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4. BUILDING BLOCKS
The session will reflect on the building
blocks of making your Resource
Revolution Enterprise. These build on
the building bocks identified by Heck &
Rogers in their book Resource Revolution
(Chpt 3).

4.1 Interchangeable parts
The resource efficient future may look
like Legoland. And in this Legoland
today’s conventional building &
construction may find itself a non-hero.
The building and construction industry
still leaves wide-ranging scope for
radical resource productivity
improvements. It is a sector responsible
for more than a third of global resource
consumption annually, one that
produces 40 per cent of solid waste and
one where some 15 percent of material
brought to construction sites end up as
waste. At the same time the building
sector has the greatest potential to
reduce GHG emissions and can achieve
energy efficiency at the lowest average

CO2 abatement cost relative to other
sectors.
One area of innovation that holds high
potential for radical resource efficiency
improvement in construction is that of
interchangeable parts that are tied
together using software. The idea of
interchangeability can be applied to
buildings, factories, work processes,
infrastructure systems, vehicles and
appliances. The complementary
introduction of software enables the
delivery of a whole that is more than the
sum of its parts.
An example in construction is the
interiors manufacturing company DIRTT
from Canada. Using walls as organizing
principle, it produces various parts for
easy fitting and including additions such
as electrical wiring cut to the exact
lengths needed. It reminds of an
industrial version of IKEA and
Scandinavian manufacturers of tailormade wooden house parts that are
shipped and delivered abroad for “do-ityourself” assembly.

With its approach, DIRTT enables
massive savings in the use of resources
and space as well as the overall time and
cost of construction. In designing its
offer, DIRTT broke its manufacturing
processes and products into its most
basic parts, reconfiguring how they fit
together with a functional and holistic
perspective. In the process they did away
with waste and legacy technologies such
as nails and screws. All parts with their
special connectors are made parametric,
which means that they are standardized
in a way that they all fit together but
each can be changed in size, material or
colour. And as the history of Interface
carpets illustrates, the benefit of
standard interfaces is that a broken part
or module can simply be replaced or
repaired without effecting the whole
system. Furthermore, clever use of IT
involves DIRTT using a software applied
to the whole value chain for speeding up
accurate design, orders, manufacturing,
delivery and after-sale services.
In pre-fabricated construction the use of
modularity offers many opportunities.
Inspired by examples such as DRITT,
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Broad Construction Building in China is
producing steel and concrete modular
blocks. These are connected onsite with
standard fasteners. In 2011 the company
built a fifteen-story tower in thirty days.
Consider the possibilities for building in
emerging markets, which have been
urbanizing at a rate many times more
than the rate of construction of new
housing stock. This presents a reality of
massive informal settlements and slums.
In some cities of Latin America, the
informal city is bigger than the formal
city. With this come inevitable health
problems. The health benefits of
investments in green buildings,
specifically in technologies and
appliances for heating and cooking, can
directly contribute to improved human
well-being. This requires applying life
cycle thinking in the design process,
construction, operation, maintenance
and disposal or recycling.

4.2 Systems integration
Resource intensive industries appear to
be especially bad at doing systems
integration, relying on old technologies
that have been used for decades or even
centuries. An example is the electric grid,
which technologically today is said to be
still about where the phone system was
in the 1940s. Telephony has seen
milestones such as the replacement of
switches with automated relays after
World War II, and the invention of
software-defined network (SDN) routers
by Cisco in the 1980s which paved the
way for cell phones and internet
communications.
With its roots going back to the 1880s,
the modern electric grid still works on an
old hub & spoke model. It still relies on
customer complaints to identify
problems that may exist and has to send
out maintenance workers in response to
fix a system in which most power plants
are not used optimally. Inefficiencies in
power generation and electricity
distribution is the norm, similar to the
water losses that often go with irrigation

systems in agriculture. Looking beyond
the frustrations of households and
offices, in future the power grid will be
even more challenged as electric vehicles
are deployed in large numbers and seek
to plug-in for recharging wherever
mobility takes them. Electric vehicles
could even become sources of grid
storage themselves. And in the same way
the fixed telephone operators had to get
used to the arrival of the mobile phone,
power utilities will have to introduce
new technologies such as the use of
sensors in the network to spot problems
and fix them remotely, as well as smart
grid meters at homes and offices to
facilitate interaction with users. The
average utility will see its daily data
points increase from the millions to the
billions. Coming to grips with systems
integration and decentralized networks
will require utilities to invest heavily in
software and control systems. Similar to
the experience of wireless
communications, common standards will
need to be followed by users and
decentralized power utilities, operating
over large areas with different climatic
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conditions and increasingly renewable
sources of power generation.
Systems integration poses huge
challenges for not only the power grid
but many other economic sectors,
including retailers, agrifood producers,
hospitals and transport providers. Take
the opportunities in the domain of
transport and infrastructure. To start
with, any enterprise needs to ask itself
critical questions about substituting
transport through virtualization (one of
the principles of productivity – previous
module) and related factors such as
speed and location. Secondly, it needs to
consider that in terms of resource
productivity transport by rail and
shipping is much more efficient than
transport by road and air.
In the rail industry, significant
efficiencies could be achieved in this
sector through energy efficiency,
regenerative braking, lighter rolling
stock, better traffic flow and load factor
management, biodiesel and hybrid or
fuel cell engines and renewable
electricity.

Systems thinking in the shipping
industry include approaches that
consider the ship, its routing network
and harbor areas as a whole. Only
looking at the ship itself, innovations to
reduce energy use and GHG emissions
include new low-drag hull coatings, air
floatation devices, advanced propeller
technology, waste heat recovery, as well
as the utilization of wind-assisted
propulsion technologies. The loading
and unloading of containers from cargo
ships requires large amounts of energy
and thus represents a significant cost
involved in container transportation. An
innovation by flywheel manufacturer
Vycon has cut energy consumption
drastically while extending the life of
mechanical parts. Lowering the
containers is energy intensive because
the braking system must generate
significant resistance in order to slowly
lower the containers. Vycon realised that
the kinetic energy generated by lowering
the containers could be harnessed using
a flywheel and stored for use during the
next container lift.

Systems thinking also places the design
of vehicles in a whole new context, not
only the vehicle as running system but
the systems context within which the
vehicle has to fulfill certain functions.
This additionally challenges the way
manufacturing is organized. The
assembly line as conceived by Henry
Ford brought vertical integration in
manufacturing. Yet large businesses
today have to develop their ability to
operate as network organizations
(allowing for outsourcing and
decentralization – see Session 5) and
employ systems thinking. Although it is
important to ensure that vehicles are
designed to be more energy efficient, this
is only part of the wider system. The
entire transport infrastructure, the
philosophy of logistics, and the shape
and spread of human settlements
influence the amount of energy and
other resources spent on transportation.

4.3 Embedded software
On interchangeable parts above we
highlighted the need for companies to
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break down their products, services and
processes into their basic modules or
parts and ask penetrating questions
about function. Once this has been done,
software plays a decisive part in defining
new ways in which they can tie together,
interfaces that let them work together
and defining holistic services greater
than the sum of the parts. Going through
the exercise requires collaboration
between traditional disciplines such as
civil and mechanical engineers to
collaborate with software engineers.
Consider for example the possibility of a
battery with embedded software that
reports ongoing on variables such as
temperature.
Introduction of innovative software
includes new possibilities in the use of
“Big data” as well as the intuitive
interfaces and capabilities that new
technologies such as smart phones /
pads have made many accustomed to.
Challenging traditional car
manufacturing, Tesla is for example
using consumer electronics (in
collaboration with Panasonic) to
improve the performance of batteries.

Companies such as Google and Apple
may very well introduce the market to
self-driving electrical vehicles that are in
effect mobile entertainment systems.
The move from hardwire to software can
include its application for controls,
enabling feedback loops so that
equipment keeps learning and
optimizing performance remains
ongoing. GE applies this principle in jet
engines with sensors that monitor
performance and can radio ahead for
maintenance, as a plane is getting ready
to land.
The implications of new software
applications for old industries can be
well summarized by the remarks of a
labour union representative who works
for ArcelorMittal. Commenting on the
systems integration at a steel plant
through the use of sensors and
computerized control systems, he said:
“Steel working used to be 80 percent
back and 20 percent brain. Now it’s the
other way around”. (see Case Box)

CASE BOX: ArcelorMittal Belgium-USA - In 2008
ArcelorMittal twinned an underperforming steel
plant in the USA with a state-of-the-art facility in
Belgium to emulate its standards of system
integration. At the plant in Indiana, USA, old
approaches such as relying on the use of phone
calls, paper and individual brainpower was
replaced by installed sensors and computerized
control systems. The system tells workers when
to pour iron into ladles, when to mix alloys, and
when to cast steel into slabs. Workers were able
to reduce the amount of steel they trimmed off
the sides of coils by the equivalent of 17,000 cars
a year. The mill has increased output by 20
percent as smoother processes mean fewer
backups. Backups cause steel to cool and then the
steel must be reheated. In steel, temperature
equals money. A Wall Street Journal reporter
commented that one day the plant manager may
be able to run the plant with just an iPad.

4.4 Biological methods and
nanotechnology
Nature can inspire both the design of
products as well as production
processes. In her book Biomimicry:
Innovation Inspired by Nature (1997),
Janine Benyus defined biomimicry as a
“new science that studies nature’s
models and then imitates or takes
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inspiration from these designs and
processes to solve human problems”.
Biomimicry has plenty to offer in the
Resource Revolution. Explore for
example the fact that natural processes
are typically reversible, which also
means that materials can be recovered
or reused.

that taste like meat and brings similar or
better nutritional value. It also includes
alternative wheat, rice and grains that
are more nutritional and can be grown
using less water, land and energy
compared to corn – an area pursued by
Israeli company Kaiima.

Substitution, one of the principles of
productivity addressed in Section 3, can
be inspired by biology. In 1941 Swiss
engineer George de Mestral invented the
Velcro fastener after he took a closer
look at burrs that he removed from his
dog. Dermal denticles that mimic shark
skin have produced quieter submarines
and faster swimsuits. The German
company Ispo was inspired by the
structure of the lotus flower when it
developed a paint that rejects dirt.

In another example, Hampton Creek
Foods uses peas, sorghum, beans and
other plants to make a product that
tastes like and has the same nutritional
properties as eggs. Called “Beyond Eggs”,
this plant-based product can substitute
the predominant use of traditional eggs
in food production. It substitutes the
heavy reliance on corn, a crop that
accounts for 70 percent of the cost of
producing a normal egg and one that is
much more vulnerable to the impacts of
drought and deteriorating soil quality.

The area of agrifood is seeing exciting
new possibilities of using bioengineering
and bio-based substitutes to replace
established foods know to cause
significant problems to the health of both
humans and the environment. These
include alternatives to beef and chicken

Applied with a life cycle approach,
emerging nanotechnologies have high
potential for application in areas such as
environmental remediation, water
filtration and energy. A richer
understanding of materials science at the
nanometer scale, combined with

computer processing power has
catalyzed a broad revolution in surface
properties, absorption characteristics as
well as optical and electrical properties.
Activated carbon, made of nanoscale
particles with custom-engineered pore
size, is dramatically improving the
efficiency of water filters, electrodes in
batteries and even power plant exhaust
scrubbers.

4.5 Network effects
Network effects refer to the idea that
each additional phone or computer
added to a network increases the value
of all the other devices connected in the
network and leads to further growth.
Today this implies the so-called “Internet
of Things”, in which devices are able to
talk to each other without human
intervention. To put the possibilities in
perspective: Ericsson has estimated that
by the end of this decade some 50 billion
devices will be connected to the Internet
and that 80 percent of these will be
communicating among each other.
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Heck and Rogers (2014) underline that
for the “Internet of Things” to be used to
its full potential the devices (sensors,
cameras, etc) involved need to be
properly integrated into products,
services and business models, they need
to be better aligned with existing
infrastructure, as well as with supply
chains and regulatory frameworks. In
sum, this requires systems integration.
The network effect underlines the role of
intermediaries – technological or human.
These have been found to be key in the
making of decoupling at city level, as
found by the IRP Cities Decoupling
Report (2013). The research overview by
the IRP in this field noted that
technology providers are also becoming
intermediaries – from Cisco systems and
Siemens to providers of solar or wind
power, like General Electric, technology
providers are intervening to reshape
markets to favour their new product
lines.
Intermediaries can be characterized in
terms of functions such as mediating
between production and consumption

rather than focusing solely on
production or consumption issues. The
types of urban change envisioned could
involve retrofitting the old or building
new, and focusing on integrated systems
or network-based solutions. The model
of 'urban networked technologies' is
about new construction. Here the focus
is on one particular technology rather
than an integrated approach. Examples
include an ecological approach to water
or energy management to deal with
supply constraints. Alternatively, the
new construction might not refer to a
new property development per se, but
rather to an entirely new infrastructure.

4.6 Step-by-step engagement of
customer segments
The challenge for the resource innovator
is to take a disruptive technology beyond
the early adopters to the mass market,
crossing a gap that has been dubbed “the
chasm” by writer Geoff Moore. This
includes the ability to sell “green”
products to customers or consumers in
the mainstream who have little interest

in a product or service being “green”. It
requires thinking first and foremost of
the function fulfilled by the product
and/or service as well as ease of use or
“customer delight”. As an example, the
Tesla received wide attraction not
mainly because it is an electric car but
rather because it is a very sexy car that
just happens to be electric.
Especially the producers of resource
technologies, including heavy
manufacturing and energy industries,
face particular problems in crossing the
chasm or gap referred to above. One (1)
is that their product cycles are longer, as
a result of which adoption cycles are
longer. Compare for example the short
life cycle of a smart phone (which may be
replaced annually) versus that of a solar
panel. Heavy industries caught in the
business-as-usual of old technologies are
not very focused on innovation and have
limited R&D budgets. For example the
construction spends less on R&D than
the dog food industry does. The average
amount spent on R&D across all
industries is over 3 percent of sales. Yet
resource intensive industries spend far
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less – some 0.9 percent in mining and 0.1
percent by utilities.
The second (2) problem for resource
technology industries is that they tend
not to have experience in connecting
with the psychology of their customers
(B2B) or consumers (B2C). Factoring in
consumer preferences comes almost as
an afterthought. Think of power utilities
who speak of their “rate payers” rather
than their “consumers”.
Backward-compatibility - such as making
sure that a new plug fits into an old
socket - is about more than just technical
aspects. It is also about psychological
and habitual aspects including
convenience and social norms on the
part of customers or consumers. Take
the example of an alternative product for
cement. Building products manufacturer
CalStar has developed a process that
takes fly-ash (a coal by-product) to
produce (without a kiln / high heating
requirements) a material similar to
traditional cement. It has introduced
usage of the product in areas of the
market where its alternative product

behaves the same as cement and does
not require lengthy certification
procedures. An example is bricks and
pavers, where its products are
indistinguishable from the traditional
alternatives (made of e.g. cement or
concrete).

targets. With the global Resource
Revolution in mind, this involves
consideration of opportunities that exist
with for example consumers living in the
urban environment in emerging
megacities.

Efforts to change consumer behavior
may well be supported by initiatives
from the public sphere, including
government-backed campaigns and
Community-Based Social Marketing
(CBSM). Doug McKenzie-Mohr developed
a model of the latter. It is based upon
social science research which
demonstrates that behavioural change is
most effectively achieved through
initiatives delivered at the community
level, focused on removing significant
“barriers” (i.e. impediments) to a
behaviour occurring, while at the same
time enhancing the “benefits” (i.e.
incentives) for that behavior.
From a business model development
point of view, a key consideration for
your business is naturally which
customer (market) segment your firm
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EXERCISE QUESTIONS:
1. Which of the building blocks
for the Resource Revolution
Enterprise apply most to your
business? Why?
2. Considering the possibility of
interchangeable parts, sit down
with colleagues and break your
manufacturing processes and
products into its most basic
parts. Then reconfigure how
they fit together with a
functional and holistic
perspective. What radical
resource productivity
improvements can you define?

3. What role does software play in
the making of systems
integration and connecting
your products and services
with a surrounding business
ecosystem? Have you
considered how you may use
Big Data with the global
resource challenge in mind?
4. How can your enterprise make
better use of ICT services in
crossing the chasm, taking
disruptive resource efficient,
cleaner technologies beyond
the early adopters to the mass
market?

9

