek-speaking people 
invade the present-day Greek 
mainland.

Europe

Egypt

Greece

–2300

–2000

–2000

–2000

–1800

c.–1766

Anatolia 
(Turkey)

Mesopotamia

China

Mesopotamia

India

China 
Shang dynasty

The legendary city of Troy, whose 
sophistication was shown by 
the discoveries of Schliemann, 
included massive amounts of 
beautifully-worked gold with 
precious stones.
The spoked wheel and the chariot 
came into existence.
The Chinese discover magnetic 
attraction.
The sexagesimal number system 
in Mesopotamia was based 
on the number 60— still used 
today for degrees and the time. 
The principle of place value in 
mathematics is used for the first 
time. Quadratic equations were 
solved.
By 1800 BCE. mathematical tables 
were in use in Babylon, and by 
1700 BCE, squares, cubes, square 
roots and cubed roots were in 
use. Babylon, ruled by Hamurabi 
(famous for his Code of Laws), 
dominates Mesopotamia.
The Rig Veda maintains that Earth 
is a globe, and in Yagur Veda that 
it circles the sun.

Large irrigation works, imposing 
buildings and stylised pictorial 
writings in China. Silk garments 
were worn in China.

East-WEst  timElinE

Left: Gold jewellery 
and a perfume 
dropper from the City 
of Ur

Above: Early Greek pottery bowls

Above: Mesopotamian 
cubit measure.

Left: Ancient Chinese 
silk garment
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tHE WEst, including africa Period Date Period asia

The Rhirni or Ahmes 
Papyrus, a handbook of 
practical mathematical 
problem solving.

Egypt – 1650

Knossos in Crete is a thriving 
Mediterranean trading city.

Mycenae, a fabulously rich 
palace, was discovered bv 
Schlieman. Gold items of 
many kinds.

The Tomb of Tutankhamun

Crete

Greece

Egypt

– 1500

– 1500

– 1500

– 1400

c.–1340

c.–1100

Babylon

China

Syria

China 
generally – 

Zhou dynasty

China

The later Pythagorean Theorem  
on the triangle was understood.

In China we find the decimal 
system, bronze vessels, stone and 
ivory carving, lacquerware (the 
first plastic), the first astronomical 
observations of exploding stars 
(supernovae).

The first alphabet of 30 
characters was invented in 
Ugarit, Syria. It was taken 
around the Mediterranean by the 
Phoenicians, finally to Greece.

Chinese lacquerware – the first 
use of plastics. Everyday items 
were made of bronze. Poultry and 
water buffalo were domesticated. 
The magnetic needle was invented 
in China. Important Chinese 
works were written.

Medical systems were set up in 
China covering nutrition, surgery, 
internal medicine and veterinary 
practices.

Right: The Rhind 
Papyrus

East-WEst  timElinE

Above:  Bull leaping fresco, Mycenae

Above:  Alabaster perfume jar from the 
burial tomb of Tutankhamun

All images sourced from Wikimedia Commons  
– www.commons.wikimedia.org

Right: Bronze Shang 
dynasty vessel Below:  An ancient Chinese magnetic compass
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in the last five hundred years or so, since the 
European Renaissance, most advances, 
especially in science andtechnology, have 

come from the West. However, in the previous ten to 
twelve thousand years, the majority of contributions 
were undoubtedly Asian innovations. But, along 
with scholars like Edward Said, Joseph Needham 
and others. I believe that this fact has, until very 
recently, not only been generally ignored by Western 
historians but deliberately downplayed. Furthermore, 
the innovations of which I speak were not just 
chance discoveries passed on to the West for later 
development. They were discovered, fully researched 
and the technology developed to a high degree of 
sophistication, usually many centuries, before the 
West even heard of them.

The important late sixteenth century English 
philosopher and scientific writer, Francis Bacon 
stated that “Three inventions changed the face of 
civilisation more than any others. These were the 
magnetic compass, which revolutionised navigation; 
gunpowder, which revolutionised warfare; and 
printing on paper, which revolutionised the 
dissemination of knowledge”. Bacon did not say, nor 
did he even know, that all of these were Chinese 
inventions.

tHE Contribution of CHina  
to global Civilisation in tHE  
fiElDs of sCiEnCE & tECHnology

Cec White

Undoubtedly, the greatest writer on the history of 
science and civilisation in China was Dr Joseph 
Needham from Cambridge University. Joseph 
Needham was a young biologist who was sent over 
to China during World War II to assist the Chinese 
as a secret service agent. When he came back to 
Cambridge at the end of the War, Needham said 
to his colleague. “I am now going back to write the 
history of science and civilisation in China” They 
said. “Oh. you won’t find much there”.   He said, 
“How wrong they were. Everywhere we turned 
was first after first, after first. Dr Needham died in 
1995 having completed so much of his great book 
“Science and Civilisation in China”, that it takes up 
about a metre on the shelves of the university and 
public libraries.

In his book, besides many other things of course, 
Needham details the development of over 200 
Chinese inventions and innovations that have 
greatly affected Western civilisation.

I will deal with a few of those which have had the 
greatest impact on the West and which put China so 
far ahead of the West in the period from the four-
teenth century BCE to the fourteenth century CE.
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tHE Contribution of CHina  to global Civilisation in tHE  
fiElDs of sCiEnCE & tECHnology

I am using BCE and CE which is more acceptable 
to non-Christians than BC and AD.

The first civilisation we hear of in China was 
somewhat after 1800 BCE. As West Asian 
civilisation had been going since about 10 000 
BCE and they had already invented many things 
including agriculture, urbanisation, irrigation etc. 
therefore, by West Asian standards. China was a 
late starter. But from here on the Chinese caught 
up with a vengeance.

numEriCal systEms
Strangely enough, when you read about Chinese 
inventions, writers often place the development of 
the decimal system as one of their first world-class 
innovations.

By 2400 BCE, the Sumerians from Mesopotamia in 
Western Asia had developed a fairly cumbersome 
numerical system based on the number sixty. But, 
of course, there are still sixty minutes in an hour 
and sixty seconds in a minute. However, by about 
1400 BCE, the Chinese developed an entirely new 
numerical system based on the number ten.

The Mesopotamians had also developed the 
concept of “place value”, which the Chinese 
applied to the decimal system. If I write 1111, 
the figure 1 on the right means one, but if 1 
move the same numeral one space left it means 
ten, and so on. So the position of a numeral 
determines its magnitude. This eliminates the 
need to use different numerals for one hundred, 
one thousand etc.

Their next innovation was to leave a space 
wherever a zero was required. When I I first started 
working in Asia, some 40 years ago, there were no 
hand-held electronic calculators, but, seeing I was 
dealing with Chinese people right across Asia, they 
all had the abacus. This was a bead-type counting 
frame, with which they could do the most abstruse 
calculations at incredible speeds. If you wanted to 
signify “one” you moved a bead over to the right-
hand side. To signify “ten”, you moved the bead 
one space to the left leaving a space for the “zero”. 
When you tried to write this down, however, you 
did not know whether there was a space to the 
right of the “one” or not. Then, finally, someone, 
apparently on the Indo-Chinese border, wrote a 
“0” to show there was a zero, thereby inventing the 
“nought”,  the universally used symbol for zero.

So, here we have the Chinese, with the modern 
decimal system complete with place value and zero 
over 2000 years before anything like it appeared 
in the West. In anyone’s language, this must be an 
incredible achievement! 

agriCulturE
It comes as no surprise, that some of the earliest 
Chinese inventions were in the fields of agriculture 
and farming technology. As Joseph Needham says. 
“Up until the seventeenth century CE, European 
agriculture was severely limited by the inefficiency 
of ploughing, sowing and hoeing methods”.  Robert 
Temple says, “of all the advantages that China had 
for centuries over the rest of the world the greatest 
was perhaps the superiority of its ploughs. Nothing 
underlines the backwardness of the West more 
than the fact that for thousands of years millions 
of human beings ploughed the earth in a manner 
that was so inefficient, so wasteful of effort, and so 
utterly exhausting, that this deficiency of sensible 
ploughing may rank as mankind’s single greatest 
waste of time and energy”. Ploughs outside China, 
made shallow furrows because the depth of the 
furrow depended on how hard the ploughman 
could physically push the point into the soil. But, as 
early as the fourth century BCE, advanced Chinese 
ploughs were in use, with new sturdy frames, string, 
heavy, well designed ploughshares (later made 
of cast iron); and an adjustable strut to precisely 
regulate the ploughing depth. A little later on, they 

An exquisite example of a Chinese abacus.
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tHE Contribution of CHina  to global Civilisation in tHE  
fiElDs of sCiEnCE & tECHnology

were even fitted with a mouldboard Initially, this was 
in the form of a curved plate to turn the soil over to 
aerate it, but, eventually a streamlined mouldboard 
was developed, which allowed the soil to flow 
smoothly out of the furrow. The smooth flow of the 
soil over the mouldboard more than compensated 
for the extra weight of the plough and often reduced 
the number of animals required to pull the plow 
from three to one. Temple emphasises that it was like 
going from bow and arrow to the gun.

Up until the sixteenth century CE, the sowing of 
seed for crops, outside China, was carried out 
by broadcasting, which was appallingly wasteful. 
However, by the first century BCE, the Chinese had 
already developed the multi-tube seed drill. In this 
machine the seed from a hopper flows down two or 
more tubes, behind small ploughshares, so that the 
seed is deposited deep in the soil where germination 
is good. Moreover, the plants which germinate are 
in rows, which makes weeding, cultivation and 
harvesting more efficient.

When grain crops were ripe, they were harvested 
by cutting with sickles and then winnowing.  
Winnowing is the process used for separating the 
husks and stalks from grain after harvesting.  The 
usual method of winnowing consisted of throwing 
the threshed grain up into the air (preferably in a 
strong wind) sometimes using a large flat basket, so 
that the chaff is blown away and the grain falls to the 
ground. By the second century BCE, the Chinese had 
invented the rotary winnowing fan. In this machine, 
the harvested grain was put into a hopper and fell 
through a continuous stream of air blowing through 
a duct from a crank-operated paddle type fan. The 
chaff was blown out through a vent while the grain 
fell down into a container. The early winnowing fans 
were operated by either a hand crank or treadle, both 

Chinese inventions. This machine was brought to 
Europe by Dutch sailors in about 1720 CE.

It was eventual adoption, by the British, of Chinese 
mouldboard plough designs, row cultivation of 
crops, the seed drill for sowing and the rotary 
winnowing fan, which were the major factors 
in bringing about the European Agricultural 
Revolution just prior to the Renaissance.

It is only in my lifetime, that the world has advanced 
beyond the use of teams of horses for transport and 
agriculture. Once again, it was left to the Chinese to 
develop an efficient horse harness. Throughout most 
of the world, even up until the eighth century CE, 
what was known as “throat and girth harness” was 
in use. In this harness the load of the vehicle was 
attached directly to a tie around the horse’s neck, 
which virtually choked the animal if the load to be 
pulled was too heavy. It is astounding that such an 
absurd system could have persisted for so long. 

17th century Chinese illustration of a crank-operated rotary winnowing fan 
machine, separating husks from the grain. This picture was published in the 

year 1637, found in the Tiangong Kaiwu encyclopedia written by the Ming 
Dynasty scholar Song Yingxing (1587–1666). 

Early illustration of a Chinese  ploughing ceremony. 
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In about the fourth century BCE, the Chinese had 
already made a great breakthrough in harness design 
by putting a breaststrap across the horse’s chest from 
which the harness to pull carts was attached. The 
weight in this case was born by the horse’s main bone 
structure. However, by the first century’ BCE, they 
improved on this by inventing the collar harness, in 
which a padded collar was placed around the horse’s 
neck to replace the simple breaststrap. It has been 
shown by tests that an animal can pull six times the 
load with a collar harness compared to the throat and 
girth harness. The collar harness was introduced into 
Europe in around 700 CE. The lack of inventiveness 
in the West is shown by the example of Rome, which 
imported all of its grain from far away Egypt by boat, 
even though grain was grown in Italy and other parts 
of the Empire, but could not be hauled to Rome by 
road transport.

Before leaving the subject of farming, I must mention 
one of the simplest of all Chinese inventions, 
the wheelbarrow. Due to the leverage effect, this 
enables a man to carry twice the load with the 
same amount of effort. Even though pictures of 
the first wheelbarrows appear in China by the first 
century CE, it has been said that in all of the ancient 
empires and indeed in all Western nations up till the 
thirteenth century, man laboured at 50% efficiency 
because he did not adopt this simple invention.

mEtallurgy
Another area in which the Chinese virtually 
anticipated, by many centuries, many of the later 
major Western inventions, was in the field of 
metallurgy, and especially the technology of iron  
and steel.

If you heat iron ore with carbon, such as coal, at a 
very high temperature, you produce metallic iron, 
with some carbon content. This can be cast into 
many shapes by using moulds, hence its name “cast 
iron”. Cast iron was not widely available in Europe 
before the end of the fourteenth century. “The 
Chinese, on the other hand, produced cast iron in 

quantity from the fourth century BCE. Unfortunately, 
due to cast iron having a considerable proportion of 
free carbon inclusions in it, which makes for a weak 
internal structure, it is quite brittle and therefore 
it was not useful for some applications, such as the 
making of swords.

If you can remove some of the carbon from cast 
iron, you get a metal with lower carbon content, 
which we call “steel”. This is not brittle like cast iron. 
The properties of the steel, such as hardness, are 
dependent on the percentage of carbon left therein. 
If you remove more and more carbon you eventually 
end up with almost pure iron, called “wrought 
iron” that is malleable and is difficult to break. The 
Chinese actually made sabres of wrought iron with 
hard steel sharp edges. In the second century BCE, 
the Chinese produced steel itself by blowing air into 
molten cast iron to burn away some of the carbon. 
This is exactly the same process used by Bessemer 
in England much later in 1856. It is also interesting 
that the first steel made in the United States, in 1845, 
was made by bringing over four steel workers from 
China, who used this process.

The significance of Chinese metallurgy becomes 
clear when you consider that the Industrial 
Revolution, the immediate forerunner of the 
Renaissance, was dependent on the Chinese 
inventions of cast iron, wrought iron and steel.

Qingming Festival showing a wheelbarrow

Altazimuth, Beijing Ancient Observatory. Made in 1673 for the purpose of 
determining azimuth of celestial bodies.
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vaCCination against 
smallPoX
One of the greatest scourges of mankind was the 
disfiguring and deadly disease smallpox which 
literally disfigured and killed hundreds of millions 
of people over many centuries. It was feared just as 
much in the West as it was in the East.

It is interesting to note that “The Macquarie History 
of Ideas” tells us that vaccination against smallpox 
was introduced into England by the Honourable 
Lady Mary Wortley Montague. It just so happened 
that Lady Montague was the wife of the British 
Ambassador to Constantinople and when she 
found that the rich children there were being 
vaccinated against smallpox she had her children 
vaccinated too. Then, when she came back and told 
her British socialite friends, they arranged to have 
their children vaccinated also. So she did indeed 
introduce the idea of vaccination against smallpox 
into England. But virtually no-one thought, “Who 
invented the process?”

Obviously vaccination cannot be practised unless 
extensive research and development has occurred. 
The Turks admitted that the process came from 
China where it had been used for many centuries.   
Needham, as a biologist, said that he was amazed 
to find they had used almost the same method 

that Jenner used in England much later in 1797, 
vaccinating people with cowpox to make them 
immune to smallpox. Needham said he was even 
more astounded that they had even developed 
attenuation of the virus. This means that it you 
vaccinate someone with cowpox he or she will get 
quite a  nasty dose of cowpox, even though it will 
not be fatal. If then you take blood from that person 
and inject it into a second person, that person 
will get a milder dose of cowpox but will still be 
immune to smallpox. If you continue this process 
of transferring blood from the second person to a 
third person and so on, you eventually reach the 
stage where the smallpox vaccine will produce a 
very mild reaction indeed but will still produce full 
immunity against the killer smallpox.

PorCElain
The word china, with a small c, entered the English 
language well before the eighteenth century to 
describe imported porcelain from the land of 
China. The word china is now, unfortunately, an 
unrestricted generic term for all types of crockery, 
earthenware and porcelain. However, the word 
porcelain itself has no equivalent translation in the 
Chinese language at all. It is a Western word that 
was coined to specifically describe the ceramic 
wares of South China fired at high temperatures 
up to almost 13000C. The modern definition of 
porcelain is precise and refers to a hard whitish 
ware that is translucent and resonant. When the 
Europeans eventually tried to copy the process, 
they ran into a trap, because they were not aware 
that it was the impuritiies in one of the Chinese 
ingredients which ensured plasticity at high 
temperatures. Even then, Europeans did not have 
suitable kilns to reach such high temperatures. 
Chinese kilns went through a long period of 
evolution. Some high temperature wares were 

Lady Mary Wortley Montague in Turkish dress (1689–1762)

Porcelain pillow. China. Jin period (1115 - 1234 CE.  This pillow is in the 
Shaanxi History Museum, Xi’an. It was excavated from Huangling County.
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successfully glazed as early as 1500 BCE but the 
actual date of manufacture of true “hard paste” 
porcelain in China, which inspired awe and 
admiration in the West, seems to have occurred 
before the third century CE.

Although Marco Polo described the manufacture 
of porcelain in China, it was not until well into 
the eighteenth century that anything approaching 
Chinese hard paste porcelain was produced in 
Europe at Meissen in Germany.

I would like to quote a few words of wisdom from 
Paul Atterbury of Sotherby’s, arguably the most 
prestigious current dealer in porcelains. Atterbury 
acknowledges the great debt the West owes to 
China. He also expresses his opinion that “the 
results achieved have never been matched in quality 
or originality and have never ceased to inspire 

imitations” He goes on to point out the extremely 
rare pieces that reached Europe from China after 
careful transport across the long Silk Road were 
valued by princes like precious stones, In his 
opinion, “the highly ornamental oriental porcelains 
effectively determined future stylistic developments 
in the West” and that “developments in the West 
were trivial in comparison to the centuries of 
progress and innovation in the Far East”. He goes on 
to say, “Ironically, the strength and influence of the 
Far East is probably greater today than ever before. 
The present day domination of the Western market 
by Japan is increasing steadily, China is a sleeping 
giant about to be awakened and it is possible 
that by the end of this century there will be no 
effective Western porcelain industry. All porcelain 
production may be in the East, the wheel having 
turned full circle”.

briDgE builDing
During the first twelve months of my engineering 
career, I was involved in the design of bridges. 
Consequently, I have always had a love of graceful 
bridges.

The Chinese made two major innovations in bridge 
design; firstly, the modern style suspension bridge, 
and, secondly, the segmental arch bridge.

Perhaps the most spectacular of modern bridge 
building marvels is the suspension bridge with its 
relatively flat deck, suspended from long ropes 
hanging in the form of catenaries across gaping 
spans of up to thousands of metres.

Initially, the suspension bridge in China consisted 
of two very strong woven bamboo ropes draped 
across a gorge or river in the form of a catenary and 
the deck was placed on top of the ropes. These were 
frightening to cross, so handrails were added. Next, 
they made the bridge safer by dropping the deck 
down and basically suspending the bridge on its 
handrails. The deck, however, was still in the form 
of a catenary. But many people in China still cross 
such bridges.

Finally, the deck was made horizontal and the 
handrails were extended still further to suspend 
it from the main catenaries. When wrought iron 
was invented in China the catenaries and the deck 
suspenders were made from heavy chains and the 
bridge became very strong. So, the modern style 
suspension bridge had arrived. In China the greatest 

Chinese porcelain statue of Guan Yin, from the Yuan Dynasty (1271–1368 CE) 
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span achieved was a very creditable 131 metres. The 
first one built in America, almost 2000 years later, 
had a span of only 74 metres.

The Chinese also developed the segmental arch 
bridge. The oldest bridge of this type, called The 
Great Stone Bridge, still survives and is still used 
in China. The arch can be visualised as being the 
segment of a large circle with only a segment of it 
appearing above ground level For the same span, 
the Romans would have used several semicircular 
arches, which would have taken much more 
material and would not have allowed floodwaters 
through so easily.

The Gladesville Bridge in Sydney was the longest 
concrete arch bridge in the world when a was built. 
It is a segmental arch bridge.

nautiCal EnginEEring anD 
navigation
The areas of technical expertise in which the 
greatest number of world-class inventions occurred 
in China were in the fields of nautical engineering 
and navigation. A Cambridge colleague of Joseph 
Needham, Robert Temple stales that “the Chinese 
were the greatest sailors in history and for nearly 
two millennia they had ships and sailing techniques 
so far in advance of the rest of the world that 
comparisons are embarrassing”.

The Chinese not only invented the shape of the 
hull, sharp at the bow and blunt at the stern, they 
also strengthened it with cross partitions called 
bulkheads, which they also used to support multiple 
masts. Bulkhead construction was not used in 
Europe until the days of the steel ships such as the 
“Titanic”. For accurate sailing, they also invented 

fore and aft rigging as seen on modern yachts to 
enable a ship to sail almost into the wind, which was 
not possible on a square-rigged ship.

In about 1180 CE. Europeans first adopted a really 
major Chinese invention – the rudder. Prior to that, 
different types of oars or “sweeps” had been used 
for steering, but oars had been replaced largely by 
the rudder in China from at least the first century 
CE. However, later, when the British developed 
steam turbines to propel their gunboats at very 
fast speeds of 30 knots or more, they only had one 
major problem, the rudder could not be turned at 
speed due to the water rushing past it on both sides. 
Having to slow down to turn was not a good option. 
Then the British realised they had not kept up 
with the latest Chinese technology, the fenestrated 
rudder. This type of rudder had small “windows” 
or holes cut in it, which greatly increased the ease 
with which it could be turned in the water without 
significantly reducing its steering ability on the hull. 
And so the Chinese fenestrated rudder prevented 
the embarrassment of the commander of a prestige 
British gunboat from having to slow down to 
change course when the enemy took off in another 
direction.

By the fifteenth century, the Chinese were building 
large ocean-going junks with three masts, the front 
mast having a triangular jib and the other two masts 
being square rigged.

This eventually became the standard design for the 
standard full-rigged European sailing ship.

Apart from the building of great ships, the Chinese 
revolutionised navigation with their invention 

Rope suspension bridge, Fengdu

Chinese war junks (1843)
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and development of the magnetic compass. The 
attractive power of a natural magnetic mineral 
called lodestone appears in the early literature of 
both China and the West. However, the important 
breakthrough that the Chinese made was to 
discover that if a piece of lodestone was suspended 
on a thread so it could rotate, it had the remarkable 
property to always point north-south.  It was this 
direction-seeking property that led the Chinese 
to develop the compass. Some time before the 
sixth century, the Chinese had found that the 
direction-seeking properties of lodestone could be 
transferred to a strip of iron by rubbing it. Then, 
to top it all off, they found out how to magnetise 
an iron needle or pointer by using the earth’s 
magnetic field alone. If an iron needle is heated to 
red heat and held so that if it is facing due south, 
then cooled suddenly with cold water, it can then 
be suspended and it will always point due south.

To steer a ship, you need to know the direction 
of the geographic south pole, which is not in the 
same position as the south magnetic pole to which 
a compass points. Furthermore, the deviation 
between the two poles varies with the time of the 
year. It is incredible that the Chinese realised this 
so-called declination well before 1000 CE and 
had a table of corrections for sailors to use. The 
first knowledge of declination has wrongly been 
ascribed to Columbus in 1492.

It could be safely said that without these two 
inventions, the compass and the rudder, the so-
called European Age of Discovery, involving long 
sea voyages, would have been impossible, which, 
ironically, would have saved China from later 
Western colonisation.

Chinese compass, 19th century

WarfarE
The Chinese completely revolutionised the art of 
warfare This was mainly done with two inventions: 
the stirrup for riding horses and gunpowder.

No doubt you have seen bareback riders at shows and 
have seen the skill required to manoeuvre a horse 
without stirrups. As Needham says, “the stirrup 
welded the horse and rider together and applied 
animal power to shock combat”. Robert Temple 
points out that stirrups were unknown to all the 
great armies of antiquity in Europe and West Asia, 
even the Romans. When horsemen with stirrups 
from Central Asia attacked Byzantium in 560 CE, 
the effect was so devastating that the Emperor 
immediately called for the emergency production of 
180 000 stirrups to stem the tide. The Chinese with 
their use of cast iron could of course make stirrups 
in great quantities. When horsemen equipped with 
stirrups came up behind chariots at high speed they 
could kill the occupants and wheel around without 
being hurt, thereby making chariots obsolete. No 
future army using horses without stirrups could 
possibly compete.

Warrior and Horse from the collection of terracotta sculptures depicting the 
armies of Qin Shi Huang, the first Emperor of China. Xi’an, Shaanxi, China 
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The stirrup did nevertheless enable the British 
and French Knight in Shining Armour to sit on 
his horse and fight without the embarrassment of 
failing off, which was fatal. Then, the Chinese came 
along with gunpowder and blew him off and ended 
the Age of Chivalry. It also ended the use of walled 
cities as a defence.

Gunpowder is a mixture of powdered carbon, 
saltpetre and sulphur. Essentially the higher the 
proportion of saltpetre the more explosive the 
mixture. By the twelfth century, when gunpowder 
first became known in the West, the Chinese had 
already developed it in all its forms from slow 
burning to highly explosive and had invented 
devices to use it in weapons such as guns and 
cannons. In fact, it was not until sources of 
saltpetre were discovered by the British in India in 
the eighteenth century that reliable manufacture of 
gunpowder in Europe was possible.

Well before the formula became known in the 
West, higher and higher proportions of saltpetre 
were used producing firstly explosions and, as the 
proportion was increased further, detonation.

By 900 CE, the Chinese were actively using 
gunpowder in war. At first they used what is 
called the fire lance, which consisted of a tube of 
gunpowder open at one end which spewed fire and 
smoke in a frightening manner. This was terrifying 
to men and especially to horses, in 1221, highly 
explosive bombs in cast metal canisters came into 
use in China and not only produced major damage 
to properly but the shrapnel from the metal casing 
had a dreadful antipersonnel effect.

tHE Contribution of CHina  to global Civilisation in tHE  
fiElDs of sCiEnCE & tECHnology

The first true gun was developed in China in the 
thirteenth century and reached Europe by the early 
fourteenth century. Needham describes constant 
visitations between China and Europe in Mongol 
times in the thirteenth century and states that it was 
inevitable that the Chinese gun would be taken up by 
the Europeans without delay as soon as they saw its 
obvious potential and the impossibility of ignoring 
such a revolutionary weapon. Temple argues that 
the first European cannons were so similar to the 
earlier Chinese cannons that it seems fairly obvious 
some were brought from China and copied. Cast 
iron cannons were being produced (in China) before 
Europe had even learned how to make cast iron.

No doubt Chinese 
soldiers using fire lances 
would have experienced 
the recoil as the hot gases 
from the gunpowder 
ejected from the front 
end of the barrel. In other 
words they would have 
realised the propulsive 
power of gunpowder 
and were soon using it to 
make rockets. You have 
seen the enormous power 
a large modern rocket 
requires to accelerate it 
from zero to high speed. 
So, the Chinese, like the 
Americans, no doubt found that you cannot build a 
bigger and bigger rocket and expect it to go further 
and further. The increasing weight of the rocket 
and its fuel load prevents it taking off.  Hence, the 
Chinese found that the distance a single rocket would 
go was limited. Then someone realised that if you 
attached a smaller rocket to the front of the large 
rocket, which lit up when the main rocket fizzled out 

it was already travelling at 
high speed and, as it did not 
need to accelerate, it could 
be relatively small and still 
travel a very long distance. 
This idea of the multi-stage 
rocket was eventually used 
by the Americans to put a 
man on the moon.

Exploding pottery caltrops, China

Ancient illustration and description of 
a fire lance 

An illustration and of an Eruptor, a 
proto-cannon from the 14th century 
Ming dynasty. It was capable of firing 
cast-iron bombs filled with gunpowder
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Printing on PaPEr
The two Chinese inventions which have had the 
longest and most profound effect on modern global 
civilisation are paper and printing. These two 
inventions have had incalculable benefits due to 
the facilitation of the dissemination of knowledge 
throughout the entire world. In fact, it is no 
exaggeration to say, that printing on paper forms 
one of the basic foundations of our modern global 
civilisation.

Before the advent of paper, the world had to do with 
papyrus or parchment, both expensive and difficult 
to produce in quantity. In China, these difficulties 
were overcome by the invention of paper. It was 
cheap and easily produced in quantity from a large 
range of readily available raw materials.

The oldest paper discovered by archaeologists 
dates back to 98 BCE. The general method of 
manufacture, which evolved over several centuries, 
involved the use of materials such as rag, rope, bark 
or rice stalks, which were ground up and boiled to 
produce a slurry. A woven screen frame was then 

immersed in the slurry and the layer on the screen 
screeded off to a uniform thickness. This was put 
aside to dry and then the resulting sheet of paper 
could be peeled off.

In the seventh century CE, the Chinese added the 
second great innovation that was to make knowledge  
cheaply and readily available, the invention of block 
printing.

Seals, used in a similar way to our modern rubber 
stamps, but made from carved stone, jade, metal or 
wood, were used from very early times.

The block printing of actual books longer than one 
page, was initiated in the early seventh century 
CE. In block printing a very skilled artisan had to 
laboriously carve out a complete block for printing, 
everything on each individual page. This block was 
then inked and applied to the paper to produce one 
individual page. 

In the eleventh century, a Chinese printer, Pi Sheng, 
invented moveable type. He began making single 
clay print slugs of individual Chinese characters, so 

The Pen ts’ao, 1249 C.E. Printed with woodblock, this illustrated book 
discusses Chinese herbal medicine
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now, a book page could be readily assembled from 
a box full of mass-produced print slugs instead of 
having a single block of a complete page laboriously 
carved by a very skilled craftsman. Furthermore, 
the print slugs could be reused over and over again. 
The Chinese were then able to produce hundreds of 
thousands of copies of a book simply and cheaply.

Then, in the thirteenth century a Chinese printer. 
Wang Zhen started producing simple wooden type 
slugs. The characters were written on paper, stuck to 
the timber, carved out by a semi-skilled worker and 
sawn up to produce individual print slugs.

Finally, the Koreans completed modern printing 
technology by inventing the use of copper metal type 
slugs to replace the Chinese wooden type slugs. This 
use of metal type slugs, which could be cast in large 
quantities cheaply, was the final Asian contribution 
to the art of printing, which had been fully perfected 
in China and Korea long before any printing at all 
was done in the West.

Paper was first made in Europe by the Muslims. 
Following the founding of Islam in Arabia by 
Mohammed in the seventh century the Muslim 
empire expanded rapidly, taking in most of Western 
Asia, Northern Africa, and finally the whole of 
Spain. In 751 CE, a Muslim army invaded Turkestan, 
a region that had been under the rule of China and 
captured a number of skilled paper makers. The 
manufacture of paper spread rapidly throughout the 
whole Muslim Empire and they finally set up the 
first paper factory in Europe in Spain in 1150.

Not long after the introduction of Chinese paper 
making techniques into Europe, the second great 
Chinese invention of printing finally arrived as well. 
In 1456, Johann Gutenberg of the German city of 
Mainz produced an edition of the “Bible” using 
movable type, probably using the idea from Korea.

One difficulty with the use of movable type In China 
stemmed from the fact that China did not have 
an alphabet. Typesetting a Chinese book requires 
several thousand different print slugs, whereas an 
English book for instance requires only twenty-six 
different type slugs to produce all words. Therefore 
movable type, when allied with an alphabet, 
produced an explosion in the dissemination of 
knowledge.

In considering what was the most important 
Chinese invention, and whilst not disagreeing with 
Francis Bacon’s list of three greatest inventions, 
Needham concluded that the multi-stage rocket 
could very well be the greatest invention ever given 
to humanity by any nation, because one of these 
days, when the sun cools down and the earth freezes 
over we will need to get off this planet and the only 
way we know at the moment of doing this is with a 
multi-stage rocket. It is interesting to see that China 
has returned to rockets and by putting a man into 
space has initiated a major space program. So, will 
Joseph Needham be proved correct and will China 
lead the earth in its eventual colonisation of the 
universe?

Early illustrations of Chinese paper making process

All images in this article have been sourced through Wikimedia Commons 
– www.commons.wikimedia.org
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CHinEsE astronomy: 
from star map to space station

Wendy Pan, meriden school

stage 4
Es2 scientific knowledge changes as new evidence becomes available. some 
technological developments and scientific discoveries have significantly changes 
people’s understanding of the solar system.

b.  students demonstrate, using examples, how ideas by people from different 
cultures have contributed to the current understanding of the solar system.

This article is probably best used after students have 
gained some understanding of the scientific model 
of the solar system and the relative movements of 
the Earth, Sun and Moon.

Further discussion questions could include:
The difference between astronomy and 
astrology. This allows students to explore the 
difference between the scientific method and 
other ways of thinking; 
How historical records may contribute to the 
accuracy, reliability and validity of scientific 
investigations;
The intersection between politics and space 
research; and 
Current and future space research as an 
international effort.

sources
Drake, N. (2012), “Onward and Skyward”;  

http://www.sciencenews.org/view/feature/
id/346442/description/Onward_and_Skyward

Phys. Org (2006). “New evidence links stellar 
remains to oldest-recorded supernova”,  
http://phys.org/news77806137.html

Odenwalk, S. (2008). “Ancient Eclipses in China”, 
http://sunearthday.nasa.gov/2008eclipse/
ancienteclipses.php

PlanetQuest. “Early Chinese Astronomy”,  
http://www.planetquest.org/learn/chinese.html

•

•

•

•

What did the sky look like in the past? When modern 
astronomers want to know, they have turned to 
Chinese records, which are the oldest surviving 
continuous astronomical records in the world. In 
fact. The oldest surviving star map was discovered in 
Dunhuang, China and dates back to around 700 CE.

Astronomy was of great importance for Chinese 
emperors. The sun, moon and stars were used 
to tell the time and mark annual events such as 
the solstices, the longest day and night. However, 
Chinese emperors also believed themselves to be 
the Sons of Heaven and that the sky revealed their 
fortunes, so they employed astronomers to record 
detailed observations of the sky. Solar eclipses were 
considered as extremely bad luck, as it was believed 
that a dragon had swallowed the sun! Ancient 

The International Space Station. Source: http://www.google.com.au/
imgres?imgurl=http://www.nasa.gov/images/content/136653main_

s114e7221_high.jpg&imgrefurl=
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Chinese descriptions of a solar eclipse mention the 
“darkness invaded the sun”, “stars were seen and it 
was dark” and that there was “a golden ring around 
the sun”. Some stories say that royal astronomers 
were beheaded if they were unable to predict solar 
eclipses!

The first record of a solar eclipse was made in China 
in 1217 BCE and the first record of a lunar eclipse 
dates back to 1065 BCE . Scientists at NASA have 
used Chinese records to improve the accuracy of 
their scientific models which predict how fast the 
Earth rotates.

Sightings of sunspots were also noted in Chinese 
Imperial histories, at least as far back as 28 BCE. 
These dark spots on the sun were observed at sunset, 
when it was safer to view the sun as the atmosphere 
absorded more of the sun’s radiation. Such historical 
records help modern scientists to understand cycles 
in the sun’s activities. By contrast, the first European 
record of sunspots was made by Galileo in 1610 CE, 
who thought they were clouds on the sun’s surface.

Chinese astronomers also made the first known 
record of a supernova. In 185 CE they saw something 
which sparkled like a star but did not appear to move 
across the sky like a comet. This bright object took 
about eight months to fade. Scientists now know that 
a supernova is an explosion which occurs when a 
massive star runs out of fuel and collapses on itself. 
By observing how quickly energy is moving from 
the remnants, scientists have estimated the age of 
supernova. Research in 2006 has shown that the 
Chinese probably observed the supernova remnant 
called RCW 86 and the historical records have 

helped to support calculations that RCW 86 was 
much younger than previously thought.

Chinese documents contain the earliest records of 
Halley’s Comet in 240BCE which was known to the 
Chinese as the “Broom Star” because of its tail.

Although the Chinese made detailed observations 
about astronomy, Western science developed more 
sophisticated explanations for the phenomena 
observed.

China is poised to unlock many secrets of our universe 
in the future, with heavy investment in space research 
and science education. China is due to complete 
its first satellite telescope in 2014, which will detect 
x-rays and study black holes, and the world’s largest 
radio telescope in 2016. it is also working towards 
launching a manned space station into orbit in 2020. 
While Chinese astronomers frequently collaborate 
with scientists from other nations, including Australia, 
some politicians in the United States are fearful of such 
collaboration, and passed a law in 2011 to prohibit 
government funded astronomers from working one-
on-one with the Chinese.

A section of the “Mawangdui silk” from around 300BCE, showing drawings 
of types of comets.  Source: http://www.nasa.gov/images

The spectacular Comet McNaught as viewed from the ESO Paranal Observatory. Source: Wikimedia Commons
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Questions
1. using the sky to predict people’s fortunes is called astrology. 

outline a Chinese example and a modern example of astrology.

2. the table below lists some astronomical events observed by the 
ancient Chinese. use the article and your own research to describe 
what could be observed during these events, and the modern 
scientific explanation of what is happening.

CHinEsE astronomy – HanDout

Phenomenon What could be observed modern scientific explanation

solstice

supernova

solar eclipse

lunar eclipse

sunspots

comet

3. Why are ancient Chinese records useful for modern astronomers?

4. What are the advantages and disadvantages of international 
collaboration in astronomy?

5. Why might governments want to fund space research?
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activities on Chinese inventions - stage 3-4
Di Dunlop
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CHinEsE invEntions – ClozE PassagE
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inDonEsia: 
a volCaniC Counrty

adrianne Haddow

this unit of Work deals with Earth and space in stage 3

Describe, using examples, how natural geological events cause 
rapid changes to the Earth’s surface eg. Earthquakes, volcanic 
eruptions or tsunamis in the asian region or throughout the 
world.

Contents:
• How volcanoes are formed
•  How volcanoes are formed: tectonic plates
•  retrieving information from a diagram:  

How a volcano is formed
•  indonesia: a volcanic country – Quiz questions and map
•  indonesian volcanoes – Web work
•  volcanoes: living in the Danger zone
•  indonesia: volcano Culture and task sheet
•  What is that word? glossary of volcano Culture
•  Krakatoa volcano – Web work

Mount Merapi, Indonesia
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1.  HoW volCanoEs arE formED.  
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2.  HoW volCanoEs arE formED

tectonic Plates
study the diagram on the following page, then fill in the blanks below.
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3. HoW volCanoEs arE formED
retrieving information from a diagram
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4. inDonEsia: a volCaniC Country

use the facts below to understand the map on the following page. 
Create a series of quiz questions to test your classmates.
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5. inDonEsia: a volCaniC Country
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6. inDonEsia: a volCaniC Country

Web work
go to the Wikipedia website and read the information about indonesian 
volcanoes. (http://en.wikipedia.org/wiki/list-of-volcanoes-in-indonesia)

Construct a table of the five most recent volcanic eruptions in indonesia.

find a mark these volcanoes on yoour map of indonesia. 

search for photos of your chosen volcanoes.
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7. volCanoEs: living in tHE DangEr zonE

People living near an active volcanoe face many dangers 
– before, during and after an eruption.
give definitions for the events below and explain why they are 
considered dangers.
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8. inDonEsia: volCano CulturE
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9.  inDonEsia: volCano CulturE

read the text on the previous page to complete the tasks. you may have 
to research some tasks.
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10. WHat is tHat WorD?

glossary for volcano Culture
Put the highlighted words from the text (9. indonesia: volcano Culture) 
into alphabetical order in the left-hand column. Write the meaning of 
each word in the right-hand box.
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11. KraKatoa volCano – WEb WorK

map of the tsunami generated by the 
explosion of the Krakatoa volcano in 
indonesia on august 27, 1883. it made a 30 
meter wave in the sunda strait which killed 
about 36,000 people..

source: noaa website (national oceanic 
and atmospheric administration). 
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Ecologically sustainable development, or 
sustainability, integrates economic, environmental, 
social, cultural and gender perspectives, and aims 
to meet the needs of present generations without 
compromising the ability of future generations to 
meet their needs.
It enhances individual and community welfare, 
provides for equality within and between 
generations, protects biological diversity, and 
maintains essential ecological processes and life-
support systems.
It adopts anticipatory and precautionary approaches, 
employs appropriate technologies, and considers 
the environmental impact of development at local, 
national, regional and global levels.
Ecologically sustainable development recognises the 
need for all countries to develop strong, growing, 
competitive and diversified economies.
Economies of such dimensions allow members to 
enjoy acceptable standards of living, with access to 
adequate nutrition, healthcare, housing, education 
and employment.
In turn, such economics support the capacities of 
countries to engage successfully in environmental 
protection and rehabilitation.
The cooperation and involvement of governments, 
non-government organisations, businesses, 
community groups and individuals is integral 

SuStainability
Jennifer Curtis

stage 5 living World
Evaluate some examples in ecosystems, of strategies used to 
balance conserving, protecting and maintaining the quality 
of the environment with human activities and needs.
investigate how models can be used to predict the changes in 
populations due to environmental changes, eg. the impact of 
fire or flooding, introduction of a disease or predator.

to the achievement of ecologically sustainable 
development
Good government, democracy, participatory 
development and human rights are key elements.
Where ‘development’ was once solely a descriptor 
of the extent to which a country had industrialised, 
the term ‘ecologically sustainable development’ 
has gained in currency, and offers the theory 
and practice by which countries can meet their 
present and future needs in partnership with the 
environment.

from GO GLOBAL (pages 168–169)
Global Perspectives in the Secondary Classroom

THE RIO DECLARATION ON ENVIRONMENT 
AND DEVELOPMENT (1992) AROSE FROM 
THE UNITED NATIONS CONFERENCE ON 

ENVIRONMENT AND DEVELOPMENT 
(UNCED). OR EARTH SUMMIT. IN JUNE 1992.

THE DECLARATION IS. TO DATE. THE MOST 
COMPREHENSIVE AND GLOBAL STATEMENT 

OF PRINCIPLES FOR ECOLOGICALLY 
SUSTAINABLE DEVELOPMENT.

[GO GLOBAL HAS USED 14 OF THE 27 
PRINCIPLES MOST RELEVANT TO STUDENTS 

TO ANALYSE AND WORK WITH.)
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the SuStainability COMPaSS
so what do we mean by sustainability?

The ‘compass’ was developed by the Atkisson Group.
More information can be found online at: www.atKisson.com

there are many definitions of 
sustainability, but a good way for 
students to evaluate it is to think of 
evaluating as balancing the relationship 
between the four ‘compass points’.
if all four aspects are balanced in any 
issue, initiative, product or organisation 
(even a school) then we have something 
that is ultimately sustainable.

n

S

eW

WEll-bEing
Components / structure:
Personal health, fitness, sense of 
happiness and satisfaction, religion 
and spirituality.

Example (systemic) Issues:  
Nutrition, personal development, 
health problems, disease, personal 
income, career, sense of self and 
purpose. (Things that affect you 
personally.)

naturE
Components / structure: 
Plants, trees, environment, forest, 
ecosystems, animals, oceans.

Example (systemic) Issues:
Pollution, deforestation, land clearing, 
salination, threatened species, enhanced 
greenhouse effect, ozone layer depletion. 
(Things to do with the environment.)

soCiEty
Components / structure:
Government, culture, friends, 
community, local councils, religious 
groups, political parties, sporting clubs 
(people working and living together).

Example (systemic) Issues:
Social justice, racism, war and peace, 
democracy, equality, gender issues, 
youth suicide, immigration issues. 
(Things that affect people as a whole.)

EConomy
Components / structure:
Money, industry, factories, shops, 
jobs, trade, market.

Example (systemic) Issues:
Unemployment, unfair trade, access 
to resources, distribution of wealth, 
poverty and affluence. (Things to do 
with money and generating income 
to survive.)

Sustainabilitv can be the context for delivering 
learning outcomes across the syllabi and are 
applicable to cross-cumcular initiatives such as 
environmental education, civics and citizenship, 
quality teaching and values education.
Rather than being an extra component, sustainability 
can enhance the curriculum by adding colour, depth 
and purpose to learning while also being the binding 
agent for these initiatives. Consequently, teaching for 
sustainability in the classroom should be achievable 
within and across current syllabuses.

This is one of the priority areas of Global Education. 
Resources produced by the Global Education Project 
for AusAID are available from the Professional 
Teachers’ Council NSW – www.ptc.nsw.edu.au,  
click on the Global Education icon on the home 
page. For further information about sustainability 
and/or Global Education please contact the GE 
Project Team – globaled@ptc.nsw.edu.au

issues of sustainabilitv cross the boundaries of many disciplines and hence the Key learning areas
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Principles of ecologically sustainable development

Principles of ecologically sustainable development Yes No Not sure of not 
applicable

1.  Human beings are at the centre of ecologically sustainable 
development and are entitled to a healthy and productive life 
in harmony with nature.

2.  Countries have the right to use and develop their resources 
provided they do not damage their local environment or the 
global environment.

3.   The use or development of resources by the current generation 
shall not affect the ability of future generations to enjoy the 
resources or environment.

4.   Protection of the environment shall be built into development 
projects and not be additional or separate.

5.   Countries shall cooperate in the task of eradicating poverty to 
encourage ecologically sustainable development.

6.   Countries shall cooperate to conserve, protect and restore the 
environment.

7.   Countries shall reduce and eliminate unsustainable patterns of 
production and consumption.

8.  Countries shall cooperate to improve scientific understanding 
and share scientific and technological knowledge, skills and 
technologies.

9.  The environment is looked after best when citizens are 
well-informed and can participate in decision-making and 
activities.

10.  Countries shall cooperate to promote economic systems, 
policies or projects that lead to economic growth and 
ecologically sustainable development.

11.  Development projects shall include environmental impact 
assessments.

12.  Women have a vital role in environmental management 
and development and their full participation is essential to 
ecologically sustainable development.

13.  Young people shall be educated and encouraged to work for 
ecologically sustainable development.

14.  Indigenous people shall be encouraged as participants in the 
achievement of ecologically sustainable development because 
of their traditional knowledge and practices.

Adapted from Rio Declaration on Environment and Development (1992). in Agenda 21: United Nations Program of Action from Rio  
1993 United Nations Department of Public Information. New York, pp 9–11 from GO GLOBAL © AusAlD 2000. p 181

SuStainability
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sustainability – Diamond ranking 
Although all principles for ecologically sustainable development in the Rio Declaration on 
Environment and Development are important, some people believe that some principles are more 
important than others. For example, you may believe that some offer more immediate potential for 
development, or that some will have longer-term, positive effects

SuStainability

aCtivity
1   Carefully read the 14 principles.

2  Select the nine that you think are most 
important.

3  Share your selection with a partner. 

4  As a pair, aim to agree on nine principles.  
If you cannot immediately agree on nine try to 
compromise. 

5  Either cut out the nine you have selected into 
a set of cards which can be moved to form a 
diamond shape, or prepare to write the numbers 
for each principle in a ranked arrangement on 
the diamond below. (If using the diamond, write 
your rankings in pencil as you may change your 
mind several times before you are finished.)

6  Place, or write the principle that you believe is 
most important at the top of the diamond.

7  Place, or write, the principle that you believe is 
‘least important’ at the bottom of the diamond.  

8  Place, or write, the ‘two second-most important’ 
principles on the second level, and the ‘three 
third-most important’ strategies on the third 
level, and so on until you reach the bottom.

9  You have the option of ranking principles 
further. For example, if you place a principle in 
the first left-hand box on the second level of the 
diamond, then you are showing it to be more 
important than a principle in the second right 
hand box on the second level, and so on. 

from GO GLOBAL © AusAlD 2000. p 190
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stage 3 Earth and space
research the contributions made by people 
from a range of cultures and organisations using 
technologies to advance scientific understanding of 
the solar system.

stage 4 Earth and space
Demonstrate, using examples, how ideas by 
different cultures have contributed to the current 
understanding of the solar system 

stage 4 Chemical World 
investigate how people in different cultures in the 
past have applied their knowledge of the properties 
of elements and compounds to their use in everyday 
life.
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In late 2009, SBS showed an excellent BBC 
documentary series called Science and Islam, 
produced by Professor Jim Al-Kalili of the University 
of Surrey. The program is also available on YouTube.

When visiting ancient Egyptian tombs, his guide 
revealed that Islamic scholars had cracked the 
hieroglyphic code long before the discovery of the 
Rosetta Stone, and that the study of ancient Egypt 
did not begin in the nineteenth century but during 
the latter part of the first century CE.

The series had three parts:
1.  The Language of Science
2.  The Empire of Reason
3.  The Power of Doubt

The professor develops the story from the use and 
naming of algebra, through to the development of 
chemistry and the scientific method, and then the 
challenge of astronomy – Which was the basis for 
Copernicus challenging the belief that Earth was the 
centre of the Universe.

activities
Draw a Timeline which shows the scientific 
developments of the Islamic world from the 8th to 
the 12th century CE.

Find five Arabic words or terms which we use 
in Mathematics/ Science today and give their 
meanings.

Explain the importance of the development of nine 
(9) digits plus zero for Mathematics.

How did the decimal point come to be used?

On a map, mark the extent of the Islamic Empire 
by the end of the 8th century.

Arabic became the common language of the 
Islamic Empire .Discuss the impact this would 
have had on scientific knowledge and political 
power.

�

�

�

�

�

�

a series of activities compiled by Di Dunlop
What was the Translation Movement?

Explain the difference between the Koran and the 
Hadith.

In the Hadith the Prophet (Mohammed) said ‘God 
did not send down a disease without also sending 
down its cure’. Does this account for the early 
development of medical practice in the Islamic 
world? Explain

Discuss the importance of the Islamic value of 
compassion in the development of medicine.

�

�

�

�

Anatomy diagram from a 17th century CE, Persian manuscript by Mansur  
ibn Muhammad Ahmad at the Majles Library, Tehran
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sCiEnCE anD islam aCtivitiEs

Explain how the Translation Movement was 
responsible for the spread and development of 
knowledge in areas as diverse as dance, literature 
and medicine.

Outline how algebra was developed.

What is ‘scientific method’? How significant is its 
development for modern science?

How did Islamic science assist in the control of the 
Nile floodwaters?

Why was knowledge about the size of the Earth 
important to Muslims?

Explain how experimentation was driven by trade.

Outline how alchemy was the forerunner for the 
development of chemistry.

Explain the significance of classification and the 
periodic table.

Explain the importance of the linking of 
mathematics and physics.

�

�

�

�

�

�

�

�

�

What motivated Islamic scholars’ interest in 
astronomy? Explain.

In the 10th century, Ibn al-Haytham said: ‘Scientific 
ideas are only valid if they are mathematically 
consistent and reflect reality”. Explain

What role did Venice play in linking the 
developments of the Islamic world with that of the 
Renaissance in Europe?

Explain why you think Islamic scientific 
development fell into decline in the 15th century.

How was Newton influenced by the scientific 
traditions developed in Asia?

What impact did the rise of European colonial 
power have on the Islamic world?

Reference
Science and Islam: The Language of Science. 
BBC documentary:  
http://www.youtube.com/watch?v=qL41gX0fJng&fea
ture=youtu.be

�

�

�

�

�

�

Depiction of the sextant used in astronomy and astrology by the Ottoman 
Observatory in Istanbul and by the office of müneccimbaşı (chief astrologer) 

in the 16-17th centuries

Illustration by Al-Biruni (973-1048) of different phases of the moon, 
from Kitab al-Tafhim (in Persian). The subtitled comment: Why the 

increase and decrease of the light of the moon is settled while other stars 
don’t behave so,observing these and not understanding the spirit of these 

is a misdeed that the light of the stars is of their own

Surgical Operation, Turkish manuscript, 15th Century
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Teaching and Learning Activities Indications of Achievement

Students read, with teacher guidance, the Tea Fact File and complete 
activities (Handouts 1 and 2). Explanation of vocabulary such as moist, 
hardy, pruned, evergreen, serrated and diameter will be needed. Create 
a large Tea Fact File in a prominent place in the classroom for student 
reference and discussion about the information the Fact File contains.

Key words in Tea Production (Handouts 3 and 4)

• Reads and interprets text to 
complete the activity

• Identifies key information 
about  the tea plant

• Contributes to discussion 
work.

FOCUS: Tea Making
Pose the question  How do you think tea is made from the tea plant?

Teacher records student responses.

Tell students they are going to find out how green tea is made in Japan.

Green tea process
Teacher note: Refer to the following websites for excellent background 
information about the tea-making process:
http://www.2basnob.com/tea-harvesting.html
http://en.wikipedia.org/wiki/Tea
http://recipes.howstuffworks.com/tea.htm

Chinese green tea and Japanese green tea are made differently. Chinese 
green tea is produced manually and the leaves are pan-fried in a large wok.

The production of green leaf in Japan is automated, and the leaves are 
steamed.

Provide an opportunity for students to watch the video at: 
http://www.o-cha.com/greenteavideo.htm

• Contributes to discussion 
work. By predicting how tea 
could be made.

tHE groWing anD 
ProCEssing of tEa

Julie o’Keeffe

stage 2 – living World
life cycles
Products – flowcharts to show production processes.
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In small groups, in pairs or as a whole class Discuss the process with 
students focusing on the main steps and technology used. Compare the 
student suggestions for how the tea could be made.

Encourage student contributions to the construction of a Flow Chart for 
the Green Tea process by drawing on their knowledge about the tea plant 
and understandings from the green tea video (Handout 5). Begin with a big 
handful of green tea leaves and ask students to think about what the first 
thing that would be done in making green tea.

Step 1    Picking / plucking 

Step 2    Transporting / keeping fresh

Step 3    Steaming / cooling 

Step 4    Drying

Step 5    Rolling  

Step 6    Drying 

Step 7    Rolling   

Step 8    Drying

Step 9    Sifting 

Step 10   Blending / packaging

As the Flow Chart unfolds, encourage students to identify and describe 
the role of people and technology used in this process (eg. tea pickers, 
machines used steaming and drying, transport used to get tea to the tea 
factory, people operating the different machines.

Reproduce and enlarge labels for parts of the process for making green tea. 
(Handout 6)

Randomly distribute labels and ask students to organise themselves in the 
correct order of the tea process. Check the Flow Chart for accuracy. Once 
students have organised themselves in the correct order, ask students to 
give some detail about each part of the process represented by the labels. 
Display class flow chart for the green tea process.

• Identifies parts of a process

• Identifies examples of 
technology

• Contributes to discussion 
work

• Contributes to joint 
construction of Flow Chan

• Identifies the components 
of the Japanese green tea 
production process

• Identifies and describes the 
role of people and technology 
in making green tea

• Accurately sequences tea-
making steps

Black tea process

Teacher note: Refer to the following websites for excellent background 
information about the tea-making process:
http://recipes.howstuffworks.com/tea.htm
http://coffeetea.about.com/od/preparation/a/growingtea.htm
http://www.2basnob.com/tea-harvesting.html
http://en.wikipedia.org/wiki/Tea

Tell students they are going to find out how black tea is made and that some 
parts of the process are similar to making green tea. and some parts are 
different.

Show students green and black tea leaves and ask them to spot differences, 
the main one being the colour. 

• Contributes to discussion 
work

tHE groWing anD ProCEssing of tEa
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tHE groWing anD ProCEssing of tEa

Pose the question: What happens to the green tea leaves from the tea 
plant to make them black?

To introduce students to the concept and terms of oxidation and 
fermentation demonstrate a simple example. Cut some fruit such as an 
apple and leave it exposed to the air. It will go brown due to a reaction of 
the cells in the apple with oxygen.

What could stop the cut fruit from going brown?  Sprinkle with lemon 
juice. In the green tea process, steaming the leaves is like adding lemon 
juice as it stops the leaves from fermenting and changing colour to 
becoming darker and eventually black. The leaves are not broken during 
this steaming process.

Show a big handful of black tea leaves and encourage students to predict 
how they think black tea is made. Encourage them to apply their knowledge 
of the green tea process and understanding from simple demonstration of 
oxidation to assist their predictions.

• Describes in own words the 
oxidation process

• Contributes to discussion 
work

• Applies prior knowledge

Use the process cards for making black tea to jointly construct a Flow 
Chart. (Handout 7)

Step 1     Picking / plucking 
Step 2     Transporting
Step 3      Withering 
Step 4     Rolling
Step 5     Oxidation (fermentation) 
Step 6     Drying
Step 7     Sorting, grading and packaging

As the Flow Chart unfolds, encourage students to identify and describe 
the role of people and technology used in this process (eg. tea pickers, 
machines used for steaming and drying, transport used to get tea to the tea 
factory, people operating the different machines).

• Identifies the components of 
the black lea process

• Contributes to joint 
construction of a Flow Chart

• Identifies and describes Ihe 
role of people and technology 
in making black tea

Students complete the sequencing activity for the Black Tea process, 
referring to the Flow Chart. (Handout 8)

Teacher note: To assist student understanding of parts of the process, 
demonstrate with a herb such as mint- Pluck the freshest, newest leaves 
from the very top of a mint plant; lay some mint leaves out to dry and talk 
about how they shrivel up and wither, and why. Make links with familiar 
experiences such as steaming vegetables or using a rolling pin in cooking.

Grading of tea is done by leaf size — the whole leaf tea is preferable, and 
is considered better quality than the broken leaf.  Broken tea leaves, and 
leaves finely cut almost to dust, are viewed as lesser in quality. Teabags are 
filled with the very finely chopped tea leaves called fannings. The smaller 
whole leaves generally have more flavour than larger ones.

Divide students into groups of six (6). Each group is to represent either the 
green tea or black tea process of making tea. Models using plasticine or a 
combination of real objects such as leaves, a skillet, hair dryer, toy stove, 
rolling pin, etc. are to be constructed by the group, with each student being 
responsible for particular parts of the process.

• Works constructively with 
others
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HanDout 1 – tEa Plant faCt filE

name:  Camellia sinensi

Environment:  Hilly land on mountain sides

Climate: Cooler weather 
 good rainfall 
 full sun to part shade 
 misty mornings 
 no frosts or windy weather

soil: moist and well-drained

appearance:  Hardy shrub, small tree pruned  
 to between 1 – 2 metres high 

leaves: Evergreen 
 serrated edges 
 young leaves – light green (used for tea) 
 Pointed 
 5–15 cm long, 2–5 cm wide

flowers:  White flowers, yellow centre (stamen) 
 2.5 –4 cm in diameter  
 7–8 petals

Part of the plant picked: top two leaves and a bud (flush)

age of the plant when first leaves harvested: 3–5 years old

teas produced: black, green, oolong, white

the leaves of the Camellia sinensis plant are used to make tea
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HanDout 2 – tEa Plant faCt filE

read these statements.. Write ‘yes’ or ‘no’ after each one. 
Check the fact file if you are not sure.
1.  the tea plant grows on flat, dry land. ........
2.  the tea plant is deciduous. ........
3.  two leaves and a bud are picked to make tea. ........
4.  older dark green leaves make delicious tea. ........
5.  the petals of the tea plant flowers are white. ........
6.  the tea plant doesn’t need much rain. ........
7.  the leaves have serrated edges and grow up to 15 cm long. ........
8.  leaves are picked when the tea plant is two (2) years old. ........
9.  the flower has up to ten (10) petals. ........
10.  tea plants like well-drained soil...........

label these parts of the tea plant:  
               lEaf, stEm, buD, floWEr, vEins



HanDout 3 – tEa ProDuCtion

Right: Detail from a Japanese woodblock print by Katsushika Hokusai–The Tea Plantation of 
Katakura in the Suruga Province c.1830. Source: Wikimedia Commons 
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Key Words in tea Production
Copy the grid onto cardboard, cut into individual  
cards and match to the meanings on Handout 4

bEvEragE flusH aroma PrunED

moist graDE tEa blEnD

CamEllia  
sisEnsis

brEW oXiDation PluCKing

KEnya WitHEring HarDy EvErgrEEn

stEEP CHanoyu sErratED CEylon
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meanings of Key Words in tea Production
Copy the grid onto cardboard, cut into individual cards and 
match to the key words on Handout 3

Having leaves all 
year long.

botanical name 
given to the 

tea plant.

Japanese tea  
ceremony.

a country in  
africa that  
produces  
black tea.

a combination 
of different 

types of teas.

Having notches 
or teeth along 

the edge.

a drink of any 
kind.

the amount of 
time the leaves 
mix with water 
in a pot or cup 
to get flavour 
before serving.

Damp former name  
of sri lanka.

Cutting back of 
the tea bush.

the freshly 
picked tea leaves.

oils from the 
broken leaf react 

with the air to 
change the colour 
of the leaf from 
green to black.

size of the 
tea leaf.

smell or 
scent of the 

tea.

the process of 
allowing the 
fresh leaves 
to dry after 
plucking.

to make or 
prepare a drink 

by boiling.

the process 
of harvesting 
and collecting 

leaves.

strong

the processed 
leaves of the 

Camellia sinensis 
plant.

HanDout 4 – tEa ProDuCtion
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steps for the Japanese green tea flow chart
Enlarge onto cardboard, cut into individual cards and match 
to the key words on Handout 6

HarvEsting
the tea leaves are picked 
from the tea plants by a 

machine.

transPorting
the tea leaves are 

transported quickly 
to the tea factory for 

processing.

Drying
the tea leaves are sent to 
the primary tea-rolling 

dryer. this removes 
moisture from the leaves. 
Hot air is used to remove  
moisture from inside the 
leaf, as well as from the 

leaf surface.

rolling
the tea leaves then go to 
the tea roller machine. 
this rolling removes 

moisture from every part 
of the tea leaf.

sifting
the tea is sifted in the 

tea refining machine to 
remove stems and debris.

KEEPing frEsH
the fresh tea leaves are put  

into a special container 
where air blows constantly 
onto the tea leaves to keep 

them fresh.

Drying
the leaves are transferred 

to the secondary tea-
rolling dryer where they 
are rolled and dried until 
they form a round shape.

blEnDing
the tea is blended 

together to produce 
different grades.

stEaming
the leavesare steamed 

in a revolving steaming 
machine and then in a 

belt conveyor steaming 
machine. this stops the 
effects of oxidization 
on the leaf colour and 

flavour.

rolling
the tea leaves are 

ready f or the final 
tea-rolling dryer. they 
are further rolled into 
small round shapes.

PaCKaging
the tea is packed into 
airtight containers to, 

keep fresh.

Cooling
the steamed leaves 
are cooled to room 

temperature.

Drying
the steamed leaves are 
spread out on a long 

conveyer belt and dried 
slowly for the last time.

the whole process takes three (3) hours.  

HanDout 4 – tEa ProDuCtion HanDout 5 – grEEn tEa ProDuCtion
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Key words for the Japanese green tea flow chart
Enlarge onto cardboard, cut into individual cards, sequence 
in the correct order and place the matching descriptions on 
Handout 5 under each heading.

HanDout 6 – grEEn tEa ProDuCtion

HarvEsting

sifting

Drying

Cooling

Drying

transPorting

rolling

Drying

stEaming

rolling

KEEPing frEsH

blEnDing

PaCKaging
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HanDout 6 – grEEn tEa ProDuCtion

steps in the black tea Process flow chart
Enlarge onto cardboard, cut into individual cards, sequence in 
the correct order.

HanDout 7 – blaCK tEa ProDuCtion

PiCKing / PluCKing
the tea leaves are plucked from 

the tea plants by hand and 
collected in big, baskets.  

tea leaves can be picked by 
special machines.

rolling
the leaves are twisted and rolled 

so that the leaf cells and veins 
are broken up. more moisture 

is squeezed from the leaves. the 
moisture, or oils come to the 
surface of the leaves covering 

them. the leaves can be rolled by 
hand or with machinery

transPorting
the tea leaves are taken to the 

factory quickly after being 
harvested (picked).

tea factories are very close to 
where the tea is grown

oXiDation (fErmEntation)
oxygen mixes with the oils of 

the broken leaves and causes the 
leaves to change colour from 

green to a bright copper colour. 
the oxidation process lasts for 

several hours.

Drying
the leaves are placed in a very hot 
oven. When the leaves are almost 

dry they are taken out of the oven. 
the leaves are now a brownish 
black colour (a bit like autumn 

leaves changing).

WitHEring
the tea leaves are thinly spread on 
racks for up to 24 hours to start to 
dry out and become withered and 
limp. the moisture from the leaves 
begins to evaporate. if the weather 
is not hot enough, heated air will 

be forced over the leaves.

sorting, graDing and PaCKaging
leaves are sorted by size (eg. whole 

leaves, broken leaves, finely-cut leaves). 
tea leaves are packaged ready to be sold.



HanDout 8 – blaCK tEa-maKing
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the black tea-making Process
Carefully read each sentence about how black tea is made. Decide the 
order of each step and number the sentences 1 to 10. Cut out the 
sentence strips and reassemble. reread the sentences and check with 
the class flow Chart.

the leaves are twisted and rolled.

oxygen mixes with the oils and begins to change the colour 
of the tea leaves.

the tea leaves are plucked from the tea plants.

the oxygen and the oils mix until the leaves have turned 
from green to a bright copper colour.

the tea leaves are spread out on racks and begin to dry out.

the moisture from the broken leaves covers them.

the tea leaves are quickly taken to the tea factory.

the leaves are sorted by size and packaged into boxes or bags. 

the leaves are put into a very hot oven to dry out.

the leaves are a dark brownish-black colour when they are 
taken out of the oven.



HanDout 8 – blaCK tEa-maKing HanDout 9 – blaCK tEa lEaf graDing

this grading system is only used for grading 
black tea in india and nearby.
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flowery orange Pekoeorange Pekoe

Pekoe

Pekoe souchong

Congou

bohea

souchong



tEa ProCEssing toDay
Jennifer Curtis 
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moDErn-Day manufaCturing

or under-fermentation, is harmful to development of 
the proper character of tea. This is where the art of 
tea making comes in.

Fermented leaf is put into dryers. The leaf is fed 
in at one end of these automatic drying machines, 
and automatically spread out on trays which 
continuously move along conveying the leaf along 
the chamber. Dry heat is forced through from one 
end to the extent of 240°F to 250°F. This heat dries 
the leaves, which automatically drop from the 
mouth of the dryer as ready tea, now containing 
only 2% – 3% of moisture.

The last stage in the process is SORTING. Machines 
sort the bulk leaf into two grades – Leaf Grade and 
Broken Grade. The price of Leaf Grade is higher 
than for Broken Grade

Various different grading systems are used by 
different countries.

• India uses a lettering system (eg. FTGFOP = Fines 
Tippy Golden Flowery Orange Pekoe

• Japan uses the terms Sencha, Bancha, Matcha and 
numbers

• Formosa (Taiwan) uses the terms Choice Fancy 
Superior

• China uses other specific names and grade 
numbers. Their terminology is based on the 
processed leaf size (eg. = OP refers to the size and 
cut of the black tea leaf.

in general, even though india leads the world in tea technology, the methods 
employed to harvest the crop vary with the type of tea and the terrain. fine-
leaf tea is hand-plucked, while hand shears are used on mountain slopes 
and in other areas where tractor-mounted machines cannot go. a skilled 
worker using hand shears can harvest between 60 to 100 kg of tea per day, 
whereas machines cut between 1000 and 2000 kg. the latter, however, 
are usually applied to low-grade teas which often go into teabags. the tea 
‘fluff and waste from processing is used to produce caffeine for soft drinks 
and medicine.

Green leaf, which contains 78% – 80% moisture 
when fresh, is placed overnight in an airy, dry 
splace in the factory to encourage oxidisation of this 
moisture content. In other words, evaporation of 
moisture content to the extent of 30% – 40%. This 
process is called WITHERING.

In a box-like frame of 20 – 24 metres wide by 1 to 
1.2 metres high, fitted on top with a thin wire mesh, 
the green leaf is placed 15 to 20 cm thick, then 
dried out using a fan. This process is known as the 
WITHERING THROUGH.

After withering, when the leaf has become soft 
the withered leaf is subjected to a second stage 
of manufacture called the ROLLING Here the 
rolling machines roll and press the withered leaf 
without breaking or cutting. This process of rolling 
breaks the cells within the tea leaf so that the juice 
from inside the leaf is pressed out. Normally two 
rolls, each of forty-minutes duration, with varying 
pressures, are given to express the juice. In between 
these rolls the leaf is subjected to sifting. The sifting 
machine separates the coarse leaf from the fine leaf.

The third step in the process is FERMENTATION. 
The rolled leaf is kept very thinly spread on clean 
racks, in a high humidity room. Here, the rolled 
leaf starts developing the aroma, flavour and 
other qualities by biochemical reactions. After 
development of the required degree of ‘qualities’, the 
fermented leaf must be fired, or dried, immediately 
to stop further fermentation, as over-fermentation, 
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first flush
The first crop is known as the First Flush. This is 
produced from the first week of March to the first 
week of Mav. The appearance of this tea is greenish, 
and it has a mild flavour and floral aroma.

second flush
The second crop is known as the Second Flush. This 
is a bit more mature and stronger than the first crop 
in terms of aroma and flavour The crop is harvested 
from the end of the third week in May to the third 
week of June.

autumnal flush
The last and final crop is the Autumnal Flush w hich 
is harvested from the last week of September to the 
second week of November. This harvest gives the 
strongest flavour as it passes through the summer, 
the monsoon,. and the sunshine of Autumn.

tEa ProCEssing CHart 
(Camellia sinensis)

some terms used to grade 
Darjeeling tea (listed from best to worst)

Leaf Grade 

 SGTGFOP Super Fine Fancy Tippy Golden  
  Flowery Orange Pekoe

 FTGFOP Fancy Tippy Golden Flowery  
  Orange Pekoe

 TGFOP Tippy Golden Flowery Orange  
  Pekoe

 FOP Flowery Orange Pekoe

 OP Orange Pekoe

Broken Grade
 BOP Broken Orange Pekoe
  Fannings
  Dusts
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tEa ProCEssing toDay

background facts on Darjeeling
Area: 11.44 square kilometres

Altitude: 2134 metres

Population: 100 000 approx.

Climate: Summer: max. 14.890 C   min. 8.590 C
 Winter: max. 6.110 C   min. 1.50 C

Rainfall: 320cm annually

Clothing: Summer: light woollens
 Winter: heavy woollens

Language spoken: English, Gorka, Bangali and Hindi

glossary
Porous Stagnant

Hamlet Labour intensive

Bungalow Expatriate

Commercial Soil leaching

Aforestation Coolies

Manure A good lay of land

Sap Wither

Fermented Oxidisation

Auction

Darjeeling Tea Plantation. Source: Wikimedia Commons



Julie o’Keeffe
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Contents:
• Who grows the most rice?
•  many ways of saying rice
•  rice farming

stage 2 – living World

 life Cycles – rice plants
 Products – flow charts to 
  show production processes



riCE groWing
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the following countries produce 
millions of tonnes of rice each 
year:
bangladesh – 30 million tonnes
China  – 199 million tonnes
india  – 127 million tonnes
indonesia – 51 million tonnes
myanmar  – 16 million tonnes
thailand  – 23 million tonnes
vietnam  – 30 million tonnes

number these countries from 
1 to 7 in order of smallest 
amount of rice produced to 
the largest amount of rice 
produced:
....... vietnam,  ....... bangladesh,
....... China,   ....... india, 
....... myanmar,  ....... thailand,
....... indonesia

record the quantities of rice 
produced in each country as a 
bar or column graph

Write six questions to ask a  
friend about the graph. 
remember to use comparative 
language in some of your 
questions
1.  .................................................
.....................................................
2.  .................................................
.....................................................
3.  .................................................
.....................................................
4.  .................................................
.....................................................
5.  .................................................
.....................................................
6.  .................................................
.....................................................

HanDout 1 – riCE groWing

Who grows the most rice?



HanDout 2 – Ways to say riCE
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Copy the table onto card, cut out, mix up. Correctly match the 
language and the word for rice with each country.

languagE WorD for riCE Country

filipino arroz Phillipines

Korean bap Korea

Japanese gohan Japan

vietnamese com (cooked)
gao (uncooked) vietnam

thai kao thailand

bahasa indonesia nasi (cooked)
beras (uncooked) indonesia

mandarin fan (cooked)
mi (uncooked) China

malay nasi (cooked)
beras (uncooked) malaysia

Hindi chawal india

nepali kanah nepal

Cambodian (Khmer) baay Cambodia

lao khao neow laos

there are many different ways to say the word ‘rice’.



rainy sEason Hot sEason Dry sEason
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HanDout 3 – riCE farming

match the tasks needed to grow rice to the most suitable season.
Enlarge the table onto card, cut out and organise the tasks 
under the correct season

rainy sEason Hot sEason Dry sEason

Drying the rice grains.

breaking up the soil in the paddy.

selling the rice grain at the local market.

Ploughing with the buffalo.Weeding the rice plants.

Digging in the rice stubble.

making new terraces on hillsides.

Harvesting the rice with knives.

sowing the rice.

Planting the young rice shoots.

opening irrigation canals to flood the paddy fields with water.

scaring the birds away.

Winnowing the rice.



rainy sEason Hot sEason Dry sEason
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HanDout 4 – riCE farming

sequence the steps in the rice growing process.
Copy the steps onto card, cut out and mix together.  
ask students to place the strips in the correct sequence.

the soil in the paddy field is broken up and levelled.

rice seeds are sown in small areas of the paddies.

after 30 days young rice plants are ready to be planted in the paddy.

the paddy field is flooded with water.

the rice plants are pressed into the mud in neat rows.

When most of the rice is a golden-yellow colour it is ready to  
be harvested. most harvesting is done by hand using a knife.

the grain is separated from the straw. (tHrEsHing)

the husk and the bran are cleaned off. (WinnoWing)

the rice grains are dried and stored.

When the rice grains are millED, the outer husk and the inner 
layers of bran are removed from the edible rice grains.
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CHINA
The Old Womam and the Tiger – http://home.arcor.
de/marcmarti/yugur/folktale/tale07c.htm

Folktales Germantown Academy (Fifth Grade): 
Talk Does Not Cook Rice  
The Rich Man’s Rice – www.germantownacademy.
org/academics/ls/5th/chinfolk/stinde98.htm 

The Rice Dinner – www.germantownacademy.org/
academics/ls/5th/chinfolk/stinde01.htm

The Greedy Fly – www.araratcc.vic.edu.au/accweb/
gumsan/page6.htm

Wormwood Rice Cake – http://2210.145.168.243/
pk/111th-issue/99090804.htm

INDIA
The Joy of Giving by Manpreet Malik – www.4to40.
com/folktales/index.asp?article=folktales_
joyofgiving 

The Magic bowls – www.chennaionline.com/
children/bowls.asp

INDONESIA 
Too-too-moo and the Giant – www.aaronshep.com/
stories/022.html 

The Legend of the Rice Paddy – www.dover.k12.
nh.us/ESOL/DHS/folktales/2002–2003/legend_of_
the_rice_paddy.htm

JAPAN
The God of Poverty and the God of Happiness  
– www 12.ocn.ne.jp/∼sr.sanae/eng.poverty2 

The Old Man Who Made the Trees Blossom –  
www.spiritoftrees.org/folktalesichung/old_man_ 
who_made_trees_blossom.html

Do Nothing Taro – www 12.ocn.ne.jp/∼sr.sanae/
eng4.htm

Monogusa Taro – www.mofa.go.jp/j_info/nagano/
altas/a–1–2.html

KOREA
The Girl and the Toad – http://hazel.forest.net/
whootie/stories/gtoad.html

LAOS
The Four Marvellous Brothers – www.seasite.niu.
edu/lao/multimedia/four_brothers.htm 

If It Belongs To Us, It Will Come To Us – www.seasite.
niu.edu/lao/multimedia/belong_to_us.htm

VIETNAM 
A Devoted Son – www.boatpeople.com/un_
folktalesiBanh-Trung.html 

The Buffalo – www.thingsasian.com/article/legend/
legend03.htm

The Buffalo Boy and the Banyan Tree –  
www.thingsasian.com/article/legend/legend01.htm
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stage 4 – living World
• Construct and interpret food chains and food webs

• Describe how scientific knowledge has influenced the 
development of practices in agriculture,.eg. animal husbandry 
or crop cultivation to improve yields and sustainability.

riCE arounD tHE WorlD
World rice production in 2011 – 2012 was approximately 721 million tonnes. At least 114 
countries grow rice and more than fifty have an annual production of 100 000 tonnes or more. 
Asian farmers produce about 90% of the total, with two countries, China and India growing more 
than half the total crop.

, ,,

Rice, being a semi-aquatic plant, needs a lot of water — particularly over its reproductive stage, 
from panicle to early grain development.

Most field crops usually grow best when at least 50% of the usable soil moisture is available to the 
plant. With rice, this figure is closer to 75%. especially during the reproductive phase.

Continuous ponding of water in rice fields is one way of meeting these high moisture demands. 
Ponding also reduces the risk plant stress, with subsequent loss of yield, and ponding helps 
suppress weed growth, improves the efficiency of the use of nitrogen, and in some environments 
helps to protect the crop from extreme temperature fluctuations.

riCE – an introduction
Di Dunlop

Water usage
Factors that determine the total water 
requirements of a crop are:

• evapo-transpiration,

• permeability of the soil,

• drainage,

• length of the growing season, and

• a level soil surface.
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riCE – an introDuCtion

What are the effects of a tsunami on rice production?
The tsunami of 26 December 2004 tragically affected many rice-producing areas in Asia

Country Dead* Missing*
Rice Consumption 

(kilogram per capita) #

Indonesia 166,320 6,245 230.9

Sri Lanka 29,854 6,007 148.8

India 10,749 5,640 111.2

Thailand 5,313 3,396 151.2

Malaysia 68 6 132.5

Myanmar 59 315.7

The exact extent of the damage to rice-lands is still to 
be evaluated. However, feedback from field officers puts 
the damage to rice fields at around 50 000 – 60 000 
hectares—with damage primarily in Indonesia, Sri Lanka 
and India.

While the area of rice-land affected is not large in terms 
of the world’s total rice area (approximately 150 metres 
/hectare), it is estimated that the tsunami affected the 
lives of more than 200 000 people who rely on rice crops 
for a significant part of their livelihoods.

A tsunami, or invasion of salt water, can affect rice 
production in terms of:
•  Direct crop losses, food shortages, storage losses of 

donated food.
•  Loss of seed stocks.
•  Salinisation, soil loss, and soil deposits,
•  Shortages of labour and equipment. 
•  Shortage of information on rice stocks and other 

production practices.

Sources: (*) CNN.com, 20 January 2005 and (#) FAO

Devastated rice crop due to salt water inundation. Source: Wikimedia Commons



ASIA Volume 41 Number 2 – Focus: Science and Technology      ��

Digging uP tHE Past of soutH-East asia
nic stevenson

Modem archeological expeditions are team efforts 
involving all manner of disciplines, from botany and 
geology to genetics and linguistics.

Dr Janelle Stevenson, from the Department of 
Archeology and Natural History at the Australian 
National University, specialises in finding and 
identifying the remains of plants. She’s part of a large 
group investigating the controversial issue of how 
mainland Asian cultures spread through the islands 
of South-East Asia during the so-called Neolithic 
revolution, between 6000 and 3500 years ago.

‘There are two theories’, she said. ‘One is that people 
moved from China through Taiwan, the Philippines, 
Indonesia, then out across the islands of the Pacific. 
Others say the expansion started in the south, out of 
Indonesia and into the Philippines.’

Evidence of how languages relate to each other 
favours the first scenario but to build up a complete 
picture of life in the Neolithic period, the team is 
tracing technologies thought to have originated 
in China. These include stone sinkers used to 
weight fishing nets, a particular kind of pottery and 
jewellery made from shells and rice.

Stevenson is also figuring out what the hunter-
gatherers who already lived on the islands ate, and 
what impact the mainland technique of farming rice 
had on them.

One focus of her research is the Batanes, a group of 
islands halfway between Taiwan and the Philippine 
island of Luzon. Dating material from all three 
regions should indicate in which direction people 
migrated.

‘Traditionally the diet of the people in the Batanes 
relied on taro and yam as the remote Pacific 
Islanders do’, she said ‘It now has a large rice 
component because they import cheap rice from the 
Philippines.’

Stevenson is looking for telltale signs of rice, such as 
its pollen, in sediment taken from the bottom of a 
lake in northern Luzon. Pollen grains’ don’t survive 
long out in the open, but waterlogged soil is a great 
preservative. As soon as they’re brought to the 
surface, the long, cylindrical samples are wrapped in 
plastic and shipped to the team’s quarantine lab in 
Australia. Here the cores are sliced up and pollen is 
extracted for identification and dating.

Stevenson said: ‘So far, the oldest Neolithic sites in 
the Butanes are 2600 years old. slightly younger than 
similar sites on mainland Luzon, but we’ve only just 
started sampling. ‘It’s important to recognise that no 
one technique is going to resolve the argument.’

The Sun-Herald, 24 November 2002

miscellaneous facts
Rice grows on every continent except Antarctica, 
from as far north as Russia (52°N) to as far south as 
Argentina (40°5).
All modem cultivated rices belong to only two species:
Oryza sativa from Asia, and Oryza glaberring, a 
red rice from West Africa. There are now more 
than 140,000 varieties of rice flowering around the 
world.
English gets the word ‘rice’ from the Greek oryza, 
via Latin risium and  Italian riso.

•

•
•

•

in sEarCH of tHE riCE agE
, in the neolithic period, did people move from China through taiwan to the Philippines 

then out across the islands of the Pacific, or did they come from indonesia?

, one way to tell is by figuring out when the Chinese technique of farming rice was first 
used. in their search for rice pollen, scientists drilled cores of sediment from lake Paoay 
in luzon.

, back in the lab, Dr Janelle stevenson cut the cores into sections. Pollen was extracted 
from each piece for dating and to see if any of it is from rice.

, Distinguishing rice pollen from other grasses takes a trained eye.

, shown at right is an electron micrograph of rice pollen.  
one grain is about 4/100ths of a millimetre across.
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Parts of tHE riCE Plant

spikelets

panicle

tillers

culm

roots

rootlets
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In Bali, the cultivation of rice is accompanied by a 
sequence of rituals which are aimed at enlisting the 
protection of the rice goddess and other deities. 
Through ceremonies and offerings, the farmers ask 
that the developing grain is kept free of pests and 
that the plants produce a heavy harvest.
The first offering is made in the sawah, the irrigation 
field, immediately before hoeing begins to break up 
the soil before flooding. The offering is of plaited 
coconut leaves, the ingredients of betel nut chew, 
and a Chinese coin. The ceremony is organised by 
the subak, with many members attending.
In the past, a pilgrimage would be made to one of 
the holy lakes such as Lake Bratan to pray for a good 
supply of water, and to bring back some of the lake’s 
holy water to sprinkle on the sawah. This practice is 
no longer common. 
After flooding, the sawah is ploughed by one or 
two cows pulling a special plough, the tenggala. A 
seedbed is prepared by walling off part of the sawah 
and the seeds are broadcast by hand onto the already 
flooded bed.
A ceremony is held on a favourable day at this time 
and offerings are made in the fields. The seedlings 
are allowed to grow for 20–25 days before being 
transplanted. Trisodium phosphate (TSP) and urea 
are used to fertilise the fields before a team of hired 
planters start to transplant the seedlings into the 
muddy soil. Offerings are placed in each corner of 
the sawah, and nine seedlings are planted offering: 
eight for the cardinal and intermediate points of the 
compass and one for the central direction. 
Ceremonies which are held as the rice grows vary 
from place to place, but a common sequence is:

17–20 days: bubuh tabah – small offerings made 
for strong growth
35 days: nasi warna – major ceremony held in 
water temple, the offering consisting of ‘four 
colours of rice' for a good crop
42 days: esan – woven coconut-leaf offerings in 
field
70 days: sayat nagasari – a major ceremony in the 
water temple, where offerings of cooked rice plus 
flowers, rice wine and holy water are made for a 
quick-maturing crop.

•

•

•

•

rEligion anD tHE riCE-
groWing CyClE in bali

Compiled and developed by Jennifer Curtis
Rice terraces in Jatiluwih, Tabanan Regency Bali. Source: Wikimedia Commons

The rice begins to form heads of grain and start to 
ripen. This is the time when birds, mice or insects 
may attack the grain and the farmers erect bird-
scaring devices such as clattering bamboo windmills. 
Plastic bags may be strung across the fields, and 
people walk through the fields shouting to frighten 
the birds. Small offerings of rice and lime on banana 
leaves may be placed at the corners of the sawah’s 
irrigation bays.

Two weeks before harvest, 
irrigation is stopped and the 
field is allowed to dry out.
The ceremonies continue:

105 days (3 Balinese 
months): miseh – small 
ceremony held for successful 
harvest
About 120 days, immediately 
before harvest: mabiukukung 
– the biggest ceremony yet, 
held to ensure all goes well 
for harvest
After harvest: ngusaba ninia 
– a thanksgiving ceremony is 
held in honour of Dewi Sri, 
the rice goddess.

•

•

•

Dewi Sri, goddess of rice.  
Source: Wikimedia Commons

This latter ceremony is sometimes planned as a 
major village festival even though it is held at the 
subak temple, and on these occasions the offerings 
will include roast ducklings and suckling pigs, along 
with towers of rice 1m high.

As with many temple offerings, the food is eaten by 
those attending the ceremony after the gods have 
partaken of the essence of the offerings.

aCtivity
Prepare a table which 
graphically illustrates the 
Balinese rice-growing cycle 
and the religious ceremonies 
associated with it.

Balinese alter at rice terraces,  
Gunung Batukaru. Source: Wikimedia Commons
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ECology of balinEsE 
riCE tErraCEs

The rice plant Oryza sativa, which provides food for 
over half the world’s population, is believed to have 
originated in the swamps of river deltas in South-
East Asia, .

It is a member of the grass family, and is an unusual 
plant in that it can tolerate waterlogged soils which 
are anaerobic, ie. they have little or no oxygen 
because the air spaces in the soil have been filled 
with water.

The most important influence of landform upon rice 
growing in Bali is in the small chain of volcanoes 
and crater lakes that spread across the island from 
east to west.  Here the water collects and is fed into 
springs and watercourses from which it is gathered 
for irrigation. The irrigation waters follow the fall of 
the land from the volcanoes to the sea.

Usually, the water is not left to lie still and stagnate 
in the sawahs, but is kept gently moving along. 
When one farm has been irrigated, the water flows 
down to the next farmers fields. When the whole 
subak has the water it needs, the water flows out to 
another feeder canal and the process continues.

Controlling, the flow of water into each bay of the 
sawah is simple. An inlet hole the size of a small 
melon is dug in the side of the feeder canal which 
is about 14 cm wide. Waterflow through this inlet 
is controlled by a coconut shell, or some weeds and 
clay matted together.

The terraces also follow the contours of the land, 
creating an agricultural setting that is proof against 
erosion. The building of contour banks on farming 
and grazing lands, along with contour ploughing, 
has long been advocated as an effective method of 
controlling soil erosion. However, Western habits 
of thought prefer straight lines and right angles to 
curves and odd shapes in their landscape planning. 
Consequently, contouring is not a common feature 
of agricultural landscapes based on European 
traditions. Although the Balinese farmers had little 

other choice than to build the terrace walls so that 
they followed the contours of the hillsides (consider 
the need for level water surfaces), their construction 
is a visible reminder that the Balinese farmers work 
with nature and not against it.

Rice requires relatively high temperatures for the 
whole of its growing period and the optimum range 
between 20°C and 35°C. This temperature range is 
found in tropical, subtropical and warm temperate 
zones. Bali’s location fits in well with the rice plant’s 
optimum temperature requirements. An optimum 
temperature allows a plant’s metabolism to function 
with greatest efficiency.

Besides a warm climate, rice needs plentiful 
sunlight, especially in the period when the grain is 
ripening. The tropical regions closest to the Equator 

Mt Batur and crater lake. Source: Wikimedia Commons

Contoured rice terraces, Bali. Source: Wikimedia Commons
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ECology of balinEsE riCE tErraCEs

are not ideal for rice growing because conditions 
are often cloudy, reducing the available light needed 
for photosynthesis. Generally, dry sunny seasons 
produce higher yields than constantly wet conditions, 
and the monsoonal climate of Bali provides just such 
a rain-free period of strong, direct sunlight, the so-
called dry season.

Crops of rice can be grown in the wet season, 
resulting in slightly slower growth, but this is one of 
the industry’s strengths, the ability to produce two or 
possibly three crops a year.

Even in the wet season, breaks in the monsoons 
provide many sunny periods, and the downpours 
come and go rapidly. There are periods when a 
tropical low weather system sets in and there is 
continuous rain for a few days, but these are not 
frequent and are part of the overall climatic pattern 
which is part of the rice field’s ecology.

Preparing the sawah for planting. Source: P. Sheppard

Planting rice in the sawah. Source: P. Sheppard

been gradual and aimed at complementing natural 
processes, not dominating them.

The irrigation systems have flooded no valleys, nor 
produced any notable evidence of pollution, erosion, 
or habitat degradation. Consequently it could be 
argued that for over several hundred years the 
cultivation of irrigated rice has become ecologically 
sustainable.

The soil is part of Bali’s volcanic legacy and is rich 
in potassium and phosphorus; it also has enough 
clay content to stop water from draining away too 
rapidly. The nutrients in the soil are slowly released 
as water floods into the fields, bringing its own 
supply of dissolved nutrients.

After burning the rice stubble at the end of each 
harvest, the ashes return to the soil to recycle some 
of the essential elements. Fertiliser is sometime 
applied during growth: at 3 days, 35 days, and 55–60 
days after transplanting.

Rice demands a plentiful supply of water for its 
successful cultivation. It is estimated that the 
optimum amount of water needed for one crop 
during its life cycle is the equivalent of from 
1300mm to 1800mm of rainfall.

The sawahs are flooded at the time of planting and 
the depth of water is increased as the seedlings 
grow until it reaches a depth of 150mm to 250mm, 
when the plant flowers (ie. Produces pollen-laden 
stamens).

The water is gradually drawn off until the field is dry 
just before harvest.

The initial clearing of Bali’s forests to accommodate 
a rice-farming industry began well over 1000 years 
ago, and after the human impact on the island’s 
natural ecosystem, changes and modifications have 

Threshing the rice. Source: Wikimedia Commons
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The fallow sawahs provide a habitat for aquatic 
insects, frogs and fish. Eels are also plentiful, and 
it is customary for the village children to go fishing 
for them on the nights of a full moon. The Balinese 
swamp eels grow up to 1m long, have only one gill, 
and are capable of burrowing into the damp soil and 
aestivating until the field is flooded again. 

Ducks swim on the flooded fields or search for food 
amongst the stalks of the growing plants. They are 
not only a source of food for the farmers, but are 
effective mobile pest exterminators.

PEsts of tHE balinEsE
riCE farmErs

These ducks are trained to stay with their flocks by 
being guided in their wanderings through the fields 
by a duck herder wielding a long cane to which is 
a long cane to which is attached a piece of rag on 
a string. The herder, often a child, can control the 
movement of the ducks by dangling the piece of rag 
to one side or the other of the flock.

There are many insects that can 
attack the growing crop, but their 
effects are not usually serious. The 
main insect pest that is serious, 
because of its sheer weight of 
numbers, is the brown plant-
hopper, Nilaparvans lugens (right). 
It can cause damage to the leaves 
because it is a small sap-sucking 
species of bug, but it also causes 
damage by carrying a virus that 
attacks the rice plant. 

Spraying will kill one generation of the insects, but 
they bounce back with renewed vigour because their 
natural predators have also been killed by the first 
spraying. In the wake of increased infestations, the 
intensive use of pesticides (which were introduced at 
the time of the Green Revolution) was finally banned.

A Balinese Swamp eel, monopterus albus. Source Wikimedia Commons 

Pest exterminators – Ducks in rice paddies at Ubud, Bali. Source: Wikimedia Commons 
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PEsts of tHE balinEsE riCE farmErs

In 1989 a new system of integrated pest management, 
which combines quarantine measures with controlled 
fallow periods, was introduced throughout Indonesia.

In many parts of Bali, however, the farmers had 
already stopped using the pesticides and allowed 
the infested area to lie fallow until the appropriate 
ceremonies had been held in the subak temple to 
appease the anger of the gods. During this period, 
most of the infestation had gone.

Larger animal pests include mice and rats of different 
species, and flocks of finch-like birds such as the 
chestnut munia and the scaly-breasted munia. The 
rice farmers loathe these small birds and spend much 
time and energy on protecting the crops from their 
massed raids.

Rice can also be affected by the fungus rice blast 
which attacks the ripening grain. The hot humid 
conditions of the ricefields offer such fungi a perfect 
habitat in which to grow and reproduce, and in the 
fight against fungus attacks one line of defence is the 
search for more resistant strains of rice.

In managing the cultivation of the rice crops, as 
well as in initiating control measures, the Balinese 
rice farmer is aided by the comparatively small size 
of each plot in the terraced fields. Breaking the 
cultivated land into various sized modules permits 
a great deal of flexibility of planning, which is not 
possible with larger sized units of land.

After a harvest in one terraced plot, the farmer (and 
the subak, indirectly) has the following options: to 
replant with rice, to grow a different type of crop 
(chilli pepper, eggplant, cassava) or to allow the 
ground to lie fallow. The same will apply to all the 
neighbouring terraced plots of the sawah. How many 
of the adjoining plots will be treated differently, and 
how many will be planted with the same crop?

The small size of the individual plots also helps with 
ploughing and similar tasks. Working on this scale, 
there is no need for tractors and the work can be 
done using cattle (not buffalo, which are too big and 
awkward for the hillside terraces).

At harvest time human labour, which is available 
and cheap, is used. The result is a system which 
in terms of energy output/input ratios is much 
more efficient than the mechanised systems of the 
developed world.

In any agricultural ecosystem there are varying 
combinations of human influences and natural 
processes.

The ecology of the irrigated ricefields of Bali 
has established a fine balance between the two, 
producing several tonne of rice per hectare year 
after year without damaging or degrading any part 
of the natural ecosystems of the region.

A Scaly-Breasted Munia. Source: Wikimedia CommonsA Chestnut Munia. Source: Wikimedia Commons

Harvested rice. Source: P. Sheppard
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imPaCt of tHE grEEn  
rEvolution on 

balinEsE riCE farmErs
Until the 1970s Balinese rice cultivation followed 
a cycle of planting two crops per year using the 
traditional padi bali variety of long-stemmed rice. 
Today, almost all the rice grown in Bali is one of the 
new high-yielding varieties of dwarf rice introduced 
as a result of the ‘green revolution’.

It is possible to produce three crops per year, and 
because of the higher yields produced each harvest, 
Bali exports tens of thousands of tonnes of rice each 
year.

The transition from a traditional to a modern style 
of farming was not an easy one, and it was possibly 
made more difficult because the authorities did 
not recognise the importance of the subaks’ role in 
Balinese agriculture.

The green revolution had its roots back in the 1940s 
and 1950s when new varieties of cereals were used in 
Europe and North Amenca with amazing results. The 
new varieties (HYVs) depended heavily on fertilisers 
and pesticides: they were ‘high response’ as much 
as high-yielding. However, farmers of those regions 
were conditioned to regard the use of chemical 
products as a necessary part of agriculture and in 
any case were usually subsidised to allow them to 
purchase the fertilisers and other products.

When the new varieties of cereal were tried in India, 
production figures soared. Output from cereal and 
related crops rose from 50 million tonnes per year in 
the 1950s to 167 million tonnes in 1987 There were 
environmental and social costs but these were not 
fully recognised at the time.

Other developing countries became aware of the 
revolution and Indonesia was an eager convert. In 
the 1960s Indonesia imported one million tonnes of 
rice each year and the government regarded self- 
sufficiency of rice production as a major priority both 
to assist the economy and enhance national prestige.

An intensive program of rural education and 
extension serviced, Bimas (bimbingan massal 
or mass guidance) was initiated and the new 
varieties introduced throughout Indonesia. In the 
1970s infestations of plant-hoppers convinced 
the authorities to introduce other strains of rice 
developed through its own breeding programs but in 
the 1980s other heavy attacks occurred and finally in 
1986 the government banned 57 types of pesticide.

Since 1987 the government has discouraged the 
growing of three crops per year on the one piece of 
land to assist in the control of insect pests. It has 
also recognised that the new varieties (HYVs) of rice 
rested on a fine genetic base, and are continually 
seeking to broaden this base. The traditional padi 
bali is still grown in small plots, partly out of 
sentiment and partly as insurance. Some varieties of 
rice being used in Bali in 1995 were IR (International 
Rice) 36. IR 42 and IR 56. As an indication of the 
intensive research into rice varieties in South-
East Asia, the latest strain of IR rice which has 
be developed by the International Rice  Research 
Institute in the Philippines is IR 67683. There are 
also many other high yielding varieties of rice besides 
the IR strains.

During this time of transition, the role of the 
subaks had been overlooked, or at least not fully 
understood, by the government. Authoritarian 
central governments are not noted for their 
sensitivity or appreciation of local issues and in Bali 
there was also the added difficulty of Muslim officials 
from Jakarta coping with the beliefs and customs of 
the Hindu farmers.

There was a time of uncertainty while the various 
parties adjusted to the others’ point of view, but 
because each had a degree of reason and logic (or 
perhaps faith) on its side, a workable compromise 
was reached. There was no arguing against the 
results of the new varieties.

Once the excessive reliance on fertilisers and 
pesticides had been changed, the dwarf rice 
produced yields that were promised, and to the rice-
conscious Balinese that was a powerful argument.

To the government-appointed officials, it became 
obvious that the tightly-knit organisation of the 
subaks, combined with their depth of knowledge 
in matters of rice growing, was something of 
inestimable value that could not be replaced by 
government directives.

Source: Michie, M. Temples and Terraces – Rice, Religion 
and Society in Bali. Pages 42–62. In Nature and People 
in Indonesia, Commonwealth of Australia, 1996. Funded 
by the Commonwealth Department of Employment, 
Education and Training. A joint production of the Asia 
Education Foundation and the Australian Association for 
Environmental Education.
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When studying the ancient cultures in regard to 
science, Korea is often neglected. It was only when 
Korea started introducing Western science in the 
nineteenth century that Koreans began to examine 
their scientific and technological past.

One of the most important early developments was 
the use of bronze in the paleolithic period. Bronze 
played an important role in the development of 
spears, daggers and other utensils as well as in the 
production of Korea’s unique bells used in Buddhist 
temples and as timepieces in public streets.

During the reign of Sejong (1412–1450), a number 
of important developments occurred, including 
instruments of astronomy and horology (eg. the 
water clock).

The water clock was built and set up in the Porugak 
(Announciating Clepsydra pavilion) by Chang 
Yong-sil, according to the command of King Sejong 
in September 1443. The clock is equipped with 
an elaborate jack working device which is capable 
of announcing hours, intervals and night watches 
autonomically.

The engineer, Chang Yong-sil, developed 
further more complicated clocks with additional 
astronomical devices including the self-striking 
clock and a 4-foot high bronze gnomon to measure 
the exact altitude of the sun.

During Sejong’s reign, the rain gauge was also 
invented. This provided the world’s first exact 
measurement of rain (in 1442). At least four types 
of sundials were invented, the most successful being 
shaped like a bowl.

tHE History of sCiEnCE anD 
tECHnology in KorEa
adapted by Di Dunlop from the History of science 

in Korea by Park seon-rae

stage 4 Chemical World 
investigate how people in different cultures in the past have 
applied their knowledge of the properties of elements and 
compounds to their use in everyday life  
eg. utensils, weapons and tools.

This is the replica of a water-powered clock that was invented by the royal 
scholars under the guidance of King Sejong the Great in the 15th Century. It 
was developed in 1433, and after refinements, entered service the following 

year as the official timekeeping piece of the Joseon kingdom.  
Source: Wikimedia Commons

It is important to remember the significance 
of atmospheric phenomena, rainfall and wind 
in agricultural countries. Korean astronomers 
observed eclipses from very early times and 
invented astrolabes, armillary spheres, and a 
celestial globe.
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tHE History of sCiEnCE anD tECHnology in KorEa

In 1442 the C’h’ilchongsan (on the calculations of 
the Seten Luminaries) was released. This enabled 
scientists to calculate and accurately predict the 
movement of all the major heavenly bodies.

One of the best known artifacts of Korea’s scientific 
history is the Ch’omsongdae, a nine metre-high 
observatory built in 633. The tower is rich in 
symbolism both in the number of stones and in the 

Cheomseongdae is one of the oldest surviving observatories in East Asia, 
and one of the oldest scientific installations on Earth. It dates to the 7th 

century to the time of kingdom of Silla, which had its capital in Gyeongju. 
Cheomseongdae was designated as the country’s 31st national treasure on 

December 20, 1962.

twenty- eight layers used In the traditional oriental 
zodiac there are twenty-eight constellations.

Early beliefs in Korea reflected the concept that 
heaven serves as a mirror for earthly government and 
politics. Any phenomena, such as solar eclipses or 
stars visible during the day, were thought to infringe 
on the normal brightness of the sun and were thus a 
sign that the throne was in danger.

Movable metal type was developed to resolve 
problems associated with woodblock printing (eg 
the time required to engrave the block). It was used 
around 1234 in the printing of the fifty-volume 
History in the Reign of King Sejong.

One of the most famous of Korea’s technological 
advances was the development of the iron-clad galley, 
Geobukseon or Turtle Ship. It was used by one of 
Korea’s greatest heroes. Admiral Yi Sun-sin. It was 
equipped with iron plates to protect the rowers and 
was armed with a large iron turtle head-shaped ram.

In the Koreas there is now a determination to 
understand and appreciate the rich scientific and 
technological history of the Korean peninsula, and 
Korean historians and archaeologists have stepped 
up their efforts to study these fields in an historical 
context.

Sundial made in the era of Joseon Dynasty and displayed in Gyeongbokgung, 
Seoul, South Korea. Source: Wikimedia Commons

activities
1.  Students should do a comparative timeline to 

show when these developments occurred in 
the West.

2.  Research the life of Kjng Sejong to find other 
advances in science and technology (eg. the 
development of Hangul).

3.  Explain why clocks were so important in the. 
structure and running of society.

Bronze bell engraved to Cheonheungsa in Seonggeosan, Korea 
Source: Wikimedia Commons
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onDol: KorEa’s uniQuE 
HomE HEating systEm

Joo nam-chull, Professor Emeritus of 
architectural Engineering, Korea university

Ondol also known as gudeal, is an innovative Korean 
heating system that integrates a building’s floor and 
heating structures.

Korea’s four distinct seasons include the extremes 
of bitter-cold winters and sweltering summers. 
Consequently Korean architecture has long included 
two types of rooms: ondol-heated rooms and 
unheated wooden-floor rooms.

For ondol rooms, a heating system is installed 
beneath the floors, which heats the entire room 
through a convection process, that is, the heated air 
from the floor rises up towards the ceiling, pushing 
the cool air there down towards the floor, where 
it is heated and then rises (convection cycle), thus 
warming the room.

Moreover, the floor heats the lower part of the body, 
yet the cooler air away from the floor keeps the 
head cool, thereby creating a healthier interior for 
sleeping and living.

In addition to its efficient operation, the floor-
heating system does not produce any emissions in 
the room, a comfortable humidity is maintained, and 
there is no risk of fire or health concerns 

onDol systEm
The ondol system consists of three major 
components: a furnace where fuel is burnt to 
generate heat, flues for the transmission of heated air 
and smoke, and a chimney for the emission of smoke 
to the outside.

For a traditional ondol system, firewood was burned 
in the furnace. In farming households, tree branches 
and grain stalks were also burned.

stage 4 Es3 point (d)

investigate some strategies used by people to 
conserve and manage non- renewable resources 
eg. recycling and the alternative use of natural 
and man-made resources.

There are two types of furnaces: a direct furnace and 
a kitchen furnace. Since a direct furnace is intended 
to provide heat for a room, it was situated outside 
the house at the centre of the base of the shorter 
wall of the room, for maximum efficiency.

A kitchen furnace generates heat that is used for 
cooking and heating a room, thus serving two 
functions. A ledge was built over the furnace, from 
which cooking pots would be suspended, such that 
the furnace generated heat for cooking, as well as 
heating air that was passed through flues to heat 
the room adjoining the kitchen. It was typical for 
two or three furnaces to be installed in a kitchen 
so that more than one cooking vessel could be 
accommodated.

A rustic Ondol chimney, Soswaewon, Damyang. Source: Wikimedia Commons
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onDol: KorEa’s uniQuE HomE HEating systEm

Both the direct furnace and the kitchen furnace 
were generally made of mud and stone. For the 
houses of gentry, they were sometimes built with 
brick, whereas only brick furnaces were found in the 
palaces.

The fire in the furnace is lit through an opening 
known as a ‘fire hole’, to which the flues are 
attached. Grooves are built in the foundation, which 
serve as flues or conduits for the passage of heated 
air and smoke. Flue covers and the flooring seal off 
the flues so that radiant heat is transmitted without 
any emissions into the room.

funCtion anD bEauty
There are two types of chimneys for discharging 
smoke into the air an attached chimney, which is 
installed onto the wall of a structure, and a free-
standing chimney, which is separated from the 
structure.

There are also attached chimneys which are built 
onto an outer wall of the premises, rather than being 
connected with the building. The distance over 
which the smoke is transmitted to a freestanding 
chimney can be lengthy, such that the exhaust 
conduit is generally built underground.

In addition to being built with a variety of materials 
such as wood, mud, stone and brick (red and black), 
chimneys are also attractively designed and play an 
important role in the physical composition of the 
external space, or garden area, of traditional Korean 
architecture.

The chimney was topped with a house-shaped 
earthenware cover that allows the smoke to escape 
through side vents. The thatched-roof homes of 
commoners used red earthenware chimney covers 
that vented smoke through the sides of the chimney.

The representative freestanding chimney is an 
Amisan Chimney, found behind Gyotaejeon Hall 
on the grounds of Gyeongbokgung Palace. It is 
hexagonal in shape, built of red brick, and decorated 
with a variety of designs. There are several covers 
on top of the chimney, creating an impressive 
appearance.

Diagram of an ondol. Source: Wikimedia Commons

The chimney behind Jagyeongjeon Hall of 
Gyeongbokgung palace is built into the building’s 
exterior, and functions as both a chimney and wall. 
The surface of this long chimney is decorated with 
the ten symbols of longevity, with a row of chimney 
covers sitting atop the structure giving it a unique 
look.

The design of ondol systems differs from region to 
region. In Hamgyeong-do province (in the north-
eastern region of present-day North Korea), there 
was no wall between the kitchen and the adjoining 
room, while the cooking-pot ledge was at the same 
level as the floor of the adjoining room, which 
allowed the use of a large-sized furnace. The furnace 
mouth was also larger than those in other regions.

On the other hand, the milder temperatures on 
Jejudo Island in the far south meant that kitchen 
furnaces were not built for heating, with the ledge for 
cooking pots being built on the opposite side from 
the furnace, so heat from the cooking did not pass 
into the adjoining room.

DEvEloPmEnt of onDol
As for the development of ondol, although its specific 
origin is not known, the oldest remains have been 
dated to the time of the Iron Age (300 BCE – CE 1). 
L-shaped flues were found in two of the houses 
excavated at the Sejuk-ri site in Yeongbyeon-gun, 
Pyeongan-do province, as well as in the ruins of 
Seodun-dong, Suwon.

The use of L-shaped flues was passed down to the 
Three Kingdoms period (57 BCE – CE 668). The 
people of Goguryeo built L-shaped flues that ran 
along the eastern and northernwalls, with the furnace 
being situated in the room at the southern end of the 
eastern flue, while the chimney was built outside the 
room at the western end of the northern flue.

The L-shaped flues of Goguryeo are referred to as 
janggaeng (long tunnel) in China’s Old History of 
Tang, and New History of Tang.

Straight-line flues were unearthed from house sites 
at Busosanseong Fortress, built during the Baekje 
period (18 BCE – CE 660). This confirms that both L-
shaped and straight flues were used during the Three 
Kingdoms period.

However, since no flues have been found in the 
excavated remains of Silla (57 BCE – CE 935), the 
kingdom that reigned over the southern region of the 
Korean peninsula, it seems that ondol heating may 
not have been utilised in this area.

Although no ondol remains have been discovered 
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from the Unified Silla period (668–935), it is 
believed that the ondol heating system used the 
L- shaped flues of Goguryeo and Baekje was handed 
down from generation to generation throughout the 
Korean Peninsula.

During the Goryeo period flues covered the entire 
foundation area for heating the entire room. It is 
thought that this development occurred at least by 
the 13th century. The Goryeo period rooms that had 
flues under the entire floor area were called uksil 
(hot rooms), and this term can be found in early 
Joseon-period records as well.

The traditional ondol heating system, which was 
used during the Joseon era and Japanese colonial 
period, underwent notable change from the 1960s. 
In the 1960s, coal was used as fuel for ondol systems 
and the structure of the furnace was altered. Later, 
boilers began to be used to heat water that was 
circulated through pipes beneath the floor, and then 
electrical hearing was also introduced.

More recently, liquid petroleum gas became readily 
available for homes, along with large-scale regional 
heating systems also commencing operation.

All residential housing, not only single-family 
homes, but tenement housing and apartment 
complexes as well, had heating pipes installed under 
the flooring, along with the systems being capable of 
circulating heated air through a network of pipes.

floor-oriEntED lifEstylE
Ondol encouraged Koreans to sit on the floors of 
residential spaces.

During ancient times, the L-shaped flue-heating 
system created warm and cold areas in the room, so 
chairs would be placed in the cold spots, but since 
the mid-Goryeo period Koreans began to sit on the 
floor exclusively.

This floor-oriented lifestyle led to a diversification of 
living spaces. That is, the women’s room during the 
Joseon period was both the living space of the wife 
and an eating space, and at night a sleeping space.

Ondol rooms needed to be enclosed to maintain 
their warmth, whereas wooden-floored rooms called 
for openness. This condition was satisfied by the 
innovative use of Korean doors and windows, which 
could create open or enclosed spaces, as desired.

The unique Korean method of ondol heating, 
especially the L-shaped flue system, had an 
influence on Chinese architecture as well, leading 
to the construction of kang in the Siheyuan (square 

onDol: KorEa’s uniQuE HomE HEating systEm

courtyard houses) of Beijing.

In these houses, straight, high flues were built into 
pan of the floor, which resulted in an elevated area. 
This surface was used as a sleeping area, with the 
furnace being located within the room, and the 
chimney built outside the room.

Ondol also led to the creation of panel heating (a 
system of panels containing electrical conductors 
or heated pipes) by American architect Frank Lloyd 
Wright (1867–1959). In 1916, Wright designed the 
Imperial Hotel in Tokyo. Fascinated by the ingenuity 
of Korean ondol heating, Wright created a panel-
heating system based on ondol principles.

Also, although the Japanese like Korean ondol 
heating, this system could not be installed due to 
the fire hazard related to the country’s frequent 
earthquakes.

Points of stuDy
Impact of climate on structure of Korean housing
Convection and its use in heating
Efficiency of Ondol system
The role of chimneys in Korean housing
Changes to heating systems in the 20 th century
Creation of modern panel heating systems
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Ondol chimneys, Namsangol Korea. Source: Wikimedia Commons



Ethanol, distilled mostly from corn in the US 
and from sugar in Brazil and Asia, is mixed with 
petrol. Biodiesel comes mostly from rape seed 
in Europe, vegetable oil in the US, and palm oil, 
coconut oil and jatropha in Asia, and is mixed 
with diesel.

y
FARIDABAD, India

Indians know better than to eat the plum-sized fruit 
of the wild jatropha bush. It’s poisonous enough to 
kill.

But with oil prices surging, the lowly jatropha is 
experiencing a renaissance of sorts—as a potential 
source for fuel for trucks and power stations. The 
Government has identified 39.2 ha of land where 
jatropha can be grown, hoping it will replace 20% of 
diesel consumption in five years.

‘We have found that we can produce biodiesel from 
it. If we can keep the price down, the future looks 
bright”. says R.K Malhotra who oversees the Indian 
Oil Corp’s research centre that is running tests on 
the oil.

India isn’t alone. All across Asia, governments 
are searching for crops that can help them offset 
a dependence on imported oil that can only sky-
rocket as their economies soar. Palm oil and sugar 
cane axe the dominant crops in the region, but 
everything from coconuts to castor oil to cow dung 

turning to Plants 
for fuEl

new straits times, may 2006

stage 5 living World
Evaluate some examples of ecosystems, of strategies used to 
balance conserving etc.

stage 4 Earth and space
investigate some strategies used by people to conserve and 
manage non- renewable resources (recycling / alternative uses).

is being tested for fossil-fuel alternatives such as 
ethanol and biodiesel.

Most experts also believe that using current 
technologies, there isn’t enough land to make a 
serious dent in oil consumption. Some scientists say 
production will consume more conventional energy 
than it will save, and environmentalists came out 
this month against plans by Indonesia to convert 
millions of acres of rainforest on the inland of 
Borneo into palm oil plantations.

Georgia Tech Professor Arthur Ragauskas, who 
co-authored a study of biofuels published in Science 
magazine, sees other potential pitfalls.

‘One criticism of biofuels is that if you want to go 
from 2% to 20% you would have to direct so much of 
that agriculture from food to fuel that there would 
be real competition between the two’, he told The 
Associated Press in a phone interview ‘Even worse, 
if we have a famine in part of the world, we would 
have to make a decision as a society between food or 
fuel’.

For now, alternative fuels are less than 1% of current 
fuel usage in most of Asia, and experts say their 
large-scale use is years if not decades away.

Still, ‘every country in Asia is trying to 
commercialise and put up legislation on biofuels’ 
said Conrado Heruela, a renewable energy specialist 
with the UN Food and Agriculture Agency. “Right 

Above: Leaves and flower buds of the Jatropha curcas. Source: Wikimedia Commons
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turning to Plants for fuEl

now the target is not that big, but it will be very 
significant in the long term ‘ he said.

Ethanol, distilled mostly from corn in the US and 
from sugar in Brazil and Asia, is mixed with petrol. 
Biodiesel comes mostly from rapeseed in Europe, 
vegetable oil in the US and palm oil, coconut oil and 
jatropha in Asia, and is mixed with diesel.

Ethanol produces 13% less greenhouse gases than 
fossil fuels, a study published recently in Science 
magazine found, while the US Department of 
Agriculture says biodiesel can reduce carbon 
emissions by 78%.

Thailand’s King Bhumibol Adulyadej has a car that 
runs on palm oil and has been touting the substitute 
fuel to his nation for more than twenty years. Today, 
hundreds of gas stations in the capital Bangkok sell 
gasohol— petrol with 10% ethanol—and it is slightly 
cheaper than regular gas.

Thailand also grants the sugar industry tax breaks to 
produce ethanol and is following the US in a plan to 
replace the toxic fuel additive MTBE with ethanol. 
Still, supply is not matching demand.

On some Pacific islands, whose isolation makes oil 
imports more costly and vulnerable to market shifts, 
power companies are looking for other sources. ‘The 
use of alternative fuels is very much the topic of the 
moment among the small utilities in the Pacific’. 
said Jean Chaniel, the General Manager ot Unelco 
Vanuatu—whose company runs some generators on 
5% coconut oil.

The Fiji Electricity Authority plans to switch entirely 
to renewable energy by 2011.

Indian locomotive with the sign ‘running on bio diesel’.  
Source: Wikimedia Commons

India says it wants to increase its use of renewable 
energy from the current 5% to 25% by 2030. Much 
of this will come from nuclear plants, but it is 
also examimng wind power and other methods 
including jatropha.

About half of India drives on petrol with 3% 
ethanol, and the Government aims to increase that 
to 20% in the next decade.

In China, the government is promoting ethanol and 
is financing nuclear, hydro-electric and solar power, 
aiming to increase renewable energy sources from 
7% currently to 15% by 2020.

High oil prices and rising car ownership mean ‘there 
is great market potential to develop renewable 
vehicle fuel’, China ‘s National Development 
and Reform Commission said in a statement. 
‘Introducing ethanol fuel is good to improve the 
environment, stabilise grain production, and 
promote sustainable economic development’. Other 
countries are using the interests in biofuels to boost 
their farming sector.

Malaysia, the world’s largest producer of palm 
oil, has issued ten Iicences for plants to produce 
biodiesel for export, mostly to the European Union, 
which has mandated that all fuels would contain  
5–75% biofuels by 2010.

Decatur, Illinois-based Archer Daniels Midland, 
last year announced plans to build a US$29 million 
(USS1 – RM3 63) biodiesel facility in Singapore.

BP is spending US$9.4 million to study jatropha in 
India, and in March announced it would produce 
110 million litres of ethanol a year by 2007 in 
Australia, which aims to substitute 2% of oil use by 
2010 with ethanol.

British-based D1 Oils is investing up to US$20 
million mostly in jatropha in India, Indonesia and 
the Philippines.

Sign on a bio fuelled Kyoto bus. Source: Wikimedia Commons
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The Indian Government says it has successfully 
run dozens of trucks and buses on jatropha-based 
biodiesel, and 7.4 million ha of jatropha saplings 
are growing along the country’s railroad tracks. It 
intends to start mixing 5% or 2.34 metric tonnes of 
jatropha into diesel by 2007, which would require 
planting 2.4 million ha of jatropha.

Seeds from the jatropha fruit are crushed to 
produce a yellowish oil that is refined and then 
mixed with diesel. Yields remain open to debate, 
with the Indian Government saying they could be 
up to 3-6 metric tonnes of biodiesel per acre of 
jatropha—or just a fifth of that—depending on how 
successfully farmers cultivate it.

It appears to have advantages in Asia over 
competitors like palm oil, since it can be grown 
almost anywhere, meaning it won’t compete with 
food crops and so far has not appeared to threaten 
rainforest and other environmentally sensitive 
areas.

Chris Chatterton, Chief Executive Officer of D1 
Oils South-East Asia, sees jatropha as ‘a major 
competitor with palm oils’. And a non-edible source 
is an advantage over rapeseed or sunflower oil, he 
says, because ‘you are not taking land that would 
other wise be used for food ... It is a bit bourgeois to 
take edible biodiesel so Europeans can drive around 
in their Mercedes.’—AP

All across Asia, governments are searching for 
crops that can help them offset a dependence 
on imported oil that can only skyrocket as their 
economies soar.

y Malaysia has issued ten licences for plants to 
produce biodiesel for export.

y Thailand grants the sugar industry tax breaks 
to produce ethanol.

y Hundreds of gas stations in Bangkok sell 
gasohol — petrol with 10% ethanol.

y India to increase use of renewable energy from 
5% to 25% by 2030.

y BP is spending US$9 4 million to study jatropha 
in India.

y Half of India drives on petrol with 5% ethanol.

y Archer Daniels Midland to build a US$29 
million biodiesel facility in Singapore

y China is promoting ethanol and aiming to 
increase renewable energy sources from 7% to 
15% by 2020.

y Other countries are using the interest in 
biofuels to boost their farming sectors.

Soghum residue is used for the production of bio fuel, Andhra Pradeshh, India. 
Source: Wikimedia Commons

Palm oil refinery, Malaysia  Source: Wikimedia Commons

Bean of the Jatropha  curcas plant used to manufacture Ethanol. Source: Wikimedia Commons
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Explain the following terms:
– ‘Experiencing a renaissance’ ................................................................. 
– plantation .............................................................................................. 
– renewable energy .................................................................................. 
– solar power  ............................................................................................

What are biofuels? give three examples  ...................................................
................................................................................................................... 
................................................................................................................... 
1..................................  2...................................  3.....................................

What is Jatropha? for what is it used? for how long has india been 
using it? 
.................................................................................................................... 
....................................................................................................................

Why are so many countries in asia and the Pacific searching for crops 
to use for fuel? ......................................................................................... 
................................................................................................................... 
...................................................................................................................

What is the major criticism of biofuels? ................................................. 
................................................................................................................... 
...................................................................................................................

What is ethanol and how is it made? list its advantages. .........................
.................................................................................................................... 
....................................................................................................................

Explain how governments can assist in the development of biofuels 
.................................................................................................................... 
.................................................................................................................... 
....................................................................................................................

Draw a flowchart to show how jatropha is processed
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Once synonymous with pollution and disease, the 
city of Minamata is now  drawing attention as a 
leader in environmental protection.

m

In the shadow ol Japan’s rapid economic growth in 
the post-war period, a tragic story unfolded in the 
small coastal city of Minamata, Kumamoto-ken 
(prefecture).

Between 1953 and 1966. an acetaldehyde-synthesizing 
plant belonging to the Chisso Corporation discharged 
waste organomercury compounds into Minamata 
Bay, polluting the fish and shellfish populations and 
causing sickness and death among those who ate the 
local catch.

The first case of what became known as Minamata 
disease was reported in 1956, but despite all the 
evidence directly linking effluent from the factory to 
the disease, it was not until 1968 that the government 
finally confirmed the connection and began the 
process of compensating victims. The Chisso 
Corporation ceased production of acelaldehyde in the 
same year.

The impact on the local community of a decade 
of unabated pollution was enormous, Thousands 
developed symptoms including sensory disorders 
in the four extremities, constriction of the visual 
field, hearing impairment, speech impediments 
and clumsiness of body movement. In severe cases 
patients went insane, fell into a coma and quickly 
died. Cases of congenital Minamata disease have 
also been reported. As of March 2000, 2264 people 

minamata on tHE mEnD
saeki shizuka, look Japan, february 2002

Marushima Port, Minamata Japan. Source: Wikimedia Commons

stage 5 living World
Evaluate some examples, in ecosystems, 
of strategies used to balance conserving, 
protecting and maintaining the quality of the 
environment with human activities and needs.

had been certified as Minamata disease patients, 
including non-certified patients, that number rises 
to over 10 000. 

The Ministry of Environment finally declared 
Minamata Bay safe in 1997, after a ¥48.5 billion 
($394 million; effort to dredge or contain in landfill 
the mercury accumulated at the bottom of the 
bay. Now, drawing on its experience of suffering 
and recovery, Minamata is spreading a message to 
developing countries, particularly in Asia, not to 
repeat Japan’s mistake.

One part ol these efforts is a program launched 
jointly by Minamata City and the Japan International 
Cooperation Agency (JICA) in 2000 to invite 

Map showing the location of Chisso Factory and nearby waterways 
Source: Wikimedia Commons
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government officials from Asia to a one-month 
training course on the environment.

In October 2001. nine people from China. Indonesia, 
Malaysia, the Philippines and Thailand participated 
in the annual program, called ‘Administrative 
Management for Environmental Restoration and 
Conservation by the Minamata City Government: 
The Lessons of Minamata Disease.’

In the first part of the program participants learned 
about the background to Minamata disease and its 
effect.

The influence ol ihe disease was not restricted to 
people’s health and the environment’ said Yoshimoto 
Tetsuhiro. Director ol the Planning Division of 
the Minamata City Government and one of the 
lecturers on the training course. ‘Because of a 
misunderstanding that Minamata disease may be 
contagious, all Minamata residents encountered 
baseless slander, prejudice and discrimination ‘

minamata on tHE mEnD

In the second part of the program, the visiting 
government officials took part in these activities to 
see what Minamata has been doing to revitalise the 
community and natural environment.

‘The efforts to protect the environment shouldn’t 
be led solely by the administration’, says Yoshimoto 
‘The important thing is to convince citizens that 
they can make great contributions to our natural 
environment, which in turn will be to their own 
benefit. In our environmental projects, the key 
players are our citizens.’

During the training course. participants met with 
Minamata disease patients to hear first hand about 
their painful experiences (As of March 2000, 879 
victims were still alive).

‘In this program we put much more weight on 
actual experiences than on lecturess, says Ogata 
Takuya of the Environmental Planning Section of 
the Minamata City Government, who served as a 
course leader and a lecturer. ‘To fully understand 
the Minamata disease issue, people need to see the 
suffering with their own eyes.’

In recognition of the community’s ongoing pursuit 
of environment- friendly lifestyle and a zero 
emission society, the Ministry. Of Environment 
and the Ministry of Economy, Trade and Industry 
(METI) last yell designated Minamata an Eco-Town, 
making it the third such town in Kyushu (island) and 
the thirteenth in Japan to earn the label.

It look the people of Minamata a long time and 
a lot of hard work to recover from the tragedy 
of Minamata disease. Their story is a lesson to 
everyone about just how absurd it is to seek wealth 
at the expense of the environment.

Gates sealing a drain which emptied into Hyakken Harbour.  
Source: Wikimedia Commons

Since Chisso had been supporting the local 
economy, many people, not least Chisso’s 
employees, were unwilling to admit that the 
company was responsible for all the suffering. As a 
result the community was split and the disease even 
became a taboo subject.

It was only after 1994, when the Mayor of Minamata 
officially apologised to the victims, that citizens 
began to face the Minamata disease issue squarely.

‘Having fallen to the bottom of despair, we had no 
way to go but up’, says Yoshimoto. ‘To reunite the 
community we decided to work together to build a 
city with an environment- friendly way of life.’

Homes, schools, shops and companies in Minamata 
have initiated various programs to protect the 
environment, such as an ambitious and well-
supported program to divide household garbage 
into twenty-three categories.

Minamata’s Waste Sorting Centre. Source: Wikimedia Commons 
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Policy for submission of 
articles to the AETA Journal

• Articles, programmes, units of work, worksheets, ideas, resources, reviews etc.  

are welcome as submissions to the Editor for inclusion in the Journal

• As the Association is a non-profit organisation, no payments are made to those who 

submit articles which are subsequently used.

• Copyright remains with the author and any copyright payments will be paid to the 

author.

• No members of the Executive are paid for their work or contributions to the Journal.

• The authorship of all articles is acknowledged in the Journal.

• Copyright of material must be acknowledged for any material used by a contributor 

where original material is used, and proof of permission must be provided to the 

Editor.

• The use in the Journal of an article is at the discretion of the Editor.

• Material, including images submitted for publication, must be in digital form and may 

be accompanied by hard copy.



��    Journal of the Asia Education Teachers’ Association – June 2013

AETA MEMBERSHIP
The Asia Education Teachers’ 
Association (Australia) Inc.

GPO Box 2393, Sydney NSW 2001 
www.aaeta.com    ABN 56 541 380 284 

Annual membership $70 (GST is not applicable. AETA is not required to be registered for GST).

 Membership Renewal    New AETA Membership 2013 only

Teachers and institutions can join or renew their membership of the Asia Education Teachers’ Association for a twelve month 
period from 1st January. Members receive four editions of the AETA Journal annually. Each journal includes Primary and 
Secondary worksheets/activity sheets for direct use in the classroom, topical and historical segments pertaining to varying 
regions of Asia, and background information on aspects of culture and society including festivals and religious practices. The 
Path – Teaching About Buddhism is an important teacher resource currently available to AETA members. Membership for 
individuals and institutions is $70 per calendar year.

Carefully complete ONE of the following boxes to ensure you receive your AETA Journals.

INDIVIDUAL TEACHER MEMBERSHIP:

Title: ..........  First name: ........................................................

Surname: ...............................................................................

Address: .................................................................................

Suburb: .........................................................   State: ...........

Postcode: ..................  Country: .........................................

(School: .................................................................................)

Phone: (......)  ........................  Mobile: ..............................

Fax: (......)  ............................. 

Email: .....................................................................................

Signature: ..............................................................................

Date: .............................

SCHOOL / ORGANISATION MEMBERSHIP:

.......................................................................................................

Department/Faculty: .........................................................

Address: .................................................................................

Suburb: .........................................................   State: ...........

Postcode: ..................  Country: .........................................

Phone: (......)  ........................  Mobile: ..............................

Fax: (......)  ............................. 

Email: .....................................................................................

Contact person:....................................................................

Signature: ..............................................................................

Date: .............................

                        Cash           Cheque (made payable to AETA)            Credit card     
           Charge to:        Master card        Visa       Expire date: ........../...........       

Card number: 

Payment Method: 

Name as it appears on card (PLEASE PRINT): .......................................................................................................

Amount: ...................  Signature: ..................................................................................... Date: ..............................

Nominator: .................................................................  Seconder: ............................................................................

The Asia Education Teachers’ Association (Australia) Inc. 
GPO Box 2393, Sydney NSW 2001

 Data entered ......... .......... ........... 

Send competed form to: Office use only:




	Home
	Contents
	From the Editor's Desk
	Asia News
	East-West Timeline: Scientific & Technological Advances in Global Civilisation
	Chinese Astronomy: From Star Map to Space Station
	Activities on Chinese Inventions
	Indonesia: A Volcanic Country
	Sustainability
	Science & Islam: The Language of Science
	The Growing and Processing of Tea
	Tea Processing Today
	Rice Growing
	Stories with Rice Links
	Rice - An Introduction
	Digging Up the Past of South-East Asia
	Religion and the Rice Growing Cycle in Bali
	The History of Science and Technology in Korea
	Ondol: Korea's Unique Home Heating System
	Turning to Plants for Fuel
	Minamata on the Mend
	Policy for Submission of Articles to the AETA Journal



