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Abstract. Under the rapid development of the city, our city also produces a large amount of garbage,

including ordinary household garbage, construction waste, and hazardous waste. Macau is a small area. If
the domestic landfill method is adopted, the land area occupied by it will be the same as the land area of the

entire Macau Peninsula. Therefore, as early as the mid-1980s, Macau established a waste treatment mode
based on incineration and landfill supplementation. Since the waste incineration center's completion in 1992,

it has received three pieces of garbage with international advanced levels. In the treatment line, the exhaust

gas reached the current EU emission standards. With the advocacy of the concept of eco-city construction,
Macau's urban waste treatment has also added a number of sustainable development measures, such as

waste incineration, the production of fertilizer, and the recycling of household food waste. Based on field
investigation and interview research, this study finally puts forward corresponding suggestions for the

predicament of waste incineration in Macau.

1. Introduction

From the perspective of historical particularity, Macau
has its own unique side. For example, during the
administration of the Portuguese government before the
reunification, the Portuguese brought advanced
reclamation technology, bridge construction technology
and airport construction technology in Europe. The
waste incineration center, one of the infrastructures, was
also completed during the Portuguese government in
Macau. In the management system, it also has its own
way. From the adoption of EU emission standards in the
waste incineration center to the social nature of
capitalism after the return, the different forms of
property rights and the different legal systems, it also
leads to its sustainable development. The direction of
planning is very different from that of mainland China
and Hong Kong. Based on preliminary research on the
conversion of incinerated waste into electrical energy by
the Macau Waste Incineration Center, this study
proposes experience and follow-up improvement
suggestions for urban waste treatment in Macau SAR for
sustainable development planning research in other cities
in the Guangdong-Hong Kong-Macau Greater Bay Area.

2. Macau Waste Incineration Center

The Macau Waste Incineration Center is located in the
industrial zone of Pac On, Taipa, Macau (see Fig. 1). It
covers an area of approximately 40,000 square meters. It

2009853gat30001 @student. must.edu.mo

is close to the Taipa Ferry Terminal and Macau
International Airport. It is one of the most important
infrastructures in Macau. The task of reducing, reducing
and resourcing Macau built its first waste incineration
center in 1992. It had 3 waste treatment lines with
international advanced standards at that time. The design
capacity of each treatment line was 288 tons per day;
that is, the total treatment capacity was 864 tons per day.
The capacity is 283,800 tons, and the exhaust gas meets
the EU emission standards at that time[1,2].

After stable operation and reconstruction and
expansion, there are 6 processing lines with a total
processing capacity of 1,728 tons per day and 576,650
tons per year[3]. At the same time, indicators such as
noise and sewage have reached the international
advanced level. The heat generated in the waste
incineration process is used to generate electricity, and
the boiler conducts heat exchange to generate steam,
which is collected into a turbine generator to generate
electricity. The power generation capacity of the
incineration center is not only sufficient for its own
power consumption but can also output a maximum of
approximately 21 MWh of electricity per hour to the
public grid, which is sufficient for approximately 33,000
residents in Macau. In addition, the volume of slag
produced after incinerating garbage is only one-tenth of
the original garbage volume, which greatly reduces the
landfill needed. It is extremely important for Macau,
which lacks land resources and can leave valuable land
for other developments[4,5].
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Fig. 1. Overlooking the Macau Waste Incineration Center from Taipa Mountain in Taipa (Image source: Photographed by the author).

2.1 Choices for the shortage of land resources
in Macau

Looking back at history, from 1978 to 1988, the
population of Macau has increased dramatically in the
past ten years. The amount of rubbish that government
departments have to deal with on a daily basis has also
continued to rise. According to statistics, in 1983, 25
tons of garbage were collected every day. In 1984, the
daily processing volume was 28 tons, and in 1985, it was
32 tons. Since 1986, more than 40 tons of garbage have
been processed every day. Based on these figures,
139,000 metric tons of waste are currently processed
annually. The problem of garbage is a social problem.
Whether it is handled well or badly will directly affect
the environment; in other words, it will also affect the
physical and mental health of citizens[6]. One of the
distinguishing features of Macau as an island city is its
small geographical area. At the end of 2016, the total
resident population of Macau was 644,900, and the total
land area of the region was 30.5 square kilometers.
Based on this calculation, the population density of
Macau is 21,400 people per square kilometer. The total
number of tourists visiting Macau in 2016 was 30.95
million. Based on this calculation, the daily floating
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population during the year was 84,794. Combining the
two data of resident population and floating population,
Macau has a population density of 24,180 people per
square kilometer, making it the city with the second
highest population density in the world. According to the
estimates of the Macau Statistics Department, the
resident population in Macau will increase from 513,000
at the end of 2006 to 829,000 at the end of 2031, with an
average annual growth rate of 1.9%. During the first five
years from 2007 to 2011, the population growth of
Macau was relatively fast, with an average annual
growth rate of 4.6%; thereafter, the growth rate gradually
narrowed (see Fig. 2). On the other hand, Macau's land
resources are very limited. Macau mainly relies on
reclamation to expand the available land. Shallows are
widely distributed along the coast of Macau and have
become a land resource for reclamation in Macau.
According to the available data, in the 100 years from
the end of the Qing Dynasty (1912) to the present, the
land area of Macau has increased by nearly 300%, and
more than 20 square kilometers of land was obtained by
reclamation. In 2018, the total area of Macau was 32.8
square kilometers. The scarcity of land resources and the
rapidly growing population have resulted in limited
options for the disposal of urban waste in Macau.
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Fig. 2. 2006-2031 Macau Residential Population Forecast (Unit: 10,000 people).

2.2 International experience in waste
incineration

There are many places in the world that use waste
incineration, such as Japan, Germany, the UK, Taiwan,
China and Hong Kong, China. However, in Taiwan,
China, only 2% of the waste is handled by incineration,

and 98% of them are landfilled, composted and other
methods. The four waste incinerators in Taiwan failed to
achieve the expected results for various reasons. Hong
Kong has abandoned plans to build incinerators and
plans to demolish those already in use because the
pollution problem is not easy to solve[7-11].

In Japan, waste incineration is a common practice.
Waste treatment plants not only reduce waste by
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incinerating combustible waste but also generate
electricity and use waste heat to provide heating and
heated swimming pools. The incinerated ashes can be
used for landfill construction after harmless treatment
and will not pollute the environment. According to the
data of the Ministry of the Environment of Japan, in
fiscal year 2012, the total amount of general garbage in
Japan was 45.22 million tons, of which direct
incineration accounted for 79.8% of the total garbage
disposal, and landfills accounted for only 1.3%. As of
the end of fiscal year 2012, Japan had a total of 1,188
waste incineration plants, with a daily waste processing
capacity of approximately 184,100 tons, of which 314
had power generation equipment, accounting for
approximately 30%, with a total power generation
capacity of 1,748 MW. In addition, 780 waste
incineration plants have waste heat utilization facilities,
which can provide heating and hot water required in the
factory and can also provide warm water and thermal
energy to the heated swimming pools outside the
facilities. The Toyohashi Urban Recycling Center in
Japan (completed in March 1980) treats 300,000 people
in the city with rubbish and feces, including 200 tons of
rubbish and 200,000 liters of feces. Incineration is also
used. The remaining steam from incineration can also be
supplied to the surrounding vegetable farmers and the
sports training center, and it can also be used to generate
electricity.

In the UK, government departments have emphasized
the need to reduce the generation of waste from the
source and continuously improve the recycling rate, but
under the existing technical conditions, landfills and
incineration are still the main methods of waste disposal
in the UK. In 1870, the world's first waste incinerator
was put into operation in the UK. In the 1950s and 1960s,
with economic development and the improvement of the
living standards of urban residents, the combustible and
combustible substances in garbage increased rapidly, and
the application of garbage incineration technology was
further promoted. However, since the 1980s and 1990s,
the environmental problems caused by waste
incineration have become increasingly prominent, and
the voices of opposition from the public have become
increasingly louder, so this method of disposal has
gradually been restricted. The UK's attitude towards
waste incineration plants is strict standards, strict
monitoring, and cautious new construction. Its perfect
laws and regulations and relevant regulations of the
European Union also make all behaviors related to waste
incineration carried out within a strict framework. Under
continuous pressure from the government and the private
sector, waste incineration companies can only achieve
the corresponding standards by improving their
technology and win the trust of the people in the
surrounding areas through open and transparent
processing methods.

In Germany, the trash cans of some houses are
specially placed in the locked garbage room. The trash
cans are equipped with black, green and yellow lids,
which are used to collect general garbage, paper garbage
and plastics, respectively. However, the simple three
classifications often have difficulty solving all

classification problems in daily life. Therefore, the
sanitation department specially posted pictures in the
recycling area of the garbage room and pasted samples
on the cardboard to guide residents to properly dispose
of garbage. In fact, waste disposal has always been a
problem for many cities in Germany, and Germans
began to explore waste incineration very early. Take the
port city of Hamburg in Germany as an example. Before
1890, household waste in Hamburg was used as fertilizer
to be transported to farmland near the residential area.
However, this method of disposal is not only not
environmentally friendly but also unsanitary. In 1892, a
single cholera attack killed 8,000 people, prompting the
Hamburg authorities to build the first waste incinerator
in 1896. Today, Germans follow the principle of
minimizing the total amount of domestic waste and
recycling it. According to 2011 data, the recycling rate
of German municipal solid waste was 65%, and the
incineration rate was 35%.

The most famous in Germany is the Ruhr recycling
center. It can handle household waste, industrial waste
and hospital waste. First, after the household waste is
processed, glass, scrap iron and metal are separated, the
coarse waste is incinerated, and the waste is used to
generate electricity. The exhaust gas is discharged from
the smoke window after being treated by the dust
collector. Industrial and hospital waste is also incinerated
to generate electricity.

3. Discussion

First, all garbage cannot be disposed of together, such as
scrap iron, which must be separated first. If it cannot be
sorted during collection, different types of garbage must
be separated after collection. Burning everything
together will only reduce the efficiency of the incinerator.
The garbage in Macau is not sorted at the time of
collection, so it must be sorted after collection.To reduce
waste and make good use of the earth's resources, the
Municipal Affairs Bureau of Macau began to promote
the waste sorting and recycling program at the end of
1999. There are three-color sorting recycling bins at each
collection point, "blue waste paper, yellow aluminum
can, and brown plastic bottle", for citizens and tourists to
dispose of waste paper, metal, plastic and other resource
waste, respectively. Initially, it focused on school
publicity and education and then gradually expanded the
level of the recycling program, extending it to
associations, commercial organizations, government
departments, and establishing public recycling points in
various districts of Australia. Since the implementation
of the scheme, the recycling rate and the number of
recycling units have continued to increase[14].

At present, many trash cans only rely on text or color
to distinguish recyclable, nonrecyclable, or even more
detailed categories, but the problem is, if they are
colorblind, children, or old people who have no
education, how should they be placed? Judging from the
special-shaped trash cans currently placed by the Macau
Environmental Protection Bureau, this problem has been
well solved, and it has a certain scientific and
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educational significance. However, there are still
shortcomings. For example, the categories are more
focused on aluminum cans, plastic bottles, paper, etc.,
with recycling value.

According to Taiwanese data, the incineration
method failed completely for four reasons. The first is
that because people are very frugal, the waste that can be
sold for money, such as cardboard, newspapers and
magazines, is left to sell to "scavengers", and the
remaining garbage that can be burned is greatly reduced.
The second is that Chinese people like to eat fresh food.
Fresh fish and vegetables are washed first. The water
content of garbage is generally high, and it is not easy to
incinerate. The third is that because living standards
have improved, everyone is reluctant to eat old meals. In
addition, no one in the city collects kitchen waste, so
plastic bags are used to store cold vegetable juices and
then throw them away. This approach is more
disadvantageous for incineration. The last item is that the
garbage thrown by Chinese people is not classified, and
the incinerator incineration of unclassified and treated
garbage will be damaged[15].

Today, Macau's power generation is handled by one
power plant on the Macau Peninsula and two power
plants on Coloane Island. However, in fact, two power
plants have been scrapped, and total power generation
can only reach 10% of Macau's overall electricity
consumption. The main power supply in Macau is
transmitted from the mainland, which accounts for 80%
of the power supply in Macau. The power transmission
network consists of 19 major substations established by
CEM. The volt substation and a 220 kV substation
connecting the Gongbei and Zhuhai substations supply
electricity to Macau. Then, how much of the electrical
energy converted from waste incineration in Macau can
be used in the urban power grid? In the end there is no
effect? According to the statistics of the Macau Energy
Office, the electricity obtained by the Macau
Incineration Center is converted into urban electricity,
accounting for only approximately 3%.

4. Conclusion

In summary, although it is feasible to incinerate waste
and generate electricity, it requires a huge investment to
achieve the desired effect. The living habits of the
Chinese living in Taiwan and Macau are similar, and the
methods of producing garbage and the attitude towards
garbage disposal are not very different. However, at
present, the incinerator in Taiwan is not performing as
expected, and I am afraid that the plan of the incinerator
in Macau will suffer the same fate.

The Macau solid incinerator plant is still an old
facility in the past. With the increase in the total amount
of MSW, the introduction of a waste sorting production
line can be considered in the future to achieve the
classification and treatment of incoming waste. At the
same time, the incineration technology should be
actively improved, and the furnace temperature should
be increased, preferably more than 1300 degrees Celsius,
which can greatly reduce the generation and overflow of

harmful and toxic gas substances (especially dioxins)
and can also shorten the residence time and reduce
residual residues.Currently, waste incineration centers in
Macau are still lacking in the classification and recycling
of food waste. You can refer to the food waste recycling
of Hong Kong's "Green Wisdom Commune" to separate
the lipids to make handmade soaps, instead of the current
single food waste recycling to produce fertilizers.
Various aspects of recycling and production can be
considered to improve the utilization rate after recycling.
At the same time, the Macau Waste Incineration Center
is also a very important base for science and education,
but there are few opportunities to visit at present. We can
consider setting up "open days" and other methods to
further open up to the public to increase the coverage of
science and education and further improve public
environmental awareness.

Speaking of the landmarks of Macau, many people
may think of the traditional A-Ma Temple, the Grand
Lisboa Hotel, which symbolizes the casino, or the Macau
Tower, the Saiwan Bridge. However, the meaning
behind these surfaces rarely represents environmental
protection. Therefore, it can be boldly conceived that the
exterior of the waste incineration plant, especially the
chimney part, can be beautified and become a new
landmark in Taipa New City and Pac On after the new
city reclamation. At the same time, many European and
American cities are trying to use kitchen waste to
generate electricity, that is, "green electricity". The
kitchen waste generated by Macau's tourism and hotel
industries has gradually become the most important
urban waste in Macau. You can consider learning from
them. Carry out food waste power generation, further
increase transmission to CEM, and increase the
proportion of Macau's own power supply. In addition,
the power fluctuation of garbage power generation is
large, and the reliability is poor. Such electricity cannot
be sold for a good price. Japan's experience is that the
government needs to be subsidized. Therefore, the power
generated by the incinerators in Macau is similar to that
in Japan and requires government subsidies. Not only
does the government make no money, but it also
increases the burden on taxpayers.
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