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Quantifying Complexity Pt2:
Ashby Numbers & Stress Ratios
Way back in February we introduced the idea of quantifying complexity levels and the twin
concepts of dynamic and static complexity. We also introduced the work of John Warfield,
and his attempts to help problem solvers understand the amount of complexity they were
being expected to deal with. Although Warfield didn’t have an appreciation for the stepchange differences between the ‘Simple’, ‘Complicated’, ‘Complex’ or indeed, ‘Chaotic’
situations described in Cynefin or our Complexity Landscape Model, his attempts to
quantify complexity levels did incorporate an appreciation for conflicts and contradictions.
His ‘Situational Complexity Index, SCI was calculated as
SCI = NVK/350
Where N is the number of problems identified by a group of problem solvers; V is the
number of these N problems selected by the group to actively work on, and K is (here
comes the contradiction bit) the number of ‘dyadic relationships’ connecting the V selected
problems. K, in other words, is essentially about the interactions between pairs of
problems. In the worst case, K could mean all of the different pairings – which would make
it Vx(V-1). Finally, the number ‘350’ was in effect used as a constant to normalise the SCI
to a datum value. That datum situation was one in which N was 7 (Warfield’s rationale for
this and the other numbers is somewhat convoluted, but crudely speaking in this case
corresponds to the capacity of our short-term memory), V was 5 and K was 10. This
combination of N, V and K would then give an SCI value of 1.
We’ll return to this calculation shortly. Before we get there, it is worth picking up on the
questions posed at the end of Part 1 of this Complexity quantification story. Those
questions related to a calculation of dynamic complexity, and were based on an analogical
link to the non-dimensional Reynolds Number found in the world of aerodynamics and it’s
use to describe the boundaries between different types of flow regime – ones equivalent to
the CLM ‘Simple’, ‘Complicated’ and ‘Complex’ boundaries. Converting the Reynolds
Number analogy into the more general world of dynamic complexity in order to know
which regime we’re in requires us to know:
- How many people are involved (‘density’)
- How far we’re trying to (discontinuously) move them (‘L’)
- How quickly we’re trying to do it (‘u’)
- And, how willing they are to go with us (‘internal resistance’, μ)
In keeping with the aerodynamic version of the story, we thought it would be nice to
maintain a numerical equivalence. This means – as shown in Figure 1 – that the boundary
between a Simple situation and a Complicated one occurs at a Reynolds Number of
~2300, and that between Complicated and Complex occurs at ~4000.
To make the calculation, we spent some time exploring some of our past client projects
and problem-solving sessions and used them to derive the following calculation
parameters:
P – the number of people involved in working on the problem
L – the number of Contradictions the team is working on and seeking to solve
(recognising that, almost by definition, if there are no contradictions, the problem is
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u = project ‘speed’ – defined as the required contradiction-solving rate measured in terms
of ‘jumps per day’
μ = ‘willingness’ to go on the journey, which in the end we split into two separate
components, a first concerning ‘open-ness’ to change (on a 1-5 scale, where the
higher the number, the more open a person or team is), O, and the second the amount
of collective Experience the team possessed, E (also scored on a 1-5 scale).
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Figure 1: Dynamic Complexity Boundary ‘Ashby Number’ Values

Relabelling Reynolds Number as ‘Ashby Number’, A, as suggested back in February,
gives a calculation like this:
A = KuP√(L+1) / EO
Where K is a constant, 75,000, and there’s a square-root-based damping of the
contradiction number to reduce its impact, again based on real life experience. By way of
a datum example, looking at the Simple/Complicated threshold, for a one person team
working on 1 contradiction, and needing to finish in 5 days (making u = 0.2) with average
(3) levels of Openness and Experience, we will get:
A = 75000x0.2x1x√2 / 3x3 = 2357 = ‘complicated’
Eagle-eyed readers may at this point recognise that we haven’t so far indicated a
‘Reynolds Number’ value to signify the transition between a situation that is ‘Complex’ and
one that is ‘Chaotic’. The reason for this, sticking with the aerodynamic analogy for a
second or two longer, is that while the transition from laminar (simple) to transitional
(complicated) to turbulent (complex) are governed by Reynolds Number, the propensity of
a flow to ‘separate’ and hence become chaotic is not significantly influenced in the same
way. Consistent with the aerodynamic metaphor, a flow can go directly from laminar to
separated without going through the transitional or turbulent stages quite easily, whereas
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a flow that is turbulent tends to be more resistant to separation. The dimples on golf-balls
exist to create turbulence that in turn ensures less flow separation as the ball flies through
the air, and hence it travels further. A system that is being treated as ‘complex’ in other
words is less likely to breakdown into chaos as one that is being treated as simple.
Anyway, that detail aside, the principle factor determining whether a flow of air separates
and tips into chaos is, in aerodynamics terms, adverse pressure gradient. Or, in
complexity terms, stress. Or, better yet if we desire to create a non-dimensional number
that can be applied universally, Stress Ratio.
Figure 2 illustrates how we’ve been experimenting with using this value to identify not just
the Complex/Chaotic Boundary but also the crucial ‘edge of chaos’ zone found
immediately prior to the collapse of a system or environment into chaos:
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Figure 2: Dynamic Complexity ‘Chaos’ Boundary & Stress Ratio

Here’s how the logic is currently working: we first of all defined a Stress Ratio of 1 as the
point at which the ‘edge of chaos’ zone commences. This Stress Ratio is here defined as
the stress-carrying capability of a system or environment divided by the actual level of
stress. Part of the idea here being, per the famous Leonard Bernstein quotation, ‘to
achieve great things, two things are needed: a plan and not quite enough time’, creativity,
in other words, only really happens when things are slightly out of control. Or, thinking
about most biological systems, ‘no pain, no gain’. Most natural systems, in other words,
actively need to be periodically over-stressed (and then allowed to recover). These days
we call this ‘antifragile’. This kind of ‘over-stressing’ of a system, of course, only works up
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to a certain point. What doesn’t kill you, might make you stronger, but if we overdo things,
it might very easily do us significant long-term damage. Not quite antifragile, but we can
observe a similar phenomenon in the world of jet-engines. Most passenger aircraft these
days have two engines and operate safe in the knowledge that if one of them fails, the
other will have sufficient power reserve to allow the plane to, if not continue to its intended
destination, at least land safely at a nearby airport. This ‘power reserve’ effectively allows
the pilot to operate the engine at over 100% of the designed maximum power. In some
situations this means an engine might be expected to deliver over 150% of its rated output
level. The limitation being that it is only able to do this for a relatively short period of time,
and, when it has been subject to such over-stressed conditions, will be expected to
undergo some stringent safety checks and overhaul after the aircraft has landed safely.
Whether we’re talking about manufactured systems like jet-engines, or natural systems, or
systems comprised of purposeful problem solvers, the actual Stress Ratio that will trigger
a collapse into chaos depends on a number of factors.
Here, finally returning to John Warfield’s Situational Complexity Index and the start of this
article, is where our Stress Ratio calculation has so far evolved to:
Stress Ratio, S = log( 10RC/E + 1) / (1 + √P)
Where, thinking about Warfield’s ‘dyadic relationship’ calculation:
R = number of improving parameters in the Contradiction Matrix that are relevant to the
problem being tackled
C = number of worsening parameters in the Contradiction Matrix that are relevant to the
problem being tackled
E = contradiction solving experience quotient (1-5)
P = number of active problem solvers (the square-root here comes from Risk Sharing
Partnership experience, again in the aerospace industry that, for example, reveals
that doubling the number of partners doesn’t halve the risk, but rather reduces the
risk by the square-root of two – i.e. around 30% rather than the expected 50%
A typical set of actual figures will produce the following result:
E = 1; R = 2; C = 5; P = 1 gives a Stress Ratio, S = 1
We’re still experimenting with a generic S value for the Critical Over-Stress Ratio, Scrit, the
thing that will allow us to determine where the Complex/Chaotic boundary actually gets
crossed, but experience to date suggests that a value of 1.4 is about right.
More on that subject in a third and final part to this series, when we shift the focus to Static
Capability and put the whole complexity measurement story together with a worked
example. Back in February I made the mistake of saying that Part 2 would be published in
March. This time I need to try and avoid falling into the same trap… Part 3 might be next
month, but – seeing as the schedule for the June issue is already mostly fixed – it will
probably more likely appear in July. Or August. It’s the complexity you know.
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Innovation Projects:
Handovers Or No-Handovers?
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Here’s a dilemma mainly for ICMM Level 2 and Level 3 organisations: should innovation
projects use the same team from beginning to end, or have handovers at various points in
order to ensure the most appropriate skills are brought to bear at the most appropriate
time? The issue being that ‘appropriate’ needs to recognise the fact that, as a project
transitions from its ‘fuzzy-front-end’ beginnings to its ‘devil-in-the-detail’ end, there needs
to be a transition from what we’ve been calling ‘Innovation World’ and ‘Operational
Excellence World’. Per ICMM convention, we’ve typically referred to these two Worlds as,
respectively, Green and Red. And, as illustrated in Figure 1, in most regards they are polar
opposites:
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Figure 1: Green Versus Red World & Technology Readiness Level (TRL) Journey
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Also shown in the Figure are the various stages of the now almost universal Technology
Readiness Level (TRL) scale. A full innovation project is likely to start over on the green
end of this scale at TRL0 – a place where all the team might have to go on are a few
clues, hunches and insights that may be pointing towards a possible innovation
opportunity – and, assuming nothing goes too wrong during the intermediate TRLs, will
end up as a successful, fully productionised TRL9 solution that customers are prepared to
pay more for than it cost the provider to create. The TRL0 to TRL9 journey sees a
transition from Green thinking to Red Thinking. And perhaps that is where the heart of the
handover-or-not-handover contradiction lies: People tend to be better at ‘Green’ thinking
or ‘Red’ thinking. Green thinkers get bored doing all the ‘devil-in-the-detail’ Red work, and
Red thinkers easily become uncomfortably with the uncertainty, confusion, u-turns and
apparent procrastination of Green work.
People aren’t one colour or the other, of course. It’s perfectly possible to put individuals
with a preference for Red World into a Green-rules brainstorming session for an afternoon.
You might also get them to survive a Green World bootcamp for a couple of days.
Similarly, it’s perfectly possible to place an individual with a strong Green World
preference into a Red World FMEA analysis session for an afternoon. Or maybe even
participating in a Six Sigma project for a couple of weeks. Albeit, in either case, they’re as
likely to annoy the Red thinkers as they are to thrive – Green thinkers often having the
annoying habit of trying to re-invent processes and protocols that they see as boring and
unproductive.
In this regard, perhaps fortunately for Red World, the world of work currently has many
more Red thinkers than Green. The ratio usually being around 94:6.
This fact alone might be seen to offer up a few solution clues concerning the handover
question. Enter von Clausewitz (Reference 1) and the idea of ensuring success by
deploying a critical mass of resources at the critical point. If, as is likely, there are only one
or two Green thinkers in the organisation, that’s the critical resource that will determine the
maximum size of the critical point the company is realistically able to work on. And, if
you’re expecting those Green thinkers to remain with a project all the way to TRL9, that
means a lack of critical resource to start any other projects until the current one is
completed. When there’s a lack of a given resource, the implication goes, the organisation
will very likely have no choice but to demand a project handover (usually somewhere
around the TRL4-5 Level based on experience) in order to allow the limited Green
resource to do what they do best and bring them back to start work on the next job in the
innovation opportunity queue.
With this strategy, we manage the handover/no-handover contradiction by utilising a
separate-on-condition strategy: when we have limited Green (or Red) resource, that
limitation forces us to go down the handover route.
Returning to the earlier comment about Red people enduring short bursts of Green World,
or Green people enduring short bursts of Red World, another condition we might be able
to exploit in managing the contradiction would be to think about the likely duration of the
TRL0 to TRL9 journey. If this duration is short enough, then it may become possible to
maintain the same team throughout the project. At this point the question then becomes
short is short enough?
In the IT world, where the TRL journey is typically the fastest, a project may often be short
enough to contemplate a single team all the way through. Especially if the team is mature
enough to transition the project leadership from Green to Red thinking at the appropriate
©2021, DLMann, all rights reserved

time. The IT world is probably also blessed with a higher than normal percentage of the
ultra-rare individual that can both endure long periods of Green World, and can talk the
language of Red World (typically <1% of the working population), and that might also help.
Get lucky enough and it may be possible to find one of these mythical Green/Red
chameleons that can also manage projects to deliver the right (‘wow’) solution on budget
and on schedule.
In non-IT projects, where the duration is almost inevitably going to be measurable in
months and, more likely, years, the likelihood of maintaining the same team throughout
becomes progressively reduced. The relationship is usually exponential. Meaning that
once a TRL 0-9 journey has gone over 12 months, the likelihood rapidly approaches zero.
Not that most organisations seem to recognise this fact. Even in those larger organisations
that have adopted some kind of matrix organisation structure and hence have a dedicated
team of Project Managers equipped (in theory at least) with the wherewithal to oversee a
project from start to finish find managing the TRL journey a major challenge. Even if these
Project Managers are trained to serve as an agent of continuity that will oversee the arrival
and departure of the appropriate Green and Red resources at the various different
Technology Readiness Levels. One might go so far as to say that a defining characteristic
of an ICMM Level 3 organisation is that these Green/Red-transcending Project Managers
exist in sufficient numbers to be able to cope with the whole portfolio of innovation projects
passing along the product pipeline. And then, by extension, that a part of the Journey from
ICMM Level 2 to Level 3 is about implementing the appropriate education and support
systems to be able to create these Project Manager types.
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Overall, then, when it comes to managing the handover/no-handover contradiction, the
two main variables are the TRL 0 to 9 project pulse rate and the scarcity or otherwise of
critical resources. Here’s how the two combine:

L
H
TRL JOURNEY PULSE RATE
Figure 2: How Critical Resource & Pulse-Rate Affect Project Handover Decisions

So much for managing the handover contradiction, what about actually solving it by
transcending to a higher level solution? For this, we need to think about an eventual
evolution towards an Ideal Final Result end-state. Which in turn means thinking about the
word ‘self’, and in this case, more specifically, ‘self-organising’ systems. As in the sorts of
project management structure found in companies like WL Gore and, more recently, Haier
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(References 2 and 3 respectively). In its most mature form, a self-organising innovation
project team has the ability to, for example, build their own business case, sell it to internal
‘investors’, attract passionate, engaged team members, and, if things start to go off-track
enable team members to vote off leaders that aren’t doing the right thing, or, in extreme
cases, elect to kill their project (nobody willingly wants to stay in a project that they see is
destined to be unsuccessful). They also fully embrace the operating principles consistent
with what is required to thrive in complex situations: there are clear boundaries, a clear
compass heading, meaningful goals, and an agreed set of ‘rules of engagement’ that
enable the team to resolve the inevitable ‘right-versus-right’ conflicts and contradictions
that will arise. The evidence from Gore, Haier and others clearly shows that, once these
foundations are in place, self-organising happens very quickly. The cream always tends to
rise in any kind of gathering of workers. In self-organising teams the rise is able to occur
much faster because there are no layers of middle-management to slow things down.
Needless to say, when teams know where their project destination is, are given the
mandate to do what is necessary to make the journey, have the sort of framework offered
by the TRL scale and the Stage Gate Reviews that are required to be successfully passed
along the way (Figure 3), and leaders with NEPTUNE-like skills (Reference 4), that’s
about as good as things get.
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Figure 3: TRL/Stage-Gate Framework

Or almost. Whenever we approach an Ideal Final Result end-point, like sailing to the
horizon, by the time we get there, we’re able to see further still. Humans are by nature
lazy. Sometimes this is a good thing. Laziness being a key driver for innovation. But more
often it means it is really difficult for organisations to maintain the levels of passion and
energy that existed in those frantic early days. The two best remedies for this naturally
downward energy trend seem to be, first, giving people tasks that are meaningful, and,
second, exactly as we find in ‘red in tooth and claw’ Nature, a level of competition that
ensures teams are always forced to stay sufficiently outside their comfort zone (Reference
5).
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Not So Funny – Separation Principles

Managing physical contradictions. Three separation strategies – separation in space,
separation in time and separation by interface. Simple. Usually.
Separation In Space
Sometimes ‘space’ can mean geography…

…sometimes it can be about much smaller distances…

…sometimes a combination of both…
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The local system: ‘short arms, deep pockets’
The geographical super-system: ‘short arms, deep-pockets’ is a compliment in places like
Yorkshire, Scotland and places where people know, ahem, the value of money, but an
insult in places like, err, everywhere else…
…although, ironically, you’d never find a sandwich like this in either Yorkshire or Scotland.
Unless it was imported from other parts of the UK…
…We want ham and we don’t want ham…

…or, how about a different kind of geographical contrast…
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Liquor-store versus laser-eye surgery parking
Separation In Time
A topical contradiction to start the temporal ball rolling… BC and AC…

That’s what happens when we separate time by a few months. Here’s what happens when
we separate by weeks…
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…back to months… September to December, specifically…

…or how about years… 1990 to 2019…

…or, more generally, age, in this case 31 versus 21 (Millennial edition)…
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…or then there’s a more event-based interpretation of time… beginning of first day at
school relative to the end of the day…

…I’m not so sure about the bag-swap… even less sure about the clothes… at least the
shoes stayed on…

…Freshman Year - first-day and last-day

Separation By Interface
Not one of the separation strategies found in classical TRIZ, but very much a part of the
Space-Time-Interface pillar of modern-TRIZ, separation by interface is still a strategy that
causes some confusion among users. Time to put that right. Sort of…
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…here’s a fairly obvious ‘interface’ shift to set the ball rolling…

…another obvious, but perhaps less pleasant interface…

…or, to brighten the mood, here’s Valentine’s Day… the most romantic day of the year. Or
not…
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…talking of romance, let’s go full circle and head back to Yorkshire. Here’s another ‘value
for money’ interface story or at least the ‘don’t like spending money’ half…

…which just leaves us to cover the second most noble of Yorkshire traits… a weather
interface story…

…that’s all folks…
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Patent of the Month – Thermal Storage System

Our Patent of the Month for the month of May takes us on a trip to visit a trio of inventors
at the Worcester Polytechnic Institute in the US. US10,995,250 was granted on the 4th of
May. First up, bonus points for their succinct problem description, which reads as follows:
Conventional thermal energy storage systems include sensible heat storage (liquids such as water
or solid materials such as concrete), latent heat storage (phase change materials) and
thermochemical heat storage systems (sorption and chemical reaction systems). In a sorption
process, heat is stored by breaking the binding forces between a sorbent and a sorbate, and
released at a later time by re-absorption of the sorbate. Sorption systems have the advantage of
being able to store heat indefinitely, and to release this heat in a well-controlled manner with
addition of a sorbate such as water.
The ever increasing world energy consumption has created a need to find new ways to use energy
resources in a more efficient and rational way. Thermal energy storage systems provide the
potential to attain energy savings, which in turn reduce the environmental impact related to energy
use. Recently, there has been an increased interest in sorption thermal energy storage systems
due to their high storage density and the ability to store heat indefinitely at ambient temperatures
without self-discharge.

And then, a little further down we get to the crux of the contradictions to be solved:
While sorption-based technologies have high energy density at material level, most of the current
sorption-based technologies entail the use of other mechanical and electrical parts for their
applications, which adds complexity to the system configuration and results in low heat storage
density at the system level.
Configurations herein disclose a self-contained responsive sorption-desorption system with
material-enabled passive control mechanisms that enhance overall system efficiency. The
proposed sorbent-thermo-responsive polymer system helps not only release heat in a timecontrolled manner but also allows scaling down of such systems to a micro level. The proposed
system is also robust in terms of being relatively independent on the availability pattern of heat,
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whether it is continuous, cyclic or intermittent. The disclosed system also alleviates two important
problems commonly encountered in conventional (sensible and latent) heat storage systems. First,
the system is able to indefinitely hold on to its stored heat whereas traditional sensible and latent
heat storage approaches lose thermal energy over time due to conductive, convective, or radiative
heat exchange. Second, the system can be tailored to release heat at a well-defined temperature
by controlling the UCST of the thermo-responsive polymer, which allows the system to be tailored
for different thermal applications. The upper critical solution temperature (UCST) or upper
consolute temperature is a temperature above which the components of a mixture are miscible in
all proportions. Generally, the upper qualification indicates that the UCST is an upper bound to a
temperature range of partial miscibility, or miscibility for certain compositions only.

Which we can map onto the Contradiction Matrix something like this:

Good to see Principle 36, Phase Transition in the list, since that’s what the overall
sorption-desorption system is based on. The key to the success of the new design,
however, is about the ability to vary (Principle 15, Dynamics) the UCST of the thermoresponsive polymer.
Easy when you know how.
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Best of the Month – The Project Revolution

Admission time. I scanned through this book when it was first published a couple of years
ago, and decided it didn’t contain anything new. Or rather, anything that was new that was
also useful or important. Now, I realise that probably wasn’t the point. The real point is that
it wasn’t new to anyone living in Innovation World, but to anyone living in Operational
Excellence World it was not only new, but a really insightful wake-up call. And maybe its
because the SI team is spending a lot of time with Operational Excellence World clients at
the moment, that this book has gone from blah to being something like the perfect
injection at the perfect time.
Author, Antonio Nieto-Rodriguez it has to be said comes with a terrific pedigree as, first, a
working project manager, and second, a leading light in the Project Management
Institutional community. Here’s a man that has his own collection of PM battles-scars and,
through his leadership of PMI, the second-hand battle-scars of thousands of other PMs.
He is, in other words, as good a person as any to write a book on project management.
One of the orphans of the MBA world, ANR makes the case to say that project
management has only existed as a formal discipline since the 1950s, almost no
universities teach it as a subject, and almost no senior leaderships recognise it as
anything other than a bunch of people that either deliver late, over-budget, under-quality,
or not at all. Which is probably part of the problem.
Enterprises tend to be either ‘operations’-based or ‘project’-based. In the past, the
emphasis was very much on the former. And so it was highly appropriate for MBA
programmes to teach managers how to survive and thrive in operations-based
businesses. The operations/project ratio trend on the other hand is very clearly moving in
the direction of more-projects. And, thanks to COVID-19, made a step-change shift last
year. Here’s an updated image of one of the figures in the book:
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Not that ANR showed any great pandemic-prescience when he included the figure in the
book. Rather he makes the compelling argument that the world is making an inherent and
irreversible shift away from Operations towards Projects thanks to the emergence of AI
solutions. The logical is impeccable: what are computers good at? Answer: simple,
repeatable, repetitive actions. What are Operations all about? Answer: simple, repeatable,
repetitive actions. Ergo, Operations-type jobs are precisely the ones that AI solutions are
increasingly able to do better than the best humans. And therefore, anyone keen to
preserve their future employability would be well advised to at least educate themselves
about the ways of a world in which everything is a one-off project until such times as it can
be operationalised and handed over to robots. This is the core of the Project Revolution.
And that’s why the book serves as a wake-up call. If you’re a person working in
Operational Excellence, or you know people who are, you should probably use this book
to get yourself and them to at least see that there is another way.
Ultimately, we’re talking Red World versus Green World here. Innovators learn to thrive in
Green World. This is the Red-person’s easy entry into a Green future.
Not that it is perfect by any means. The history is great. The catalogue of historic project
failures is compelling and the overall Revolution premise is almost unarguable. Beyond
that, because ANR is writing for essentially Red people, he feels a need to present tools –
mainly a ‘Project Canvas’ – that speak to Red Word expectations. I can’t imagine myself
ever using the Canvas. Or recommending clients use it. But I can at least say to myself
and them, that if nothing else, ANR understands that its much more important to talk about
principles than it is about standardised solutions and does an excellent job of
communicating a clear set of principles in his description of the Canvas. Here’s a copy of
the Canvas so you can make up your own mind…
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Wow In Music – Glastonbury Song

I tell you what I miss. Getting a group of friends together, putting on an album for the first
time and being blown away by how good it is. The last time I can remember was when the
Waterboys album, Dream Harder, came out in 1993. Or at least until we arrived at Corn
Circles. The first four tracks though. Wow. Everyone in the room looking at each other,
mouths agape, mouthing, ‘where did this comes from?’
The New Life, Glastonbury Song, Preparing To Fly, The Return Of Pan. Had there ever
been a better run of Waterboys songs? Les-Paul-turned-up-to-eleven Waterboys songs.
All four songs have their great moments – the (Principle 37) discordant metallic pre-riff
klanks in Return Of Pan, the second where-did-that-come-from guitar solo in Preparing To
Fly, the “Rejoice...for... the... new...life...starts... … (Principle 31)… HERE!!!!!!!!!” vocal in
opener, The New Life – but Glastonbury Song probably takes the prize for cramming the
most wow moments into three minutes and forty-three seconds.
"Glastonbury Song" was inspired by the town in Somerset, England, and the single sleeve
(the song was the second single off the album – Return Of Pan was released before it)
features a photograph of Glastonbury Tor, taken by Michael Mathias. Waterboys main
man, Mike Scott, told Rolling Stone in 1993: "It's almost like a place to go on a pilgrimage,
a holy, sacred place. It's inspiring to be there." Speaking of the song in a 2003 interview,
Scott commented: "It's actually one of the most commercial, radio-friendly songs musically
that I've ever produced.”
The song starts with an overdriven Les Paul riff, which after setting the pace, peels away
to be replaced by an almost (Principle 16) syncopated piano riff and (Principle 37) chorus
of heavenly voices. Then we get the guitar back again as the first verse arrives. Then a
second verse, this time, just after the ‘strange angels’ lyric, comes a (Principle 3) different
chorus of angels (1’40”). They’re back again at the end of a ‘one fine day’ Middle 8 with
yet another shift in melody and a step-change in intensity up to a swirling exultant
(Principle 38) climax (3’0”), before the Les Paul returns with a bringing-it-all-back-to-Earth
guitar solo. And there we find ourselves, on a green hill faraway, at the top of Glastonbury
Tor. Perfect.
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Investments – Wastewater Treatment System

Whether wastewater is full of "waste" is a matter of perspective.
"Why is it waste?" asked Zhen (Jason) He, professor in the Department of Energy,
Environmental & Chemical Engineering in the McKelvey School of Engineering at
Washington University in St. Louis.
"It's organic materials," He said, and those can provide energy in a number of ways. Then
there's the other valuable resource in wastewater.
Water.
He's lab has developed one system that recovers both, filtering wastewater while creating
electricity. Results from bench-scale trials were published in and featured as a front cover
article in the journal Environmental Science: Water Research & Technology.
The waste materials in wastewater are full of organic materials which, to bacteria, are
food.
"Bacteria love them and can convert them into things we can use," He said. "Biogas is the
primary source of energy we can recover from wastewater; the other is bioelectricity."
There already exist ways to capitalize on bacteria to produce energy from wastewater, but
such methods often do so at the expense of the water, which could be filtered and
otherwise be used—if not for drinking—for "gray water" purposes such as irrigation and
toilet flushing.
He's lab took the two processes—filtration and energy production—and combined them,
integrating the filtration system into the anode electrode of a microbial electrochemical
system.
The system is set up like a typical microbial fuel cell, a bacterial battery that uses
electrochemically active bacteria as a catalyst where a traditional fuel cell would use
platinum. In this type of system, the bacteria are attached to the electrode. When
wastewater is pumped into the anode, the bacteria "eat" the organic materials and release
electrons, creating electricity.
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To filter that same water, however, requires a different system.
He's lab combined the systems, developing a permeable anode that acts as a filter.
The anode is a dynamic membrane, made of conductive, carbon cloth. Together, the
bacteria and membrane filter out 80% to 90% of organic materials—that leaves water
clean enough to be released into nature or further treated for non-potable water uses.
He used a mixed culture of bacteria, but they had to share one feature—the bacteria had
to be able to survive in a zero-oxygen environment.
"If there was oxygen, bacteria would just dump electrons to the oxygen not the electrode,"
He said. "If you cannot respire with the electrode, you'll perish."
To find the correct bacteria, He mostly defers to nature.
"It's not 100 percent natural, but we select those that can survive in this condition," He
said. "It's more like 'engineered selection,'" the bacteria that did survive and respire with
the electrode were selected for the system.
The amount of electricity created is not enough to, say, power a city, but it is in theory
enough to help to offset the substantial amount of energy used in a typical U.S. water
treatment plant.
"In the U.S., about 3% to 5% of electricity is used for water and wastewater activity," He
said. Considering the usage by a local municipal plant, He believes his system can reduce
energy consumption significantly.
"Typically, the process consumes about 0.5 KWH of electricity per cubic meter," He said.
Based on bench scale experiments, "We can reduce it by half, or more of that."
But the primary goal of He's system isn't electricity production, it's wastewater treatment
and nutrient recovery.
"Bacteria can convert those organic materials into things we can use," He said. "We can
also recover nutrients like nitrogen or phosphorus for fertilizer. We can use it to feed
plants. It's only when we don't use it, then it becomes waste.
"Wastewater is a resource in the wrong location."

More information: Fubin Liu et al. Enhancing the performance of a microbial
electrochemical system with carbon-based dynamic membrane as both anode electrode
and filtration media, Environmental Science: Water Research & Technology (2021). DOI:
10.1039/D0EW01027H
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Generational Cycles – Dominant / Recessive

NOMAD

HERO

Outward

Life Focus

Inward
ARTIST

PROPHET

Recessive

Dominant

Dominance
As with so many things in life, the choice of words can be so important. The Strauss &
Howe Generation Cycle model is full of such important words. Some of which seem to
have acquired more prominence than others. A pair that seem to have fallen down the
cracks a little are ‘recessive’ and ‘dominant’. It felt like time to try and make another
attempt to bring them to the forefront of the conversation.
A generation is considered "dominant" or "recessive" according to the turning they
experienced as young adults. As a youth generation comes of age and defines its
collective persona an opposing generational archetype is in its midlife peak of power.
Dominant young (21-40) adult archetypes tend to exhibit independent behaviours and
attitudes in defining an era.
Recessive young adult archetypes tend to exhibit a more dependent role in defining an
era.
There are two Dominant Generations:
Prophets (Idealist): Coming of age during the first, ‘Awakening’ Turning of the 4-segment
S-curve. Which means authority figures and institutions are attacked in the name of
personal and spiritual autonomy
Heroes (Civic): Young adulthood occurs during the 4th Turning – the Crisis Period. Which
means Institutional life is destroyed and rebuilt in response to a perceived threat to the
state's survival.
And then two Recessive Generations:
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Nomad (Reactive): Coming of age during the second, ‘Unravelling’ Turning as young
adults. Institutions are weak and distrusted, individualism is strong and flourishing.
Artist (Adaptive): Young adulthood occurs during the ‘High’ first Turning of the new Scurve. Institutions are strong and individualism is weak.
As shown in the 2x2 Matrix, in addition to the recessive/dominant dimension, there’s also
a question of inward-looking and outward-looking. Putting the two dimensions together
and plotting the trajectory between generations then gives the figure-of-8 pattern.
According to the picture, if we think about the alternating-alliances between Generations –
i.e. Heroes and Prophets work well together, as do Nomads and Artists – it is the
recessive/dominance common ground that tends to unite them, rather than their
inward/outward perspectives on life.
Here's an excerpt from a presentation on the 4 Generations given by a member of the
California State Employment Board. It introduces another pair of lesser-used but also
highly insightful words, ‘Genteel’ and ‘Realistic’…

Check out the whole presentation here:
https://www.slideshare.net/jdevors/multigenerational-presentation-presentation
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Biology – Virginia Opossum (Didelphis virginiana)

I can’t believe we haven’t covered this one before. It being one of the most famous and
perhaps counter-intuitive defence strategies in the whole of nature. If threatened, an
opossum will either flee or take a stand. To appear threatening, an opossum will first bare
its fifty teeth, snap its jaw, hiss, drool, and stand its fur on end to look bigger. If this does
not work, the Virginia opossum is noted for feigning death in response to extreme fear.
This is the genesis of the term "playing possum", which means pretending to be dead or
injured with intent to deceive.
In this inactive state it lies limp and motionless on its side, mouth and eyes open, tongue
hanging out, and feet clenched. Fear can also cause the opossum to release a green fluid
from its anus with a putrid odor that repels predators. Heart rate drops by half, and
breathing rate is so slow and shallow it is hardly detectable. Death feigning normally stops
when the threat withdraws, and it can last for several hours. Besides discouraging animals
that eat live prey, playing possum also convinces some large animals that the opossum is
no threat to their young.
If we imagine the conflict being solve as a desire to improve safety being hampered by, for
example, a lack of escape speed, or, more generally, a superior offensive threat, here's
what it looks like when mapped onto the Contradiction Matrix:
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‘Playing dead’ is probably closest to either a Principle 13, The Other Way Around, or, my
favourite, Principle 9, Prior Counter-Action. In the case of the opossum’s array of
associated strategies, we can also a connection to Principle 19 in the slowing of heartrate,
and also Principle 24 in the form of the green fluid (or is that Principle 7?).
The ‘playing dead’ strategy isn’t just found with the opossum. The strategy is known as
thanatosis or ‘tonic immobility’ and can also be observed in grass-snakes, leaf-frogs,
swifts, green-head ants, oscars and even sharks.
A useful strategy, but not always perfect. "Playing possum" in response to threats from
oncoming traffic, for example, often results in death. One day. One day.
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Short Thort

From ‘The Network Always Wins’, Peter Hinssen

News
ICMM Japan
A big shout out to our long-term friend Professor Toru Nakagawa for taking on the
enormous amount of work required to make a Japanese translation of our Innovation
Capability Maturity Model Introduction book. We’re happy to announce that the work has
now been completed and readers can access the resulting book through Toru’s essential
online resource, ‘TRIZ Home Page In Japan’.
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TFC21
Well, we were a week late with our submission, but we got there in the end, and so we’re
happy to announce that our ‘introduction to Matrix2022’ paper will be a part of this year’s
European TRIZ Association, TRIZ Future Conference. It has now also been confirmed by
the organisers that the 22-24 September event will now be online. Visitors will still be
welcomed in person to the Free University of Bozen-Bolzano should you feel a need to
experience the actual joys of Northern Italy.
ICSI’12
Speaking of conferences, the 12th International Conference of Systematic Innovation is
taking place on October 15-17 in Foshan, Guangdong, China. As seems to be the new
normal the event will comprise a combination of on-site and on-line meetings. The Call For
Papers deadline is 31 July. More details at https://www.i-sim.org/icsi2021.
Systematic Innovation Network Jamboree Event
It feels like too long ago since we tried to get the Systematic Innovation community of
users together in one place. Now we’re all used to doing these kinds of thing virtually, the
usual geographic problems associated with finding a place where people from 30+
countries could sensibly converge have largely disappeared and been replaced with the
rather easier problem of time-zone difference management. Anyway, the tentative date for
the online Jamboree – where we will be featuring reviews of changes in the last couple of
years and revealing the big plans for 2022 and beyond – is Tuesday 26 October.
New Projects
This month’s new projects from around the Network:
Agriculture – Design Make Project
Agriculture – Innovation Strategy Study
Agriculture – Turnkey Product Development Programme
Agriculture – Product Management Project
Consulting – Business Strategy Project
Healthcare – PanSensic Patient-Staff Alignment Project
Food – PanSensic Study
Transport – ICMM Study
Telecom – SI Certification Workshops

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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