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Environmental activities on glass in Japan
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In general, glass has been recognized as an environmentally friendly material. However, the production of glass
requires a lot of heat energy, and the raw materials also emit CO2 at the melting process. In fact, commercial
glasses are not easy to recycle. In glass industry of Japan, various efforts have been made so far to reduce the
environmental impact of glass. In this paper, not only glass manufacturing technologies but also glass recycling
technologies were reviewed, and the future glass production technologies to achieve carbon neutrality were also
introduced.
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1. Prologue/Introduction

Glasses have been used in all kinds of products around
us, and are indispensable materials in our daily lives. In
particular, innovations related to glass in the modern era
can be seen as a history of activities to environmental
problems. In this paper, some examples of innovations are
introduced to review the relationship between glass and
the environment.

Soda-lime glass with the highest production is com-
posed of elements that have high Clarke numbers and exist
abundantly on the earth. The composition and properties
of soda-lime glass are similar to those of stone and sand.
It is regarded as an environmentally friendly material
because it is basically harmless and easily recycled. In
practice, however, closed-loop recycling of glass in the
same application is desirable, but is limited to certain types
of glass like bottles.

Soda ash (Na2CO3) and calcium carbonate (CaCO3) are
used as raw materials for soda-lime glass, and hence CO2

is emitted during the melting process. In addition, the glass
is melted at a high temperature, which requires a lot of en-
ergy. It is said that the glass industry is an energy-intensive
industry, consuming 1% of the energy used by all indus-
tries in Japan.1)

Thus, glass is not necessarily an environmentally
friendly material, but many efforts have been made to

eliminate negative factors. In this paper, examples of past
efforts and future technical issues are also introduced.

2. Reduction of environmental impact
in glass production

The history of the glass industry in Japan goes back to
1876, when Shinagawa Glassworks (Shinagawa-Garasu-
Seizosho) was established by the government, and glass
engineers were trained.2),3) As for flat glass, Asahi Glass
Co., Ltd. (present AGC Inc.) started manufacturing in
1909, and America Japan Sheet Glass Co., Ltd. (present
Nippon Sheet Glass Co., Ltd.) started in 1920.3) In the 50
years up to the 1960s, the mass production technology of
glass made remarkable progress. High quality refractories
such as electroformed mullite and zirconia, stirring tech-
nology by bubbling, and temperature raising technology
by power booster and oxygen blowing were developed,
and melting efficiency and product homogeneity were
greatly improved.2),3) As a result, these efforts have con-
tributed to resource conservation, energy conservation, and
reduction of CO2 emissions.
In the 1960s, the postwar reconstruction period centered

on coal shifted to the rapid growth period centered on oil.
During a period of high economic growth, the dependence
on oil increased rapidly in Japan, reaching 75.5% of the
domestic primary energy supply in 1973.4) The float proc-
ess, which is an epoch-making process for flat glass, was
invented in 1952 by Pilkington in the UK. In Japan, pro-
duction of flat glass using the float process began in
1965,3) just in the midst of high economic growth.
After the twice oil shocks in the 1970s, the Japanese

government switched its policy to promoting energy
conservation and the introduction of alternative energy
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sources due to high oil prices and supply concerns. At
around that time, a change in the flat glass production
method was also made from the pull-up method to the float
method.3) Furthermore, the Kyoto Conference of 1997 led
to the promotion of measures to combat global warming,
and dealing with environmental issues became a central
focus.

In 2006, the Glass Industry Conference of Japan (GIC)
set a CO2 reduction target for 2010 of 13% below the 1990
level.5) As shown in Fig. 1, the total of the four par-
ticipating organizations [Flat Glass Manufacturers Asso-
ciation of Japan (FGMAJ), Glass Fiber Association of
Japan, Electric Glass Industry Association of Japan, and
Japan Glass Bottle Association (JGBA)] achieved a 28%
reduction in total CO2 emissions from 5.6Mt-CO2 in 1990
to 4.0Mt-CO2 in 2010, far exceeding the target. Then, each
organization reviewed the reduction target and set its own
reduction target. For example, the FGMAJ set the 2020
target of 25.5% below the 2005 level (35% below the 1990
level).6) Recently, FGMAJ set the additional 2030 target
of 49% (32%) below the 1990 (2005) level.6) Thus, each
organization is still making ongoing efforts to reduce CO2

emissions.
GIC summarized the major efforts made by these organ-

izations in the “White Paper on Glass Environment”.5)

Some of the most effective initiatives are described below.

· Improvement of cullet usage ratio
Since crushed glass waste (cullet) melts easily, increas-

ing the ratio of cullet can reduce the amount of carbonate
raw materials used, which generate CO2 during decom-
position. This will greatly contribute to energy saving and
CO2 emission reduction during the melting of raw mate-
rials. It is estimated that an increase of 10% cullets by
weight leads to an energy efficiency improvement of 2.5
3%.7) According to JGBA, utilization ratio of cullet as a
raw material for glass bottles was 40.5% in 1990, and it
increased to 77.6% in 2020.8) JGBA also promotes con-
verting imported bottles to cullets, which is expected to
reduce annual CO2 emissions by 56,470 tons.9)

· Fuel conversion
Heavy oil used in the glass melting process was

replaced by natural gas. Natural gas can reduce CO2 emis-

sions during combustion by nearly 30% compared to
heavy oil.10) In addition, natural gas contains no sulfur, and
hence SOx emissions are also greatly reduced.

· Oxygen combustion
The fuel was burned with oxygen alone or oxygen-

enriched air. Nitrogen, which makes up about 80% of air,
is not necessary for fuel combustion, but is also heated
during combustion, which reduces energy efficiency. By
reducing the excess nitrogen concentration, the efficiency
can be increased and, NOx generation can be suppressed.
When using pure oxygen combustion, CO2 emissions can
be reduced by approximately 25%.6)

· Electric melting
The raw materials are directly energized and melted by

Joule heating. Since the raw materials are heated directly,
the energy efficiency is about twice that of a normal melt-
ing furnace.9) A heating method that combines flame and
electricity has also been developed. The surface of the
glass melt is directly exposed to the radiating heat of the
flame, so it will be the hottest, and the glass components
readily volatilize from the melt surface. When the surface
temperature is lowered to suppress volatilization, the inter-
nal temperature becomes not uniform. By heating the melt
from the inside using electricity, the melt can be kept
homogeneous.11)

3. Glass that contributes to reducing
environmental impact

In the previous section, efforts for the reduction of envi-
ronmental impact in glass production were introduced. In
this section, those in the consumer usage (mainly home)
other than industry are described.
As mentioned, after the 1970s’ oil shocks, counter-

measures for energy consumption and global warming
have been promoted in Japan. In 1979, Act on Rationaliz-
ing Energy Use (Energy Conservation Act) enacted a heat
insulation standard for homes, resulting in the widespread
use of heat-reflective glass and double glazed (pair) glass.3)

It was supposed that windows and other openings account
for 6070% of the total heat loss in homes.12) The de-
mand of 92.9 billion yen in estimation was created in 2010
by introducing the eco-point system for housing and the
taxation related to renovation, of which 99% was for the
renovation including insulated windows.12)

Heat-reflecting glass is made by vapor-deposited metal
(SUS), TiO2, or TiN film on the surface of flat glass, which
reflects mainly visible to near-infrared light and looks like
a half-mirror.3),13) With 6mm thick flat glass, 83% of the
solar heat flows into the room,3) while the solar transmit-
tance (solar heat gain coefficient) is reduced to 68% with
TiO2-coated glass and 23% with TiN and SUS-coated
glass.13) Colored glasses with small amounts of Fe, Co, Se,
and other additives were used for early insulating glasses
introduced in the 1950s. In the 1990s, glasses with en-
hanced infrared absorption and ultraviolet cutting ability
were developed by increasing Fe content.3)
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Fig. 1. Change of CO2-reduction rate in glass industry in Japan.
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When the infrared absorption ability increases, heat is
also released indoors through re-emission, resulting in an
increase in the solar heat inflow rate. Then, Low Emis-
sivity (low-E) glass was developed. As shown in Fig. 2,
low-E glass is made by coating one side of the glass with
a multilayered film containing metallic Ag or SnO2. By
lowering the emissivity of the coated surface, the absorbed
solar heat is efficiently re-emitted to the outdoor side,13)

and the far infrared rays, which are abundant in the heat
inside the room, are effectively reflected back to the inside,
improving thermal insulation.

Double-glazed glass is made of two sheets of glass seal-
ing air between the glasses, which has high thermal insula-
tion and prevents moisture condensation even when there
is a large temperature difference between the inside and
outside. The production began in 1954,13) but the double-
glazed glass was not popular before the 1979 Energy
Conservation Act.3) The use of low-E glass for the outdoor
panel or the Ar filling of cavity between the panels can
further enhance thermal insulation.14),15) Double-glazed
window with low-E glass and Ar filling has become the
standard in Hokkaido.13) Vacuuming the cavity of double-
glazed glass can improve thermal insulation, and in the
vacuum glazing, even when the cavity thickness is only
³0.2mm, the thermal transmittance is about 1.11.3
W/m2·K, maintaining a very high thermal insulation.13)

At the beginning of this paper, it was mentioned that
glass recycling is not progressing well. The glasses used in
buildings and cars are no longer made of simple single flat
glass. Therefore, even when they are melted, they should
not have the same composition as original float glass. It
can be said that making glass more functional in order to
reduce the environmental burden has made recycling more
difficult.

4. Glass recycling

Glass recycling is important for establishing a sound
material-cycle society. The use of glass cullet recovered
from waste glass is also important in reducing CO2 emis-
sions in the glass melting process.8) Although glass itself

is an ideal material for achieving closed-loop recycling
(glass-to-glass recycling), only 21% of glass is recycled
worldwide16) because of an immature social recycling
system and technological barriers. Bottle glass is an only
product for which closed-loop recycling is performed.
With the enforcement of the Containers and Packaging
Recycling Law in 1997, a collection system was intro-
duced in most of the cities, and the collected glasses are
now being transformed into glass cullet. Thereby, the use
of recycled glass cullet as a raw material has increased
from 40.5% (1990) to 77.6% (2020).8)

Recycling of automobile and architectural glass is
important due to the large volume consumed; however,
glass-to-glass recycling has not been realized for these
products. These products are collected at the end of their
lives, but glass components are not separated from the
products because the separation process is laborious and
costly. Assuming that the glass components will be sepa-
rated in future, technologies to recycle automobile glasses
have been developed. For example, windshield-laminated
glasses comprising glass sheets and a polyvinyl butyral
film can be separated through shredding and crushing,
followed by size sorting and material separation.17) If high-
purity glass cullet is obtained, a certain portion will be
recycled to obtain glass sheets or fibers. However, to the
authors’ best knowledge, the fraction of the waste glass in
the raw material will not be as high as that of bottle
glasses. There is a potential risk of contamination from
plastics or metals that can deteriorate the recycled glass.18)

In near future, the focus will be on the disposal of waste
photovoltaic panels. The disposal of photovoltaic panels
will be accumulated above 50 million tons in 2050.19)

For the glasses used in electric appliances, there exists a
significant barrier to glass-to-glass recycling: small parts of
different materials with various shapes are tightly bonded,
making it difficult to separate glass components from the
e-waste. Moreover, there is a wide compositional range in
glasses to satisfy the requirements of different products.
Therefore, most of the previous studies concentrate on
cascade recycling.20) For electric appliances, a difficult
situation sometimes arises when harmful elements are used
to achieve the desired performance that prohibits landfill
or cascade recycling. A typical example is glass used in
cathode ray tube (CRT), which contains high Pb content.
This problem was once solved by establishing the closed-
loop recycling, but the loop broke due to the replacement
of CRTs by flat panel displays for the last 20 years. Many
studies proposed treatment methods of waste CRT glass,
such as the extraction of Pb, cascade use with enhanced
chemical durability, and so on.21) However, none of these
methods satisfy the requirements of low cost and low
environmental risk simultaneously. A clear conclusion for
optimum treatment has not been drawn, and the problem
remains unsolved globally.
Currently, glass unsuitable for glass-to-glass recycling

is landfilled. However, the cascade recycling of glass will
certainly be promoted due to shortage of landfill sites.
Many works reported the use of waste glass in construc-
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Fig. 2. Schematic of low-E glass. Heat fluxes are shown by the
arrows.13)
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tion material.22),23) Foam glass, prepared by roasting
crushed waste glass with foaming agent at the temperature
at around 800 °C is potentially used as insulation materials
in buildings or aggregates in pavements. The use of waste
glass in concrete or mortar is promising from the stand-
point of volume consumed; however, it is not considered
the primary option for cascade recycling because of a
potential risk of harmful alkalisilica reaction expan-
sion.22) However, the recent demand for reducing CO2

emissions in the production of cement has raised interest
in using waste glass as a replacement for cement or con-
crete aggregates. Hence, optimum size and concentration
of glass particles, as well as a procedure for blending them
with cement were investigated to maximize the pozzolanic
reaction that strengthens the concrete, restraining alkali
silica reaction.24)

Because glasses are used in various applications, a new
subject of glass recycling emerges when new products
enter the market. Presently, glass recycling is not pro-
gressing well; however, it will be promoted due to the
pressing needs to reduce CO2 emissions and consumption
of natural resources. Further, recyclability of materials
should be considered from an early stage of R&D produc-
tion of a new product. For this purpose, it is important to
learn successes and failures experienced in the past.

5. Future strategies of glass industry

Issues and guidelines for the future are outlined in a
variety of areas. The Science Council of Japan, in coop-
eration with science and engineering academic societies,
has prepared the “Science and Dream Roadmap 2014 in
Science and Engineering (Dream Roadmap 2014)”25) for
the period up to 2050. It is based on the roadmap pub-
lished in 2011, and was developed on the basis of issues
revealed by the Great East Japan Earthquake. In the Dream
Roadmap 2014, the Ceramic Society of Japan was respon-
sible for the “Dream Roadmap in the Field of Ceramic
Chemistry”. In addition to the field of chemistry, the
Dream Roadmap 2014 covers the field of environment,
which includes issues that glass can also contribute to,
such as energy-saving technologies and systems to miti-
gate climate change.

The Ministry of Economy, Trade and Industry (METI)
formulated the “Technology Strategy Map” in 2005, which
provides an overview of the roadmap of nationally impor-
tant industrial technologies, and revised it until 2010. As
for glass, “Technology Strategy Map for the New Glass
Field”26) was added in the field of Material members. This
was prepared concurrently with “Technological strategy of
Japanese glass industry with target year of 2030”27) for-
mulated by GIC in 2010.

The first “Technological strategy of Japanese glass
industry with target year of 2025,” formulated in 2000,
was compiled by the New Glass Forum under the guidance
of the then Ministry of International Trade and Industry
(MITI).1) A revision was made in 2002, and a major
review in 2010 resulted in a roadmap extending the period
to 2030. As for the medium- to long-term technological

issues for the glass industry, three categories are summa-
rized; 1) next generation process and productivity im-
provement technology, 2) high-functionality and new
material technology, and 3) environmental technology. In
the third category, following issues are listed.
· Reduction of exhaust gas and energy consumption
· Reduction of hazardous constituents
· Reduction of raw material usage
· Reduction of waste disposal
· Waste disposal technology
· Reduction of environmental impact based on life cycle
assessment
· Improving the thermal insulation efficiency of homes
and buildings
Among the issues, recycling of optical glass and subsidiary
materials, and heat insulating methods for exterior walls
are cited as long-term issues.26),27)

In the first category, the next generation process, inno-
vative melting technology is cited, which can directly con-
tribute to the reduction of CO2 emission. In the current
glass melting process, the raw materials are melted gradu-
ally, and the bubbles generated are eliminated over time to
homogenize the melts. However, the in-flight melting tech-
nology28) uses plasma and oxygen combustion flame to
instantly melt the raw materials in the air, making it pos-
sible to finish the melting process in a short time (Fig. 3).
This technology can reduce the energy consumption of
the glass melting process by about one third, and offers
many advantages, such as significant reduction in glass
melting time, smaller furnace, reduction of CO2, NOx and
other gas emissions, omission of heat storage chambers,
improvement of glass quality, reduction of defective glass
and waste bricks, and shorter job change time. It is ex-
pected to be put into practice as a unique technology from
Japan.
In a working group of the Industrial Structure Council

held by METI, the JGBA reports annually on its efforts to
the global warming. The report includes issues related to
the development of innovative technologies, and in the
FY2016 report,30) hydrogen combustion and ammonia
combustion were introduced for the first time as new com-
bustion technologies in addition to the in-flight melting
technology. There is no doubt that hydrogen combustion
will bring about a variety of benefits as compared with
fossil fuels;31) combustion of hydrogen with pure oxygen
provides only water and no CO2 emission, and hence
hydrogen combustion can directly contribute to achieving
carbon neutrality (Fig. 4). Compared with natural gas
combustion, there are many differences other than com-
bustion byproducts, such as flame temperature, length, and
velocity, etc.7) Concerns have been raised that the increas-
ed water content in exhaust gases will affect the quality of
products. In August 2021, a world-first trial of glass pro-
duction using hydrogen combustion was conducted at a
UK plant of the NSG group in St Helens, in which it was
successfully proved that hydrogen is just as capable as
natural gas in achieving excellent melting performance.32)

St Helens is also the place where the float process was
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developed in 1952, and 70 years later, the place became
once again a history maker of glass manufacturing. The
AGC group has begun to develop ammonia combustion
technology for glass production, and has announced that it
will soon conduct demonstration tests.33) It is expected that
these technologies, including the development of periph-
eral technologies and infrastructures, will be put to prac-
tical use before 2030, and that carbon neutrality will be
achieved by 2050 through the dissemination of these
technologies.

6. Epilogue/Concluding remarks

This year, 2022, is the International Year of Glass
(IYOG2022). IYOG2022 aimed to celebrate the history,
current state, and future of the most transformative mate-
rial in the history of humankind, and to underline the tech-
nological, scientific, economic, historical and artistic role
of glass in our societies.35) In line with IYOG2022, the
activities of the glass industry were reviewed in this article
to remind the relationship between glass and the environ-
ment. Glass manufacturing has been a typical energy-
intensive industry. However, it is currently expected to
contribute to achieving carbon neutrality by reducing
energy consumption and avoiding CO2 emissions by 2050.
We believe that the glass industry in Japan is able to
achieve the goals.
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