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6. TIME AND SCALE
This session brings us to the Economy
stage (5) of the Zeronautics
transformation process (Elkington
2012). The question here is how to push
entire industries, value chains and
economies through the sustainability
barrier and into the Resource
Revolution. It requires some
“unreasonable” leadership. Its success
factors include the acknowledgement
that we need to break out of current time
scales that force business to focus on
quarterly reporting.
The issues of time and scale are critical
in the Economy stage. On timing, history
has shown how the right technology may
be invented but takes decades to be
adopted since the market was not ready.
Take the examples of solar power,
electrical cars, LED lighting, and 3D
printing. On scale, it is evident from IRP
findings that new technologies and
business models need to be introduced
at massive scale (mass market
threshold) in order to effectively address

the global resource challenge. With this
comes the challenge of realizing also the
massive accumulative impact of many
small-scale innovations, mindful of the
“Small is Beautiful” case made by E.F.
Schumacher in his historical book of the
early 1970s. With this background, let us
start by considering optimal time frames
for product life cycles in the Resource
Revolution.

6.1 Optimal product life time
Measures to change people and business
behaviour around wastage during
consumption and at the end of life of
products or goods form a key part of
decoupling strategies. The trend of
governments such as Japan and China to
focus on the so-called circular economy
goes far beyond traditional waste
legislation. The circular economy
concept has the potential to transform
the philosophy of manufacturing and
consumption worldwide.
Exciting innovations in product and
process design can help reduce or even
eliminate the amount waste being

generated cost effectively. These
innovations involve a combination of:
1. directly reducing the amount of
waste generated in producing and
delivering a product or in operating
an industrial process;
2. designing products such that their
reuse and recycling is cost effective
and easy;
3. designing service processes so that
product take-back is cost-effective
and easy;
4. increasing markets for products with
recycled content, and
5. phasing in bans on categories of
waste to landfill.
The time frame in considering
investment in new products may be
responding to the signaling effect of the
regulator gradually introducing a new
tax that will annually increase the tax
burden targeted at for example the use
of certain product materials. Consider
the longer-term effect of examples such
as the German wastewater charges
introduced in 1976 and the British
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escalator tax on transport fuels
introduced in 1993.

6.2 Optimal investment decisionmaking time frame

Consideration needs to be given to new
procurement, labeling schemes and
product standards, promoted by for
example regulators along-side others
such as management standards,
technology standards, ambient and
emission standards. If not promoted by
government, your business may take the
initiative to start a collective, private
initiative (including ISO process) to
create a new standard backed up by a
certification scheme. Standards reduce
uncertainty about innovative products or
processes by providing a benchmark for
performance.

A question often asked in studies on “the
business case” is: If the case for
environmental or efficiency
improvements is so blatantly obvious,
why isn’t everybody doing it? The
barriers holding back more supportive
investment decision-making include
outdated subsidies and taxes maintained
by government (ones that prevent the
internalization of externalities and
correct price signals being sent),
attitudes towards risk, lack of
appropriate knowledge immediately
available in decision-making as well as
the institutional and cultural context
within which decision-making takes
place (including incentive structures and
the behavior of peers). (We referred
earlier to the “innovator’s dilemma” –
see Session 2.)

Seeking to avoid being static, regulatory
driven standards may be subject to
periodical review to ensure continual
improvement. An example is the
Japanese Top Runner Programme, which
regularly identifies the most energyefficient household appliances and
vehicles and uses the results to define
the future standard for the whole
industry.

Inventors know that timing is
everything, and that it can take years for
a brilliant invention to go mainstream.
Take the microwave, which was invented
in the 1940s but reached the mass

market only in the 1970s. In another
example, the invention of electric light
bulbs in the late 19th century was
followed by decades of using a very
inefficient technology – one that loses
about 95 percent of the electricity that
goes into it in the form of heat and that
on top of it doesn’t last very long. The
alternative of compact fluorescent bulbs
posed its own problems, notably the use
of toxic chemicals such as mercury. And
then there is the light-emitting diode
(LED) light, which represents a factor 10
efficiency improvement in electricity use
compared to the incandescent light.
While the roots of LEDs go back to the
start of the 20th century, they are only
now reaching the mass market at
increasingly competitive prices.
Mindful that market timing is both an art
and a science, the innovative companies
need to consider that (I) decoupling
products need to mark a breakthrough
(i.e. factor 5-10 improvement) and not
just incremental improvements, that (II)
the resultant market change in demand
will come in a burst once a threshold is
crossed, and that (III) investment needs
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to be made – considering product cycles
- well before that threshold is likely to hit
in order to be prepared. A disruptive
technology will tend to take some years
to adopt, which makes the step change
(e.g. 50-90 percent improvement) key in
raising above the rest. Consider the
historical contributions made by the
Green Revolution, and what is attempted
today by start-ups such as Beyond Meat
to “reinvent” beef, chicken and fish.
Convincing the market about new
technologies is not only about price
(quantity) but also performance
(quality). An example is the popularity of
the new iPod, which cost substantially
more than the old Walkman it replaced.
Yet high upfront investment costs can act
as a barrier, as can be seen in the
experience of LED lighting and electric
vehicles. The experience with renewable
or energy efficiency technologies shows
what happens when a technology is
mature but supply chains and
regulations are not aligned and ready to
enable its mass introduction. This
includes the supply of financial capital.
The role of financial institutions such as

banks is key in removing the capital
intensity (financing upfront costs) from
the equation. Consumers typically would
expect not more than a one- to two-year
payback period, whereas many
companies will expect up to only four
years of payback period for a clean or
disruptive technology investment. This
is despite the fact that many companies
routinely make much less efficient
investment decisions in their core
business (for example when building a
manufacturing plant).
A key factor is the appropriate time
frame employed in investment decisionmaking. This highlights the
counterproductive impact of market
short-termism, the tendency for
providers of financial capital (debt or
equity capital) to focus on the shorter
rather than the longer term, as well as
uncertainty about future conditions and
the future performance of unfamiliar
technologies. Companies such as
Unilever have taken a decision not to
publish full financial results every
quarter, changing incentive structures
for their companies away from constant

short-term gain in the direction of
longer-term planning.
Related to the short versus long term is
the backward versus forward-looking
nature of decision-making. As an
example, the insurance industry prefers
to work with extensive historical data,
which is lacking when they are being
requested to underwrite new
technologies. The lack of track record
for the investment performance of new
technologies makes them appear more
risky. Outdated market regulations can
also disadvantage the entry of new
technologies.

6.3 (Dis)Economies of Scale
It can be argued that resource
productivity only becomes relevant until
it reaches massive scale. Consider for
example that the volumes of natural
resources used worldwide annually are
in the billions and trillions. Having said
this, scaling new technologies is
notoriously difficult – considering the
complexity that likely goes with it. This
applies to all value chains, involving
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some form of manufacturing or
processing.
Engineers or others who invent new
technologies in a lab need to consider
from the start whether the proposed
technology could operate at scale (in the
market). This requires focusing on
consumer or customer behaviour as well
as the whole delivery ecosystem
including availability of the necessary
resources and supply chains.
Consider the case of solar power. Its
history goes back to a 1905 paper by
Albert Einstein on the photoelectric
effect, the patenting of the first silicon
solar cell in 1946 by Russell Ohl, further
development by Bell Labs in the 1950s
and the eventual use of solar power in
satellites by NASA in the 1960s and in
water surveying boys as well as offshore
platforms of oil companies by the 1970s.
Further efficiency improvements with
use of the technology were made, also by
German and Japanese companies, until
the cost of solar power reached US$ 0.15
a kilowatt in 2013 compared to US$ 3.30
a kilowatt hour in 1970.

But even when the new technology solar
power was ready for the mass market,
essential for its rollout at scale was
finding ways of convincing consumers
and developing alternative business
models (compared to traditional
electricity grid supply models). Upfront
investment costs and the seeming
complexity of having it installed at home
discouraged consumers. The solution
turned out to be the services of financial
institutions as well as a leasing business
model that was focusing on delivering a
service (as opposed to having to
purchase a product). This was the new
business model introduced in the US by
companies such as SunEdison, SunRun
and SolarCity with financing support
from pension funds, Google and banks
such as Goldman, Wells Fargo and Bank
of America.

grazing rights) introduced by the
regulator. In the case of solar, an
example from Germany is the Renewable
Energy Act (2000) that played a major
role scaling the solar market by
providing incentives for deployment of
the technology. This offered market
stability with a twenty-year commitment
and incentives designed to gradually
decline over twenty years.

The scaling effect may be supported by
the opening up of new (artificial)
markets thanks to schemes such as Feedin Tariffs (with long-term contracts and
grid access guarantees) and Tradable
Permits (rights to resource depletion or
pollution such as landfill permits or

Financial institutions and instruments
have become increasingly involved at all
points of the agri-food system. In recent
years, hundreds of investment entities
have been established for the purpose of
investing in farmland throughout the
world. When average prices of food

The agrifood value chain illustrates well
the risks and opportunities, some
systemic and complex, that come with
scale. Growing industrialization of
agriculture since the late 20th century
has been accompanied in recent years by
the increasing financialization of food
and agriculture by major financial
institutions. This has major implications
for the distribution and cost of food.
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commodities increase this gives rise to
growing speculation (e.g. by trading of
futures), which may also enhance price
spikes. As the IRP Land Use Report
(2014) highlights, fluctuating prices are
a core problem for stable food
production (including all players in the
value chain).

6.4 Value chain partnering
The importance and complexity of
supply and value chain management
becomes especially evident when one
looks at the growing intensity and length
of global chains of supply and demand. It
also reflects the interrelation between
increasing resource extraction in some
(export) countries versus their indirect
usage in other (import) countries.
Trends since the end of the Cold War and
acceleration in global trade since the
1990s reflect a telling story. In 1996 less
than 20 percent of consumption in G8
countries was met by material imports.
By 2008 this share had risen close to 29
percent.

External supplies have become key
resource and cost centers. It is common
for 10 times more material resources to
be used as input in the production
process than what eventually ends up in
the final product. External spending on
everything from production components
to outsourced services is the largest cost
center for most companies and, as more
companies focus on their core
competencies and outsource the rest, it
is also a growing share of costs. External
spending ranges from two-thirds or
more of operating costs for
manufacturers to one-third of costs for
most services businesses. Outside
spending therefore represents a high
portion of most companies’ cost base,
and savings on that spending can have a
one-for-one impact on profit. The
procurement function therefore has a
direct impact on profitability: a 5%
reduction in sourcing costs can indeed
be the equivalent of a 20% increase in
sales.
Over the last two decades companies
have been changing how they manage
their supply chains. Rigid, arms-length,

customer-supplier relationships are
giving way to alliances with upstream
and downstream trading partners. Direct
interaction with supply chain partners
enable companies to reduce total
inventory levels, decrease product
obsolescence, lower transaction costs,
react more quickly to changes in the
market, and respond more promptly to
customer request. Essential to supply
chain performance is improving the
effectiveness of materials management the set of business processes that
support the complete cycle of material
flows from purchasing and internal
control of production materials, through
planning and controlling work in
process, to warehousing, shipping, and
distributing finished products.
Supplier partner initiatives can
significantly reduce your company’s
costs through reduced waste generation,
reduced consumption of energy and
water, and greater operating efficiency.
Management consulting firm A.T.
Kearney has estimated that inefficiencies
in the supply chain can waste up to 25
percent of a company's operating costs,
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and that even a 5 percent reduction in
waste throughout the supply chain can
double a typical company's profit
margins.
The above signals the importance of
value chain collaboration and making
sure that a new, disruptive and resource
efficient technologies fit into a
surrounding ecosystem (cf the business
ecosystem referred to in Session 5). This
requires tactics such as:
•

•

•

•

early field testing (as e.g. LanzaTech
does producing fuel from waste gases
collected from industry plants),
doing rapid prototyping early on
(scaling from the lab to pilot to
commercial to global scale),
design for manufacturability (e.g.
sample designs easy to repeat, easier
to maintain and easier to recycle at
end of life),
making sure your supply chain
management is integrated (with
demand information easily
communicated up/downstream and
resilient in the face of disruptions),

•

•

•

have standard operating procedures
shared and known by contractors
(enabling integrated operating
systems that involve suppliers),
show the ability to adapt and
integrate technologies (build on what
others have already developed), and
make sure that the necessary
supportive infrastructure is in place
(for example deployment or service
infrastructure such as gas pipelines
or battery charging stations for
electric vehicles).

The fit with a surrounding ecosystem
refers to both vertical and horizontal
(regional / local) connections. In the
local context of urban development, it
can also be taken further in relating to
the local natural ecosystem or natural
resource base. Applying Material Flow
Analysis (MFA) at the cities level, the IRP
Cities Decoupling Report (2013) has
found that it facilitates the reembedding of urban systems within the
wider nexus of local-regional ecosystem
services (e.g. water supplies, soils, air
quality, landfill space) and natural
resource extraction (such as fossil fuels

or building materials that can be drawn
from local, regional, national and/or
global sources). This effectively
recognizes that decoupling urban growth
from increasing resource use will
depend on a conceptual 'recoupling' of
urban systems to their 'bioregions'.

6.5 Champions
The historical fact that “absolute
decoupling” has remained the rare
exception seems to indicate that the
intentional increase of resource
productivity tends to find more
opponents than supporters. In other
words, strong and determined
leadership will be needed to make an
intentional increase of resource
productivity happen.
Change in social norms is influenced not
only by marketing and peer example, but
also by leadership. The latter is key in
overcoming behavioral biases against
investment in resource productivity
innovation. Frustration with the
traditional organizational culture in
many organizations has inspired book
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titles such as “Creative People Must be
Stopped” (David Owens 2012) and
"Unreasonable People" (John Elkington
2008). Constraints may be related to the
individual, group, organization, industry
or society.
Resource revolutions takes time,
sometimes decades, and it inevitably
includes setbacks. To drive an industry
in this process requires the commitment
of revolutionary type mindsets.
Innovative leaders are therefore critical
change agents in making the resource
revolution happen. They need to use
their spheres of influence to contribute
to a transformative process that
challenges the mainstream sociotechnical and economic paradigm. Like
their political counterparts, business
leaders have a key role to play in
defining appropriate goals and
communicating an accepted narrative of
the long-term future of where
enterprises are heading.
An example of a business leader being
the committed champion comes from the
South Korean conglomerate Samsung.

Its founder Lee Byung-Chull started the
company in 1938 as an exporter of dried
fish, fruit and vegetables. Later the
company moved into food processing,
textiles and retail. By the 1960s and
1970s the company moved into
electronics, construction and
shipbuilding. His son Lee Kun-Hee took
over in the 1980s. He examined quality
performance standards abroad – notably
in Europe, USA and Japan – and inspired
his management to become a vertically
integrated, globally networked
manufacturer. One strategy of the
company is to spot technology transition
points and catch up with incumbents
quickly. It is also taking a leadership
position on many fronts. In 2010
Samsung pledged US$ 20.6 billion
investment in five high-growth
businesses including solar cells,
rechargeable batteries for automotives
and LED technologies. It is also heavily
investing in water filtration and offshore
wind energy.
The committed champions inside
companies need to overcome the

following common barriers identified by
Heck and Rogers (2014):
•

The company has visionary leaders,
but they come from a technical
background and lack the business
credibility or experience to make the
investment case to the company.
Dealing with this requires formal or
informal processes to spot promising
entrepreneurs early on.

•

Senior managers are consumed by
the daily running of the business,
including the pressure to meet nearterm financial targets. One solution to
this is having senior executives a few
times a year step back from the
quarterly cycle and have a deep
conversation about assumptions,
technologies and industry conditions
might change.

•

The company makes it too simple to
say no (e.g. “we’ve got enough on our
plate”). Individuals who fail to be
convinced of new opportunities can
thus hold entrepreneurial leaders
back. While the resource revolution
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can imply many parts of the
company, no single team such as IT
or accounting should be allowed to
block experimentation due to the
convenience of business-as-usual. An
emerging opportunity can be
assigned special attention and
resources, in the same way that e.g.
Google allows engineers to work on
what-ever they want for a certain
percentage of their time.
•

Most companies do not redeploy
talent, capital spending and R&D
resources dynamically. More
common is the default position of
“last year plus or minus a little”.
Successful companies redeploy talent
and capital rapidly. This may also
require new approaches to budgeting
and the CEO taking a special portion
from the annual budgeting process to
invest in new technology bets.

•

Most companies attribute failures to
the champions of an idea, rather than
judging carefully what let to failure in
the first place. This includes the
typical mistake of dropping an

experimental technology
prematurely after an initial setback.
Consider the fate of Kodak, who
earlier invented the sensor that made
digital photography possible.
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3. What is an appropriate economy of
scale for your products and
services to have optimal impact in
terms of sustainable resource use?
What supply and distribution
network design will be most
effective to pursue in the coning
five years?
EXERCISE QUESTIONS:
1. Does the design of your products
and services effectively promote
Reduce – Re-use – Recycling of
waste? Are your approaches
delivering at the scale required for
the Resource Revolution?
2. Mindful of consumer interest in
quantity and quality, how would
you make the case to your
providers of financial capital to
support your radical resource
productivity innovation to pass the
threshold of major market takeup?

4. In as far as you make use of
outsourcing and external supplies,
do your supplier agreements
effectively make provision for
resource use innovations? Can you
convene a regular suppliers
convention to assess collaborative
possibilities for achieving Factor
5-10 productivity improvements?
5. Who would be key champions in
your business to lead a Resource
Revolution programme? Would it
be a certain department, such as
operations, IT, marketing, finance?
Would it be certain key
individuals, including the CEO?
What about Board level
commitment? Map a plan for
starting the initiative.
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