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A BRIEF HISTORY OF THE CONCEPT OF
WASTE IN PRODUCTION

Lauri Koskelal, Rafael Sacks® and John Rooke®

ABSTRACT

Purpose: The concept of waste has been used in relatiopraduction since the

beginning of the 20th century. As it is well-knowhis a foundational notion for the
Toyota Production System and its derivatives, lé&n production. However, waste
is not a prevalent concept in the mainstream lideeaon economics, operations
management, construction management or manageniéwt. reasons for this

apparent aversion to the concept of waste are alitunderstood. In view of this, we
present an overview on the historical developmet diffusion of the concept of

waste. It is anticipated that such a long-term vigauld contribute to the current
discussion of the place of this concept in the th@md practice of production.

M ethod: The historical method is followed.

Findings. The history of the concept of waste can naturadlydivided into a number

of periods: nascence up to the end of th® @&ntury, emergence of the classical
notion in the 18 century, flourishing during scientific managemetegline starting

in the second quarter of the "2@entury, and re-emergence in last quarter of that
century. From these, especially the emergenceeotldssical notion of waste as well
as its decline have been poorly understood. Itsis an important insight that across
the different periods, waste has been understodd/andimensions: instrumentally
and intrinsically (morally).

Implications: Through an historical account, the relevance artlite of the concept
of waste can be better appreciated. The focus eadlirbcted to critically assessing
the justification of the arguments that led to tleeline of waste. All in all, the need
for the revival of waste as a basic concept in mganal discourse is illuminated.

KEYWORDS: waste, production, economics, management

INTRODUCTION

This paper is a contribution to the history of islefbcusing on the concept of waste.
This concept has been used in relation to prodadioce the beginning of the 20th
century. As is well-known, it is a foundational ot for the Toyota Production

System and its derivatives, like lean productioowdver, waste is not a prevalent
concept in the mainstream literature on economiggerations management,
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construction management or management. The redéspftisis apparent aversion to
the concept of waste are not well-understood.

In view of this, we present an overview on the diistl development and
diffusion of the concept of waste. It is anticightbat such a long-term view would
contribute to the current discussion of the plate¢hs concept in the theory and
practice of production.

A historical method is followed, using both primangports from participants)
and well-researched secondary sources. The papstructured according to the
different stages that can be perceived in the ¢oolwf the concept of waste.

EMERGENCE OF THE CLASSICAL WASTE CONCEPT

The English word waste has its origin in the Latiord vastum which was used in
the Domesday book prepared for William the Conquerothe meaning of “land
which was either unusable or uncultivated, and tased” (The Domesday Book
Online). This English word started to be used adoliR00, in that original meaning
"desolate regions"; the meaning "useless expemditisr recorded from circa 1300
and the sense of "refuse matter" from early’ Xentury (Online Etymology
Dictionary). Waste was also a legal term in comrtaam, more or less equivalent to
destruction (Blackstone et al. 1827).

The concept of waste became to be well developethenviews of political
economists, scientists and engineers in the 19ttuge M. Norton Wise (1989)
provides an in-depth analysis of the ways in whigste was understood to occur in
physical, mechanical and production processes.th®purpose of the analysis, he
distinguishes between the influence of moral antera dynamics.

M ORAL DYNAMICS

Moral dynamics is a view of the world in which mb(gociological, sometimes
theological) force is perceived to act as a drivingce for change in the world.
Norton Wise selected three academics and scholdiiam Whewell, Thomas
Chalmers and John Stuart Mill, to represent thassisection of British scientific
culture.

Whewell, a professor of mathematics and naturabnes at Cambridge,
considered the world to be in a state of changereteted the notion of equilibrium
in economics, such as the ideas proposed by Ricardb Malthus, who saw
machinery as increasing the national wealth, bablento fundamentally change the
poverty of the working classes (they held thatdbeelopment of industry would not
break the natural balance: "the natural rate ofesaig the cost of subsistence").
Instead, Whewell challenged the notion of systemmdirig equilibria in response to
disturbances, such as the general idea that méokets of supply and demand
produce an equilibrium value. He led to the ideat tilisturbances and variations
become primary phenomena and that economic systaever approached
equilibrium. "Not some external laws of human neafubut the state of moral
development of a people, their customs, definedotiitical economy in which they
lived" (Norton Wise 1989, p. 397). The basic idéaMhewell’'s political economy
was that a continual input of moral force was neetie maintain and enrich the
nation in front of natural dissipation and irrevbls waste, caused by the universal
law of decay. Specifically, in 1850, Whewell obssvthat as friction dissipates
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energy in physical systems, so there are lossesaimufacturing systems. “In every
process of economic exchange,” Whewell maintaiittere are losses, rendering
invalid the principle that capital and labour cantkansferred, without loss, from the
production of one commodity to another” (Norton ¥/i$989, p. 400). Economic
'waste' is inevitable, just as friction wastesl#t®ur-force in a mechanical system.

Thomas Chalmers, a clergyman of the Presbyteriamdbhof Scotland, believed
that a moral and religious education could enablg man, even peasants and
labourers, "to transcend their state of depravity thereby escape its condemnation
to a subsistence level existence" (Norton Wise 1884900). “The labouring classes,
once imbued with middle-class morality and respe@cproperty, would turn the laws
of political economy to their own advantage, as pheprietary classes had always
had done. Labour would become property, equivatecapital” (Norton Wise 1989,
402).

John Stuart Mill is Norton Wises’ third represenatof moral dynamics. He held
that social states are the result of the immediapelor social state, and move
dynamically forward, without repeating cycles. H® telieved that societies could
be transformed by education, but by economic edutanot moral or religious
education.

MATERIAL DYNAMICS

Material dynamics represents the idea that physigstems are in and of themselves
a force for change in the world. Norton Wise citélsarles Babbage’'s views of
production to explain material dynamics. Like Ad&mith and other economists of
the early 19th century, Babbage too consideredlitfision of labour to be essential,
but not only for the reasons of direct productivitgrease, which is obtained through
expertise and learning of a simple process. He &awthe very nature of
manufacturing — and in the way specialized factoriere organized in the broader
economy — that the manufacturer could for the firse buy only the exact amount
needed of any given input. In this sense, theydbuly the product, without paying
for the 'downtime' cost of the service. As quotgdNbprton Wise (1989) and by
(Lewis 2007), he explained that (Babbage 1832, {&p-6):

“..the master manufacturer by dividing the workb executed into different processes,
each requiring different degrees of skill or ofdercan purchase exactly that precise
quantity of both which is necessary for each precedereas, if the whole work were to
be executed by one workman, that person must possegfcient skill to perform the
most difficult, and sufficient strength to exectiie most laborious of the operations into
which the art is divided”

This idea extended beyond physical work to inclodmtal work and organization as
well. Babbage held that all kinds of resources &hdae allocated to minimize the
cost of production. Babbage made a direct comparisetween machines and
economies at different scales. He posited thabdymtion system (factory, mine, etc.)
could be considered to function as a machine fansti The implication is that the
workers can be considered to be parts of the macHihere is no consideration,
however, of the will and intent of the people,la bperational level.

In terms of waste, Babbage was more concerned thighloss of energy in
machines, which he saw as a more important wasie wasted human labour. For
example, he devised a way to separate oxygen fromsa that it could be
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compressed and blown into a furnace to drasticatiyease the energy that could be
obtained from coal. His thinking was that compnegdhe air was wasteful, because
4/5 of it was not oxygen, and so it must be mofieieht to remove the nitrogen first.

WORK, LABOUR-FORCE AND WASTE

Norton Wise provides a lengthy discussion of theamigg of the terms 'work' and
'labour-force’ in English usage at the time (midkhl8entury) as it appeared in the
writings of Whewell (at Cambridge) and Gordon (flvet professor of engineering;
the chair was instituted at the University of Gasgn 1840). Whewell considered
the ’'labour-force’ as a component of productiont.casbour-force included
productive and non-productive expenditure of effévhen the labour-force was not
productive, such as when expended to overcomeoinicit constituted Waste. Work,
on the other hand, was considered as actually piegisomething of value.

Both Whewell and Babbage viewed large-scale praoicas being uniquely
suited to overcoming the wastes of small-scale etrpdoduction. The wasted
materials, time, power and skill that were unavbidan a small shop could be used
to produce by—products of value in a large-scatéofg. The size of the operation is
an important factor here. Economies of scale mtwitonly large-scale production
could treat the wastes and make them productiediminate them.

Babbage placed value on knowledge and skill — péaced the notion of being
able to measure the value of all work using a comunat of physical labour, based
on force x time, with the idea that the value ofkvehould be based on force x skill x
time, i.e. there was not a linear or simplistic wayrelate the work of lower skilled
workers to that of higher skilled workers. Howevier the engineering sense, work
began to be measured as force x distance, ratierfdnce x time. The removal of the
notion of time from the definition of work meantathit became a useful engineering
measure, but could no longer express work as aiftmof time, which could be
wasted.

Whewell and Babbage considered the labouring fozdee consumed over time,
so that the rate of doing work was important. Butéiell considered the sources of
energy (sun, wind, water flows in rivers, coal)b finite resources that were being
consumed over time, regardless of human endealuhis sense, not using them
constituted waste, because it was a waste of tioe.him, waste was therefore a
moral issue. Norton Wise explains: “[Waste] is sioply the failure to turn available
resources into saleable commodities, or the wdsém individual’s time on earth; it
is the waste of TIME absolutely, for all of humanand for all of time.” Thus
Whewell believed that moral dynamics must guide maeaal dynamics — avoiding
waste was a moral imperative. Babbage and Millthenother hand, subjected moral
dynamics to mechanical laws.

For our purposes, this allows classification of kvand waste in three categories:

1. Work — expense of labouring force to change thepmsition of materials and
produce products of value.

2. Waste — expense of labouring force to overcomestagste, such as friction,
which is necessary due to physical or mechanicehpimena, but does not
produce value.

3. Waste — expense of time, or waste of the potelatiauring force.
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Note that none of them consider at all the resuk>@ense of labouring force that
does produce results (products), but the produwsselves have reduced or no
value. In their view, the price of a product wasmposed of the cost of the labouring-
force, the payment for the stored labouring-forocebedied in the machines (i.e.
payment of capital cost) and rent for land. Thexend discussion of value to the
user/client or its relationship to price, or of thaste of unrealized potential value.

CONCLUDING REMARKS

Based on the account given, there are two issuesifihasize. First, the instrumental
and the intrinsic (moral or theological) dimensiohthe concept of waste were
tightly interlinked in the considered period. Sedothe power and range of the
concept of waste in this period were so extraorgitiaat it is difficult to grasp from
the perspective of today.

FLOURISHING OF WASTE IN SCIENTIFIC MANAGEMENT

This period, roughly 1880 — 1930, saw the growthta ‘Efficiency Movement’,
which was dedicated to the removal of waste noy ndm production systems, but
from other spheres of life, such as education,isesy and government. Frederick W.
Taylor was one of its key engineering thinkers anakctitioners; civic leaders like
President Teddy Roosevelt and Justice Louis Brangebmoted it through
government. In the introduction to his seminal pafhe Principles of Scientific
Management”, Taylor (1911) wrote:

“We can see our forests vanishing, our water-povgmiag to waste, our soil being
carried by floods into the sea; and the end ofamal and our iron is in sight. But our
larger wastes of human effort, which go on every ttaough such of our acts as are
blundering, ill-directed, or inefficient, and whidir. Roosevelt refers to as a, lack of
"national efficiency," are less visible, less tdigj and are but vaguely appreciated.”

“We can see and feel the waste of material thidggkward, inefficient, or ill-directed
movements of men, however, leave nothing visibletamgible behind them. Their
appreciation calls for an act of memory, an efédrthe imagination. And for this reason,
even though our daily loss from this source is @gretghan from our waste of material
things, the one has stirred us deeply, while therdhas moved us but little.”

In other words, Taylor's view of waste was thatdabwaste in production was the
difference between the optimal production that rhigave been achieved using a
‘one best way’ identified and managed by scientifianagement, on the one hand,
and the given current level of production, on thieeohand. Henry Ford had a similar
view of waste as the lost production potential wiaesub-optimal method is used.
The following passage is revealing (Ford and Crewt922):

“A farmer doing his chores will walk up and downmiekety ladder a dozen times. He will
carry water for years instead of putting in a f@ndths of pipe. His whole idea, when
there is extra work to do, is to hire extra men. tHaks of putting money into
improvements as an expense. Farm products atldveast prices are dearer than they
ought to be. Farm profits at their highest are lot®n they ought to be. It is waste
motion - waste effort - that makes farm prices raghl profits low.”

The influence of the 19th century thinking of wasate the misuse of work (or the
‘labour-force’, as discussed in the previous segtics evident in a paragraph from
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the first chapter of Ford’s autobiography. His wosg@em to echo the moral dynamics
of Chalmers and Whewell (Ford and Crowther 1922):

“Everything was given us to use. There is no enahf which we suffer that did not come
about through misuse. The worst sin we can comggitnat the things of our common life
is to misuse them. "Misuse" is the wider term. \ike ko say "waste," but waste is only
one phase of misuse. All waste is misuse; all raigsisvaste.”

Note also his view that the way to remove wasthrnsugh fundamental treatment of
the production system (Ford and Crowther 1922):

“The underlying causes of poverty, as | can seenthare essentially due to the bad
adjustment between production and distribution, both industry and agriculture--
between the source of power and its applicatioe. Whstes due to lack of adjustment are
stupendous. All of these wastes must fall befotelligent leadership consecrated to
service. So long as leadership thinks more of mdhaw it does of service, the wastes
will continue. Waste is prevented by far-sighted lop short-sighted men. Short-sighted
men think first of money. They cannot see waste.”

Ford was concerned with waste in all of its fornmgluding wasted materials and
wasted labour. The Ford production plants souglineay by recycling waste

materials and energy as far as possible. But tretenaf materials and energy were
seen as secondary to the waste of labour pot¢Rtadl and Crowther 2003):

“My theory of waste goes back of the thing itselii the labour of producing it. We want
to get full value out of labour so that we may Idedo pay it full value. It is use — not
conservation — that interests us. We want to usemahto its utmost in order that the
time of men may not be lost. Materials cost nothlhg of no account until it comes into
the hands of management ...Saving material becauseniaterial, and saving material
because it represents labour might seem to amouthet same thing. But the approach
makes a deal of difference. We will use materialrencarefully if we think of it as
labour.”

Frank G. Woollard was an early pioneer of flow proibn systems, well before
Taichi Ohno. His approach was conceived duringRinst World War and applied
more fully in the 1920s in the UK at the Morris motar manufacturing company
(Woollard and Morris 1925). His views on waste noguction were no different to
those of Taylor or Ford; for example, the 15th isf b8 principles states that “Every
activity must be studied for the economic applmatiof power.” However,
Woollard's view of the role of the worker in prodion differed sharply with
Taylor's view. Taylor held that managers must téklé responsibility for planning
and directing the work, because manual labourers wet capable of understanding
the scientific principles behind the optimum methfmit executing their work.
Woollard, on the other hand, “...viewed factory waskeas part of the production
system, not separate from it, and gave them regpbiiss that would have normally
be handled by supervisors. He also allowed workergparticipate in efforts to
improve production processes...” (Emiliani and Seyn2011).

Thus it is apparent that during this period, thecept of waste in production was
central to the thinking of leading practitioneiseliTaylor and Ford. But the concept
was also widely understood among academics; Ta@ar| Barth and others gave
lectures on the subject at the Harvard Busines®@dhiready in 1908, and most
business schools required courses in productioragenent (Sprague 2007).
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DECLINE OF THE CONCEPT OF WASTE

Although the concept of waste was commonly usethénfirst three decades of the
20" century, in the second quarter of that centuryrarising thing happened. Waste
started to disappear from scholarly and professiditarature. For example,
production management textbooks with no substardigseussion on waste and its
causes emerged in the 1930s. Why did this coneping so abruptly?

To our knowledge, no research has been done onirttesesting question.
However, it is possible to identify plausible reasoOur hypothesis is that a novel set
of concepts emerged into managerial and sociahseg in relation to which the
concept of waste was not only old-fashioned andrmgatible, but sometimes even
dangerous and toxic. In the following, we give ax@ee overview on our initial
hypotheses on the reasons for the decline of waste.

First, the intellectual and social atmosphere g@wdemand a separation of moral
considerations and instrumental rationality, ofolbgical and secular arguments;
thus the intrinsic understanding of waste was tegedt may be that the instrumental
and intrinsic understandings of waste were so liightertwined, that a rejection of
one led to the rejection of the whole concept.

Second, the conceptualization of production assfaamation, which had been
proposed by Walras (1952) in economics at the enth@ 19" century, gained
foothold. As this is a black box conceptualizatimaste is not visible at all.

Third, the idea of economics as concerning decisiaking under scarcity, and
especially the related assumption of optimal denishaking by economic agents
acting rationally and in their own best interestpgressed the incompatible idea of
waste, which awkwardly reminded about the distasfdbis assumption from reality.

Fourth, the disciplines related to management arghnization shifted their
emphasis away from the machine metaphor to behaliaggsues, and the idea of
technical efficiency (or inefficiency) was lost.

Fifth, the significance of waste reduction was diistied when a new widely
usable alternative for productivity improvement egeel, namely electrification of
factories and the associated innovations in theuagnd organization of production
(these led, among other things, to the developrokmass production). The major
productivity advances that are measured in the 4920e been associated with the
electrification of industry (Goldfarb 2002).

Sixth, waste reduction, popular in the times oession and depression, may have
attracted a reputation of an idea belonging toialiff times, pushed aside and
forgotten when good times returned.

RE-EMERGENCE OF WASTE
TOYOTA PRODUCTION SYSTEM

The centrality of waste in Japanese thinking abouduction appears to have
originated with Kiichio Toyoda's injunction in 1945 to "Catch up with Ancarin
three years. Otherwise the automobile industryapad will not survive." (Ohno
1988) Ohno Taiichi's reaction to this was to wordawv workers in the US could be
nine times more efficient than those in Japan. deg®@ people, he concluded, must be
wasting something.
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However, the two strategies which Ohno identifieg@ntral to Toyota's efforts to
combat waste, just-in-time and autonomation, o&tgd in Toyoda's previous efforts
to compete with England in the textile industry.y®da Spinning and Textiles was
dissolved in 1942 to concentrate efforts on theofaycar manufacturing branch of
the business (Ohno 1988). By 1945, the positiothefcompany seems to have been
desperate. It was clear that the Japanese couldnmaiaite the successful US model,
based on economies of scale and standardisatiprodfict. Ford's mass production
concept relied on increasing volumes so that eamt wtation could be dedicated to
the production of a single part, obviating the néadtime consuming change-overs
(Shingo 1985). The system was further simplifietl aszolumes increased by
reducing the product range. With a shortage oftahpnd restricted sales in an
already competitive market, Toyota needed a newoagp.

While mass production is based on the eliminatimg waste involved in craft
based production, the subsequent emphasis on sitgesolumes diverts attention
away from this goal. The particular conditions tfialyota faced required a deeper
analysis of waste.

From 1959 to 1974, the Japanese economy experieraqged growth under
favourable global conditions and it was not uriité oil crisis on the mid 1970s, when
Ohno's obsession with waste and the just-in-timea idnabled Toyota to sustain
earnings in conditions that were again unfavouratiiat the difference between
Toyota and other Japanese companies became apdyetite 1980's, continuing
problems in the US and other Western economieolbsgrvers to ask what it was
that the Japanese were doing right. The subsedqiifasion of the ideas of the
Toyota Production System, including the conceptvatte, to the rest of the world
under the banner of “lean” is now well known.

ENVIRONMENTAL CONCERNS

Meanwhile a second important concern with waste waserging through the
environmental movement. Two primary concerns aardbntified: first, the problem
of maximising the utility of finite resources undewnditions of increasing demand;
second, the negative environmental and social tsffet pollution caused by waste.
Here, the concern is often with waste as convealipndefined, an unwanted
physical by-product of a process. Some examplestlae problem of land-fill,
storage of radioactive materials, or the releastoxit chemicals in either liquid or
gaseous form. However, concerns with energy ceatien also signify. The
recycling of waste materials, for instance, is ftess energy intensive than
extraction from raw materials: for aluminium, theevg is 95%, for plastic 70% and
for paper 40% (The Economist 2007). The problenpdfution goes beyond the
question of efficiency savings to address the mnobbf unintended negative effects
outside the production system, as in the casexit hemicals. Something that is
the waste product of one system will often becorpelltant in another.

Food waste falls into both categories. In theuafft West, the chief problem is
pollution when waste by consumers which is eithenped or burned. This has led
to the introduction of food waste recycling schemés countries where hunger can
be a problem consumer waste is minimal, but probleften arise from post-harvest
waste which results in food spoiling before it tees the consumer. As food loss and
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waste is up to 30-50 % from all food produced, wastduction has emerged as a
major policy element (Foresight 2011).

The severe social and ecological consequencesesé tforms of environmental
waste lend them an additional moral force.

CONCLUDING REMARKS

Again today — as 100 years earlier — both theunséntal and intrinsic dimension are
present in the discourse on waste. However, whetleese two dimensions were
integrated into one concept in scientific managegmeow the term waste does not
necessarily carry this dual message.

CONCLUSIONS

A historical account of the concept of waste —-eitsergence in the f&entury as a
scientifically grounded notion, the subsequentrikhing both as an instrumental and
intrinsic concept across all human endeavours hed in scientific management of
production, its decline, almost total vanishingirthe stage, in the second quarter of
the 28" century and its revival towards the end of thahtesy — provides a
fascinating and revealing view on the intellectmavements and shifts in the last
two centuries. Our main conclusions are as follows

First, the concept of waste has been found to bé&uuand fecund across times
and across contexts; there is a full reason te &wtiously, to clarify and define it
and to adopt it into the conceptual framework ardhtnology of disciplines dealing
especially with production but also more genenraiifh human affairs.

Second, the concept of waste has been used in peaduction and lean
construction, but without much reflection and cagstoal analysis. This concept
deserves being sharpened and the full consequaricd®e acknowledgement of
waste on our views on decision-making, organizadod management merit to be
clarified. The prospect is that waste will evoleethe central, mainstream idea for
developing design and production, rather than bgisgin the vocabulary of “lean”.

Third, in the light of the history of the conceptveaste, the ahistorical nature of
the managerial sciences and its counterproduatipacts become visible. Not aware
of the process having led to the current orthoddlg, community of management
scholars seems to have been incapable of appregiastorical concepts, like waste,
which bounce back due to practical needs. Oncenatfa significance of historical
understanding and knowledge is proven.

Fourth, the historical oscillation between and ititertwinement of the intrinsic,
moral view on waste and the instrumental view orstevébring the Aristotelian
notions of phronesisand techneinto the limelight. Especially the sustainability
agenda implies that the relations between moral iasilumental values require a
new assessment.

Fifth, the many arguments and concepts that lethéodecline and defeat of the
concept of waste seem to invite a critical re-amsest. The accepted wisdoms of
management, such as viewing “achieving through leéops the essence of
management, optimal decision-making, rationalitg,,enerit challenge.

All'in all, the examination of the history of therecept of waste has been an eye-
opener for the authors: it has convincingly shohat production management is not
an isolated and self-sufficient engineering endagvbut rather it is in many ways
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embedded in the totality of scientific, technicatlamoral pursuits of humankind. In
relation to this totality, production managemengrae to have been largely on the
receiving end, for good or bad. However, there moebarriers in principle for
production management to contribute to this totalit
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