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Case Study: Ecosystem Innovation

“Engineers have discovered a way to replace 100% of conventional aggregates in concrete—such
as gravel and crushed rock—with rubber from discarded tires that meets building codes, promising
a boost for the circular economy. The team from RMIT University says the new greener and lighter
concrete also promises to reduce manufacturing and transportation costs significantly. Small
amounts of rubber particles from tires are already used to replace these concrete aggregates, but
efforts to replace all of the aggregates with rubber have produced weak concretes that failed to
meet the required standards—until now.”

Ten years ago, I would have been all over an innovation attempt like this. It ticks a lot of
boxes as far as jumps towards an Ideal Final Result solution. And, if we’d had the chance,
it would have made several more. Or at least the patent application would.
Today we know better.
Inventing solutions is easy, turning them into actual value is not. The problem is that this
kind of innovation attempt by the no doubt well-intentioned academics at RMIT ignores the
fact that their solution is not stand-alone. It does not substitute one existing solution with a
better one. Rather it is part of an ecosystem, and as such the innovation rules change. It’s
no longer about making the customer happy, it’s about making all of the other ecosystem
stakeholders happy too.
Ecosystem innovation is becoming one of our big topics for the year… which means you
should expect to read quite a bit more about it over the coming months. Theory-wise, the
new rules are relatively straightforward: you can only win if all the other players in the
ecosystem also win. Where ‘all’ means, per the TRIZ Law Of System Completeness
(LoSC), the other five essential elements that make the ecosystem a functioning system.
Here's what the RMIT disrupting cement ecosystem looks like from the LoSC perspective:
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The useful function delivered by this system is something like ‘cement construction in the
built environment’, and the RMIT project seeks to enter the system as a better solution in
the ‘Engine’ (i.e. cement manufacturer) part.
We’ve also added a seventh element to the picture – ‘Environment’. Strictly speaking this
is not something that necessarily contributes towards the delivery of the designed useful
function. That said, it is always ‘there’, and if nothing else it provides a surrounding
context. Which, in this case, where the construction Interface is the Architect or (B2B)
owner/specifier of the intended construction, ends up incorporating the members of
society that are either going to occupy the building, or drive across the bridge, or merely
walk along a street and see it.
From an ecosystem perspective, RMIT need to ensure that the six LoSC elements all
perceive a net win, and, to be safe, they had probably also hope that people in the
surrounding environment are also happy and perceive that they win too.
Almost. RMIT have another problem to think about if they want to be successful. The fact
that they’re using spent tyres means that they’re also intruding into another, different,
ecosystem, and thus potentially find themselves having to ensure that key players from
that other – ‘tyre’ – ecosystem are also perceiving a win:
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Now, if I read the message emerging from the RMIT project team right, they’re placing a
lot of hope in the fact that they’re doing something that is good for the environment as the
rationale for spending time and money developing the novel cement. In Classical TRIZ
terms, they’re turning the waste product of one industry into a useful resource for another,
and thus offering an elegant illustration of Inventive Principle 25, Self-Service. And, in
theory at least, each one of the stakeholders will have the opportunity to bask in the NetZero contributing glory. That’s where I think I would have been ten years ago: everyone
wins. Except, we now know, very few customers are prepared to take on a harm-reducing
environmental advance if it comes at the expense of lower performance or higher cost.
Harm-reduction is almost always third on this priority list. Which means that selling a
harm-reduction solution has to be done without adversely affecting performance or cost.
That’s where we would normally set to work with our contradiction-solving tools.
But, we also now know that that wouldn’t be enough to enable success either. In order to
achieve an ecosystem win, each stakeholder needs to perceive that they win. And that
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most likely means that we’re going to have to deal with a rather large number of
contradictions. In order to get a grasp on how many, we put ourselves in the position of
each of the ecosystem stakeholders and wrote down a list of the top five ‘Yes, But’
problems most likely to be expressed by each of them. Here’s the result of that work:
•
•
•
•
•

Reliable supply of low-price spent tyres
Proximity of rubber source to concrete facility
Rubber processing (shaping)
Guaranteeing life/integrity of material
Certification of the overall composite material

•
•
•
•
•

Rubber feed system design challenges
Mixer system re-design (density change)
Guaranteeing performance/consistency
Guaranteeing plant reliability/life
New IP ownership issues

•
•
•
•
•
•
•
•
•
•
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•
•
•
•
•

Ability to consistently collect required quantities
Price elasticity – best price elsewhere?
Shred processing methods (eg removing cord?)
Changes rubber competitive landscape
Disrupts rubber-recycling initiatives

Government/
Regulators

•
•
•
•
•

Zero-Sum Bias – swapping 1 problem for another
Easier Net-Zero contributions elsewhere?
No precedent/who’s going to be first?
Need for cross-industry regulation?
Does the model still work in x years? (other shifts)

Don’t know how to build for more-flexible
Unforeseen adverse effects
Banks/
Geometric design compromise implications
Finance
Unknown failure modes
Who pays premium prior to scale economies Sensor

•
•
•
•
•

Stranded asset write-offs?
Need for pump-priming incentives?
Low-value disruption as the only way in?
Equitable IP licensing cost/benefit share
Inter-stakeholder risk management

Reputational risk
End-of-life demolition more complicated
Fire regulation compliance
Don’t know how to design for more-flexible
Flexible/stiff design interface issues (facade)

•
•
•
•
•

Long-term disposal of composites expensive
Likely future drive away from rubber tyres?
Transporting waste tyres long distances
Relatively small part of Net Zero solution
Shift to shorter-life, reconfigurable structures

Coordination

Environment

You can probably guess what’s coming next. Having identified the main problem areas, if
we are to make sense of the ecosystem, we need to understand the other half of the story:
we know what the problems are, we don’t know what the relationship between them is.
Here’s the resulting Perception Map after defining all of the ‘between’ relationships:
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Here we see the latest evolution of the hopefully by now familiar Perception Mapping
process. If the usual map uses one colour, sooner or later it will follow the ‘Use of Colour’
Trend and make functional use of multiple colours. In this case using different colours to
represent the various different ecosystem stakeholders.
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Looking at this Map, while I like to think that I’m the sort of person to believe that any
problem is solvable, I’m also inclined to start thinking that the RMIT team has little or no
influence over any of the most significant problem areas. Stepping back from the detail
and looking at the bigger picture shows that the orange (Sensor = financiers/investors)
and mauve (Coordination = government/regulator) are by far and away most dominant
influencers of a positive outcome – four of the Top Five problems of each come out as the
most significant problems. Is RMIT going to be able to influence them? Well, never say
never (they Australian Government probably had some kind of involvement already in that
they supported the research), but there’s a bigger problem still. One that becomes evident
when we see that the vicious cycle loop at the centre of the picture involves four different
parts of the ecosystem. That means, unlike the normal rule for breaking vicious cycles that
we need to tackle one problem, here we need all four of the stakeholders present in the
loop to accept and buy into whatever solution ideas might be generated.
And if that isn’t a big enough hurdle, the most important perception on the list (S3 – ‘low
value disruption as the only way in’) breaks all the rules of disruptive innovation, in that it
takes us in the opposite direction to the usual ‘inferior solution that solves a big problem
for a high-value niche customer’. Again, not an impossible problem to solve – e.g.
potentially utilising the flexible-cement solution in bomb-proof structures for military
applications – but still a major whole-ecosystem-level hurdle.
It is the second most important problem, C2, ‘easier Net Zero contributions elsewhere’ that
most likely tells me that I ought to be better off looking to try to achieve my Net Zero
ambitions by looking for lower-hanging fruit elsewhere. Configuring solutions to all the
identified stakeholder problems is always possible, but on every front in this case, I’ll be
fighting a tide that is heading in the other direction. And if there’s one big rule in the
innovation game it is to try and use the tides rather than fight them.
That thought perhaps ought to be the big takeaway message from this case study.
Attempting to innovate within an ecosystem is hard work, and thus demands a high level
of Innovation Capability on the part of at least one, and probably all of the stakeholders,
and right now, there just aren’t that many enterprises on the planet with the requisite
ICMM Capability Level. Implying that, unless lots of other organisations decide to get their
act together, there’s a lot of Net Zero weight going to be put on the ICMM Level 4 and 5
enterprise shoulders in the coming years. In future months we’ll talk more about the
emerging ecosystem innovation theory and how it might help those ICMM thought leaders
to step up to this next big challenge. And maybe – just maybe – begin to wake the Climate
Emergency, eco-warrior community up to the fact that their passion and undoubted good
intentions might be necessary, but they’re definitely not sufficient.
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iSTEEPLE

First there was STEEP. Then came PESTLE (or PESTEL if you happen to live on the
wrong side of the Atlantic). Then STEEPLE. And more recently, STEEPLED. All of them
intended to offer a coherent taxonomy that allows problem solvers to ensure they’ve fully
covered and mapped the context surrounding the challenges they’re tasked with solving.
STEEP comprises Sociological, Technological, Economical, Environmental and Political
factors. PESTLE came along and said, hold on a minute, what about Legal? The
STEEPLE people then added Ethical, and the STEEPLED people(d) decided that ‘Social’
needed to have its Demographic part separated out into its own category. No doubt some
Design Thinking completist keen to make their name in the domain is busy right now trying
to find another category to add to the list. Which then perhaps begs the question, ‘to what
end?’
The TRIZ perspective on a situation like this, if we take the completeness question first, is
what is the system and have we included all of the elements dictated by the Law Of
System Completeness? Asking that question takes us directly to the ‘to what end?’
question: a system is defined as a coherent collection of elements that together deliver a
controlled useful function.
In which case, what is the function delivered by STEEP/PESTLE/STEEPLE/STEEPLED?
The answer to that question is there isn’t one. A useful function only becomes apparent
when we consider a problem-solving team working inside an organisation working inside
an industry and their need to solve whatever problem it is that they’ve been given.
In Law Of System Completeness terms, this team (or the company or industry) is the Tool.
i.e. it is the part of the system that will deliver the intended useful function. Once we make
this connection, it becomes possible to then start thinking about the various elements
contained in the STEEP/etc taxonomies and see how they help complete the system.
Here’s what that looks like from the perspective of the six-element version of the Law:
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Figure 1: Law Of System Completeness and i-SPELT

However, as we’ve seen in other recent articles (see the first article in this edition of the
ezine), it is also clear that any system must also operate within a surrounding context. ‘An
environment’ if you like. This environment may not have any direct impact on the
functioning of the system, but if the job of our problem-solving team is to ensure that we
have thought about all of the things that might affect the problem and/or its solution, it
would be a good idea to include it. Figure 2 shows what that might look like:
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Figure 2: Law Of System Completeness and i-PESTLE

Eagle-eyed readers will already have noticed that Figure 2 ignores the STEEPLED
crowd’s desire to see Demographics as a separate element. The moment we look at it
from a systems perspective, we realise that it is merely one of the elements of a ‘Social’
system – i.e. taking on board the idea of hierarchies of systems, just as we can think of
‘Social’ as being the Interface of the high-level system we’re investigating, at a lower level,
‘Social’ must also contain all the requisite elements to allow it to be a system. In this lowerlevel system scenario, we would likely see that Demographics could be considered the
Engine of a Social system.
Our task here, however, is to establish the coherence of the high-level system. And that
means we still need to think about the Ethical part of the STEEPLE taxonomy. Is ethics
another element in the Figure 2 system, or an element in one of the sub-systems? Or
something else?
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We could plausibly say that Ethics is something we could incorporate into the ‘Industry’
Tool element? Some might also argue that Ethics offer up a parallel to the Legal element.
There’s likely no right or wrong answer at this point, but that said, as we’ve been playing
around with this emerging model and more specifically using it in a problem-solving
context, it has become clear that the best way to ensure that Ethical issues are properly
accounted for requires us to look outside our industry, and to keep it separate from the
Legal element of the taxonomy. And so what we end up with is an overarching taxonomy
that looks like this:
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Figure 3: Law Of System Completeness and i-STEEPLE

And then, finally, seeing as the whole point of creating this taxonomy is to assist problem
solvers to ensure they have coherently and holistically considered all of the things that
might be relevant to the eventual solution of the problem, here’s a generic checklist of the
things we might find ourselves taking into consideration (if you’re going to use it for real,
you might like to edit or modify some of the detail-level language to suit your specific
situation):

i

S

T

E

E

INDUSTRY

SOCIETY

TECHNICAL

ECONOMIC

ENVIRONMENTAL

P
POLITICAL

L

E

LEGAL

ETHICAL

Products/Services

Demographics

Technology

Economic Growth

Weather

Gov’t Policy

Court System

Bribery

Route To Market

Population Growth

New Innovation

Exchange Rates

Climate Change

Taxation

Employment Law

Reputation/Trust

Production Means

Age Distribution

Skilled Resources

Interest Rates

Policy/Regulation

Political Stability

Discrimination

Business Ethics

Measures

Education

Automation

Inflation

Waste/Emissions

Foreign Trade

Anti-Trust Law

Confidentiality

Leadership

Cultural Difference

Tech Awareness

Purchasing Power

Ecology

Trade Restrictions

Trade Unions

CSR/Holism

Customers

Lifestyle Trends

Research

Unemployment

Offsets

Grants/Incentives

Consumer Protect

Wellbeing

Complementors

Health & Welfare

IP

Income

Circularity

Trade Bodies

Health & Safety

Equality

Company Values

Career Attitudes

S-Curves

Investment Opps

Mitigation

Lobbying

Copyright Law

Integrity

Figure 3: Sample i-STEEPLE Check-List

Expect to see some of this thinking incorporated into the next iteration of the Business
Contradiction Matrix. And a case study or two might also be useful… we’ll have a think
about that in the next couple of months. In the meantime, feedback, as ever, is always
more than welcome.
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40 Inventive (Tom Gauld) Principles

Cartoonist, Tom Gauld, has earned himself the enviable position of being the go-to choice
for scientific editors seeking to lighten the mood of their austere publications. We thought it
might be time to examine Mr Gauld’s ability to combine a scientific brain and humour with
his innate awareness of the 40 Inventive Principles. Turns out the correlation level is quite
high, and so we say, welcome to the rarified air occupied by cartoonists like Gary Larson
and Michael Fry. Let’s have a look…

Principle 1, Segmentation

Principle 4, Asymmetry

Principle 2, Taking Out/Separation

Principle 5, Merging

Principle 3, Local Quality

Principle 6, Universality
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Principle 7, Nested Doll

Principle 8, AntiWeight

Principle 9, Prior CounterAction

Principle 11, Beforehand Cushioning

Principle 12, Equipotentiality

Principle 13, The Other Way Around

Principle 10, Preliminary Action
Principle 14, Spheroidality
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Principle 15, Dynamisation

Principle 16, Slightly-Less/Slightly-More

Principle 19, Periodic Action

Principle 20, Continuity Of Useful Action

Principle 21, Hurrying
Principle 17, Another Dimension

Principle 22, Blessing In Disguise

Principle 18, Vibration (‘Resonance’)
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Principle 23, Feedback

Principle 27, Cheap Disposable

Principle 24, Intermediary

Principle 28, Mechanics Substitution
(‘Fields’)

Principle 25, Self-Service

Principle 29, Pneumatics & Hydraulics

Principle 26, Copying
Principle 30, Flexible Shells & Thin Films
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Principle 31, Porous Materials
(‘Holes’/’Pauses’)

Principle 35, Parameter Changes

Principle 32, Colour Changes

Principle 36, Phase Transition

Principle 33, Homogeneity

Principle 37, Relative Change

Principle 38, Enriched Atmosphere
Principle 34, Discarding & Recovering
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Principle 39, Inert Atmosphere

Principle 40, Composite
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Patent of the Month – Solvo-Dynamic Printing

Our patent of the month this month brings us to Oxford University in the UK.
US11,434,387 was granted to a pair of inventors on September 6. As regular readers of
this section of the ezine will know, there are various reasons why a patent might be
selected for our ‘best of’ award – sometimes it is because the solution offers the potential
for (Level 4/5) world-changing opportunities, sometimes because it is just a really elegant
solution, and others because it offers an intriguing insight into the inventive process. This
month’s solution is closer to the latter than the former. TRIZ-Trend-wise, we’d have to
conclude the at US11,434,387 solution is some way away from being ideal, but on the
other hand, such a field-based ideal would be very expensive to create at this point in
history and consequently, because the primary purpose of the inventors seems to be to
solve a difficult problem and to do it cheaply and without the need for a massive change in
capital infrastructure, it offers us a pragmatic look at how inventive it is possible to be in a
heavily constrained situation. Here’s what the inventors have to say on that front:
The two-dimensional patterning of functional materials on a small scale has become an important
aspect of manufacturing technology. Such patterning it is essential in the fabrication of devices like
microelectronic integrated circuits, microelectromechanical systems, optoelectronic devices and
DNA microassays.
Traditionally, patterning has been done via lithographic techniques which can achieve the
deposition of features having resolutions in the nanometer range. However, such techniques are
usually complex and require expensive equipment. Moreover, lithographic techniques are low in
throughput. As a result, alternative direct additive fabrication techniques like inkjet, flexographic
and gravure printing are increasingly used in the field of printed electronics. Such techniques have
substantially lower costs and are compatible with large area high throughput processes.
Among these techniques, inkjet printing is the most popular due to its simplicity and low cost.
During inkjet, ink droplets are ejected from the printhead onto the desired location on the substrate
and therefore do not required the use of masks or templates. It is also a purely additive process,
which minimizes material waste. In addition, it is a non-contact printing technique since the
printhead is positioned above the substrate. This minimizes substrate damage during the printing,
making inkjet printing suitable for printing onto devices with fragile thin film layers. However, the
application of inkjet printing is limited by its resolution. Current inkjet printing technology can
typically produce features with a resolution of 20-30 .mu.m. It is therefore unsuitable for
applications which require feature sizes in the nanometer range.
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To improve the resolution of inkjet printing techniques, variations of the technique have been
developed. One such variation involves pre-patterning the substrate before it is printed. The
substrate may be modified structurally, or modified with chemicals which alter the wetting
behaviour of the ink droplets on the pre-patterned parts of the substrate. However, this method
requires an additional patterning steps which may involve the use of other patterning techniques,
adding complexity to the overall process.
Another variation is electrodynamic inkjet printing wherein the inkjet printing technique is modified
to incorporate an electric field applied between the substrate and printhead. The ink forms a sharp
Taylor cone at the nozzle when an electric field is applied, allowing very small droplets to be pulled
out from the tip of the cone. Electrodynamic inkjet printing has achieved resolutions as low as
several microns. However, the addition of the electrical system adds to the complexity of the
technique. Moreover, the performance of the technique is limited by the ink, which must have
particular electrical properties to be suitable for electrodynamic inkjet printing.
There remains a need for a printing technique which can resolve features in the low micrometre
and nanometre range. It is further desirable for such a technique to be simple to perform (for
instance requiring few steps and no expensive equipment), and to be generally applicable to a
wide range of ink and substrate systems.

And here’s what the problem summarised in the last paragraph looks like when mapped
onto the Contradiction Matrix:

And, just in case the image at the head of this article didn’t give the game away, here’s
how the inventors have solved the problem:
The present invention provides a neat solution to improve the resolution of a printing system,
which involves the use of a carrier liquid that is immiscible [Principle 3] with the liquid to be
deposited during printing. The presence of a carrier liquid around a deposit liquid [Principles 7, 30]
on a substrate reduces the spreading of the deposit liquid, as illustrated in FIG. 1. The carrier
liquid therefore reduces the footprint of the deposit liquid on the substrate, reducing the size of the
printed feature, thereby increasing the printing resolution.
Accordingly, the present invention provides a process for producing a printed article, wherein the
process comprises: passing a deposit liquid through an aperture and passing a carrier liquid
through an aperture to form a volume of the deposit liquid in a volume of the carrier liquid on a
substrate, wherein the deposit liquid is immiscible with the carrier liquid.
Where the deposit liquid is provided to the substrate simultaneously with the carrier liquid, initial
spreading of the deposit liquid on the substrate is reduced. Additionally, splashing of the deposit
liquid (which would increase the spread of the deposit liquid on the substrate) is reduced. These
features therefore improve the resolution of a feature printed according to the process of the
invention. Accordingly, the invention provides a process comprising passing the deposit liquid
through an aperture and passing the carrier liquid through an aperture simultaneously to form said
volume of the deposit liquid in said volume of the carrier liquid on a substrate.
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The presence of the carrier liquid can additionally be used to improve the resolution of the printing
technique by reducing the effective aperture size through which the deposit liquid passes. Thus, in
a particularly preferred embodiment, the deposit liquid and the carrier liquid pass through the same
aperture…
…In many embodiments, the carrier liquid may evaporate from around the deposit liquid [Principle
10]. For example, where the carrier liquid is an organic liquid it may be a volatile organic liquid that
can evaporate easily. Therefore, in some embodiments the step of removing the volume of the
carrier liquid from around the volume of the deposit liquid comprises allowing the carrier liquid to
evaporate. In other embodiments, the step of removing the volume of the carrier liquid from around
the volume of the deposit liquid comprises heating and/or washing the substrate having one or
more volumes of deposit liquid and one or more volumes of carrier liquid thereon.

There. That should save a few billion dollars of capital investment. Simple when you know
how.
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Best of the Month – #futuregen

It was probably in my late teens when I decided that the world was a mess and everyone
needed to start thinking like Native Americans. Specifically, the philosophy that the
decisions we make today should result in a sustainable world seven generations into the
future. I didn’t know it at the time, but this thinking originated with the Haudenosaunee
(Iroquois), dating back to the writing of The Great Law of Haudenosaunee Confederacy
somewhere between 1142 to 1500 AD. Today I occasionally hear it mentioned as ‘The
Seventh Generation Principle’. Sadly, when I chance upon one of those occasions, it is
more likely than not being used as a “green” marketing ploy. Today’s world is great at
taking inspiring ideas and reducing them to meaningless spin.
Although not quite managing the seven generations level of foresight, more recently, I’ve
become very enamoured of the Welsh Government’s Well-Being Of Future Generations
Act of 2015. It takes the idea that the current generation has a responsibility of handing
over a ‘better’ world to the next generation and turns it into enforceable Law. #futuregen is
the story of the making of that Law. And a remarkable story of persistence and vision it is
too. Many governments around the world have long-term plans and planners, but none of
them takes the sort of fifty-year view that the Welsh Government have. Making what Jane
Davidson and supporters have done a global first.
Unless, of course, we count The Great Law of Haudenosaunee Confederacy. Although, in
fairness to the Welsh, the planet wasn’t in nearly such a precarious position as it was
before the Industrial Revolution, and, perhaps even more importantly, the life of the typical
Iroquois didn’t change nearly so quickly as the hyper-chaotic world we all now inhabit.
A world that was slightly less chaotic, too, even forty years ago. Back then, my thinking
had been converted to, “your customers are your grandchildren.” A sentence I heard all
the time, a sentence that was a part of the culture and ethos at Rolls-Royce, my first
employer. After completing my engineering apprenticeship at the Company, I rose through
the ranks to become the youngest ever Chief Engineer. One of my first accountabilities in
this role was to conceive and design the next generation military helicopter for the UK
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MoD. The required entry into service date for the new helicopter was 2035. This was
1990.
One of the first things you learn at a Company like Rolls-Royce is, ‘someone, somewhere
already solved your problem’. So I set about talking to people that had previously been
tasked with designing for a world that didn’t exist yet. The results weren’t good. The MoD
people tasked with specifying the helicopter didn’t have the first clue, and it quickly
became apparent that the aphorism, "Armies prepare to fight their last war, rather than
their next war" was horribly true. We wondered whether there would still be a pilot in the
aircraft by 2035, so we went to ask pilots. ‘Of course there will’, they all said. I didn’t
believe them. We started looking in other industries. It became clear that those tasked with
looking at the future also had no clue what they were doing. Worse was the realisation that
when their models went wrong – invariably within a couple of years – there was little or no
motivation to work out why, or to try and build better models. If we were going to make a
difference, it dawned on us, we were going to have to find our own way.
Thus started a thirty year journey to, first, first understand why economists, politicians and
futurologists are so bad at anticipating the future. Why they couldn’t see that, of all the
ways the future might emerge, the one way it definitely wasn’t going to pan out was as an
extrapolation of the present. I left Rolls-Royce in 1995 to take the future generations
prediction question and our first answers to the boardrooms of what has now become a
trail of hundreds of public, private and third sector clients in over fifty countries. It took until
2007 to assemble the bones of a method. A method that could see the imminent GFC.
And that, by 2012 was able to see that the period from 2020 to somewhere around 2025-6
was going to be a period in history marked by the same levels of chaos and turbulence as
the Second World War. It also, unlike the vast majority of pundits, allowed us to correctly
predict the Brexit result, the Trump election victory, the No result in the Scottish
independence referendum and, perhaps less surprisingly, the Conservative walkover (or
perhaps more pertinent ‘Corbyn-rejection’) in the 2019 election. Most prospective clients
either didn’t believe us, or, more usually, didn’t want to hear the ‘there’s a Crisis coming’
message (funnily enough, even though my organisation has for the last decade operated
largely under-the-radar, when Covid arrived, a lot of those we’d spoken to have started to
come back). The brave few that did, invited me and my team of full-time researchers in to
help them develop and execute their strategic plans. That work has seen the creation of
over $5B in new revenue as a direct result of our work, they’ve saved over $900M in
bottom-line costs, and, from an environmental perspective, have saved over 88 million
tonnes of CO2 from being released into the atmosphere.
The research had, in words to the SI team, provided the ‘keys to the kingdom’. The real
challenge then became working out where the keyholes were. I decided early on that we
were in the ‘make a difference’ business, and that we weren’t going to be able to do it with
the usual Sales & Marketing strategies – what we do, I quickly saw, sounded too good to
be true and was thus largely unsellable. The way forward, therefore was to write books
and articles and let people approach us if they thought we had something they might find
useful. Fortunately, they do find us. Slightly less fortunately, the people that found us are
in the boardrooms and chambers of other countries. And so began a life of jetlag and hotel
rooms. Admittedly some amazing opportunities to work with the absolute best
organisations on the planet, and to make a tangible difference to change and innovation
policies and outputs of a number of government bodies.
All the time this is happening, starting after 2012, what I increasingly found myself coming
home to was a UK sliding down a (predictably) ever slippier slope to chaos and
dysfunction. If the whole world was heading towards turbulence and chaos in the 2020s,
©2022, DLMann, all rights reserved

the UK it became clear was going to see the worst of it. A smarter person would have
moved to another country.
I first heard about the pioneering Well-Being Of Future Generations Act and the
Commissioner role that it triggered not long after the Act was published. Since then,
having been massively impressed by the concept from the getgo, I have been prodding
various government and local government clients to do something similar. Some were
interested. But none to my knowledge have done anything to do anything about it. Quite
possibly because there has been no ‘instruction book’. #futuregen doesn’t quite fill that
role, but it definitely does show the level of persistence and grit required to get things
going. In that sense, it is a classic innovation story. Pioneers working out where they
wanted to get to and then navigating government systems designed to largely avoid largescale change to the point where, seven years down the road, they’ve been able to
catalyse something amazing.
Not quite at tipping point yet, but amazing nonetheless. Albeit with one big caveat. The
secret to success, as with so many things in life, is that best intentions are always
necessary but never enough. What is also needed are credible, proven theories and
models that allow us to recognise that, while there is much we cannot predict about the
future, there is much that is very clear indeed. That, paradoxically, the long term future is
easier to map than the near term. What is missing from the book, in other words, is the
TRIZ thinking that allows the Future Generations system to break out of the trade-off and
compromise mentality the book shows it is clearly stuck in: it is one thing to identify your
key priorities (seven of them as it happens), but quite another to work out what to do when
all of those priorities end up conflicting with one another.
Speaking as someone that often finds myself tearing my hair out queuing in nearstationary traffic on the M4 motorway between Newport and Cardiff, it doesn’t fill me with
joy to know that the reason the problem is getting worse rather than being solved, is
because the Future Generation version of me doesn’t want to have to live with the
environmental consequences of ripping up more of the Welsh countryside today. Not to
mention the economists who’d rather spend the Government’s money elsewhere. Or the
Welsh companies that lose out because they have to deal with worse logistics than their
English neighbours. These kinds of problem don’t get solved by making a balanced
scorecard of differing opinions, they only get solved when officials are shown how to solve
contradictions instead of making trade-offs all the time.
Add some of that contradiction solving to what Jane Davidson describes in #futuregen,
and we might just get somewhere. In the meantime, buying a copy of the book would
make for a pretty good start.
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Wow In Music – All Right Now

February 23, 1978 was a red-letter day for me. Thursday night. Thursday night was Top
Of The Pops night. And for a naïve 15 year old boy, the competition was already on
between punk rock and the regular Legs & Co dance troupe feature. All Right Now was
the focus of their feature that evening. My jaw was on the floor (check it out on YouTube if
you want an archaeology trip to ‘different times’). I’d known and loved the song for several
years already. That night it became the spark that started a lifelong addiction for guitars
and candidate maybe-this-could-be-the-way-to-attract-girls-like-Legs-&-Co guitar heroism.
"All Right Now" is a song by English rock band Free. It originally appeared on the band's
third studio album Fire and Water (1970), which Free recorded on the Island Records
label, formed by Chris Blackwell. Released as the album's second single, "All Right Now"
hit number 2 on the UK Singles Chart and number 4 on the US Billboard Hot 100 singles
chart. In July 1973, the song was re-released, reaching number 15 on the UK chart. It was
then re-re-released in a stretched, 6minute version in 1978. That one reached number 11.
In 1991, a Bob Clearmountain remix of the song was released. It reached number 8 on the
UK chart.
"All Right Now" was a number 1 hit in over 20 territories and was recognised by the
American Society of Composers, Authors, and Publishers in 1990 for garnering 1,000,000
plus radio plays in the U.S. by late 1989. In 2006, the BMI London awards included a
Million Air award for 3 million air plays of "All Right Now" in the USA. The song also
remains as a staple of classic rock radio.
According to drummer Simon Kirke, "All Right Now" was written by Free bassist Andy
Fraser and singer Paul Rodgers in the Durham Students' Union building, Dunelm House.
He said: "'All Right Now' was created after a bad gig in Durham. We finished our show and
walked off the stage to the sound of our own footsteps. The applause had died before I
had even left the drum riser. It was obvious that we needed a rocker to close our shows.
All of a sudden the inspiration struck Fraser and he started bopping around singing 'All
Right Now'. He sat down and wrote it right there in the dressing room. It couldn’t have
taken more than ten minutes." Fraser has agreed largely with this history.
The song takes a bow here in this month’s ‘wow’ slot for several reasons. The first, in line
with Simon Kirke’s recollection concerning the origins of the song, it is very often the case
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that the best songs are the ones that arrive fully-formed in a very short period of time. The
second is Paul Rodgers. Quite likely one of the best rock vocalists the UK has ever
produced. Rodgers was barely twenty-one when he cut the song. He sounded like he’d
been smoking Woodbines and gargling moonshine whiskey for a hundred years. Let’s call
‘the voice’ a prime example of Inventive Principle 38, ‘enriched atmosphere’.
Thirdly we’ll home in on the Principle 2, less-is-more masterclass created by the other
three members of the group. It was almost like someone had set them the challenge of
assembling the fewest possible notes that would still guarantee that an audience would be
up on their feet dancing by the second bar. It’s quite a trick. What I only realised recently,
though, is that the Principle 2-ness of the music stems from the fact that for most of the
time Andy Fraser’s bass is completely absent. It’s just Simon Kirke’s minimal beat and
Paul Kossoff’s even more minimal, all-time classic guitar-store riff. Only in the chorus’ and
Kossoff’’s even-less-is-even-more minimalist solo does Fraser deem to pluck out the odd
bass note. Check it out on the 1970 official live version of the song https://www.youtube.com/watch?v=vqdCZ0yHNa4. And remember that the average age of
the band at the time was less than 20. Baby Baby-Boomers. Different times indeed.
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Investments – Electricity From Air Moisture

Imagine being able to generate electricity by harnessing moisture in the air around you
with just everyday items like sea salt and a piece of fabric, or even powering everyday
electronics with a non-toxic battery that is as thin as paper. A team of researchers from the
National University of Singapore’s (NUS) College of Design and Engineering (CDE) has
developed a new moisture-driven electricity generation (MEG) device made of a thin layer
of fabric - about 0.3 millimetres (mm) in thickness - sea salt, carbon ink, and a special
water-absorbing gel.
The concept of MEG devices is built upon the ability of different materials to generate
electricity from the interaction with moisture in the air. This area has been receiving
growing interest due to its potential for a wide range of real-world applications, including
self-powered devices such as wearable electronics like health monitors, electronic skin
sensors, and information storage devices.
Key challenges of current MEG technologies include water saturation of the device when
exposed to ambient humidity and unsatisfactory electrical performance. Thus, the
electricity generated by conventional MEG devices is insufficient to power electrical
devices and is also not sustainable.
To overcome these challenges, a research team led by Assistant Professor Tan Swee
Ching from the Department of Materials Science and Engineering under CDE devised a
novel MEG device containing two regions of different properties to perpetually maintain a
difference in water content across the regions to generate electricity and allow for
electrical output for hundreds of hours.
Long-lasting, self-charging fabric-based ‘battery’
The NUS team’s MEG device consists of a thin layer of fabric which was coated with
carbon nanoparticles. In their study, the team used a commercially available fabric made
of wood pulp and polyester.
One region of the fabric is coated with a hygroscopic ionic hydrogel, and this region is
known as the wet region. Made using sea salt, the special water-absorbing gel can absorb
more than six times its original weight, and it is used to harvest moisture from the air.
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“Sea salt was chosen as the water-absorbing compound due to its non-toxic properties
and its potential to provide a sustainable option for desalination plants to dispose of the
generated sea salt and brine,” shared Asst Prof Tan.
The other end of the fabric is the dry region which does not contain a hygroscopic ionic
hydrogel layer. This is to ensure that this region is kept dry and water is confined to the
wet region.
Once the MEG device is assembled, electricity is generated when the ions of sea salt are
separated as water is absorbed in the wet region. Free ions with a positive charge
(cations) are absorbed by the carbon nanoparticles which are negatively charged. This
causes changes to the surface of the fabric, generating an electric field across it. These
changes to the surface also give the fabric the ability to store electricity for use later.
Using a unique design of wet-dry regions, NUS researchers were able to maintain high
water content in the wet region and low water content in the dry region. This will sustain
electrical output even when the wet region is saturated with water. After being left in an
open humid environment for 30 days, water was still maintained in the wet region
demonstrating the effectiveness of the device in sustaining electrical output.
“With this unique asymmetric structure, the electric performance of our MEG device is
significantly improved in comparison with prior MEG technologies, thus making it possible
to power many common electronic devices, such as health monitors and wearable
electronics,” explained Asst Prof Tan.
The team’s MEG device also demonstrated high flexibility and was able to withstand
stress from twisting, rolling, and bending. Interestingly, its outstanding flexibility was
shown by the researchers by folding the fabric into an origami crane which did not affect
the overall electrical performance of the device.
Portable power supply and more
The MEG device has immediate applications due to its ease of scalability and
commercially available raw materials. One of the most immediate applications is for use
as a portable power source for mobile powering electronics directly by ambient humidity.
“After water absorption, one piece of power-generating fabric that is 1.5 by 2 centimetres
in size can provide up to 0.7 volts (V) of electricity for over 150 hours under a constant
environment,” said research team member Dr Zhang Yaoxin.
The NUS team has also successfully demonstrated the scalability of its new device in
generating electricity for different applications. The NUS team connected three pieces of
the power-generating fabric together and placed them into a 3D printed case that was the
size of a standard AA battery. The voltage of the assembled device was tested to reach as
high as 1.96V – higher than a commercial AA battery of about 1.5V – which is enough to
power small electronic devices such as an alarm clock.
The scalability of the NUS invention, the convenience of obtaining commercially available
raw materials as well as the low fabrication cost of about S$0.15 per metre square make
the MEG device suitable for mass production.
The researchers have filed a patent (not published yet though) for the technology and are
planning to explore potential commercialisation strategies for real-world applications.
View video at https://www.youtube.com/watch?v=8WOh-trN9cw
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Generational Cycles – Che Chic

Earlier this month, I walked past a man in his seventies. White pony-tail. Combat-jacket.
Che Guevara t-shirt. I did a double take. It’s been a long time since I last saw someone
wearing a Che Guevara t-shirt. At least without seeking to be ironic. Or post-ironic. Or
post-post-ironic. I was tempted to raise my fist and whisper ‘power to the people’ to him as
we passed each other.
The Che Guevara trend, or ‘Che chic’, is a fashion trend featuring the Argentinian-born
revolutionary Ernesto "Che" Guevara. The image depicted on Che chic is based on the
Guerrillero Heroico photograph. It is unknown when the photo was first used as a fashion
design, although it was first given an artistic rework in a series of 1967 posters by the Irish
artist Jim Fitzpatrick. The phenomenon has attracted attention from the media, political
commentators, songwriters, and Cuban American activists due to the seemingly neverending popularity of the T-shirt design, Che's political beliefs, or the opposite of those
beliefs. Che Guevara is quite literally ‘the face that launched a thousand T-shirts’.
Prophet-generation Boomers were the first to start wearing the iconic t-shirt in the late 60s
after Guevara’s summary execution in 1965. Wearing the shirt was deemed to be the
perfect way for Boomers to rebel against their elders. Vive la communist revolution and all
that.
Almost by definition, anything the Boomers deemed to be ‘cool’ was going to be rejected
by the following Nomad generation, even though GenX’ers were pre-disposed to be even
more rebellious than their Boomer forebears. So, how to demonstrate your rebelliousness
and still label yourself as a rebel? The Nomad answer was usually to head down the
antagonise-the-Boomer-hippies route via a healthy dose of irony. Either pointing out that
Guevara was a blood-thirsty, murdering homophobic, racist, rapist, or, no doubt assisted
by the fall of the Berlin Wall in 1989, that communism had singularly failed. Still, an iconic
image is an iconic image, so Guevara’s face lived to see another generation.
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By the time the GenY, Millennials, reached adulthood, their job became to rebel against
the rebellious Nomads. By this time, of course, the image had become pretty much
ubiquitous as a symbol of almost all kinds of rebellion, and every generation goes through
at least a short, late-teen phase of rebellion. Hero generations almost by definition keenest
to be seen as rebelling. And so Che Chic started to be re-purposed as a means of
demonstrating support during Barack Obama’s first election campaign. Now we saw
Guevara’s image expanded to show him wearing a t-shirt bearing an image of Obama,
and the label, ‘hope’. Never mind the fact that, as op-ed commentator Chris Berg noted in
a 2007 article in The Age, ‘Ironically, Che Guevara's longevity as a cultural symbol has
been thanks to the very economic system he sought to destroy’. He also astutely noted,
‘Che Guevara is the Ralph Lauren polo shirt of the anti-capitalist set’. Chris Berg, you
won’t be surprised to learn is a member of the Nomad generation.
Fellow-Nomad, Richard Castle of the Brisbane Times wryly observed a couple of years
later, ‘When that old socialist softie Billy Bragg sang, "The revolution is just a T-shirt
away," he was nearly right: he should have said "that revolutionary". Strolling down
Brunswick Street or Chapel Street, it could be easy to think Che Guevara was the only
man under 40 never to have worn a Che Guevara T-shirt. Billy Bragg, by the way, was a
late-Boomer and therefore generationally inclined to wear a Che Guevara t-shirt in a nonironic manner. In a cruel twist of fate, of course, he found his main audience, post-punk,
among the Nomad generation. Which most likely explains the ironic ‘revolution is just a tshirt away’ lyric from his 1988 classic, ‘Waiting for the Great Leap Forwards’. It’s difficult to
know, subsequently, whether the fact that the ‘revolution is just a t-shirt away’ itself
became an iconic t-shirt design in the noughties (and to some extent still today), is the
work of irony-double-bluff Nomads or authenticity-blind Millennials. But that’s probably the
point.
Authenticity has never been a big Millennial issue. As can more recently still be seen via
the appropriation of the Che Chic image by followers of US politician and activist,
Alexandria Ocasio-Cortez. 1989-born, AOC, as she is frequently labelled, was, you won’t
be surprised to learn is a Millennial.
This almost brings us up to date. Almost. We now live in a world of Generation Z Artists
coming of age and thus reaching their years of rebellion. Artist rebellion, thanks for their
suffocated upbringing, tends to be of the short-sharp variety: as soon as trouble appears,
their most likely response is to apologise and then shuffle home, head-down, to their
bedrooms. The most visible GenZ Che Chic seems to be of the classic image with the
label, ‘I’ve no idea who this is’ written underneath it. No doubt the infant-size version of
this version was bought by the child’s Millennial or Nomad parents. You couldn’t make it
up if you tried.
And as if to prove that point, the most recent ‘newsworthy’ mention of the Che Guevara
image was when An Post, the Irish postal service, issued a Che Guevara stamp in 2017.
Guaranteed by 2017 almost everything in the world was going to offend someone. In
response to the ensuing ‘why are we celebrating a murdering racist?’ uproar from mainly
Cuban exiles, An Post argued that, first of all, Guevara had Irish roots: His great-greatgreat-great-grandfather, Patrick Lynch, was born in Galway, in western Ireland, in 1715
into a family that had lost its property in the religious wars.
Secondly, and probably more significantly the stamps honoured Jim Fitzpatrick, the Irish
artist who’d started the whole thing off in 1967. Jim Fitzpatrick, naturally, is an early BabyBoomer.
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Biology – Oxalis

Although lacking muscles like animals, plants and fungi have evolved various functions to
realise and make use of structural deformation in the process of growth and reproduction.
Among them, mother plants or fungi can eject seeds or spores to certain places with the
assistance of special structures, which are essential for the survival of species. For
example, when the falling liquid is grabbed inside the trumpet-shaped peridium of
Nidulariaceae, the splashed droplets can carry the inner spores outside. The coalescence
of droplets near the Ballistospore can bend its supporting rod, i.e. sterigma, and release
the strain energy to eject spores. Some other plants or fungi could compress the water or
air in their capsules for energy storage, to induce fluid jets for seeds or spores ejection,
such as Arceuthobium, Coprophilous fungi and Sphagnum fimbriatum. In addition, water
evaporation can cause the geometrical incompatibility of the bilayers of some ballistic
dispersal structures, such as the fern sporangium. The shrinkage of its outer annulus layer
due to evaporation results in bending of the whole annulus. Then, the cavitation in the
layer makes the annulus return its original geometry, finally emitting the elastic energy to
eject spores. The structure incompatibility is also beneficial for some plants to create quick
coiling or buckling to eject seeds triggered by dehiscence, such as Erodium cicutarium,
Tetraberlinia moreliana, Bauhinia and Equisetum spores. Furthermore, some plants or
fungi can eject seeds or spores with a lower energy cost. It can be observed that, due to
the existence of partial cracks, the morphology of Impatiens glandulifera seedpod has
been exquisitely designed to minimize the energy dissipation. Another way for the far
ejection of spore is to reduce the air dragging force; for example, Sphagnum fimbriatum is
decorated with vortex rings. Ascomycete fungi have evolved the optimal spore shapes,
which own the minimum drag forces for prescribed volumes. Besides these, many plants,
such as Acanthaceae and Hura crepitans can launch seeds with optimal angles to reach
the distances up to several meters and tens of meters, respectively. In short, we could
probably write a whole book on contradiction-solving seed dispersal methods.
However, this month, we focus on just one. It should be mentioned that the adjacent
catapults of the above-mentioned plants or fungi do not affect each other, i.e. the seeds or
spores in one catapult are ejected just by their host catapult. This means that in order to
launch the seeds or spores totally, all of the corresponding catapults need to be triggered.
©2022, DLMann, all rights reserved

Different from these characteristics, is Oxalis sp. A plant that possesses a special ballistic
dispersal structure to form a consecutive seed ejection, which consumes very little power
by triggering the first seed, similar to a domino show.
The basic problem needing to be solved is, on the improvement side of the contradiction,
the desire to maximise the productivity of the seed creation and dispersal method. This is
hindered by the lack of available power to disperse the seeds. Here’s what this looks like
when mapped onto the Contradiction Matrix:

And here’s how Oxalis uses two of the recommended Principles to do its job: dispersal
power is pre-stored (Principle 10) in an Intermediary (Principle 24) component called an
‘aril’. Here’s what the solution looks like in practice:
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Read the full story in Li, S., Zhang, Y. & Liu, J. Seed ejection mechanism in an Oxalis
species. Sci Rep 10, 8855 (2020). https://doi.org/10.1038/s41598-020-65885-2.
Better yet, here’s a lovely video of the Oxalis doing its thing:
https://twitter.com/i/status/1543925643653808128
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Short Thort
“...the secret of the Great Stories is that they have no secrets.
The Great Stories are the ones you have heard and want to hear again.
The ones you can enter anywhere and inhabit comfortably.
They don’t deceive you with thrills and trick endings.
They don’t surprise you with the unforeseen.
They are as familiar as the house you live in.
Or the smell of your lover’s skin.
You know how they end, yet you listen as though you don’t.
In the way that although you know that one day you will die,
you live as though you won’t. In the Great Stories you know who lives,
who dies, who finds love, who doesn’t. And yet you want to know again.
That is their mystery and their magic.”

Arundhati Roy

“If you think you can grasp me, think again:
my story flows in more than one direction
a delta springing from the riverbed
with its five fingers spread”

Adrienne Rich

News
De-risking Product Development
The call-for-chapters for our new InTechOpen book project is now live. Here’s the link if
you think you might have a potential chapter to submit:
https://www.intechopen.com/welcome/95cd95af339f49959fd211261d5c63f1?edc=y
Or contact Darrell directly if you want to discuss possibilities before submitting.
Sustainable Innovation 2023
Following the interest in Darrell’s recent ‘Final Ascent of Mount Stupid’, we have produced
a follow-up, ‘Escape From Mount Stupid’ for presentation at next year’s (24th) Sustainable
Innovation conference. If the ‘Final Ascent’ paper was all about describing the problem,
‘Escape’ makes a first attempt to offer up some solutions. The event will be held online
and at The Centre For Sustainable Design at the University of the Creative Arts in Epsom
between 20 and 26 March. Here’s the link if you’re thinking of submitting an abstract
and/or attending:
https://cfsd.org.uk/events/sustainable-innovation-2023/introduction/
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Matrix2010 German ebook
We’re happy to announce the availability of an electronic version of the German
translation of the Matrix 2010 book. Thanks to the hard work of our good friend, Horst
Nähler, you can purchase copies here: https://www.c4pi.de/?page_id=28.
ICSI’13
Just a quick reminder that this year’s International Conference on System Innovation takes
place over the weekend of 15-16 October in Hsinchu, Taiwan, or online. Darrell will be
presenting a plenary address on the forthcoming FutureProof book, ‘SI For Business
Operations & Strategy: Recent Advances’ and a scientific paper on ‘SI 4.0’. Register for
the conference at https://i-sim.org/icsi2022/.
New Projects
This month’s new projects from around the Network:
Agriculture – New Product Design Project
Agriculture – Product Evolution Road-mapping Project
Healthcare – Patent Extension Study
Telecom – SI Certification Workshops
Finance – ‘Net Zero’ Investment Opportunity Finding Project
Conglomerate – Advanced Design-Thinking/TRIZ Workshops
Conglomerate – Design-Thinking Workshops
Academia – Spin-Out Mentoring Programme
Automotive – DFMA/TRIZ workshop

Copyright Disclaimer: As regular ezine readers will be aware, we often use images
obtained from a broad range of different sources, usually to set them in a different context
to the original one – for example using an image to illustrate a TRIZ/SI learning point. It is
our policy to always seek permission to use such images. We seem, however, to be
entering a world in which a small minority of copyright owners are actively seeking to hide
their ownership. We will leave our readers to speculate on the possible reasons for this. In
the meantime, all readers should note that any images where we have not been able to
trace ownership, no copyright infringement is intended, nor do we claim to own any of
such images. For the benefit of any hidden copyright owners that make themselves known
to us, we will be happy to remove said images should they wish. The SI ezine is a free
publication with a purely educational focus. SI does not and will not make money from any
of the images contained within the ezine.
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