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N12 Technologies: Building an Organization ang
Building a Business

The potential, they believed, was enormous—and the cf‘lallenge_eq'ually large. But if CEQ Byqq
Berkson (HBS MBA 91) and COO Trip Flavin (HBS MBA 94)' got 1t rlght‘, N12 Technologiesf their
Cambridge, Massachusetts startup, could well upend the entire carbon fiber composites industry,
N12's value proposition was that its vertically-aligned carbon nanotub-es (VACNTS), branded as
NanoStitch, dramatically strengthened the interlaminar region of carbon fiber composites, leading to
large improvements in cost, shear resistance, and fatigue life.

Carbon fiber composites were formed by taking sheets of resins bound by fiber or fragment
reinforcements and layering them together. Intermediaries, known as “prepreggers,” combined the
resin and carbon reinforcements to form uncured pre-impregnated sheets, which they then sold to end
users (original equipment manufacturers (OEMs) or suppliers) to form component parts for products
as diverse as bicycles, hockey sticks, racing cars, wind turbines, and airplanes. When these parts came
under stress, cracks and breaks could occur, weakening or de-laminating the composite to the point of
structural failure. (See Exhibit 1 for more on composites.) NanoStitch, which was based on the latest
advances in nanotechnology —the ability to manipulate atoms and molecules at microscopic scale in
order to produce new materials and properties (see Exhibit 2) — was a possible solution to the problem;
it was a drop-in material laid in between sheets (layers) during composite lay-up. This translated into
value in one of two ways: making a part more durable and resistant to stress and fatigue, or making
part with fewer resin sheets (and therefore lower cost and weight) while maintaining current levels of

strength and fatigue. These advantages, however, would only be realized if N12 could produce the

e Dl Lampany as it graw from four to 27
nd pivotal stage. Berkson had promised investors that the company would incre*
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%. This was a bold commitment given that in ¢
an $1 million with a net loss of $4.5 million.
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The Company
Founding and Launch

NanoStitch had its roots in a research laborato
The laboratory (necstlab, pronounced “next Jab”\ ;

vertical arrays of carbon nanotubes (CNTs) to reinf ented a process for using aligned,

. orce ¢ | |
diameters measuring in billionths of a meter (about o > posites. The tubes themselves, with

_ _ _ ne ten-thousandth the thickness of a human hair
were not new; the advance was in their orientation and alignment. When viewed under a powerlﬁ.)li

microscope, th? r?sulyng matenalst res?mbled a dense forest of perfectly positioned trees, all tightly
packed and pointing in the same direction (see Exhibit 3). The precision of alignment helped to solve
a persistent problem — the nearly random orientation of previously produced CNTs —that had in the
past limited their ability to improve the performance of composites. The lab’s tests suggested that
VACNTSs could increase the shear strength of carbon fiber and other composite materials by 10-40%.

The lab team built and operated a small reactor (essentially a sophisticated oven) to make VACNITs
one batch at a time. This work caught the attention of Jeffrey Sabados, a Navy Seal anfl serial
entrepreneur, who co-founded N12 Technologies (N12 stood for “nano to the }2* povtfer") m‘2010.

MIT’s family of patents—covering the architecture, articles, and methods of using verhcally-ahgged
 carbon nanotubes in composites and one for a continuous process to grow VA(-ZNTs— were hctetnse 0:2
' N12. The following year Sabados raised funding from investors. With that capital, N12 set out to gr
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N12 Technologies: Building an Organization an

Juce less than 500 square meters of VACNTs in a year. Once they had built a working reactor, they
produce less tha

built a second one. ‘
v began producing small amounts of VACNTSs for several paying customers

anted to test NanoStitch to confirm its properties. Williams recalled: “Having orders, as stressfy]
W h(t" W ::talsoocreated e ramPEd up production, we collected more and more data on what
as it was, :

worked and what did not. Happy accidents helped to inform development.

Williams and Degtiaro

Throughout this period, money was tight. Sabados had rented one room in a buildir}g where the
original s%artup team shared space with the two reactors. “We had a colu}nn on the whiteboard that
listed what each of us could spend for the week/month — for example, David had $500, Ryan had $300,

and I had $50,” Deresh said.

Building the Organization
Senior Leadership

Complementary Talents In January 1013 Sabados left for other opportunities. Berkson, who
was an early investor and on the board, took over as CEO and Flavin became COO. Together Berkson
and Flavin brought a diverse set of skills to the company. They had similar backgrounds —both were
engineers, Harvard Business School graduates, and ex-McKinsey consultants — yet were quite different
in personality and temperament. As Berkson put it, “We went into the same oven, but came out
differently. Trip sweats the details; he is humble and conservative to a fault. | am more of a risk-taker,
impatient, always thinking we should move faster.” Flavin added, “It is a story of differences that are
complementary. It works because we know how to navigate a partnership.”

In part, these differences reflected their prior work experiences. Berkson had a background with
startups, having founded IP-Mill, Inc., which sought to commercialize business process technology
utilizing unique identifiers (UID/RFID), as well as serving on several boards. He had also previously
worked in the U.S. Defense Department under Donald Rumsfeld, and, prior to joining N12, was a
senior advisor in the areas of aerospace and defense at Virginia-based Joshua Capital. Flavin, on the &
other hand, had over 25 years of experience leading large-scale operational turnarounds,
organizational change efforts, and broad-based innovation at several top tier consumer products E
i , igdr;d;:géﬂcasfgola* ( ll:;te;:lr;j Prgr:-ter and Gamble. From 2005-2009, Flavin headed
vlobal operations for Gillette's razors and blades business, where | - ~ Ty ginga
e e e‘mPlo;?ees, s business, where he was responsible for managing 8

t N1, where he could apply his passion for operations, procictis
ss rollouts and not be burdened with the demands of raising
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high level performance data over tim
this approach to identify what the cays

steps in their areas to fix it.

Flavin also focused attention on pacing and sequencing. He expl
; explained:

place. Most of it was in their heads.
cadence. It is hard to know what the iigvl:}tllaatd::c: -eegee g was to develop a rhythm or a
B it lvith an annual business: plan, which :3 tiau]je it is a judgment call. But you
quarterly and build monthly work plans. We startezstoa}c‘ mgé then you track the plan
to outline w.hat we needed to accomplish. It is Toyotﬂ-baz; t :il:\}]’( ian“‘il :E:hly meetings
h;&Ck Rt e Op the pace to get back on track. We have gotten begt.ter at tl?l(i:ubzlt-e‘to v
e difficult to create a culture of doing whatever it takes to get back on track. And dcﬁinl 51;
LA development environment like ours with all of the uncertainty makes it doubly hird.

n to meet regularly. On Mondays, they discussed the goals for the week, then the
' k’s targets. Each subsequent morning, they would meet to discuss
and possible solutions. “1t must have felt to Trip like he

~ washerdir g cats,” Degtiarov noted. Williams jokingly added, “The first time we had to fill out a Gantt

~ chart [used in project management to show tasks or events displayed against time) it felt like the yoke
f management was upon us.”

m changing business priorities

late creative engineers from a

bring consistency 1o the
ithout reason Or cause.

s and Degtiarov fro
“1f you don’t 1s0O

[ tried to do was
priorities to change W

o ame time, Flavin strove to shield William
 sothey could focus on the task at hand. He explained,

reative CEO, vou end up with a creative mess. What

atinuity of thought. | did not want out
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st an undergraduate finishing my course work ; ‘
| voice even though | was J % 2 Chemlstry.
{ when Paul and Chris joine pany.

In July and September 2013, the company hired two peyw
aterials scientist, and Chris Gouldstone, an applicatio

had previously worked at a competing nanotech company; on
lained, was to have the challenge and freedom to i“nova;e_ ”T\/l of
aterial on which to grow our VACNTSs that was ﬂeXibl‘e y

em PloyeES:

Expansion
n .
> €Nginegy

hD chemist and m
from MIT. Jarosz
coming to N12, he exp

| at N12 was to find a m

Horizontal
Paul Jarosz, & P

- . and

mmediate goa - | »
:ne\'pensive enough to use In a continuous process

Gouldstone, on the other hand, was brought in as a composites expert (at first on a partna

1 then full time in February 2014). His assignment was to bu_ild a coml.?osite lab that N12 could yse
?:Create composites (i.e., layers of pre-impregnated sheets) with and without NanoStitch, test the

both and then ship them to customers to do their own testing.

A business development expert also came on board during this period. These additions, which grew
the organization from four (Willams, Degtiarov, Deresh and Sabados) to seven people, felt “natura]’
according to Williams. “It was a horizontal expansion that mapped well onto the process and work
flows we needed to establish. It did not bring additional hierarchy.” Jarosz observed, “I was
accountable to my peers.” Still, there were subtle changes. “I no longer knew everything that was going
on in the organization,” said Degtiarov.

Vertical Expansion Additional growth came quickly. By fall 2014, the production, operations,
and technology development organization had more than doubled in size, as had the entire company,
which went from seven to 16 employees (see Exhibit 4 for an organization chart over time). “We were
maxed out,” Williams said. “We couldn’t do any more with the resources we had.” The growth spurt
brought with it the company’s first hierarchy. Not only did Williams, Degtiarov, and Gouldstone each
gain two direct reports, but there was, for the first time, a formal separation of responsibilities between
Williams and Degtiarov. Williams’ team would run production and would strive for consistent, reliable
output, while Degtiarov’s team, called the Manufacturing Technology Group, would be responsible

1‘:31‘ Euﬂfﬁng the second-, third-, and fourth-generation reactors. Gouldstone would head the
pplications Group, focused on testing and quality control. Williams observed:

For a hands.- : ; : E
It also meant th::liil:fmezr iy Degliarov, the new organization structure meant learning to delegate. 8
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@ The change ln tl}e organization structure created a loss of Intimacy between the original team
~members. To minimize the loss, Gouldstone, Williams, Jarosz, Degtiarov and Deresh began to meet for
sreakfast on a bi-weekly basis. “These 'not-so-secret’ meetings are to try and stay connected as we once

had been,” Gouldstone explained. “We use the time to have open and candid discussions about the

~ workplace.” “What we had in the early days was very special,” added Deresh, who now reported to
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; IJ:I 1‘2015, the company added 11 more people. The additional resources led in some cases to further
-k el Taa S

ek specmhzatlon For example, Deresh no longer was a production operator; she had responsibilities
- decoupled from the operator role.

~ Business Development and Sales
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N12 Technologi

Building the Business

Going to Market

Skepticism CNIs had been around for more than two de(.:ades. Although they
t, the performance advantages were, as Berkson put it, “long on hope ang
osite users had invested in CNTs only to find that the promised gains in
failed to materialize. In some cases, performance actually declined. N12
been the random orientation of the CNTs into the composite layers and
grow vertically-aligned CNTs would produce very different results. Still,

lients was typically skeptical and unwelcoming,

Overcoming
had generated much interes

short on facts.” Many comp
strength or fatigue-resistance
argued that the problem had

that the company’s ability to
the atmosphere at potential ¢

N'12 therefore focused its initial conversations with likely customers on ?lata from its own tests as
well as those conducted by the MIT laboratory, with the goal of providing hard evidence of the
advantages of NanoStitch. The initial appeal targeted scientists and technical experts. The company

provided a 15-page general presentation to interested customers and followed up with a 45-page
presentation that went into more specifics concerning the technology for more serious customers who

signed nondisclosure agreements (NDAs).

N12 decided to focus on four key markets in order of their expected time to market (i.e. the time it
would take for NanoStitch to be tested, qualified, and incorporated in products): consumer (sporting
goods/leisure), automotive, wind energy, and aerospace/defense. Consumer had the shortest
adoption/qualification period of approximately one to two years. It was the segment in which N12

hoped to establish its brand identity.

Aerospace/defense was at the other end of the spectrum: it had an adoption/qualification process
that typically lasted 10 to 20 years. Because safety was such a key concern, testing was more extensive
and lengthy before parts and components could be approved for use in an airframe or engine. This
meant that the earliest N12 could sell into the aerospace/defense market for the next generation
jetliners, for example, was a decade or more in the future. But once a composite part was fully qualified
and accepted, it generally provided 20-30 years of cash flow (the typical jetliner production run).

The automotive and wind energy markets fell between these two extremes.

; ”I’a)f-As-You-Go” versus ‘:’Build It and They Will Come” Initially, N12 had planned to
ug)a:ce its growth by working with five or six end users as partners in joint development agreements
(JDAs). The idea was that each of these partners would contribute $1 million, which would fund further

:If;eel:cﬁz;eizit. Pfa;rtners woulc! receiv? product for testing, NanoStitch tailored for their applications,
sign JDAs th;y insiastl;?lrr Ay tln:le‘period or segment of the market. But before partners were willingto
promised, Be z sted on recelving “proof of concept” — hard evidence that NanoStitch did whatwas

. berkson noted, “Potential partners were not comfortable anteing up the money unless they 1

had tl“ | | , 4 " NTq ; il
i proc::;z:tghl:;}; ltleStet:d the material.” N12 also discovered that their offer of exclusivity and mﬂm
tad imifed appeal. The company had conversations with six possible partners tonoavai.
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For the aerospace/defense segment, N12 also started with a pull strategy. But end users, including
companies such as Boeing and GE Aviation, told N12 that it needed to be talking directly to their
prepreggers. N12 therefore added a push element for this segment as well, trying to generate interest
~ at the major suppliers of composite sheets to aerospace and defense firms. This approach, the busin-ess
.~ development team argued, made sense because these intermediaries had an in-depth understanding

‘H‘le -ﬁ-ldustry's product pipeline, because aerospace firms typically did not shift from prepregger to
" fully qualified, and because many prepreggers Were searc!*nng fo:
“Prepreggers are at a limit to what they can do on their own,

1 t 7 l ll SI e te[ la - .

' t 50 aerospace end users, ‘
LA ing and [P agreement with N12.
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- prepregger once materials were
~ additional sources of differentiation.
.~ Navel said. “The resins they are using have
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~ high-end to mass-market use. From there, the plan was to move into expe
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rganization and Building a Business
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N12 rechnologies: guilding an

. mers were more likely to pay a Premium ¢
RS ause those consu _‘ e
oducts beca .

h,gh-end pi |

ptlrf(}l'l“dﬂ“'" ( f hioh d
| _ : . ; turer O ghn-en SpeClalty bic |
_ . ontly in discussions with a manufac YCles and
,M? # :T Lnli::t co};npan)’ that supplied the Na_tlonal tockey League {NHL), The bicycle CO“?;a:e
hmnk& :clfl,sivit}’ but N12 would only grant it if the company agreed to use NanoStitch In al| of it};
wd '

hicvcles and commit to purchase a certain volume at a preset prif:e over a .five-year period. The pjcy,
li;:;,am rejected the proposal. Berkson noted, “What we are trying to do is forward yeie
€O )

He added:

There are really four phases of development in the consumer segment, which is oy
entry market: testing, prototyping, limited production, and then full production, The
testing volume per customer is 5-10 square meters of NanoStitch. The prototype volume
is 50-100 square meters. We think we will need less than 1,000 square meters to meet the
prototype needs for the consumer segment in 2016. But in three or five years, if we truly
succeed in the consumer market, we'll need full production in the millions of square
meters. That scaling is quite daunting.

Scaling the Technology

Gen I Reactor Back in 2013, the task of ramping up production capacity to meet the ambitious
volume goals had fallen largely to Degtiarov, Williams, and Jarosz: the former two to build the
continuous reactor and the latter to identify a continuous substrate on which to grow the VACNTSs,
Having proved that they could grow VACNTs in a batch reactor, the three had to prove that they could
grow them at scale. “We knew that this was our do-or-die moment,” Williams said. “If we could not
grow VACNTSs using a continuous process, there would be no company.” Building such a.ﬁrst-

generation continuous reactor (known internally as “Gen [”) would require significant changes in

technology and systems. It was analoeou hifti
. ' gous to shifting from producin : : -
sheet to producing it on a moving corwe g & p g something on a stationary cookie

interp ; ?Ythe growth process fo _ _ m
| Pt ofthe reactor i real time without direct access to its core or intemah—y jdala. &8
Much cheaper sybstrat. 1
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” =, Gen II Reactor In the summer of 2014, Williams and Degtiarov began the design of the second-
- generation reactor (nicknamed “Long Cat”), while continuing to manage the production from Gen 1.

2014, the pair had succeeded. Their first-generation conti
~ amount of square meters of VACNTS on an annual

~ reliability issues and limited capacity, Gen I was vi
~ the concept of continuous production.
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e was like changing tires on a moving car,” Williams explained. “Even though we are able to build
~ on the technology we have already developed and transfer the knowledge we have gained through
B berienc > there are additional technical and execution risks with each subsequent generation. It is not

AR ipping a switch.” The goal of Long Cat was to produce VACNTs at 10x the capacity of its
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~ commenced in early 2015; in May the reactor came onl p

e onlv-30% o capacity. In the fall
s met s a _“1f we have 20 performance "
“We clearly have more work to do.

illiams said:

B el process of rolling out new technology, William

R the machine, debug the machine, and eetgzg
have tended to underestimate the time 1t

' bination of
ineering. The debug phase 1s a com

d how to

: u have to understan
ilt the machine; nOW zzeration does not always work
s d yield. Put simply, the

#,c w e T lmprovmg rehabﬂlty With the dESlgn in place, the build-out of Long Cat

tially

and winter of 2015, Degtiarov’s team wc?rk_ecl
targets for NanoStitch, we are only hitting
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H
d Building a Business
“dins an Oma“mﬂﬂn an 316"%2
N12 Te(hmk'gks Bu
j lls. In early 2016, the busin
| ever, there were capacity shortfa | ess develg
In the meant'::;" nl:g:: demand for test material than N12 could provide. There was, in fact, apt;.\n e
team had 3::\0!’3 Over 100 companies —a combination of end users and Preépreggers — wanteg r:
numt{n NC. f::ga'llv about one to three square meters each. Twe:nt)f cqstomers were already aCtive|t
nm:m[l\};;:gtitcil and N12 hoped to increase that figure to 50 within six months provided Degﬁarov{
zmnfould work out the issues with Long Cat.
«One of the biggest challenges we have,” explained Flavin, j‘is malx:hin‘g our technical capabilities
to demand. If we build our capabilities too soon, we run the risk of burning money. If we build o, 8
slowly, we will lose credibility in the marketplace. Either could be death for a startup.”
Economics and the Business Model
Ultimately, the adoption of NanoStitch would com_e down to cost versus performance. To support
the price premium of adding NanoStitch to composites, end users would need to see substantia]
benefits on one of several dimensions such as reduced weight, added strength, or durability. The firm’s
pricing plan was two-fold. It would charge different prices depending on the customer segment. For
example, because of the extensive quality control and testing required for aerospace composites, N1?
would need to charge those customers about one-third more than it needed to charge the high-end
consumer segment. As production scaled up, the prices to all segments would reduce over time,

The company projected it would be profitable by 2018 selling NanoStitch primarily to the high-end
consumer segment. If the company were to do no more than that, Berkson observed, “It would be a L
nice little business.” But investors had bought into the idea that Berkson and Flavin could scale the
business. The company was forecasting significant sales growth jumps in 2018, 2021, and 2027. If the
N12 team did succeed, the company’s market valuation would approach $10 billion. (See Exhibit 8 for
gnBe I'I'(gr [)Jany's projected annual earnings before interest, taxes, depreciation and amortization,

; Beco.ming d ”Blll‘toned-Up’ : Orga_nization

i % S y - L 1 1T E H B f o . i R 3 ; '. J ; : : -, a o . L 4 . iy
0 HIE all, but now with twenty-plus employees thats

P - - L : R - N i : : ' ' r "f."--:

o - 5 * & ] H E JI £ # | | 2 iy R Or m o y ol F D= L
e ] “ " - . - ) ‘ . | .. ‘ . i . i '_;_ 1 y fs ’ -

% -
....

..‘ d . "l
, &5 . ’ : - ‘ ..' I ! ; . = 5 5 - - :
7 b R O i ¥ . ; 1 ; y 4
110 Ch ¥ § | o - ' ' T I -
= T ¥
. : / L . ._*E|'_'., .
. o : , - § ! ’ ) i i 3 ' ||
—— | i , E. 3L B I i & ¥ f & i 1 f \ . *- - o
K F - "l | . 1 A ) 3 ] -l.'.' ;-.. i.' *
i o & ; & : : H
X _ ] ng o e
L} | - | - i = - = } ‘ r . e " i & L 3
" N 0 B 1 : ’ ’ 3 A -__;., - 5,
- i P ] o =i 3 = = - g i
= ? « * e e
||I ; N | B : A | N - |} 7 — " . 9
- ' I- % : r .1!: | F'|. — - | i T ] I B r T — I . : "4 .
- . 5 L = n - 5 ! . ! 8 y e o o '
i : . . ' . - r . - x =

; i l:.l'..| -"-:-l -. {I' | £ .c -. Ji .. ] ;“:-JT"‘
N company and der
) E . 1-‘..-1':_:1 ._-iL - .-‘.'- % & o i :: - L ,I ”l',l ] L | ey
S 3 o S S T B W

o o 1
."‘

.....
ppp
- ., '*;‘ ., 'l-,';ﬂ

___________
..........
. | B B e
-------------

L%

s et T

L5 L dl
‘Ti."‘ B 3

:‘ =

A

3T
| &

i
» l. l‘l" 'ﬂ .I ."' #
e F!r.f""’f i .

e
L ] e . ; o (R § v L o B ’
.“.w"- iy - i R 4 " I" _: = : - . " y g & - L 1‘ ‘ by e ¥ . i 3 o 4
AR o eh oG & FERte . R &
\ ,h‘j'i‘.l E . - =1

b =‘~.iq-'f:'-; nt

kR N
‘i L t "J 9 lia
- -E.i‘:—{ Chra
'
ﬁ
v

- »

, O I o~ ] L g 1t 5 .

A g i Al i W) ; e LT .h S Thiwl, "|.-_r 5

LA e it L b A - 'Iil,'_-l d IF' e &
o s ¥ A e Wy - g sl - ot L R B

ﬂl..p-."*l ALY DD e 1‘_' [ | Sy ik £ Ton
e R . ‘ &Ll e ¥ |
i, w7 = ’ L i

A A
wif Wt

9

.

j i . . i il - By

.-l.|-.. i o L '.I I'.“_. ...I-..‘ El ’ Ty 5t 2

‘hh’l IhQ % "‘b ':. ‘I_r-_.JI I"_. |_' Ly 5 ) A e & e L ..- p E " =
. tlg"':ivﬁit:': l;‘:lﬂlr e P :,-""‘:_ Ll hels s ;
] .,"' 1. TSR L
r".. . % [

.."'L'ﬁ'l'r 1.'l..l. ‘1' [}

&



spreadsheets, databases, or weekly
standardization a ' |
st nd the investment it would take to get these tools and

systems in place.

reports.
ports. We probably underestimated the need for

E . CIiisa huge shift in how we interact with each other f b
B, i : - rom the early days,”

~ tobeanopen discussion w y days,” Deres -
kﬂ hle:r? ken pu into what w 3 ;Y[e)ryone' ..BTJ tas we grew, that was no |0ngzr sustainal::laedclllejx;r tlliaused
%ge A p Int e:ca . I:ICkEtS, it 1s a struggle to keep everyone in the com - th Lo
- page. Most of the communication i1s now within your own team p PR TN

g - Changes required tradeoffs to be made. “I understand that each department and team cannot h
r own policies, but I wish I had more opportunity to influence company-wide ap roasu:.h:;r :
s ams said. “When you scale an organization, you have to apply some structure across tlfe entiry.’lt
line to walk because we are still a small organization; only a short time ago we had total
' an [ have to advocate for my team members’ autonomy yet still fit within a manageable
-stru " Degtiarov expressed similar views. "] am guarding my team’s autonomy
his perspective had changed with time. “l came to N12 as a

fessionally. I had to learn how to build a team, how to adapt.
ho would not or could not show flexibility, either

mmed up the challenge facing N12
: dﬂy of reckoning is when you go from startup to aeedtﬁttoned-l;pl(l)rgaoriz;‘aiz. 32013
B e T SEt - m a seedling to a full-gT s 4
oree of difficulty’ transition, like going fro = fro;gn " niversity and scaling
ilities to satisfy
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'_ as a 'compl:ewly' immature Op
and end up putting in the qua B i the world.
of the r t challenging apphcauons l;a:ocking on our door; we need t0 be ready. |

f'.'; N me GES of the wol‘ld g later
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