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R emanufacturing is the restoration of used
products to like-new condition, provid-
ing them with performance characteris-

tics and durability as least as good as the original
product.1 This important segment of the econo-
my is frequently underestimated; for example,
sales of remanufactured goods in the U.S. topped
$50 billion in the late 1990s.2

To date, most remanufacturing in the elec-
tronics industry has been conducted by OEMs,
primarily in the case of warranty, recall and prod-
uct upgrades. Third-party manufacturers have
also been involved in remanufacturing due to the
potential for profit.

An increase in remanufacturing activity is
anticipated due to environmental and economic
drivers. The European Union Directive3 for take-

back and reprocessing electronics waste as well as
other legislation4 is encouraging manufacturers
to consider ways in which economic value can be
found in products that are being disposed of (or,
at the very least, ways to inexpensively divert
electronics waste away from landfills and incin-
erators).

In addition, remanufacturing is expected to get
more attention as manufacturers find that post-
sales opportunities with their product tend to offer
greater margin and higher profit than actual prod-
uct sales.5 This discovery has resulted in a greater
focus on leasing, financing, training, maintenance
agreements and post-user product take-back. The
best example of harvesting profit from waste is
probably the automobile industry, where over 90%
(by weight) of automobiles is diverted from land-
fills. Electronics products are much more likely to
find their way into landfills, but many policy mak-
ers perceive that such products have untapped
residual value and that their disposal not only for-
feits this value, but creates potential hazards due to
the presence of heavy metals such as lead, mercury
and chromium in some products.

Remanufacturing is a $50-billion market,
and assemblers own the skills and
knowledge to compete.

The Remanufacturing Equation
Mark Knight and Jonathan D. Linton, Ph.D.
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FIGURE 1: At a 23% discount, half the population would purchase a
refurbished cellphone …
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FIGURE 2: While the same population would buy a refurbished print-
er/photocopier at an 18% discount …
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A reasonable question is: Since both economic and environ-
mental drivers for the reuse and remanufacture of electronics
products exist, why is remanufacturing not commonplace? Con-
versations with executives and academics have identified two
issues: 1) a perception that consumers are not interested in
remanufactured products because they perceive them to be of
low quality, or 2) consumers might buy remanufactured prod-
ucts instead of new products with a resulting overall decline in
profit. In other words, remanufactured products may be too
unpopular to justify manufacturing or
might be so popular that they will damage
markets for new products through canni-
balization. In some markets, either of these
two concerns may be justified.

To obtain a better understanding of how
remanufactured products are perceived, we
studied the response of graduate students
to new electronics products and accessories
versus remanufactured ones. More specifi-
cally, we considered the preference between
new and remanufactured cellphones, print-
ers or photocopiers, and toner or ink car-
tridges (sidebar). The intent was to gain
insights into the degree of price discount
that must be offered to make a new product
and remanufactured product seem equiva-
lent in value. The relative attractiveness of
remanufacturing as a business can then be
determined by knowing the cost of reman-
ufacturing a product. Armed with presale
knowledge of the expected price differential
between new and remanufactured product
and the cost of producing a remanufactured
product, it can be determined for which
products it is: a) unprofitable to remanufac-
ture; b) profitable to remanufacture, but
less profitable than producing new product;
or c) more profitable to remanufacture
product than manufacture new products.
The results are of interest since manufac-
turers of electronics assemblies have the
skills, experience, knowledge and equip-
ment to remanufacture products.

A tremendous difference in what
respondents are willing to pay for a reman-
ufactured product exists. A thick black line
is plotted through the average of Figures 1-
3 to indicate what the likely behavior of half
the test population is. That is, at these prices
half the respondents would be willing to
purchase the product at the stated price. In
the case of cellphones (Figure 1), at a price
of $77 half the population would be expect-
ed to purchase cellphones that have been
remanufactured. At $82, about half the

population would buy remanufactured cellphones half the time
instead of new cell phones at $100. Finally, at $96 or higher no
one would be expected to purchase the remanufactured product
(opting to instead purchase the $100 new product).

For printers and photocopiers (Figure 2), at a price of $82
half the population would be expected to purchase remanufac-
tured printers or photocopiers. At $86, about half would buy
remanufactured printers or photocopiers half the time instead of
new printers or photocopiers at $100. Finally, at $97 or higher no
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one would be expected to purchase the remanufactured product
(all would purchase the new product).

In the case of toner cartridges (Figure 3), at a price of $90 half
the population would be expected to purchase remanufactured
toner cartridges. At $93, about half would buy remanufactured
toner cartridges half the time instead of new toner cartridges at
$100. Finally, at $101 or higher no one would be expected to pur-
chase the remanufactured product.

These figures show that a discount of about 20% from the price
of the new product is required to obtain a substantial market share
for the remanufactured product.Whether this would result in can-
nibalism of new products or open up new markets to remanufac-
tured products is not clear. The effect on overall profitability of
firms will of course depend on the cost of remanufacturing.

In summary, remanufacturing products is an interesting
source of new business for assemblers. Insights into the likely
market price of remanufactured products can be gained by con-
sidering consumers’ relative willingness to buy. Based on the
study of three products considered here, a substantial market for
remanufactured products exists, if sold at a 20% discount from
the price of new product.6 ■
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How Much Will They Pay?
To determine the amount consumers are willing to pay for remanu-

factured products, we chose a series of products representative of vari-
ous “greener” products. Three of these products are directly relevant to
electronics: cellphones, printers or photocopiers, and toner cartridges.
(Although toner cartridges may not appear to be an electronics product,
they are necessary for the functioning of printers and photocopies, which
clearly are electronics products. Furthermore, electronics and microsys-
tems devices are critical to the functioning of toner cartridges for laser
and inkjet printers.)

Next, we developed a survey to ascertain what price a remanufac-
tured product would have to be, if the cost of a new product was $100:
1) to ensure that the remanufactured product was always bought instead
of the new product, 2) that the remanufactured product was usually
bought, 3) that half the time a remanufactured product would be bought
and half the time the new product would be bought, 4) that almost all
the time the new product would be bought instead of the remanufac-
tured product, and 5) the new product would be bought all the time.

These questions were posed to 49 graduate students studying busi-
ness or economics at Rensselaer Polytechnic Institute (Troy, NY) and law
students at Albany Law School (Albany, NY). The results are shown in Fig-
ures 1-3.
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FIGURE 3: And refurbished toner cartridges at a 10% discount.


