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5HYHUVH�(QJLQHHULQJ
IRU�*UHHQ�'HVLJQ�RI
3URGXFWV

This document may be used for and only for educational purposes.
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2YHUYLHZ

❚ *UHHQ�'HVLJQ
❙ 'HILQLWLRQ
❙ *RDOV

❚ 0RWLYDWLRQ
❚ 5HYHUVH�(QJLQHHULQJ�IRU�*UHHQ�3URGXFW�'HVLJQ

❙ 'LVDVVHPEO\
❙ /LIH�&\FOH�$VVHVVPHQW��/&$�
❙ )XQFWLRQ�5HODWLRQ�$QDO\VLV
❙ ,PSURYHPHQW�RI�3URGXFW
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*UHHQ�'HVLJQ

❚ *RDOV
❙ 5HGXFLQJ�RU�HOLPLQDWLQJ�WKH�XVH�RI�WR[LF�PDWHULDOV
❙ ,QFUHDVLQJ�HQHUJ\�HIILFLHQF\
❙ 5HGXFLQJ�WKH�DPRXQW�RI�PDWHULDO�QHHGHG�WR�SHUIRUP�WKH�VDPH

IXQFWLRQ
❙ ([WHQGLQJ�WKH�OLIH�RI�D�SURGXFW

Green Design is an approach in which environmental
attributes are treated as objectives rather than constraints,
with minimum loss to product performance, useful life,
and functionality.

❚ 'HILQLWLRQ
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0RWLYDWLRQ

❙ 0DUNHW�GHPDQGV
❘ �H�J���(QHUJ\�6WDU�SURJUDP�

❙ 5HJXODWRU\�SUHVVXUHV
❘ �H�J���*RYHUQPHQW�LPSRVHG�WDNH�EDFN�SURJUDPV�LQ�*HUPDQ\�

❙ 0DQXIDFWXULQJ�FRVWV
❘ �H�J���,W�LV�FKHDSHU�WR�UHF\FOH�DOXPLQXP�FDQV�WKDQ�WR�SURGXFH�QHZ�RQHV�

Motivations for incorporating Green Design
considerations into the early stages of product design
include the following:
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5HYHUVH�(QJLQHHULQJ

❚ $W�YDULRXV�SRLQWV�WKURXJKRXW�WKH�GHVLJQ�SURFHVV�LW�LV
XVHIXO�WR�H[DPLQH�WKH�FRPSHWLWRU¶V�SURGXFWV�DQG�RWKHU
WHFKQRORJLHV�

❚ ([DPSOHV�
❙ XQGHUVWDQGLQJ�GHVLJQ�RSSRUWXQLW\��:KDW�VKDSHV�DQG�VL]HV�DUH�RQ�WKH

PDUNHW"�:KDW�GR�WKH�SURGXFWV�VD\"�:KDW�RSSRUWXQLW\�GR�WKH\�DGGUHVV"
❙ &RQFHSW�UHILQHPHQW��+RZ�GR�WKH�YDULRXV�FRPSHWLWLYH�SURGXFWV�ZRUN"

:KDW�LV�WKHLU�RYHUDOO�DSSURDFK�WR�RSSRUWXQLW\�VROXWLRQ"�:KDW
WHFKQRORJLHV�DUH�RXW�WKHUH�WKDW�FRXOG�EHQHILW�XV"�,V�WKHUH�D�GHVLJQ�WKDW
KDV�IHDWXUHV�WKDW�ZH�ZDQW�DQG�LI�VR�KRZ�GRHV�LW�ZRUN"

❙ )LQDO�VWDJH��+RZ�GLG�FRPSHWLWRUV�XVH�PDWHULDO"�+RZ�GLG�WKH\
PDQXIDFWXUH�WKH�SURGXFW"�:KDW�LV�LW¶V�TXDOLW\"�+RZ�GRHV�LW�IHHO�WR�XVH"
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5HYHUVH�(QJLQHHULQJ�IRU
*UHHQ�3URGXFW�'HVLJQ��5(*3'�

•Disassembly

•Life-Cycle Assessment (inventory & impact analysis)

•Function Relation Analysis

•Synthesis (improvement)

This approach is a new type of reverse engineering. It is a
method which combines various techniques already in 
common use today.
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❚ 'LVDVVHPEO\
❙ 7KH�SURGXFW�WR�EH�DQDO\]HG�LV�WDNHQ�DSDUW�LQ�SUHSDUDWLRQ�IRU�WKH

LQYHQWRU\�VWDJH�RI�WKH�/LIH�&\FOH�$QDO\VLV��/&$��
❙ ,QIRUPDWLRQ�REWDLQHG�GXULQJ�WKH�GLVDVVHPEO\�VWDJH�PD\�EH

XVHIXO�LQ�WKH�LPSURYHPHQW�VWDJH��6RPH�LVVXHV�WR�EH�DZDUH�RI
PD\�LQFOXGH

❘ 9DULDELOLW\�RI�PDWHULDOV
❘ 5HF\FODELOLW\�RI�PDWHULDOV
❘ 5HXVDELOLW\�RI�FRPSRQHQWV
❘ (DVH�RI�GLVDVVHPEO\
❘ )DVWHQLQJ�PHWKRGV

5HYHUVH�(QJLQHHULQJ�IRU
*UHHQ�3URGXFW�'HVLJQ��5(*3'�
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2QH�7LPH�8VH�&DPHUD
2YHUDOO�9LHZ

The printed cardboard cover has two primary functions.

•Instructional

•Decorative

A  possible improvement in the design of the camera would be to eliminate the need
for the printed cardboard cover by  stamping the instructions directly on the case of
the camera.
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2QH�7LPH�8VH�&DPHUD
&DUGERDUG�&RYHU�5HPRYHG

The manufacturer has tried to minimize the variability of materials to increase the
recyclability of the camera.

Most of the structural parts in the camera are made of Polystyrene (PS)

Each major part has a standardized code stamped on it indicating the material from
which it is manufactured. This helps in the reverse engineering process and when
sorting the materials for recycling, especially when this function is performed by
third parties.
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2QH�7LPH�8VH�&DPHUD
3RO\FDUERQDWH�&RYHU�DQG�9LHZILQGHU

This polycarbonate part has multiple purposes:

•contains the viewfinder

•contains the button for the trigger mechanism

•covers the advance mechanism

•magnifies the number on the remaining-picture-count wheel

The cover and the lens are not reused more than once. The material is ground up
and recycled.
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2QH�7LPH�8VH�&DPHUD
3RO\FDUERQDWH�&RYHU�5HPRYHG
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2QH�7LPH�8VH�&DPHUD
)URQW�&RYHU�5HPRYHG

The front cover has  multiple functions:

•protects the printed circuit board

•holds the lens and the lens carrier in place

•contains the button to recharge the flash

The front and back covers are ground up and recycled.

The main frame of the camera is reused. The manufacturer keeps track of how
many times the frame is used by marking it after each cycle.

The mainframe is reused up to 10 times before it gets ground up and recycled.
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2QH�7LPH�8VH�&DPHUD
)URQW�&RYHU�5HPRYHG��&ORVHXS

The viewfinder and the lens do not get reused because according to the
manufacturer these are parts that have a direct impact on the product’s performance
and the customer’s perception of product quality.
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2QH�7LPH�8VH�&DPHUD
/HQV�&DUULHU�DQG�/HQV�5HPRYHG
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2QH�7LPH�8VH�&DPHUD
)LOP�&RYHU�5HPRYHG

In later models, the film cover has been integrated into the camera’s main frame.
This reduces the number of parts which in turn reduces the number of
manufacturing, assembly and disassembly steps.

Only snap fasteners (as the ones on the film cover) are used to hold this camera
together. The objective is to simplify the assembly process and minimize the
number of parts used.

In some cases disassembly of products with snap fasteners is not as simple as the
assembly. Parts that are fastened with snap fasteners  may be damaged during
disassembly if not done carefully. Since the front and back covers are ground up
and recycled, it does not matter if they are broken during the disassembly process.
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2QH�7LPH�8VH�&DPHUD
%DFN�&RYHU�5HPRYHG
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2QH�7LPH�8VH�&DPHUD
)LOP�DQG�5HHO�5HPRYHG

After taking pictures, the customer takes the entire camera to the developer. The
developer removes the exposed roll and processes the film and sends the rest of the
camera back to the manufacturer to begin another cycle.
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2QH�7LPH�8VH�&DPHUD
7ULJJHU�DQG�$GYDQFH�0HFKDQLVPV�5HPRYHG
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2QH�7LPH�8VH�&DPHUD
&LUFXLW�%RDUG�5HPRYHG
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2QH�7LPH�8VH�&DPHUD
)UDPH�5HPRYHG

The main frame houses the film, the advance mechanism, the circuit board and the
battery. It is reused several times.
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2QH�7LPH�8VH�&DPHUD
&LUFXLW�%RDUG

The circuit board has several functions:

•charges and triggers flash

•indicates when flash is fully charged

•holds the flash

•holds the battery

The circuit board is reused up to 7 times. It is tested after every cycle.

The circuit board is made out of epoxy resin, glass fibers and copper.

The used batteries are donated to various charities.
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2QH�7LPH�8VH�&DPHUD
3RO\VW\UHQH��36��3DUWV
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2QH�7LPH�8VH�&DPHUD
0HFKDQLFDO��2SWLFDO�DQG�(OHFWULFDO�3DUWV
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

2YHUDOO�9LHZ

In the U.S. when a coffee-maker reaches the end of its useful life it does not get
recycled; typically it is sent to a landfill.

Polypropylene (PP) is the largest material by volume used in coffee-makers.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

7RS�&RYHU�5HPRYHG

This brand of coffee-maker is held together by snap fasteners and common screws
and nuts. The only tools needed to disassemble this product is a screw driver and a
pair of pliers.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

7RS�&RYHU�5HPRYHG

The top cover is easily pried off without any tools.

Coffee Making Process:

•The user pours a measured amount of water into the tank shown.

•The water drains through a hole at the bottom of the tank.

•The water passes through metal tubes where it is heated.

•The vapor pressure that results pushes the water up the vertical tube shown in the
picture above. (A check valve prevents the water from returning to the tank.)

•The hot water drains into the filter carrier where it mixes with the ground coffee.

•The hot coffee drips into the glass pot below the filter.

•The glass pot rests on a metal plate that is heated by the same heater element that
heats the water in the metal tubes.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

)LOWHU�&DUULHU�5HPRYHG

The filter carrier slides out for easy cleaning and placement of new coffee and filter.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

%RWWRP�9LHZ

The galvanized steel plate is fastened to the rest of the coffee maker by four screws
and one nut



29

Copyright © 1998, Edwin Comparini and Jonathan Cagan, Carnegie Mellon

&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

%RWWRP�&RYHU�5HPRYHG

Removing the bottom cover exposes the water transport and heating tubes.

A simple switch allows electricity to flow through the heating element shown.

The heating element has two fuses for overload protection.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

+RW�3ODWH�5HPRYHG

Removing one more nut allows the steel hot plate and the heating tubes to come
apart.

The steel and plate and the aluminum tubes are separated by a special paste that
allows heat transfer between the two metals, but prevents them from corroding each
other through galvanic effect.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

7XELQJ�DQG�+HDWLQJ�(OHPHQW�5HPRYHG

Spring steel fasteners hold the water transport tubes in place. These fasteners are
easily removed with a pair of pliers.

The heating element and wires are held in place with metal clips.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

,QVXODWRU�5LQJ�5HPRYHG

A phenolic insulator ring prevents the hot plate from coming in direct contact with
the rest of the coffee maker structure.

The ring is easily removed with no tools.



33

Copyright © 1998, Edwin Comparini and Jonathan Cagan, Carnegie Mellon

&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

%RWWRP�9LHZ

Three more fasteners hold the bottom and top structures together.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

7RS�6WUXFWXUH�5HPRYHG
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

5XEEHU�+RVH�5HPRYHG��7RS�9LHZ

The rubber tubing is easily removed with no tools.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

'LVDVVHPEOHG�*ODVV�3RW

The glass pot handle is fastened to the pot by a single handle.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

3RO\SURS\OHQH��33��3DUWV

Compare the volume of material used in this coffee maker with the volume used in
the Black & Decker model.
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&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

5XEEHU�7XELQJ�DQG�)DVWHQHUV

The picture on the top right shows the check valve that prevents hot water from
backing up into the tank.
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
2YHUDOO�9LHZ

The appearance and function of this coffee maker is very similar to the White
Westinghouse model.

As in the previous example, the largest material by volume in this model is
polypropylene (PP).
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
7RS�9LHZ

The filter carrier slides out for easy cleaning and replacement of filter and coffee.
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
%RWWRP�9LHZ

The galvanized steel plate in this model was held in place by three regular screws
and a tamper proof screw at the center of the plate.

The manufacturer’s objective was to prevent the user from attempting to service the
unit. Disassembly is made considerably more difficult by this measure. A special
tool is required to remove the tamper proof fastener.

Notice the larger area of galvanized steel in this model as compared to the previous
example.
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
%RWWRP�&RYHU�5HPRYHG

The internal structure in both models is very similar.

A significant difference between the heating components of the two models is that
in the Black & Decker model the hot plate is made out of aluminum instead of steel.
This eliminates the potential corrosion problem created by having two dissimilar
materials in contact with each other,  but it increases cost.
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
+RW�3ODWH��,QVXODWRU�5LQJ�DQG�6ZLWFK�5HPRYHG

Insulator ring comes out easily with no tools.
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
�,QQHU�7DQN�5HPRYHG

The polypropylene parts are very hard to disassemble in this model. The entire
structure is held together by snap fasteners. This is done to prevent the user from
attempting to service the unit.

Notice the amount of material used. Compare to previous model.

Disassembly for servicing, reusing, or recycling is clearly not an objective in this
design.

The manufacturer of this model stated that they do not foresee designing for
disassembly unless regulatory pressures come into effect. The manufacturer
contends that the logistics of a take-back program would be too costly.
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
7RS�&RYHU�5HPRYHG
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&RIIHH�0DNHU��%ODFN�	�'HFNHU�
3RO\SURS\OHQH��33��3DUWV

Compare the volume of material used in this model to the volume used in the
previous model.
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/LIH�&\FOH�$QDO\VLV��/&$�

❚ /&$�LV�DQ�HYDOXDWLRQ�RI�WKH�HQYLURQPHQWDO�HIIHFW
RI�UDZ�PDWHULDOV�WDNHQ�IURP�WKH�HQYLURQPHQW
�LQSXWV��DQG�WKH�ZDVWH�UHOHDVHG�EDFN�LQWR�WKH
HQYLURQPHQW��RXWSXWV��E\�DQ�LQGXVWULDO�V\VWHP�

We will use a simplified version of LCA. Boundaries are selected around the
specific product.
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/LIH�&\FOH�$QDO\VLV��/&$�

❚ 7KHUH�DUH�IRXU�VWDJHV�LQ�WKH�WUDGLWLRQDO�/&$�DSSURDFK
❙ 6FRSLQJ��GHILQLWLRQ�RI�SXUSRVH

❙ ,QYHQWRU\��TXDQWLILFDWLRQ�RI�LQSXWV�DQG�RXWSXWV�WR�WKH�HQYLURQPHQW

❙ ,PSDFW�$VVHVVPHQW��DVVHVVPHQW�RI�WKH�HIIHFW�RI�WKH�HQYLURQPHQWDO�ORDGV

❙ ,PSURYHPHQW�$VVHVVPHQW��DVVHVVPHQW�RI�RSSRUWXQLWLHV�IRU�LPSURYHPHQW

The REGPD approach relies primarily on the inventory
and impact assessment stages of the LCA to identify what
the greatest loads on the environment are.

Scoping: definition of the purpose of the LCA. What is the LCA going to be
used for? Comparing two similar products? Determining the effect of a new
product on the environment? Is the desired information for internal or
external use?

Inventory: quantification of inputs (energy, raw material) and outputs
(environmental releases) throughout the life of the product or activity. How
much energy is required to produce, distribute, use and dispose the product?
What materials are consumed during all the life-cycle stages of a product?
What wastes and pollutants are generated?

Impact Assessment: quantitative and/or qualitative assessment of the effect
of the environmental loads identified in the inventory component. What are
the environmental effects of producing the product? How much landfill
space will be required for disposal? How do the pollutants affect the
environment: Acid rain, ozone depletion?

Improvement Assessment: assessment of opportunities for improvement of
economic impact. Can the amounts of pollutants be reduced? Can the
product be reused, recycled, refurbished? Can energy be recuperated from
the product by incineration?

(Graedel, Allenby, 1995)
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/LIH�&\FOH�$QDO\VLV
(OHPHQWV�RI�OLIH�F\FOH�LQYHQWRU\��*UDHGHO�	�$OOHQE\�������

Materials

Materials acquisition

OutputsInputs

Formulation, processing,
and manufacturing

Product distribution

Product use

Recycle: Products,
components, materials

Waste management

Energy

Water

Air

Principal
products

Co-products

Water
effluents

Airborne
emissions

Solid
waste

Other
environmental
interactions

Generic example of life-cycle inventory
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/LIH�&\FOH�$QDO\VLV
0DWHULDOV�,QYHQWRU\��2QH�7LPH�8VH�&DPHUD

Material Weight (+/- 1g)

polystyrene 55g

cardboard 10g

polycarbonate  8g

steel  3g

Material          Weight (+/- 1g)

circuit board (resin, fibers, copper) 23g

battery 23g

roll (polypropylene, polyacetate) 17g

The material inventory together with the information from the
extraction, processing, transportation, use and waste management stages
are necessary to obtain an inventory of all the environmental inputs and
outputs.

Inventory information can be obtained from publicly available
databases and industry surveys or from commercial software.



51

Copyright © 1998, Edwin Comparini and Jonathan Cagan, Carnegie Mellon

/LIH�&\FOH�$QDO\VLV
2QH�7LPH�8VH�&DPHUD��6WDJHV�RI�OLIH�F\FOH�LQYHQWRU\�DQDO\VLV

Polystyrene
granulate

Polycarbonate
granulate

Sheet steel

Coated Paper

Raw material
acquisition

Diesel-traction
rail or truck

Transport

Diesel-traction
rail or truck

Diesel-traction
rail or truck

Diesel-traction
rail or truck

Injection
Molding:

central part,
outer parts,
lens carrier

Steel Stamping

Assembly

Camera
Production

Diesel-traction
rail and truck

Distribution

Taking pictures

Use

Diesel-traction
rail or truck

Transport

Processing film

Processing

Energy
Diesel from

refinery

Disassembly

Reuse

Shredder

RecycleDisposal

Landfill

Energy consumption during manufacturing is much higher than during product use.
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/LIH�&\FOH�$QDO\VLV
0DWHULDOV�,QYHQWRU\��&RIIHH�0DNHU��:KLWH�:HVWLQJKRXVH�

Material Weight (+/- 1g)

polypropylene 372g

steel 212g

glass 180g

aluminum   91g

rubber   27g

other materials  111g
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/LIH�&\FOH�$QDO\VLV
0DWHULDOV�,QYHQWRU\��&RIIHH�0DNHU��%ODFN�	�'HFNHU�

Material Weight (+/- 1g)

polypropylene 560g

steel 260g

glass 180g

aluminum   80g

rubber   23g

other materials   80g
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/LIH�&\FOH�$QDO\VLV
&RIIHH�0DNHU��6WDJHV�RI�OLIH�F\FOH�LQYHQWRU\�DQDO\VLV

Polypropylene
granulate

Sheet
metal

Glass

Aluminum
Ingot

Raw material
acquisition

Diesel-traction
rail or truck

Transport

Diesel-traction
rail or truck

Diesel-traction
rail or truck

Diesel-traction
rail or truck

Injection
Molding

Glass Pot
Production

Aluminum
Casting

Steel
Stamping

Assembly

Coffee maker
Production

Diesel-traction
rail and truck

Distribution

Use of Coffee
Maker

Use

Diesel-traction
rail or truck

Transport

Landfill

Disposal

Ground Coffee
Diesel from

refinery Energy

Grounds (waste)

Water

Energy during use stage is much more than during manufacturing stage.
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/LIH�&\FOH�$QDO\VLV
,PSDFW�$VVHVVPHQW

Based on the inventory of inputs and outputs, an assessment
of the environmental impact of a product can be made
through the use of publicly available data bases or commercial
software.

Results from this LCA stage may include the following:
• Acidification Potential
• Global Warming Potential
• Ozone Layer Depletion Potential
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)XQFWLRQ�5HODWLRQ�$QDO\VLV

The objective of this approach is to allow the designer to
think of a product in terms of the function it has to perform.

Once the main function has been identified and the
corresponding sub-functions sufficiently refined, the
designer may select from various catalogs specific
components that satisfy the sub-functions.
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)XQFWLRQ�5HODWLRQ�$QDO\VLV

overall function

sub-function sub-function sub-function

sub-function sub-function

• Functions of subsystems together accomplish some desired task
• Breakdown helps organize and make design achievable

•Design method in which the designer focuses on the function and sub-functions
that the product or system has to perform and not on a particular solution.
•The designer works from function to form
•Function structure - hierarchical breakdown of function components.
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)XQFWLRQ�5HODWLRQ�$QDO\VLV

❚ 3URFHGXUH
❙ ([SUHVV�RYHUDOO�IXQFWLRQ�IRU�WKH�GHVLJQ�LQ�WHUPV�RI�FRQYHUVLRQ�RI

LQSXWV�DQG�RXWSXWV�
❙ %UHDN�GRZQ�RYHUDOO�IXQFWLRQ�LQWR�D�VHW�RI�HVVHQWLDO�VXE�

IXQFWLRQV�
❙ 'UDZ�D�EORFN�GLDJUDP�VKRZLQJ�WKH�LQWHUDFWLRQV�EHWZHHQ�VXE�

IXQFWLRQV�
❙ 'UDZ�WKH�V\VWHP�ERXQGDU\�
❙ 6HDUFK�IRU�DSSURSULDWH�FRPSRQHQWV�IRU�SHUIRUPLQJ�WKH�VXE�

IXQFWLRQV�DQG�WKHLU�LQWHUDFWLRQV�
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Step 1 Overall function: conversion of inputs and outputs

Material

Energy

Black Box

Mo

Eo

Si

Mi

Ei

Signal

So

OutputsFunctionInputs

Step 1 of generic example of function relation analysis

Important: Signal transformation is taken into account in function relation analysis,
but not in traditional LCA
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)XQFWLRQ�5HODWLRQ�$QDO\VLV

• Step 2: Breakdown of overall function into a set of essential sub-functions

• Step 3: Draw block diagram

• Step 4: Draw system boundary

Sub-
function

Sub-
function

Sub-
function

Sub-
function

Transparent Box

OutputsFunctionInputs

Steps 2, 3 & 4 of generic example

The objective of this approach is to allow the designer to be free to choose the
components that satisfy the individual sub-functions. Once a sufficient level of sub-
function refinement is reached, the designer can choose components from catalogs.
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)XQFWLRQ�5HODWLRQ�$QDO\VLV
2QH�7LPH�8VH�&DPHUD

Step 1 Overall function: conversion of inputs and outputs

One-Time-Use
Camera

Exposed Film

Light (flash)Energy
Unexposed Film

Light (information)

Material
Energy
Information

Energy Loss

OutputsInputs

Step 1: Conversion of inputs and outputs
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)XQFWLRQ�5HODWLRQ�$QDO\VLV
2QH�7LPH�8VH�&DPHUD

Energy

Unexposed
Film

Light
(information)

Store 2

Store 1 Advance

Expose

Store (electrically)

Material
Energy
Information

Store (chemically)

Focus on film

Focus on
user’s eye

Main function

Aux. function

Charge
flash

Indicate full
charge

Press trigger

Discharge Light (flash)

Exposed
Film

Energy Loss

OutputsInputs

• Step 2: Breakdown of overall function into a set of essential sub-functions

• Step 3: Draw block diagram

• Step 4: Draw system boundary

Main functions serve the overall function directly.

Auxiliary functions contribute to the overall function indirectly. They
are supportive or complementary and are often determined by the nature
of the solution.

In some cases in may not be possible to make a clear distinction
between main and auxiliary functions.

It is important to examine the relationship between the various sub-
functions, paying attention to their logical sequence or interconnections.

(Pahl, G. & W. Beitz, 1977)

Function sharing can reduce the number of components, which may
directly reduce the environmental impact of the product (e.g.: film cover
integrated into main frame of camera; viewfinder, trigger button, and
magnifying lens integrated into structural component.)
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)XQFWLRQ�5HODWLRQ�$QDO\VLV
&RIIHH�0DNHU

Step 1 Overall function: conversion of inputs and outputs

Material
Energy

Coffee Maker

Hot Coffee

Energy Loss

Grounds
(waste)

Used filter
(waste)

New Filter

Water
Energy

Ground Coffee

Step 1: conversion of inputs and outputs
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)XQFWLRQ�5HODWLRQ�$QDO\VLV
&RIIHH�0DNHU

Material
Energy

Hot Coffee

Energy Loss

Grounds
(waste)

Used filter
(waste)

New Filter

Water
Energy

Ground Coffee

Measure Store Heat

Transport

MixStore

Separate

Store

•  Step 2: Breakdown of overall function into a set of essential sub-functions

• Step 3: Draw block diagram

• Step 4: Draw system boundary
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,PSURYHPHQW
2QH�7LPH�8VH�&DPHUD

❚ :KDW�DUH�WKH�DGYDQWDJHV�RI�D�RQH�WLPH�XVH�FDPHUD�RYHU�D�FRQYHQWLRQDO
FDPHUD"�'LVDGYDQWDJHV"

❚ :K\�LV�PLQLPL]LQJ�PDWHULDO�YDULDELOLW\�GHVLUDEOH"
❚ :KDW�W\SH�RI�IDVWHQLQJ�PHFKDQLVP�LV�XVHG�LQ�WKH�FDPHUD"�:K\"
❚ :KDW�KDV�WKH�PDQXIDFWXUHU�GRQH�WR�UHGXFH�WKH�SURGXFW¶V�LPSDFW�RQ�WKH

HQYLURQPHQW"�+RZ�FDQ�WKH�HQYLURQPHQWDO�LPSDFW�RI�WKH�FDPHUD�EH�IXUWKHU
UHGXFHG"�+RZ�DERXW�HOLPLQDWLQJ�WKH�FDUGERDUG�FRYHU"�:KDW�FKDQJHV�ZRXOG
QHHG�WR�WDNH�SODFH�WR�HOLPLQDWH�FDUGERDUG�FRYHU"

❚ 7KH�PDQXIDFWXUHU�GRHV�QRW�UHXVH�WKH�OHQVHV�DQG�WKH�EDWWHU\�LQ�RWKHU
FDPHUDV��:K\"�+RZ�ZRXOG�D�IDXOW\�OHQV�RU�EDWWHU\�DIIHFW�FRQVXPHU
SHUFHSWLRQ�RI�WKH�SURGXFW"

❚ 7KH�PDQXIDFWXUHU�UHXVHV�WKH�SULQWHG�FLUFXLW�ERDUG��3&%��DQG�WKH�PDLQ
FDVH��+RZ�FDQ�WKH�PDQXIDFWXUHU�HQVXUH�WKH�TXDOLW\�RI�WKH�UHXVHG�SDUWV"
:RXOG�LW�EH�KHOSIXO�WR�NQRZ�KRZ�PDQ\�WLPHV�WKH�SDUWV�KDYH�EHHQ�XVHG"

•The LCA for the camera reveals that the majority of the

energy consumption in the life of the product takes place

during the manufacturing stage.

One possible improvement that may reduce the amount

of energy consumed may be to reduce the number of parts

in the camera by integrating two or more parts into a single

part. (e.g.: film cover integrated into the

main frame)

Another improvement may be to eliminate the printed paper and stamp

the instructions directly on the camera. This would eliminate one type

of material and the corresponding processes and wastes (e.g. bleach,

ink, printing, cutting, etc.)
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,PSURYHPHQW
&RIIHH�0DNHU

❚ ,Q�TXDOLWDWLYH�WHUPV��KRZ�GRHV�WKH�SRZHU�FRQVXPSWLRQ�GXULQJ�WKH
PDQXIDFWXULQJ�VWDJH�FRPSDUH�WR�WKH�SRZHU�FRQVXPSWLRQ�GXULQJ�WKH�XVH
VWDJH"�:KDW�LPSDFW�GRHV�WKDW�KDYH�RQ�WKH�SURGXFW�GHVLJQ"

❚ :KDW�FDQ�\RX�VD\�DERXW�WKH�YDULDELOLW\�RI�PDWHULDOV�LQ�WKH�FRIIHH�PDNHU"
❚ 2QH�FRIIHH�PDNHU�PDQXIDFWXUHU�XVHV�D�WDPSHU�SURRI�IDVWHQHU�WR�SUHYHQW

GLVDVVHPEO\��:K\"
❚ +DV�WKH�PDQXIDFWXUHU�WDNHQ�DQ\�VWHSV�WR�UHGXFH�WKH�SURGXFW¶V�LPSDFW�RQ

WKH�HQYLURQPHQW"
❚ +RZ�FDQ�WKH�FRIIHH�PDNHU¶V�LPSDFW�RQ�WKH�HQYLURQPHQW�EH�UHGXFHG"
❚ &RIIHH�PDNHUV�WKDW�KDYH�UHDFKHG�WKH�HQG�RI�WKHLU�XVHIXO�OLYHV�DUH

GLVFDUGHG��:KDW�DUH�WKH�GLIILFXOWLHV�LQ�HVWDEOLVKLQJ�D�WDNH�EDFN�SURJUDP�IRU
WKH�XVHG�FRIIHH�PDNHUV"

The use stage of the life of the coffee maker is the one that has by far

the largest consumption of energy and waste production. Possible areas of
improvement include reduction of  energy consumption, reduction of coffee
grounds (waste) (e.g. making a coffee maker that maximizes the coffee it
can obtain from ground coffee.)

It is evident from comparing the two coffee makers that a solution that

uses less material is sometimes possible. In the coffee maker that uses less
material (White Westinghouse), the walls of the water tank also have a
structural function for the overall product. This is another example of how
function sharing can reduce a product’s environmental impact.

Implementing manufacturing-for-disassembly features may be a good

way of anticipating possible future regulations that require take back of

products.

Reduction of the variability of materials may be another area of improvement
in the coffee makers.
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6XPPDU\

❚ 'LVVHFWLQJ�WKH�SURGXFW�WR�JHQHUDWH�DQ�LQYHQWRU\�RI�WKH�PDWHULDOV�XVHG�

❚ 3HUIRUPLQJ�D�/LIH�&\FOH�$VVHVVPHQW�WR�GHWHUPLQH�ZKLFK�OLIH�F\FOH�VWDJH�KDV�WKH�ODUJHVW
HQYLURQPHQWDO�LPSDFW�

❚ 'HWHUPLQLQJ�SRVVLEOH�LPSURYHPHQWV�IRU�WKH�VWDJH�ZLWK�WKH�ODUJHVW�LPSDFW��)RU�H[DPSOH�

❙ 0DWHULDO�([WUDFWLRQ�6WDJH��LPSURYLQJ�PDWHULDO�VHOHFWLRQ��XVH�RI�UHF\FOHG�PDWHULDOV��XVH�RI
QRQ�WR[LF�PDWHULDOV��XVH�RI�UHQHZDEOH�VRXUFHV�

❙ 0DQXIDFWXULQJ�6WDJH��LPSURYLQJ�PDQXIDFWXUDELOLW\�RI�SURGXFW��UHGXFLQJ�WKH�QXPEHU�RI
VWHSV��UHGXFLQJ�WKH�QXPEHU�RI�FRPSRQHQWV�XVHG��IXQFWLRQ�VKDULQJ��

❙ 'LVWULEXWLRQ�6WDJH��UHGXFLQJ�DPRXQW�RI�SDFNDJLQJ�PDWHULDOV�

❙ 8VH�6WDJH��LPSURYLQJ�HIILFLHQF\�RI�SURGXFW�

❙ :DVWH�0DQDJHPHQW�6WDJH��LPSURYLQJ�UHF\FODELOLW\�RI�SURGXFW��XVH�RI�QRQ�WR[LF�PDWHULDOV�

The proposed Reverse Engineering for Green Product Design approach involves the
following steps:

(continued)
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6XPPDU\��FRQW«�

•Performing a Function Relation Analysis to establish the functions and sub-
functions that must be performed by the product.
•Determine if function sharing to reduce the number of components needed is
feasible.
•Selecting new components or improving the original components in order to
improve the “greenness” of the product.


