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Life Cycle Assessment and Carbon 1. 
Footprint of Products

A life cycle assessment (hereafter “LCA”) is a technique to 
assess the environmental impact of a product, which involves 
quantifying the impact caused in every stage of the product 
life, i.e., from raw material extraction through disposal or 
recycling (“cradle-to-grave”) and calculating the accumulated 
impact (see Fig. 1).

The procedures of LCA are set forth in a series of ISO 
standards:
ISO14041: LCA principles and framework
ISO14044: LCA requirements and guidelines

On the other hand, the carbon footprint of products 
(CFP, hereafter)  is an index for a specific environmental 
impact, i.e., the greenhouse effect, and it quantifies the total 
greenhouse gas (GHG) emissions of the entire life cycle of a 
product1).

These days, CFP has been attracting a lot of attention 
internationally, and various CFP system pilot projects are 
being carried out not only in Japan but also in the U.K. and in 
several other countries. An international standard is currently 
under development by ISO, and is scheduled to be issued in 
2012.
ISO14067: CFP  quantification / communication

 In Japan, three year pilot CFP projects have been going on 
since 2009, under the direction of the Ministry of Economy, 
Trade and Industry2). The main activities of the system 
include standardization of a GHG emission calculation 
method for each product, carried out chiefly by that industry 
(the manufacturers and the trade associations). Then, the 
manufacturers have the actual data they collect according 
to that calculation method verified, and if approved, their 
products are labeled accordingly. The first pilot projects are 
largely for foods and daily-use commodities, but the scope 
projects will gradually expand to industrial products.
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Fig. 1   Conceptual diagram of LCA.
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Background of Our Involvement in 2. 
Identifying CFP of PS Plates

GHG Emission by the Fujifilm Group2.1 
Among the GHG emissions in the entire life cycle of 

products by the Fujifilm Group, the aluminum we purchase 
as raw material (manufacturing), almost all of which is used 
for substrates of PS plates, takes a large share (Fig. 2). 

Fig. 2   GHG emissions of Fujifilm group in FY2009.

Closed Loop Recycling of the PS Plates2.2 
A PS plate is a plate used for printing, and it consists of 

a high-purity aluminum substrate of 0.15 mm to 0.4 mm 
thickness, coated with a few micron thick photosensitive 
layer. Printing is made possible because this photosensitive 
layer forms images, and because the image area, where 
the ink should stay, is lipophilic, while the other areas are 
hydrophobic or oil repelling.

The process of obtaining new aluminum metal by 
electrolytic refinement from its main raw material, bauxite 
ore, requires an enormous amount of energy, and the GHG 
emissions of the process of obtaining 1 kg of  primary 
aluminum metal reaches almost 9 kg. On the other hand, 
in the case of obtaining 1 kg of recycled aluminum metal, 
the amount of GHG emissions is just around 0.3 kg, which 
gives us hope that we can reduce the GHG emissions greatly 
by using recycled aluminum as raw material. However, 
production of PS plates requires aluminum with high purity, 
and it is impracticable to use aluminum recycled from 
products of lower purity. This is because of the property of 
aluminum metal that, once it becomes impure, it requires 
a large amount of energy to purify it again. Therefore, in 
order to promote the usage of recycled aluminum in PS plate 
production, it is necessary to change over from the cascade 
recycling (recycling PS plates for use in other products,  
Fig. 3), which is currently most common, to closed loop 
recycling from PS plates to PS plates (Fig. 4).

In October 2006, the FUJIFILM Yoshida-Minami 
Factory introduced a closed loop recycling system for 
waste aluminum. The waste aluminum generated in the 
factory is sorted, foreign matter is removed, and then it 

is sent to a cooperating metal alloy company where it is 
melted, producing high purity recycled metal. This high 
purity recycled metal together with new metal is sent to 
an aluminum rolling plant to produce aluminum sheets, 
which are used again in the production of PS plates in the 
FUJIFILM Yoshida-Minami Factory.
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Fig. 3   Past flow of PS plate aluminum.
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Fig. 4   Present flow of PS plate aluminum.

Standardization Process and Main 3. 
Features

PS Plates Recycling in the Entire Supply 3.1 
Chain

In the production stages of printed matter by a printing 
company, PS plates should be categorized as an “intermediate 
commodity” at the material procurement stage or at the 
production stage. However, if PS plates are categorized 
as an intermediate commodity, the environmental impact 
of the processes from the mining the raw material to the 
production of PS plates is considered, which means that the 
contribution to GHG emissions reduction made by recycling 
PS plates cannot be evaluated appropriately. Efforts for GHG 
emission reduction in the design and operation of systems and 
apparatuses used for exposure and development of PS plates 
should also be evaluated appropriately. Therefore, we took 
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the entire life cycle including the usage stage and the disposal 
and recycling stage of PS plates as the range of items to be 
evaluated (Fig. 5). This makes it possible to describe the CFP 
of PS plates in such a way that, when a printing company 
looks at the CFP of PS plates, they can tell clearly how much 
contribution to reduction in the final (printed) products is 
made by the recycling method of the PS plates and how much 
by the printing company.

GHG Emission Allocation Method in 3.2 
Recycling Process

For the purpose of clarifying how PS plates are recycled, 
an example case where 100 kg of aluminum metal for PS 
plates is used by two printing companies A and B equally, 
50 kg each, is described in Fig. 6 and Fig. 7. Here, we assume 
that the melting loss in producing recycled aluminum metal 
is 20%.

As shown in Fig. 6, if both of the company A and B use 
the cascade recycling system, 50 kg of new aluminum metal 
is consumed by each of them.

 On the other hand, if the company B uses the closed loop 
recycling system while the company A uses the cascade 
recycling, the company A uses 50 kg of new metal, whereas 
the company B uses 40 kg of recycled aluminum metal. Here, 
since we assume the melting loss of aluminum recycling as 

20%, out of the 50 kg used aluminum PS plates generated by 
B, only 40 kg of recycled aluminum metal can be obtained. 
As a result, 60 kg of new metal is required for the whole 
system that we are now considering, 50 kg of which is 
allocated to the company A that uses the cascade recycling, 
and the remaining 10 kg of which is allocated to the company 
B. This is equivalent to considering that the disposal/
recycling stages of A and B are executed independently.

Labeling Scheme for the CFP Values3.3 
PS plates come in different thickness, length, and width, 

although those with 0.24 mm thickness are most common. If 
we label each product with its actual CFP value depending 
on its size and thickness, the same product will be given 
different values, which may be confusing for consumers. 
Therefore, we chose 0.24 mm as the representative thickness 
of PS plates and use CFP values per unit area in labels. 
For the products with thickness other than 0.24 mm, the 
difference in thickness is due to the aluminum substrate since 
there is no difference in the thickness of the photosensitive 
layer. Also, the energy required for production of PS plates 
and the environmental impact of using PS plates in the 
platesetting process are uniform. This led us to choose to 
calculate the CFP values separately for the stages where 
the amount of GHG emissions is proportional to the weight 
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Procurement of 
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general consumers

Making the life cycle of the purchased PS plate visible, 
encourages GHG emission reduction by printing companies themselves
Making the life cycle of the purchased PS plate visible, 
encourages GHG emission reduction by printing companies themselves

Fig. 5   Correlation diagram of PS plates and printing products.

For both company A and B, the ratio is:  new metal : recycled metal = 50 kg : 0 kg (100% new metal)
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Fig. 6   Allocation of aluminum when A and B execute cascade recycling.
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Fig. 7   Allocation of aluminum when A executes cascade recycling, and B executes closed loop recycling.
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of the aluminum substrate (production and circulation of 
aluminum sheets), and those that where is not (raw materials, 
production, usage and disposal/recycling of items other 
than aluminum sheets). Consequently, we could label the 
products whose thickness is other than 0.24 mm with the 
GHG emission value of the product that is 0.24 mm thick, 
with clear markings that state the necessity of conversion 
according to the actual size and thickness of the products.

 In the pilot projected directed by the Ministry of Economy, 
Trade and Industry, it is forbidden to use the official 
symbol depicting a scale on a product that is categorized 
as “intermediate commodity” and so does not have its own 
usage or disposal and recycling stages. This is based on 
the consideration that they should not be confused by the 
consumers with products with values calculated in terms of 
the entire life cycle. The PS plate discussed here was given 
permission to be labeled with this official symbol because 
it has its own usage stage and disposal/recycle stage and can 
be regarded as a “final consumable commodity” for printing 
companies (Fig. 8, Fig. 9).

 In addition, regulations on supplemental information were 
made to facilitate communication with printing companies. 
The following can be stated on the labels as supplementary 
information:

(1)  Reduction rate of GHG emissions with respect to the 
previous products

(2) Amount of GHG emissions in each stage of the life 
cycle 

(3) Ratio of recycled aluminum metal
(4) Information regarding the closed loop recycling
(5) Weight (kg) per 1 m2 (kg)
(6) Information regarding the thickness of the product.

An Application of the Standard: Digital 4. 
Thermal Plate ECONEX “XP-F”

In the development of the positive thermal CTP system, the 
Fujifilm Group reviewed its design with an eye to reducing 
its environmental impact throughout the entire life cycle, and 
achieved reduction in GHG emissions by using recycled raw 
materials and developing a new photo development system.

Reduction in the Raw Material Stage: the 4.1 
Closed Loop Recycling System of Waste 
Aluminum

In the case where the closed loop recycling system is 
not used but instead imported new aluminum metal is used 
as raw material, the relative contribution by raw material 
aluminum metal to the GHG emissions of all the production 
stages of PS plates is as much as 71%. Recycling waste 
aluminum to produce aluminum metal consumes far less 
energy than refining bauxite ores into new aluminum metal. 
Therefore, if recycled aluminum metal produced from waste 
aluminum is used in place of new aluminum metal, it is 
possible to reduce GHG emissions generated over all the 
stages of the PS plate production (from the production of 
aluminum metal as raw material to that of PS plates) by 63% 
(Table 1).

In the case of the conventional cascade recycling of 
aluminum, although it has some effects in reducing GHG 
emissions in the raw material stages of the products that the 
aluminum is recycled for, repetition of cascade recycling 
results in deterioration of the aluminum quality, and also in 
difficulty in determining the final destination of recycled 
aluminum, and eventually, the aluminum with deteriorated 
quality will be discarded. Therefore, the effect of cascade 

Table 1   Reduction of GHG emissions in PS plate manufacturing process by the closed loop recycling system.
(kg-CO2e / kg-PS plate)

Aluminum metal Aluminum rolling 
process

Raw materials 
other than 
aluminum

PS plate 
manufacturing 

process
Total Reduction rate

Cascade recycling system
(100% new metal) 9.223） 1.294） 0.95 1.59 13.05 —

PS to PS
(Closed loop recycling system) 0.98 1.29 0.95 1.59  4.81 –63%

* Calculated in compliance with the CFP and PCR of PS plates. The unit is CFP basic unit. The effect of cascade recycling is not included.

0.24 mm thick

Thickness

Carbon Footprint pilot project
http://www.cfp-japan.jp
Verification No:CV-AF-003
* The value shown in the carbon footprint symbol is 
  for products 0.24 mm thick. For GHG emissions of 
  products with different thickness please refer to the 
  table above.

Fig. 9   Enlarged CFP label.Fig. 8   Product label in which CFP is specified.
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recycling is not considered to reduce the GHG resulting from 
the production stages of PS plates. This is to avoid doubly 
counting the effect of cascade recycling when it is taken 
into consideration in the raw material stage of unknown 
destinations of cascade recycling. The calculation rules for 
the CFP values adopt the similar principle.

At this moment, the rate of closed loop recycling at the 
FUJIFILM Yoshida-Minami Factory has reached about 80%. 
If this rate is increased to 100%, in comparison with the case 
where only new aluminum metal is used, the amount of GHG 
emissions will be reduced by up to about 50 thousand tons a 
year. The accumulated reduction in GHG emissions since the 
introduction of the closed loop recycling system for waste 
aluminum has reached about 120 thousand tons (as of 2009).

Reduction in the Usage Stage: Developer 4.2 
Replenishment Reduction

For our new ECONEX series, we developed the “rapid 
dispersion developing method” for the plates, which resulted 
in achieving both developer solution resistance of the 
non-exposed part and developability of the exposed part. 
Replenishment solution with high concentration is used 
to enable the amount of replenishment to be less than that 
required in conventional systems, while maintaining both 
sufficient dispersion of developer solution and sufficient 
image quality. Consequently, the amount of replenishment 
solution required is reduced by up to 40% in comparison with 
the previous system.

Reduction in the Disposal Stage: Reduction 4.3 
of Waste Liquid Disposal

The introduction of the developer/rinse water reduction 
apparatus “XR” as an option to be used with the automatic 
image development machine makes it possible to concentrate 
the waste developer so that 7/8 becomes reclaimed water 
and the remaining 1/8 becomes concentrated waste liquid. 
Consequently, the amount of waste developer to be disposed 
of as industrial waste can be reduced to 1/8.

CFP Value of ECONEX “XP-F”4.4 
As the result of the effect of the closed loop recycling 

system applied to the waste aluminum generated in the PS 
plate manufacturing process at the FUJIFILM Yoshida-
Minami Factory, together with the improvement in 
technologies for the image development process and the 
introduction of developer/rinse water reduction apparatus, 
the digital thermal plate “XP-F” has achieved reduction in 
GHG emissions. About a 7.3% reduction in GHG emissions 
is achieved in comparison with the system prior to the 
introduction of the closed loop recycling system (assuming 
that in the prior system, the ratio of new aluminum metal in 
the raw material is 100%, and that the process and conditions 
in manufacturing of PS plates are the same) (Table 2).

Future Challenges5. 
From the Perspective of GHG Emission 5.1 
Reduction

Aluminum coils used for PS plates are manufactured at a 
rolling plant, where both new metal and recycled metal are 
melted and cast into slabs, which are then rolled into sheets. 
Therefore, in the current recycling system, two melting 
processes are required, once for obtaining recycled aluminum 
metal, and once for casting slabs for rolling. Since the melting 
is done by burning natural gas and heavy oil, if it is possible 
to reduce the number of meltings required, it will contribute 
to reducing GHG emissions.

There are many technical issues to be overcome in order 
to reduce the number of required melting processes from two 
to only one. But if it was possible to do so, then the estimated 
reduction in GHG emissions generated in all the stages of PS 
plate manufacturing would be potentially about 19% (Table 3).

By expanding the closed loop recycling up to this level, the 
GHG emissions due to the raw material aluminum in all the 
manufacturing phases of PS plates can be reduced greatly, lower 
than the level of GHG emission in the PS plate manufacturing 
process at the FUJIFILM Yoshida-Minami Factory.

Table 2   Reduction of GHG emissions in life cycle perspective of XP-F.
(kg-CO2e / kg-PS plate)

Raw material 
procurement 

phase

Manufacturing 
phase

Circulation 
and sale 
phase

Usage and 
maintenance 

phase

Disposal and 
recycling 

phase
Total Reduction 

rate

Existing products
(100% new metal) 7.57 1.04 0.16 0.60 0 9.37 —

XP-F
(Closed loop recycling system) 7.05 1.04 0.16 0.44 0 8.69 –7.3%

* Calculated in compliance with the CFP and PCR of PS plates. The unit is CFP basic unit. The effect of cascade recycling is not included.

Table 3   Reduction of GHG emissions in PS plate manufacturing process with one time metal dissolution.
(kg-CO2e / kg-PS plate)

Raw material
(aluminum coil)

Raw material(other 
than aluminum)

PS plate 
manufacturing 

process
Total Reduction rate

Melting twice
(Current system with recycled metal) 2.27 0.95 1.59 4.81 —

Melting once 1.38 0.95 1.59 3.92 –19%

* Calculated in compliance with the CFP and PCR of PS plates. The unit is the CFP basic unit. The effect of cascade recycling is not included.
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From the Perspective of Resource Efficiency5.2 
Generally speaking, the ratio of bauxite to the aluminum 

obtained by refining the bauxite is four to one. The remaining 
three quarters become strongly alkaline, highly toxic waste 
substance called red mud. The only way to dispose of this red 
mud is to pump it into a holding pond, which implies the need 
for external cost. In October 2010, in Hungary, the bank of 
one such holding pond broke and the red mud from this pond 
flooded into the surrounding rivers and towns, causing grave 
concerns about the damage it may have caused on ecological 
systems. Promotion of the closed loop recycling system 
is important not only from the point of reducing the huge 
amount of energy required for electrolytic refinement in the 
manufacturing process of new aluminum metal, but also from 
the point of reducing the amount of red mud generated in the 
process and of making better use of resources that are of 
limited availability. The current material flow of aluminum 
in Japan forms a very complex system established on the 
basis of the purity and the application. However, in the final 
count, there is quite a large shortage due to accumulation 
in “urban mines” or being sent overseas, requiring constant 
addition of new metal in the system.

In order to evaluate the significance of the closed loop 
recycling system, we used a simplified model of the material 
flow (a model for the comparison between the case where the 
cascade recycling system is 100% used and the case where 
the closed loop recycling system is 100% used) (Fig. 10,  
Fig. 11). In the transition phase from the cascade recycling 
system to the closed loop recycling system, it is inevitable that 
some leakage of new metal would occur (e.g. when the use of 
new metal is stopped for one application, but started anew for 
some other application). However, we should not be concerned 
about this too much; otherwise, we will get a distorted view of 
the system that we aim to reach in the long term.

What we should achieve through the closed loop recycling 
system is to circulate metal among like products with the 

same aluminum purity. And, ideally, while doing so, the 
amount of new aluminum metal is added to the system is kept 
to the minimum, aided by monitoring the demand and supply 
balance of each product.

 This is a goal that is difficult to achieve in a short period. 
However, as a company that produces PS plate, a product 
that requires aluminum with more than 95% purity which 
positions it at the very top of the cascade recycling chain, it 
is our mission and social responsibility to take the lead in 
reaching this goal.

Conclusion6. 
Further promotion of the closed loop recycling system of 

PS plates is not attainable by our company’s efforts alone, 
and cooperation from our stakeholders, in particular printing 
companies, is indispensible. In order to develop a system to 
achieve GHG emission reduction and resource circulation in 
the entire supply chain, we hope to exploit the CFP labeling 
scheme as an effective communication tool.
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