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Re-Writing The Text Books
(Or: Explaining The Disconnect Between TRIZ And The Academic World)

“There are no solved problems. There are only more-or-less solved problems.”
Henri Poincaré

Text books are important. Text books allow mankind to spread best practice across the
world. Text books – assuming they are written well – provide a ‘current best’
understanding of the way the world works. Without text-books all design would have to be
done by trial and error. They, therefore, save us a lot of time and effort.
Unfortunately, text books also tend to create an aura of untouchable truth around them.
This is a most insidious form of psychological inertia; if it’s written in the book, the
prevailing logic tells us, it must be true. But is it?
While the books are useful design aids, for innovators they can present a massive barrier
to progress. Text books can only present a distillation of best current practice. This is very
definitely not the same thing as a universal truth. Rather it is simply our current
understanding of that truth. Complete with all the assumptions we tend to make.
As a consequence, innovation tends to happen when we put the text books on one side
and open ourselves to the possibility that there may be other versions of the truth.
By way of an example, thinking about my own background in the jet engine industry, there
has been a long held truth that the noise produced by the engine is proportional to the
velocity of the gases as the exit the back of the engine. Both theory and empirical
evidence – Figure 1 – supports the correlation.

Figure 1: Noise Is Proportional To Jet Velocity Raised To Some Power

Because the correlation was observed consistently over the course of many many
experiments, it eventually became transformed into a ‘Law’. Lighthill's Law to be precise,
named after the man who oversaw those experiments. Lighthill’s Law states that the
acoustic power radiated by a jet is proportional to the eighth power of the jet speed. As
soon as it becomes a ‘Law’ and is written into the text books as such, it becomes ‘physics’
and thus an untouchable truth. To the extent that even when others following in Lighthill’s
footsteps suggest that the correlation is actually v7 or v6 rather than v8, still the ‘Law’ is
assumed to be sacrosanct. Whole industries read the texts and then begin designing jet
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engines built on the Law. Noise is bad and so therefore, for an engine to operate within
noise regulations, the jet velocity must be less than x. The only problem then is that lower
jet velocity tends to correlate with lower engine efficiency. Which in turn means more fuel
is burned to do the same job.
I first became interested in this subject while trying to design a better helicopter engine.
One of the big problems of current designs is that they require really heavy and really
complicated gearboxes to drive both the main rotor to provide lift and the tail-rotor that
stops the aircraft rotating uncontrollably. A potential solution to this complexity problem is
to pump air out of the tips of the rotor. If you do this, then it becomes possible to eliminate
the gearbox and tail-rotor completely. As is so often the case, of course, ‘someone
somewhere has already solved your problem’. The ‘tip-jet’ idea wasn’t new. Indeed, the
Fairey Rotodyne (Figure 2) was a real-life 1950s flying aircraft that used the idea.

Figure 2: Fairey Rotodyne

The Rotodyne never really got beyond the initial prototype stage because, according to
historical records, it was one of the noisiest creations ever put together in the history of
mankind. Hardly surprising given Lighthill’s Law and the fact that the velocity coming out of
the tip jets needed to be traveling very, very quickly indeed in order to allow the Rotodyne
to fly anything like efficiently.
Eventually, however, along will come someone (me in this case) who is either brave or
naïve enough (definitely the latter for me) to ask the experts why noise was proportional to
velocity raised to the eighth power. True to convention, I was told ‘it’s physics’. The
implication being ‘we already wasted a whole lot of time and money on this; a Law is a
Law; let sleeping dogs lie’.
Alas, some people (me again) tend to ignore this kind of common sense. In this case I
ignored it because when I was walking around the factory one day we noticed some of the
operators cleaning their machines with compressed-air nozzles that didn’t appear to be
making as much noise as the ought to be. How did they do that?
It turns out that the manufacturer of the quiet jets didn’t know how. Huh? How could that
be? No-one knew. None of them had heard of Lighthill’s Law either. All they knew was that
if you curved the region around the exit of the nozzle in a certain way then the noise went
down.
So I tried a few experiments of my own. Not quite at full jet-engine size, but after we’d
finished playing around with the curved part, we ended up with a massive 35dB lower
noise than Lighthill’s Law said we should. I showed the result to my helicopter designing
friends asking, ‘does this alter the Rotodyne story?’ They shook their heads at pityingly,
‘you don’t understand do you?’ ‘What?’ I said. ‘The Rotodyne was the loudest thing on the
planet.’ ‘Yes, but now I don’t think it needs to be.’ ‘But the jet velocity… Lighthill’s Law’. ‘I
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know,’ I said, ‘but look at my result (Figure 3). No matter how I tried, they didn’t get it. So I
demonstrated my nozzle for them. Now they had heard it (or rather ‘barely heard’ – it was
a pretty good demonstration by now) for themselves. ‘How does it work?’ they asked, ‘why
doesn’t it follow the Law?’

Figure 3: Lighthill’s Law A Version Of The New Nozzle Design

Now I was in trouble. I was in trouble because, frankly, I didn’t really know. I knew that my
best curved shape was a Coanda profile, but I didn’t know why that would make things
quieter.
My lack of ability to explain didn’t make them happy. So they tried to explain it themselves.
‘Aha,’ they said finally, ‘there’s no such thing as a free-lunch, all you’re doing is trading-off
noise for efficiency. Or something.’ ‘Actually,’ I replied, ‘the efficiency has gone up as well’.
This turned out to be the final straw. In their minds, I was now contravening two Laws. And
worse I didn’t know how I was doing it.
That story was nearly 16 years ago. To be honest, although I have a slightly better insight
into what is happening in the nozzle, and have some designs where noise is actually
inversely proportional to jet velocity (so much for Lighthill’s v8 Law; when we get it right,
the higher the velocity, the lower the jet noise), I still don’t really understand the real
physics of what is happening. What I do know is that I have a patent. And a design that is
flying, albeit not a modern day whisper-like version of the Rotodyne. And I also know that
the text books still talk about Lighthill’s Law. And, as if to prove it, the new Boeing 787
Dreamliner engine exhausts (Figure 4) have been designed still assuming the Law holds.
Admittedly by ‘innovating’ and adding the scalloped edges of the exhaust they have
managed to challenge to some extent the jet velocity versus efficiency ‘Law’ (actually the
text books re-thinking this particular ‘Law’ were re-written back in the 1970s)

Figure 4: Boeing 787 Dreamliner Engine Exhausts
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I hope that some academic one day will look at what I and my team did and find a way of
understanding that ‘real physics’ so that they can re-write the text-books. In the meantime,
any designer - like the latest generation at Boeing - that believes and uses the current text
books has just missed a significant opportunity to make a quieter and more efficient jet.
So is this just a special case?
How about another one. Something a bit more fundamental this time. How about all those
notes you made during your first year engineering education. Classic beam theory –
Figure 5 – for example. Surely here is a law that must hold true for every situation?

Figure 5: Cantilever Beam Theory

The equations are very clear. They describe the ‘physics’ of the beam and what we need
to do to design a beam to satisfactorily carry a certain specified load. Amazing, wonderful
and very important to designing a satisfactory beam. Unfortunately, however, hopeless as
far as designing an innovative beam is concerned. One that, for example, challenges a
contradiction. Like, how about a beam that carries more load with less structure? One that
doesn’t follow the equations? One, perhaps, designed using the principles adopted in the
bones of a bird. Do these structures follow beam theory? Does spider silk?
Importantly, neither the bird nor the spider knew the theory existed. So they had to
improvise. And eventually evolution challenged the contradictions and innovated. Human
designers are still catching up with them. Perhaps the theory and its ‘Laws’ are still
hindering the race?
Radical enough yet? How about as a final, really out-of-the-box example, the Laws Of
Thermodynamics. Now we really start touching a few nerves. Surely these must be true?
Even the Patent Offices of the world – the gatekeepers of the future – won’t consider
granting a patent to any inventor who claims to have contravened these Laws. Well,
maybe the Laws are uncontravenable ‘universal truths’. Or maybe they are only true with
our current understanding of the world. The First Law, for example, is about the
conservation of energy. Here’s what it says: ‘the change in the internal energy of a closed
thermodynamic system is equal to the sum of the amount of heat energy supplied to the
system and the work done on the system’. In simple terms, you can’t get out more than
you put in. Surely true? Possibly true! It depends on the assumptions that are made. How
closed is a closed system for example? Who defines what closed means? I’m not trying to
suggest that we should willy-nilly ignore the Laws (I’ve designed too many systems that
have had to obey them!), merely that we ought to periodically open our minds, test the
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underlying assumptions and open up to the possibility that our understanding might be
incomplete. Maybe ‘possibly’ will eventually turn into ‘surely’, but at this point in time let us
try and keep in mind the words of Henri Poincaré that started this discussion, “There are
no solved problems. There are only more-or-less solved problems.”
Academics are great and wonderful people. They are the historians and record-keepers of
best practice. This version of best practice is really about ‘optimum’ best practice. One day
I hope they will work out what is happening in my nozzle designs and will write about it.
But, if and when they do this, it is really useful to try and remember that this is not the
same thing as finding new and better best practices. It is not, in other words, the same as
‘ideal’ best practice. For as soon as they write this text-book, I will be the person who
comes along and tries to prove them wrong again.
Academics are great and wonderful people. By and large they have rejected TRIZ and its
related ideas. Perhaps this is because TRIZ is implicitly suggesting that the text books are
wrong. Or rather that they are incomplete. Few people like to be told they are either wrong
or incomplete. Especially if their livelihood is dependent on it. For most academics, the
text book denotes an end point. For TRIZ, it is merely the start.
Summary
Text books are really important. They communicate best current practice to users.
Best current practice, however, is not necessarily the same as best future practice.
Innovation is about finding that future practice. It is about understanding the text-books,
understanding their assumptions and limitations and then, very very carefully, putting the
books on one side and saying ‘maybe, just maybe, there is a better way’.

(BTW: Any readers with a few tens of millions of dollars to spare, who might be interested
in investing in a safer, more efficient, quiet helicopter might like to drop Darrell a line. No
text books required.)
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Convergent Evolution?
Many people still find the whole concept of convergent evolution to be confusing. Perhaps
this is because it is a suggestion that is almost 180 degrees out of synch with the popular
conception of the future. We gave up on the job of trying to convince anyone that the
convergent model was true some years ago. Too many side-tracks open up and that tends
to detract from the more important messages that need to be taught during the limited
available time. Now we simply suggest that the convergent concept and the cone picture
we frequently show (Figure 1) is merely ‘a useful model to keep in mind’.

IFR
Achieve the FUNCTION
with zero cost or harm

Today

Figure 1: Convergent Evolution Cone

One of the reasons we continue using this cone model is that it can act as a very useful
strategic tool. By this we mean that from it we ought to be able to plot all the current and
future players in a given industry sector.
The aim of this article is to provide a demonstration of such a case. Due to the fact that we
recently ran it as a design case study on the ‘recruitment’ page on our website, and
because it is a nice simple example, our focus will be the disposable razor. As shown in
Figure 2, we can plot the razor as a player in the cone for the ‘remove hair’ function
The Future?

Today

Razor

IFR
Function: ‘Remove hairs’
Figure 2: Dead-End Solution Directions

‘One cone per function’ is the general rule to keep in mind here. Also worth keeping in
mind is the idea that once we plot the razor as a current player in the game, as it evolves
in the future, it will evolve (or at least it ought to!) in the direction of a more ideal razor. As
suggested by the tongue-in-cheek future projection, a large part of the evolution of razors
in recent times has occurred by advancing the number of blades along the Mono-Bi-Poly
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trend. Despite the cartoon in the Figure, it seems likely that with more than three blades,
the world has gone as far as it ever needs to along this trend. This is because, as
predicted by the increasing-decreasing complexity trend pattern, the downsides of adding
more blades begin to outweigh any residual upsides. Hopefully, as the razor heads
towards the IFR end-point, the designers will realize there are 36 other trend lines along
which the system can be advanced.
Meanwhile, back to the point of this article, the razor is not the only current player in the
‘remove hair’ function delivery business. As shown in Figure 3, other players include those
who seek to remove hair using tear-off wax sheets, chemical-based, hair dissolving
methods, and – more permanent – solutions like electrolysis .

Today
Electrolysis

Razor
Wax-Strips

IFR

Hair Removal Creams
Figure 3: Other Current Players In The Delivery Of The ‘Hair Removal’ Function

Beyond this, however, we may see there to be other ‘current players’ in the hair removal
business. This is where we need to start thinking carefully about what we are doing.
Figure 4 adds one of these new players to the cone; the shaving lubricant provider.
Whether it is a foam, a gel, an oil or some other form, the providers of this ‘lubricate razor’
function ought to be included in the list of current players in that, although they don’t
deliver the ‘remove hair’ function directly, they facilitate the delivery of that function.

Today
Electrolysis
Shaving Lubricant
Razor
Wax-Strips

IFR

Hair Removal Creams

Figure 4: Other Current ‘Supporting’ Players In The Delivery Of The ‘Hair Removal’ Function

Pushing the ‘current player’ search a step further, we might also start to bring into the
picture other players that deliver some kind of related function. Thus, as shown in Figure
5, our list of current players may be further expanded to include things like soap,
moisturizing creams and after-shave lotions. They ought to be included in any kind of
strategic analysis for two reasons. The first, and most obvious, is that they deliver
functions that occur in the same place as the ‘remove hair’ function providers. All of these
product families act on the skin from which the hair is desired to be removed.
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Today
Soap
After-Shave
Lotion

IFR

Moisturizer

Figure 5: Other Current ‘Proximal’ Players In The Delivery Of The ‘Hair Removal’ Function

The second reason for including them is perhaps not so obvious. It is however a more
important reason, one, in fact, that is central to the whole convergent evolution story.
Before we get to that point, it is useful to take the remove-hair players story a step further.
So far we have examined ‘current’ players. We ought next to extend the analysis to
include potential future players. This means players who don’t currently deliver any kind of
hair removal function, nor do they operate in areas proximal to the skin from which the
hairs grow.
It is not so easy identifying who these potential new-comers to the game might be. Usually
the best way is to start by thinking about what the IFR solution looks like, and then look
backwards from that point. Figure 6 makes an attempt to illustrate the outcome of applying
this strategy.
Today
Electrolysis

genetic manipulation?

Soap
Shaving Lubricant
Razor
After-Shave Lotion
Wax-Strips
Hair Removal Creams
Moisturizer

IFR
‘hair removes itself’
medication
(pill, patch?)

Figure 6: Potential Future And Other Players In The Delivery Of The ‘Hair Removal’ Function

This figure also includes all of the other players from the previous cones. What we create
once we have comprehensively (which we may not have been here) completed examining
this domain of current and future players is a cone populated by a multitude of actors. As
shown in each of the cones, thanks to the dynamics of competition, every one of those
players has a drive to be continually improving what they offer to the consumer. If they are
smart about the way they do this, each player will therefore be moving in the direction of
the ultimate IFR position – offering their customers more benefits, less cost and less harm.
Thus we end up with an image of lots of players being drawn to the same basic ‘attractor’;
the same end point. Like water passing down a plug-hole.
Not all of the players, current or future, will be able to ‘win’ the competitive race. In fact
they will all lose once the IFR is achieved. No-one is going to go out and buy a hairremoving razor, for example, if ever we create the ability for those hairs to ‘remove
themselves’.
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The whole IFR-as-attractor idea alone should suggest an explanation for the convergent
evolution model. Alone, however, it is an insufficient explanation. Which then brings us
back to the second reason why it is important for us to examine all of the players involved
in the delivery of a function.
Let us do this by taking just two of the players in this ‘remove hair’ function and use them
to demonstrate a phenomenon that hopefully we will be able to see applies to every other
player and from there explains why we get ultimate convergence.
We will start with the razor itself. As suggested earlier a lot of razor evolution in recent
times has occurred along the Mono-Bi-Poly trend. Ultimately, of course, competition within
the razor business will provoke providers into advancing along other trend directions. One
of these directions will be that described by the Dynamization trend (Figure 7). What we
can see here is that, examining different parts of today’s razor separately, the handle is
still at the first ‘immobile’ stage of the trend, the head is at the second or third stage (i.e.
pivotable in one or more directions depending on the manufacturer), and the individual
blades are at the first immobile stage. Having placed the various parts of the razor along
the trend, the un-used trend stages describe where those parts are likely to evolve in the
future. The handle is likely to add joints and become more flexible, for example. Then,
what about the blades? The blades also look set to become more flexible. Then, according
to the trend, they will transition to a fluid, a gas and, ultimately (as far as this particular
trend is concerned) a ‘field’.

Immobile Single Joint

Multiple Joint

Completely
flexible

Liquid Gas

Field

Future Evolution Direction

Figure 7: Current Position Of Razor Parts Along The Dynamization Trend

Next we can shift our attention to a second player in the hair-removal story. As illustrated
in Figure 8, we have picked the shaving cream. Actually the story would also be similar for
soaps and moisturizers. These products are essentially ‘mono’ systems in that they are
designed to deliver one main function. This being the case, we can position them at the
first stage along the Mono-Bi-Poly evolution trend. Once this is done, the trend prompts us
to contemplate the addition of new functions to our product. And once this question is
asked, the first thing we are likely to do is look around at adjacent and related functions in
order to see if any of them might be integrated or incorporated into our current product.
Sooner or later after this question is posed, we will make the connection that our cream or
soap or moisturizer is likely at some point in the future to take on the ‘remove hair’
function.
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Mono system

Bi system

Tri system

Poly system

Future Evolution Direction

Figure 8: Current Position Of Shaving Creams Along The Mono-Bi-Poly Trend

So, razors look set to evolve towards becoming ‘fluids’ and creams look set to evolve
towards adding additional functions, one of which is likely to be hair removal. The two start
points it seems are both heading towards a single convergence point as shown in Figure
9:

Today

Razor

IFR
Moisturizers/Creams

Convergence point
– hair removal by multi-function fluid

Figure 9: Convergence Of Players In The Hair Removal Story

This is not to say that either industry as yet knows how to deliver such a solution, but
simply that some day, sooner or later, as the research continues inside each of the
companies playing in or close to the arena, this is where they are likely to converge. When
this happens, unless some kind of merger emerges, some of the players will inevitably
lose the game and will disappear.
Given that 99 out of a 100 breakthrough innovations come from outside the industry into
which they intrude, we think it is essential for all companies to construct the ‘function cone’
models we have been drawing here for their own industry and its surroundings. We hope
we have demonstrated the convergent evolution phenomenon sufficiently well for you to
start constructing similar models for your own areas of interest. ‘Who are you going to
converge with?’ might just be the critical question for R&D strategy development in today’s
ultra competitive environment.
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Humour – Kudawara Pharmacy

Bad news travels fast. One of the unfortunate consequences of this is that really bad
designs get killed off very quickly and we don’t get to see them for long. Especially now we
live in the speed-of-light communication era that comes with the Internet.
Fortunately, perhaps thanks to language and cultural differences, some pieces of bad
design manage to stick around for long enough that someone comes along, takes a photo
and posts it on the Internet. Like the Kudawara Pharmacy chain from Japan. They decided
to create a new logo a few years ago. Here it is:

Now I’m not sure about you, but unless I swallowed a fish-bone and am in urgent need of
someone to carry out the Heimlich maneuver on me, here is one pharmacist I think will be
staying well clear of. Come to think of it, even if I have swallowed a fish-bone, I still think
I’d like to try a few other alternatives first.
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Patent of the Month

If you think you knew what ‘directed evolution’ was then think again, because the Patent of
the month this month is the real thing. US patent 7,223,545 was granted to researchers at
Harvard on May 29:

United States Patent
Liu , et al.

7,223,545
May 29, 2007

Evolving new molecular function
Abstract
Nature evolves biological molecules such as proteins through iterated rounds of diversification,
selection, and amplification. The present invention provides methods, compositions, and systems
for synthesizing, selecting, amplifying, and evolving non-natural molecules based on nucleic acid
templates. The sequence of a nucleic acid template is used to direct the synthesis of non-natural
molecules such as unnatural polymers and small molecules. Using this method combinatorial
libraries of these molecules can be prepared and screened. Upon selection of a molecule, its
encoding nucleic acid template may be amplified and/or evolved to yield the same molecule or
related molecules for re-screening. The inventive methods and compositions of the present
invention allow for the amplification and evolution of non-natural molecules in a manner analogous
to the amplification of natural biopolymer such as polynucleotides and protein.

The invention disclosure contains over 80 page of text, so it’s definitely not one for the
faint-hearted. The background description, fortunately, is eminently readable. Well, given
that it’s been written by lawyers it is:
The classic "chemical approach" to generating molecules with new functions has been used
extensively over the last century in applications ranging from drug discovery to synthetic
methodology to materials science. In this approach, researchers synthesize or isolate candidate
molecules, assay these candidates for desired properties, determine the structures of active
compounds if unknown, formulate structure-activity relationships based on the assay and
structural data, and then synthesize a new generation of molecules designed to possess improved
properties. While combinatorial chemistry methods have increased the throughput of this
approach, its fundamental limitations remain unchanged. Several factors limit the effectiveness of
the chemical approach to generating molecular function. First, our ability to accurately predict the
structural changes that will lead to new function is often inadequate due to subtle conformational
rearrangements of molecules, unforeseen solvent interactions, or unknown stereochemical
requirements of binding or reaction events. The resulting complexity of structure-activity
relationships frequently limits the success of rational ligand or catalyst design, including those
efforts conducted in a high-throughput manner. Second, the need to assay or screen, rather than
select, each member of a collection of candidates limits the number of molecules that can be
searched in each experiment. Finally, the lack of a way to amplify synthetic molecules places
requirements on the minimum amount of material that must be produced for characterization,
screening, and structure elucidation. As a result, it can be difficult to generate libraries of more
than roughly 106 different synthetic compounds.
In contrast, Nature generates proteins with new functions using a fundamentally different method
that overcomes many of these limitations. In this approach (FIG. 1 compares chemical versus
natural strategies), a protein with desired properties induces the survival and amplification of the
information encoding that protein. This information is diversified through spontaneous mutation
and DNA recombination, and then translated into a new generation of candidate proteins using the
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ribosome. The power of this process is well appreciated and is evidenced by the fact that proteins
and nucleic acids dominate the solutions to many complex chemical problems despite their limited
chemical functionality. Clearly, unlike the linear chemical approach described above, the steps
used by Nature form a cycle of molecular evolution. Proteins emerging from this process have
been directly selected, rather than simply screened, for desired activities. Because the information
encoding evolving proteins (DNA) can be amplified, a single protein molecule with desired activity
can in theory lead to the survival and propagation of the DNA encoding its structure. The
vanishingly small amounts of material needed to participate in a cycle of molecular evolution allow
libraries much larger in diversity than those synthesized by chemical approaches to be generated
and selected for desired function in small volumes.

Acknowledging the power and efficiency of Nature's approach, researchers have used molecular
evolution to generate many proteins and nucleic acids with novel binding or catalytic properties.
Proteins and nucleic acids evolved by researchers have demonstrated value as research tools,
diagnostics, industrial reagents, and therapeutics and have greatly expanded our understanding of
the molecular interactions that endow proteins and nucleic acids with binding or catalytic
properties.
Despite nature's efficient approach to generating function, nature's molecular evolution is limited to
two types of "natural" molecules--proteins and nucleic acids--because thus far the information in
DNA can only be translated into proteins or into other nucleic acids. However, many synthetic
molecules of interest do not in general represent nucleic acid backbones, and the use of DNAtemplated synthesis to translate DNA sequences into synthetic small molecules would be broadly
useful only if synthetic molecules other than nucleic acids and nucleic acid analogs could be
synthesized in a DNA-templated fashion. An ideal approach to generating functional molecules
would merge the most powerful aspects of molecular evolution with the flexibility of synthetic
chemistry. Clearly, enabling the evolution of non-natural synthetic small molecules and polymers,
similarly to the way nature evolves biomolecules, would lead to much more effective methods of
discovering new synthetic ligands, receptors, and catalysts difficult or impossible to generate using
rational design.

In summary, what we have here is a classic case of ‘someone, somewhere already solved
your problem’. Chemists face a perennial challenge to design molecules in a timely
manner. Who else has to design new molecules? Answer nature. How does nature do
that? Okay, let’s have a look and see how then can we apply those principles in order to
speed up the design evolution process? Well, not surprisingly the answer turns out to be
something less than simple. But we can certainly see elements of Principle 25 (SelfService), 21 (Hurrying) 23 (Feedback – actually using a positive feedback, amplification
strategy), and 5 (Merging).
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It seems somewhat trite, however, to try and map the work of the research team in this
way. Whenever we get that kind of experience it is strongly indicative that here is a patent
that operates on a higher level to the vast majority of other things being granted. Whether
this makes it our first Level 5 patent of the year remains to be seen. Out instincts say that
it will be.
Certainly the patent makes for some compelling reading. Those with a low tolerance for
legalese on the other hand, may wish to head instead to the research team’s website. This
can be found at: http://evolve.harvard.edu/LiuResearchSummary.pdf.
Meanwhile, here is another taster from that site:
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Best of the Month – Joni Mitchell: Woman Of Heart And Mind

Well, lots of books added to the database this last month, but nothing worthy of a ‘best of’
title. I suppose if we had to pick one it would be ‘The Seven Basic Plots’ an exhaustive (or
should that be ‘exhausting’?) 34-year study by Christopher Brooker. At over 700 pages
long, this is not a book for the faint-hearted. A very worthy piece of research and some
very nice ideas above and beyond the big one that all of the world’s literature fits into a
very neat seven-compartment box, but probably best to wait and see why we’ve been
looking at it and how it’s findings might fit into the world of Systematic Innovation.
Meanwhile, if you’re able to spend a couple of hours looking at our ‘best of’
recommendations, we heartily recommend a recent DVD documentary of the musician
Joni Mitchell. Irrespective of whether you like or have even heard of Joni’s work, anyone
interested in creativity and innovation ought to find the documentary fascinating.

Joni Mitchell is one of the very few artists who has managed to maintain a healthy career
for close to 40 years now. Perhaps most amazingly is the fact that she has consistently
and compellingly re-invented her musical style over the course of those 40 years. The
documentary presents a series of interviews with Joni and a number of the artists and
musicians she has worked with over the years. Many of those interviews contain some
real nuggets as far as insight into the creative process is concerned. Here is a transcript of
some of the key moments:
“It defines her life all the way through, this need for love. And this sense of obligation to
her art, to follow her muse. It’s an ongoing conflict in her life, and, of course, it fuels the
art.”
“Joni has always been restless. Her sort has always been restless. So her music is – she
always wants to push the boundaries back. She always wants to explore, and she gets
great joy from that – delving into music, letting it wash over her and bringing it out as her
own self-expression.”
“Anything that moves me, influences me. Now, at this time in my life, I’m going through a
strong musical change from playing with this band whose chordal sense comes
predominantly from jazz. The need to innovate or be original is very strong in me.”
“Any time I make a record, it’s followed by a painting period. It’s good crop rotation. I keep
the creative juices going by switching from one ot the other, so when the music or the
2007, DLMann, all rights reserved

Subscription 0080:

writing dries up, I paint. You rest the ear and you rest the inner mind because poetry takes
a lot of plumbing the depths. The way I write anyway, it takes a lot of meditation. Without
the painting to clear the head, I don’t think I could do it.”
Unrepeatable here, but Joni’s thoughts on how Picasso managed to re-invent himself are
also worth checking out. About two-thirds of the way through the programme if you are
interested.

People will tell you where they’ve gone
They’ll tell you where to go
But till you get there yourself you never really know
Where some have found their paradise
Others just come to harm
Oh Amelia, it was just a false alarm
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Conference Report – IMechE Carbon Capture Seminar, London

We (Professor Adrian Cole and Darrell Mann) presented a paper at this one day seminar
event hosted by the Institution of Mechanical Engineers at their headquarters in London at
the beginning of June.
The programme looked like this:
09.30

REGISTRATION AND COFFEE

10.00 Chairman’s Welcome and Introduction
Tim Jackson, Chairman
10.10

Energy in a Carbon Constrained Environment
Terry Raddings, GE Energy

10.30

The Future of Clean Coal
Michael Benson, ALSTOM Power

10.50

Question & Answer Session

11.10 MORNING COFFEE
11.40

Breakthrough Carbon Capture: Exploiting Existing Trade-off and Compromise Challenging
Solutions from the Other Sectors
Darrell Mann, Systematic Innovation

12.00

The Role of Capture Ready Power Plants in Commercial Deployment of C02
Jon Gibbins, Imperial College

12.20

Question & Answer Session

12.40

LUNCH

13.40

C02 Capture Using a Lime Carbonated / Calcination Cycle
Adina Bosoaga, Cranfield University

14.00

Carbon Capture in the Cement Industry
Duncan Barker, Mott MacDonald

14.20

Question & Answer Session

14.40

AFTERNOON TEA

15.10

Coal Fired Power Plants Ready For and With Carbon Dioxide Capture: An Overview of
RWE npower's activities
Richard Hotchkiss, RWE npower

15.30

Oxyfuel CO2 Capture for Pulverised Coal – An Evolutionary Approach
Andy Timms, Doosan Babcock Energy

15.50

Question & Answer Session
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In theory, the seminar was a very timely one. The UK’s increasing dependence on
imported gas and the dispute between Gasprom and Ukraine has led to renewed interest
in coal fired power stations. A large proportion of new coal fired plant is likely to be based
on supercritical steam cycles and designed to be carbon capture ready. There is little
experience of carbon capture at the scale needed for utility power stations. The stated aim
of the seminar was to explain the technologies available and the provisions in new plant
design that will allow carbon capture to be installed and optimized at a later date. It will
also provide engineers with an appreciation of the technology associated with carbon
capture and areas where further development is required.
In practice, the event was attended by around 40 people, most of whom it seemed were
intent on either, a) having a rant about global warming in general, or b) have a rant about
government policy (or lack thereof) carbon capture specifically. Okay, not totally fair, but
then again if anyone attending had ever heard of positive thinking, they weren’t letting on.
The theme of our paper was that if carbon capture is ever to be a practical reality (it would
add around 30-40% to the capital and running cost of a typical power station if we simply
added it to existing designs) that some kind of step-change breakthrough would be
required… and if that is the case then, ta-da, someone, somewhere might already have
some ready made solutions for you.
Alas, excluding the authors only two people in the room admitted to even having heard of
TRIZ. Not many more appeared to have heard of innovation before either. Consequently,
what we got from the other speakers was a lot of discussion about what happens when
trade-offs get moved from one place (environmentally catastrophic) to another
(environmentally almost as catastrophic, but now more expensive commercially). The
Imperial College presentation probably stole the show, managing the almost
unprecedented feat of cramming over 30 descriptions of trade-off optimization scenarios
into a 20 minute slot. The feat was made doubly frustrating by following immediately on
from our paper about how trade-offs should and could be challenged.
The only glimmer of hope came after lunch when a speaker from the cement industry
discussed the idea of combining a carbon-capture powerplant with a cement works. You
may not know, but cement is one of the most environmentally damaging materials of any
industry – every tonne of cement produced generating a tonne of carbon dioxide – and so
the idea of capturing carbon into the cement (solving the where to store the captured
carbon problem at least partially) and recycling waste heat from the powerplant into the
cement manufacture process actually sounded like there might have been some
innovative thought taking place. One might even say a conflict or two had been resolved.
Now there’s a novel idea.
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Investments – Thermoacoustic Stove/Refrigerator

It’s a cooker, a fridge and a generator in one — and it could have a huge impact on the
lives of people in the world’s poorest communities.
The £2m SCORE (Stove for Cooking, Refrigeration and Electricity) project brings together
experts from across the world to develop a wood-powered generator capable of both
cooking and cooling food. By developing an affordable, versatile domestic appliance
SCORE aims to address the energy needs of rural communities in Africa and Asia, where
access to power is extremely limited.
Across the world, two billion people use open fires as their primary cooking method. These
fires have been found to be highly inefficient, with 93 per cent of the energy generated
lost. Mostly used in enclosed spaces, smoke from the fires can cause health problems.
The researchers are using thermoacoustic technology to convert biomass fuels, such as
wood, into energy to power the appliance.
Thermoacoustic principles involve the use of sound waves. The wood is burned to
produce heat. This then goes into a specially shaped pipe which produces areas of high
and low gas pressure in such a way as to generate sound (in similar way to a singing
kettle).

The sound energy is then converted into electricity by a linear alternator (a sort of giant
microphone which absorbs the sound). The electricity is then used to power the device.
The concept behind the device is revolutionary. This is the first time that thermoacoustic
technology has been used to heat as well as cool in one device using biomass fuel.
The design of the proposed device is based on proven thermoacoustic engines and
refrigerators developed for applications such as combustion-fired natural gas liquefaction
and radioisotope-fuelled electric power generation. Los Alamos Laboratories, in
collaboration with several industrial partners, has played a lead role in the development of
thermoacoustic technology.
Using thermoacoustic technology is a more efficient way of using wood as a fuel than
using an open fire to cook. It produces less pollutants. The device will also have only one
moving part making it more reliable.
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This moving part, the linear alternator, (really a loudspeaker in reverse) is being developed
in conjunction with GP Acoustics, that make KEF and Celestion loudspeaker equipment.
Mark Dodd, Research Manager at GP Acoustics, said: “We at GP Acoustics and our
manufacturing partner Dai-ichi in the Philippines are delighted that technology originally
created for the leisure market is being used to help improve the lives of people in
developing countries.”
The University of Nottingham, University of Manchester, Imperial College London and
Queen Mary, University of London are partners in the project — from researching engine
design to the manufacture and distribution of the stove in the developing world. Led by
The University of Nottingham, the project will work with governments, universities and civil
organisation across Africa and Asia, many of whom have already offered support. This
collaboration will ensure the device is affordable, socially acceptable and that there is
scope for communities to develop businesses to manufacture and repair locally.
Researchers from Los Alamos Laboratories are also supporting the project, along with
Practical Action, a charity which promotes the development of sustainable technology to
tackle poverty in developing countries. The SCORE consortium is funded by grants from
the Engineering and Physical Sciences Research Council as part of its initiative on energy
and international development.
Professor Maksud Helali, Head of the Department of Mechanical Engineering at the
Bangladesh University of Engineering and Technology has offered his support.
“Bangladesh’s energy infrastructure is relatively small and inefficient, even to low income
standards, and its access to energy is difficult,” he said, “an efficient, expanding energy
system is essential for accelerated economic growth and poverty alleviation. Industry and
commerce depend on readily available, reliable, reasonably-priced energy to operate and
expand. It will improve the quality of people’s lives.”
SCORE Project Director Paul Howard Riley added: “Designed specifically for use by the
rural poor in the developing world, SCORE is a unique design that generates electricity
and can cool as well as cook. Manufactured on site, it will give many business
opportunities that should increase uptake by tenfold compared with current stove designs
thus significantly improving health, education and wealth.”

Find out more about the project and the thermoacoustic technology upon which it is based
at http://www.score.uk.com/research/default.aspx.
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Biology – Happy-Face Spider (Theridion grallator)

Many forms of nature use camouflage as a means of evading predators. Many of these in
turn use some form of colour change as a means of creating an ‘active camouflage’
capability that allows them to change colour according to the prevailing surroundings. One
of the problems with this active strategy is that it requires a relatively large amount of
(energy) resource to achieve.

The Hawaiian ‘happy-face’ spider (Theridion grallator) manages to overcome this problem
by adopting a very simple and elegant strategy.
Picture this; you are busy munching away at your favourite foliage and have cunningly
engineered it so that you are the same colour. The next day, for a change, you shift over
to your next favourite foliage. Only problem is that it is a different colour and so you
become an easy target for predators. How about if you were able to make your body
translucent? Might that help solve the problem? Well, it would if you had a translucent
outer layer that allowed outsiders to see what you’d just eaten.
How great is that? Whatever I eat; that’s the colour I become.
A classic example of Principles 32B (‘increase the transparency of an object so that it
matches its surroundings’). Also useful to know that it is a recommendation already
present in the Contradiction Matrix:

More details can be found at:
http://www.americanarachnology.org/JoA_free/JoA_v17_n2/JoA_v17_p171.pdf
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Short Thort
Few organizations can survive in today’s world
if they fail to listen to the Voice Of Their Customer.
The most successful organizations are the ones
who not only listen to this voice,
but also listen to the Voice Of Their Customer’s Customer.
The job increasingly becomes
making your customer look like a hero
in the eyes of their customer.

News
Certification Programme I
As we approach the final stages of the current round of certification sessions being held in
the UK, it seems that the demand for a follow on is sufficient to run another round this
year. The dates for those interested are provisionally:
Basic – September 4-5
Intermediate – October 3-4
Advanced – November 13-14
Certification Programmes II
We are very happy to announce that we have been invited to run two more in-house
certification programmes. One in Denmark and one with Globe Telecom in the Philippines.
Both programmes will take place as three two day sessions, one each in August,
September and October.
Computer Aided Innovation Conference
Well, it seems like our paper for this conference to be held in Brighton, Michigan in
October has been grudgingly accepted. The comments from the no-doubt academic
referee criticized the paper for being too easy to read (! – we think he meant ‘too non
academic’) and for not going into detail about the piece of code we used as the basis for
the research. We mention this here because the referee somehow managed to totally
miss the point of the innovation-versus-optimization theme. If this referee is typical of the
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others, it seems that, as happened at the first event, the conference will have little if
anything to do with innovation at all. What does CAI stand for again?
Sustainability Projects
Following a wonderful training workshop with engineers and managers from up and
coming company Mahindra & Mahindra, we have the offer to define and work on a number
of sustainable innovation projects. Any readers interested in participating are more than
welcome. Contact Darrell in the first instance.
Glastonbury
We were fortunate enough to get tickets to the UK’s biggest music festival at Glastonbury
this month. Unfortunately the weather transformed the whole event into something
resembling a scene from the trenches of World War 1.

Darrell At Glastonbury. Sort Of.

Plenty of scope for designing mud-proof products for those inclined to believe that
necessity is the mother of invention. Meanwhile, I’m quite keen to find a way of removing
about 5kg of soaked-in mud from my girlfriend’s rucksack before she returns home from
her (non Glastonbury) vacation at the end of this week. If anyone has any ideas, I’d love to
hear from you. Sooner rather than later.
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