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Operations in the near future must consider four related global problems at once; 

excessive resource consumption, shortages of energy and materials, environmental 

sustainability, and rejection of the system by those who feel cheated or displaced by it.  

Much has been written about each of these problems. Our biggest challenge is 

transforming ourselves to meet them.   Arbitrarily quantifying this challenge suggests its 

magnitude: 

Improve industrial society quality of life; extend it to everyone globally while using less 

than half the energy and less than half the virgin raw materials of today, while reducing 

toxic releases nearly to zero.   

We live in globally perilous times, for the 21st century is a turning point.  Physical 

economic expansion began 500 years ago with European colonization. The practices that 

guide business and economics evolved to support this expansion.  Now they seem so 

natural that they are unquestioned, so transforming ourselves to limit consumption while 

simultaneously increasing human quality of life for everyone is the supreme human 

challenge of Compression. 

We are now engaged in a rush to develop alternative fuels, and take other marginal 

measures that seem to promise a continuation of consumption at late 20th century rates.  

However, all of the problems facing us are ameliorated by simply consuming less, but 

hopefully, enjoying it more.  From a global perspective, the earth has finite resources.  

Their limits are vague, but resources are not infinite.  And no hero is apt to devise a 

magic answer, because the limits we face are so diverse that they are difficult to get in 

mind in any integrated fashion.  We can think of them in four categories.  
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The Challenges of Compression   

Resource limitations: Petroleum will not last forever; nor will natural gas or coal.  

Newly-found uranium deposits are not as concentrated as earlier finds.  The same can be 

said of the ores for a number of commodity metals.  Absolutely running out of them is 

not immanent, but decreasing yield is, and decreasing yield means that it is harder and 

harder to keep up with increasing market demand.   

Petroleum is a good example of the problem.  The original Texas oil gushers like 

Spindletop were estimated to have an energy yield in excess of 100; that is, for every 

BTU expended to drill and pump, over 100 BTUs could be obtained.  But the Canadian 

Tar Sands burn at least a barrel of oil to get three, and it’s probably closer to two.  That is 

not great economics no matter what the market may say or which currency is used.  It is 

too easy to be fooled burning cheap energy to get expensive energy.   

Another critical resource is water, and it is critically short now in some parts of the world.  

At present use rate, at least eight major rivers are tapped out: Colorado, Nile, Ganges, 

Indus, Amu Darya, Fen, Yellow, and Rio Grande. Water is a significant factor in both hot 

and cold disputes around the world.  And all of these factors and more affect the food 

supply, of course.   

Precarious Environment: Nobody can comprehend all the problems in technical detail, so 

that many become “wicked problems,” meaning that people can’t even agree that there is 

a problem, and many of them are interrelated in some way.  They range from climate 

change (effects of greenhouse gases) to “disappearances” of frogs, bats, and honeybees 

(indicators of much more pervasive diminishment of biological diversity).  

In many parts of the old industrial economies, cosmetic pollution has improved in the last 

50 years, so problems are non-obvious, and many accumulate slowly. It does not help 

that much of the evidence is cloaked in a great deal of data variance; thus impossible to 

project with precision.  (The confirmation of the ozone hole is a great example.)   

If any single environmental problem is a great peril is it ocean warming and acidification, 

blamed for effects like bleaching of coral reefs and declining phytoplankton blooms.  The 
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ocean is not just a CO sink; it’s the source of about half of our oxygen, and 

phytoplankton are the bottom of the oceanic food chain.  Mess that up and continuation 

of human life as we know it is very doubtful.  Nature may absorb top-down extinctions 

and adjust.  It cannot quickly adjust to a bottom-up extinction.   

Overconsumption: It is well known that 10 percent of the world’s population in the 

industrial economies consume half of all global resources, and about 5 percent in the U.S. 

consume about a quarter of all resources.  Less appreciated is how fast consumption has 

risen recently.  For example, all the gold in the world, mined from antiquity onward, 

would fill only two Olympic-sized swimming pools, but one pool would be filled with 

gold mined in the last 50 years.1 Between 1960 and 2005, American municipal solid 

waste increased from about 90 million tons to 245 million tons, and per capita solid waste 

rose from 2.7 pounds per day to 4.4 pounds per day.2  And the total number of registered 

vehicles in the world has doubled since 1990, but we don’t notice because we concentrate 

on annual markets – additions to stock – instead of accumulations.   

Figure 1. World Vehicle Population “Explosion” 
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1930 4,100,000 33,000,000

1940 ? ?

1950 10,600,000 ?

1960 16,500,000 106,000,000

1970 29,400,000 194,000,000

1980 38,500,000 321,000,000

1990 47,300,000 430,000,000

2000 59,000,000 750,000,000

2009 e 90,000,000 1,000,000,000
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Pushback by Have-Nots (and Many Haves): Most of us would like the benefits of 

industrial society without having to deal with its consequences.  Despite a longer life 

expectancy almost everywhere, much of the world’s population is not really part of the 

global business system, but almost all are affected by it, positively and negatively.   

The negatives can’t be ignored much longer.  For example, unrest in Nigeria has cut the 

oil flow from that country by 20 percent or more for the last four years.3  China had to 

institute land reforms to keep social unrest from getting out of hand.4  In India, recurring 

protests have stalled or stopped factory construction; relocating the Tata Nano plant is 

only the latest disruption.5 From Bolivia to Baluchistan, many people lack both the 

concepts and the de facto legal structures of modern capitalism; they cannot collateralize 

anything to generate sizeable capital.6   

One industrial society version of this is NIMBY movements: protests of everything from 

Wal-Mart to copper mining messing up ones scenic vistas and property values.  If smaller 

energy yields from mining and extraction force tearing up more real estate, these protests 

will increase.  Another aspect of pushback is the flood of immigration into industrial 

economies; part of the wave of global rural-to-urban migration.  Urban poor who can no 

longer make it on the land compose the fastest growing demographic of global population 

growth.7  These issues of fairness and survivability are very old, but minimum-effort 

trickle-down and NGO volunteerism cannot deal with them much longer.   

Complexity: One more part of this mix is increased information density and technical 

complexity, both of systems and products.  One has only to open the hood of a 2009 car 

versus a 1959 car to get the picture.  For practical purposes, a 1959 car was B.C. (before 

computers).   

A Flawed Business Model 

A manager worried about either cash drain or satisfying capital market demands has 

difficulty fully comprehending the challenges outlined.  Her monetary challenges are 

much more immediate, and the pressures of the system drain leadership energy.   

The flaws in the system run deeper than casino trading of rosy-classified CDOs and other 
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financial instruments.  The logic of the system tells people to grow the operation – even if 

the resources do not exist to let that happen.  Even the most basic interest and discounted 

cash flow models have a short-term growth bias.  By a DCF model, at even a small rate 

of interest, money received 50 years from now is worth close to nothing, so why invest in 

any return that far out.  Despite this, old men do plant trees and not every owner wants a 

business to grow to the moon.   

Other conventional assumptions of business are that a thing is worth what somebody will 

pay for it (market theory of value) and that higher prices will in time induce greater 

supply.  However, market prices and accounting models have difficulty valuing anything 

that cannot be referenced to a transaction, notably “externalities” like the worth of 

oceanic plankton.  Unless thought through, cost systems based on accrual accounting 

even misread the impact of reducing inventories during a “lean conversion” as under-

absorbed overhead.  And if supplies are constrained, as when energy sources “peak” or 

fisheries collapse, higher prices don’t put more oil in the ground or fish in the sea.  A 

market in the classical sense no longer prevails.   

In addition, our legacy concept of management is that of agents of ownership directing 

and controlling to assure a profit if possible (or to stay in budget).  We are drifting from 

that because increased need for speed and quality.  Managements have to rely more on 

teamwork and less on command and control.  However, very few leaders fully develop an 

organization to “be all that it can be,” and whether they are commercial or something 

else, many organizations consume their energy with petty rule-making and internal game 

playing.    

The present business system is unfair.  So be it.  People of diverse views can never agree 

that any other system is fair either.  That is not its major shortcoming.   Rather it is that 

this system is incompetent to deal with the problems of the 21st century.   

So What? 

Work organizations are not all equal in their importance dealing with the challenges of 

Compression.  Those that are most critical to us greatly affect our quality of life or they 

consume a great deal of material and energy in the aggregate.  That covers a lot of work 
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organizations in fields from farming to health to most kinds of transportation, extraction, 

and manufacturing – roughly 40 percent of the total American workforce at present by 

scanning categories in the Statistical Abstract of the United States.  So this is no small 

proposal, and it has to center on the grass roots, operational level.  Determine what kind 

of work organization we need to function in an entirely new way, with groups of people 

dedicated to a specific social mission; then generate the support systems that they need to 

do it.  That is, doers have to start doing without waiting on a big public policy program to 

set direction for organizations that are reluctant or uncomprehending – or fearful – of 

complying with regulatory directives that are mind boggling to formulate as a one-size-

fits-all prescription.  Leaders have to understand and start moving more imaginatively 

than compliance with some presumed super-brain.  And they can only start from where 

they are now. 

To start taking action, proposed is a “vigorous learning organization,” shown in Figure 2.  

It is a composite of the best attitudes and practices observed in use by real people, once 

motivated and well-developed to work toward a common mission and goals.  However, 

Figure 2. Overview of a Vigorous Learning Organization 
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this is not easy, for it requires changes in “tools,” leadership concepts, and “business 

models,” which is what it will take to meet the challenges of Compression.  The Apollo 

Program in its day was a mini-version of this involving far fewer people.  Once the 

challenge was set, and ample funding provided, somebody had to figure out how to do it 

and how organize it.  The challenges of Compression are more diffuse, not amply funded, 

and involve many more people.  Grand public policy pronouncements have no leverage if 

people cannot learn what to do, so a vigorous learning organization is a vehicle for that. 

Explanation follows the numbers in Figure 2. 

1.   Set a common mission and sub-goals related to compression limited enough that a 

work organization “can get its hands around it.”  An example is Ventana Medical 

Systems’ mission to improve quality of life with a prime sub-goal of finding 

cancer faster.  Ventana makes histology equipment, develops faster workflow in 

tissue labs, and re-invents machines to yield more data quicker, with fewer errors, 

and using less reagent.  Beyond that they aspire to find earlier precursors to 

malignancy than biopsy analysis. People can unify around a challenge more 

readily than around monetary goals that pose no operational direction, and that 

imparts no inspiration to adopt professional responsibility for societal obligations.   

2.   Develop the behavioral skills to actually collaborate working on problems rather 

than play organizational games.  This is partly accomplished by coaching people 

in scientific problem solving in proactice, even if they regard themselves as 

professional.  Beyond that they must learn how to resolve “wicked problems,” 

meaning that humans don’t know how to agree whether a problem exists or 

cannot reconcile differences of interest if they do.8  

3.   Organizations need everyone to be familiar in practice with a framework based on 

the scientific method, like PDCA and A3 papers, or several equivalents.  The 

basic tools of quality and lean solve a lot of problems if regularly and widely 

applied by many people.  Process improvement and process revolution need to 

occur on a regular schedule; not sporadically.  Better and better performance to 

mission is expected.  Learn to anticipate problems and nip them at the source, not 

by later remediation.  And to do this, organizations need well organized, well-

structured databases of knowledge, kept up to date because input-output from 
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them is built into the work.  It is not an easily neglected afterthought.   

4.   Meta perception, as noted in Figure 2, is needed in order to exercise good 

judgment about what is important, learning to see beyond one’s immediate work 

station, and one’s own work location.  Indeed, it is necessary to conceive of a new 

business model that encompasses a complete product life cycle, and to measure 

the effects of an organization’s activity on the outside environment, and not just 

the effect of the outside on the financial status of a company.  The breadth of 

work responsibility greatly expands.   

5.   Leadership of a work organization bent on a “social mission” differs substantially 

from directing a company to earn a profit.  It takes a strong will when necessary, 

but a servant leader attitude when developing people.  This is not soft stuff, 

however.  A form of servant leadership is inculcated in cadets at military 

academies; it has not in the past gotten much play in business schools.   

What Do We Do Differently? 

Nothing is really the same as in business-as-usual, which greatly depends on substituting 

fuel energy for human work and brainpower, so economic calculations became trade-off 

decisions.  Many decisions will still have to be trade-offs, but not if they can be avoided.  

Ordinary process kaizen is an example.  First eliminate anything that does not need to be 

done at all – no trade-offs; improve on every indicator of performance at once.   

Lean operations, eliminating waste as a customer might see it, conserves resources, and 

starts creating the disciplines needed to deal with Compression challenges, but it is only a 

stage.9  

Conservation.  Use no more than necessary; space, energy, materials, or even 

information.  Work organizations practicing lean operations do this, but can do much 

more.  A quality dictum is vital; fix a problem (waste) at its source, including product 

designs.  The best remediation is having nothing to remediate.  

Zero Toxic Releases: “Design out” items known to be toxic; use only those “proven” to 

be benign.  Information is now limited and new chemicals enter use all the time, so this is 

an ongoing learning process essential in a high-tech world.   
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Adopt New “Business Models:” Whenever possible, create a business model that brings 

material back for re-use, re-manufacture, upgrade, or recycle.  Today this is considered 

uneconomical if something salable can be produced at lower cost using virgin resources 

(conventional cost/price valuation logic that drove expansion).  Both public policy and 

experimentation must create business models with reverse-logistics and material re-use.   

Process Theory of Value: This theory holds that the best process provides quality service 

using the least energy for a total service process life cycle, redefining wealth as not what 

we have, but what we can do with what we have.  Then we can finance organizations 

having social missions to do this to perfection, not to gain the maximum return.  Even our 

concept of efficiency changes; it’s thermodynamic, not economic.  A broader definition 

of process “kaizen” is to reduce a total product life cycle to its lowest energy state.  That 

can be done if we know the embedded energy in materials – the energy that was required 

to convert them to their present state and location. Our most important decisions must be 

based on physical measurements, not a market theory of value.  In short, non-dollar 

economics using concepts like energy yield have to enter actual practice.   

To dig deeper, do a mass-energy balance around a large system boundary, and over a 

complete product or service life cycle; then look for the big material and energy losses 

and the big opportunities.  Doing this begins to generate ideas for a different business 

model, often one with reverse logistics.  On top of this, look qualitatively at the effects of 

processes on the external environment; what is now often called green chemistry.  But to 

do all this, many more people have to become proficient seeing and solving problems 

daily.   

A mass energy balance shown conceptually in Figure 3 is seldom in the “tool kit” taught 

in business schools, and it is routine only in physical chemistry or chemical engineering.  

Even there, the concept is seldom extended to cover a full product life cycle.  A mass 

energy balance can be done on a big scale or small depending on whether data are known 

or can be approximated.  Even the input-output analysis of patients in a hospital is a form 

of mass-energy balance. 
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Figure 3.  Conceptual Mass-Energy Balance 

 

 

However, our biggest challenge is not operational techniques, but our instincts and our 

systems of business.  For 500 years they have developed to promote expansion, so that in 

Compression, even our assumptions of economic efficiency need revision to minimize 

use of resources.  We have to pay more attention to what we really do physically, not to a 

financial system that maps this in human transactional values that are frequently done 

with false precision.  Better to deal with important matters with approximations than to 

financial masks composed of estimates to two decimal places. 

The gravity of this challenge is underestimated; and the depth of change hard to imagine.  

Nature does not care about human valuations except as the human motivations emanating 

from them change the physical world.  And nature does not negotiate; it only reacts.   

Imagine that we all had to survive on a space ship.  Our work would be high-tech, but our 

purpose in doing it would be to always know the right thing to do at the right time, not 

high productivity making more “stuff” to consume.  Translate that to earth: The purpose 
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of work is to assure human survival with an acceptable quality of life for all – quality 

over quantity.   That’s very different from 20th century 9-to-5 work life. 

Compression – doing much more while using much less – will upset existing economic 

orders, both capitalist and socialist.  Both assume unending physical expansion.  Getting 

choked up about our grandchildren is not enough.  This generation must start learning 

how to pragmatically take action.  Learning to emphasize quality over quantity is not 

natural; it is a step up in civil discipline.  It can be done, but if we cannot learn to work 

much more wisely – not just smarter – we will probably sink into civil chaos when the 

full impact of Compression hits.10   

A great deal of current economic revenue is either spending on problems that will need 

remediation, or it is spending for the remediation itself.  The flawed assumption is that if 

we're working hard and making a pile of money, we must be brilliant.  That foolishness is 

too often confirmed in entrepreneurial minds seeking reward by the current economic 

system.  (A doctor that tells you how to eat well and exercise regularly isn't going to 

make much money; but if he runs a whole series of tests before telling you this, his 

income is nicely enhanced.)   
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