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June, 2016.

{ Dear Global Innovation Community,

On behalf of the Sutardja Center for Entrepreneurship and Technolo-
gy at UC Berkeley, it 1s my pleasure to bring to you the second edition
of the Applied Innovation Review (AIR).

We have come a long way since we decided the focus of the inaugural
version of AIR in 2015. Last year, our community of scholars, inno-
vators and entrepreneurs was trying to understand the potential of
Self-Driving Vehicle Strategies, the Technology Effects on Banking,
the Intersection between Technology and Global Inclusion, and the
Berkeley Method of Entrepreneurship.
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,HH‘"M “' ‘ u This year, the selection of the topics for the Applied Innovation Re-
o ‘ view has been supported by the introduction of one of our new What’s
Next Watchlhist. The Watchlist 1s a framework that was created by tracking applied research projects and
venture mvestment with the aim to determine which emerging areas are the best investment bets for the
present year, based both on their timing and their potential impact.
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The Watchlist was obtained by tracking two sources of data. One 1s the technical reports of UC Berke-
ley’s Sutardja Center projects. Authors represent Silicon Valley Executives, Ph.D. students, and under-
graduates. The second source 1s from the Series A mvestments over the past 12 months from leading VC
firms established in the Bay Area and around the United States. While some of our results were evident
since the beginning, such as the current importance of Cybersecurity and Encryption, or the news ways
i which Big Data has been able to blend into the Healthcare industry, others consolidated their places at
the top of the list just recently given the different development stages of their own markets. These n-
cluded the potential of Drones and Robotics, Blockchain Technology, and the new ways in which media
manages to mnteract and make content accessible for consumer brands and retail.

What’s Next Watchlist — Emerging Areas to Watch for 2016:
Healthcare + Data / Cognitive Technology
Cybersecurity and Encryption
Data+Cognitive Technology + Enterprise
Drones and Robotics
Connected Cars
3D Printing, Digital Manufacturing, and Verification
Fintech, Transactions, and Blockchain

Education and Training + IT/Data
Collaboration, Workspace, possibly with Virtual Reality
Media+Brands+Retail and Data/Cognitive Technology

Influenced by the 2016 Watchlist, the focus of this year’s 1ssue turns to explore the disruption potential
of Blockchain Technology, the promise of the Market for Sustainable Meat Alternatives, the emergence
of 3D Printing Standards and Services, the ability to Prevent Neurological Diseases such as dementia and
epilepsy, and a Novel Approach mto reshaping Leadership and Entrepreneurship.

As you browse through AIR’s pages, we hope you are as excited as we were when putting its pieces to-
gether, and realize how far we have come 1 1mproving society through the technological development,
entrepreneurship, and mnovation.

Sincerely,

Ikhlaq Sidhu

Founding Director and Chief Scientist
IEOR Emerging Area Professor Award
Sutardja Center for Entrepreneurship and Technology

Department of Industrial Engineeringn and Operations Research
UC Berkeley
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Abstract

A blockchain 1s essentially a distributed database of records, or public ledger of all transactions or digital events
that have been executed and shared among participating parties. Fach transaction in the public ledger 1s verified
by consensus of a majority of the participants in the system. Once entered, information can never be erased. The
blockchain contains a certain and verifiable record of every single transaction ever made. Bitcoin, the decen-
tralized peer-to-peer digital currency, 1s the most popular example that uses blockchain technology. The digital
currency bitcoin itself 1s highly controversial but the underlying blockchain technology has worked flawlessly and
found wide range of applications i both financial and non-financial world.

The main hypothesis 1s that the blockchain establishes a system of creating a distributed consensus in the digital
online world. This allows participating entities to know for certain that a digital event happened by creating an
irrefutable record in a public ledger. It opens the door for developing a democratic open and scalable digital econ-
omy from a centralized one. There are tremendous opportunities in this disruptive technology, and the revolution
in this space has just begun.

This white paper describes blockchain technology and some compelling specific applications in both financial and
non-financial sector. We then look at the challenges ahead and business opportunities in this fundamental tech-
nology that 1s all set to revolutionize our digital world.
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Introduction

A blockchain is essentially a distrib-
uted database of records, or public
ledger of all transactions or digital
events that have been executed and
shared among participating par-
ties. Fach transaction i the public
ledger is verified by consensus of a
majority of the participants in the
system. Once entered, information
can never be erased. The blockchain
contains a certain and verifiable re-
cord of every single transaction ever
made. To use a basic analogy, it 1s
easler to steal a cookie from a cook-
1e jar, kept in a secluded place, than
stealing the cookie from a cook-
1e jJar kept in a market place, being
observed by thousands of people.

Bitcoin 1s the most popular example
that 1s intrinsically tied to blockchain
technology. It is also the most con-
troversial one since it helps to enable
a multbillion-dollar global market
of anonymous transactions without
any governmental control. Hence it
has to deal with a number of regu-
latory issues mvolving national gov-
ernments and financial mstitutions.

However, Blockchain technology
itself 1s non-controversial and has
worked flawlessly over the years and
1s being successfully applied to both
financial and non-financial world ap-
plications. Last year, Marc Andrees-
sen, the doyen of Silicon Valley’s
capitalists, listed the blockchain dis-
tributed consensus model as the most im-
portant invention since the Internet
itself. Johann Palychata from BNP
Paribas wrote m the Quintessence
magazine that bitcoin’s blockchain,
the software that allows the digital cur-
rency to function should be consid-
ered as an mvention like the steam or

combustion  engine that has
the potential to transform the
world of finance and beyond!.

Current digital economy 1s based on
the reliance on a certain trusted au-
thority. All online transactions rely on
trusting someone to tell us the truth—
it can be an email service provider
telling us that our email has been
delivered; it can be a certification au-
thority telling us that a certain digital
certificate 1s trustworthy; or it can be
a social network such as Facebook
telling us that our posts regarding
our life events have been shared only
with our friends or it can be a bank
telling us that our money has been
delivered reliably to our dear ones in
a remote country. The fact 1s that we
live our life precariously in the digital
world by relying on a third entity for
the security and privacy of our digital
assets. The fact remains that these
third party sources can be hacked,
manipulated or  compromised.

This 1s where the blockchain tech-
nology comes handy. It has the po-
tential to revolutionize the digital
world by enabling a distributed con-
sensus where each and every online
transaction involving digital assets,
past and present, can be verified at
any time i the future. It does this
without compromising the privacy
of the digital assets and parties in-
volved. The distributed consensus and
anonymity are two important charac-
teristics of blockchain technology.

The advantages of Blockchain tech-
nology outweigh the regulatory is-
sues and technical challenges. One
key emerging use case of blockchain
technology involves “smart contracts”.
Smart contracts are basically com-
puter programs that can automati-
cally execute the terms of a contract.
‘When a preconfigured condition in a
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smart contract among participating
entities ismetthenthe partiesinvolved
In a contractual agreement can be
automatically made payments as per
the contract in a transparent manner.

Smart Property 1s another related con-
cept which 1s regarding controlling
the ownership of a property or as-
set via blockchain using Smart Con-
tracts. The property can be physical
such as car, house or smartphone,
or it can be non-physical such as
shares of a company. It should be
noted here that even Bitcoin 1s not
really a currency: Bitcoin is all about
controlling the ownership of money.

Blockchain technology 1s finding
applications in wide range of ar-
eas; both financial and non-financial.

Financial mstitutions and banks no
longer see blockchain technology
as a threat to traditional business
models. The world’s biggest banks
are 1n fact looking for opportunities
i this area by doing research on in-
novative blockchain applications. In
a recent interview Rain Lohmus of
Estonia’s LHV bank told that they
found Blockchain to be the most
tested and secure for some bank-
g and finance related applications.

Non-Financial applications opportu-
nities are also endless. We can en-
vision putting proof of existence of
all legal documents, health records,
and loyalty payments in the music
mdustry, notary, private securities
and marriage licenses in the block-
chain. By storing the fingerprint of
the digital asset instead of storing the
digital asset itself, the anonymity or
privacy objective can be achieved.

In this report, we focus on the
disruption that every industry in
today’s digital economy 1s facing due

to the emergence of blockchain tech-
nology. Blockchain technology has
potential to become the new engine
of growth in digital economy where
we are increasingly using Internet to
conduct digital commerce and share
our personal data and life events.

There are tremendous opportuni-
ties 1n this space and the revolution
i this space has just begun. In this
report we focus on few key appli-
cations of Blockchain technology
in the area of Notary, Insurance,
private securities and few other in-
teresting non-financial applications.
We begin by first describing some
history and the technology itself.

Section I: BlockChain
Technology

1. Short History of Bitcoin

In 2008, an individual (or group)
writing under the name of Satoshi
Nakamoto published a paper enti-
tled “Bitcom: A Peer-To-Peer Elec-
tronic Cash System”. This paper
described a peer-to-peer version of
the electronic cash that would allow
online payments to be sent directly
from one party to another without
going through a financial mstitution.
Bitcoin was the first realization of this
concept. Now “cryptocurrencies” 1s
the label that 1s used to describe all
networks and mediums of exchange
that uses cryptography to secure
transactions-as against those systems
where the transactions are channeled
through a centralized trusted entity.

The author of the first paper wanted
to remain anonymous and hence

no one knows Satoshi Nakamoto

to this day. A few months later, an
open source program implement-
g the new protocol was released,
beginning with the Genesis block of

August 18 October 31 N ber 9

Domain name Bitcoin design Bitcoin project

“bitcoin.org” paper published registered at 2 009

registered SourceForge.net
2 OO 8 January 3 January 9 January 12

Genesis block
established at
18:15:05 GMT

Figure 1: The History of Bitcoin

50 coins. Anyone can install this open
source program and become part of
the bitcoin peer-to-peer network. It
has grown in popularity since then.

The popularity of the Bitcoin has
never ceased to increase since then.
Moreover, the underlying Block-
Chain technology 1s now finding new
range of applications beyond finance.

2. Blockchain Technology:
How does it work?

We explain the concept of the block-
chain by explaining how Bitcoin
works since it is intrinsically linked to
the Bitcoin. However, the blockchain
technology 1s applicable to any digital
asset transaction exchanged online.

1. Validate Entries
2. Safeguard Entries
3. Preserve Historic Record

Internet commerce is exclusively
tied to the financial institutions serv-
g as the trusted third party who
process and mediate any electron-
1c transaction. The role of trusted
third party 1s to validate, safeguard
and preserve transactions. A certain
percentage of fraud 1s unavoidable
i online transactions and that needs
mediation by financial transactions.
This results 1in high transaction costs.

Bitcoin uses cryptographic proof
mstead of the trust-in-the-third-party
mechanism for two willing parties to
execute an online transaction over
the Internet. Each transaction is
protected through a digital signature,
1s sent to the “public key” of the
receiver, and 1s digitally signed using
the “private key” of the sender. In
order to spend money, the owner of
the cryptocurrency needs to prove
his ownership of the “private key”.

74

Figure 2: Traditional Online Financial Transactions using third trusted party (Banks, PayPal, etc.)!
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The entity receiving the digital cur-
rency then verifies the digital signa-
ture, which mmplies ownership of
the corresponding “private key”, by
using the “public key” of the send-
er on the respective transaction.

Fach transaction 1s broadcasted to
every node in the Bitcoin network
and 1s then recorded m a public
ledger after verification.
gle transaction needs to be verified
for validity before it 1s recorded in
the public ledger. The venfying
node needs to ensure two things
before recording any transaction:

Every sin-

1. Spender owns the cryptocur-
rency, through the digital signa-
ture verification on the transaction.

2. Spender has sufficient crypto-
currency in his account, through
checking every transaction against

the spender’s account, through

checking every transaction against
the spender’s account, or “pub-
lic key”, that 1s registered in the
ledger. This ensures that there 1s
sufficient balance m his account
before finalizing the transaction.

However, there 1s question of main-
taming the order of these transac-
tions that are broadcasted to every
other node in the Bitcoin peer-to-
peer network. The transactions do
not come in order m which they
are generated, and hence there is
a need for a system to make sure
that double-spending of the crypto-
currency does not occur. Consider-
g that the transactions are passed
node by node through the Bitcoin
network, there is no guarantee that
orders in which they are received at
a node are the same order in which
these transactions were generated.
The above means that there 1s
a need to develop a mechanism

How a blockchain works

1

A wants to send

money to B

Those in the network

approve the

transaction is valid

\ V
G

\
\
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The transaction is The block
represented online every par
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as a 'block’
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The block then can be added
to the chain, which provides

an indelible and transparent

record of transactions
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so that the entire Bitcoin network
can agree regarding the order of
transactions, which 1s a daunt-
mg task m a distributed system.

The Bitcoin solved this problem by a
mechanism that is now popularly known
as Blockchain technology. The Bitcoin
system orders transactions by placing
them in groups called blocks and then
linking these blocks through what 1s
called Blockchain. The transactions
i one block are considered to have
happened at the same time. These
blocks are linked to each-other (like a
chain) in a proper linear, chronolog-
ical order with every block contain-
g the hash of the previous block.

There still remains one more prob-
lem: Any node in the network can
collect unconfirmed transactions
and create a block and then broad

S broadcast 1o

fy in the network
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Figure 3: Financial Transactions using the ,BchL‘/zain Technology?
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ships the product

Figure 4: Double spending due to propagation delays in peer-to-peer network.

cast it to the rest of the network as a
suggestion as to which block should
be the next one in the blockchain.
How does the network decide which
block should be next in the block-
chain? There can be multiple blocks
created by different nodes at the same
time. One can’trely on the order since
blocks can arrive at different orders
at different pomts in the network.

Bitcoin solves this problem by intro-
ducing a mathematical puzzle: each
block will be accepted in the block

,_,(f,—“:—

chain provideditcontainsan answerto
a very special mathematical problem.

This 1s also known as “proof of
work”: a node generating a block
needs to prove that it has put enough
computing resources to solve a
mathematical puzzle. For instance,
a node can be required to find a
“nonce” which when hashed with
both transactions and hashes of pre-
vious blocks produces a hash with

certain number of leading zeros.

e

N

N -

Second transaction
arrives 1sl and
considered valid

The average effort required 1s ex-
ponential in the number of zero
bits required but verification pro-
cess 1s very simple and can be
done by executing a single hash.

Unconfirmed /

TX ab3..., Tx de8..., T fe8...., _
Cg Txdc8...., Tx fb1... _:),.f)_ Unoidsred

£ By fF b £ ™
MH“‘-\ “‘xf'ﬂd{ # BCF \‘Elucl-: #9AD
Prev # 9DA Prav # 8CF
Tx dc8... T fol.. Tx fe8...
Tx ab3... Tx ded...
b y W g
Time

Figure 5: Generation of BlockChain_from unordered transactions

transactions

Ledger generation
by miners

Hash output of
previous block
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Transaction Order protected by Race

N
o b
TN

find x such that
f(block + x) < 't
(crytographic hash)

Figure 6: Mathematical race to protect transactions - I

This mathematical puzzle 1s not triv-
1al to solve and the complexity of
the problem can be adjusted so that
on average 1t takes ten minutes for a
node n the Bitcoin network to make
a right guess and generate a block.
There 1s very small probability that
more than one block will be gener-
ated I the system at a given time.

The first node, to solve the
problem, broadcasts the block
to the rest of the network.

Occasionally, however, more than
one block will be solved at the same
time, leading to several possible
branches. However, the math needed
to be solved 1s very complicated and
hence the blockchain quickly stabiliz-
es: after this, every node is in agree-
ment about the ordering of blocks.

The nodes donating their com-
puting resources to solve the puz-
zle and generate blocks are called

Probability Distribution of Block Solving Time

probebility

TN,

“miner” nodes” and are finan-
cially awarded for their efforts.

The network only accepts the longest
blockchain as the valid one. Hence,
1t 1s next to impossible for an attack-
er to mtroduce a fraudulent transac-
tion since it has not only to generate
a block by solving a mathematical
puzzle, but it also has to race math-
ematically against the good nodes to
generate all subsequent blocks in or-

] time to solve a block
I'ime attacker must outpace
or "out luck” the network.
- e
- - g -t g - e g
more secure less secure
: o
TIME

Figure 7: Mathematical race to protect transactions - II*

der for it to make the other nodes
i the network accept its transaction
and block as the valid one. This
job becomes even more difficult
since blocks in the blockchain are
linked cryptographically together.

Section II: Existing Market

Blockchain technology 1s finding
applications m both financial and
non-financial areas that traditionally
relied on a third trusted online en-
tity to validate and safeguard online
transactions of digital assets. There
was another application “Smart Con-
tracts” that was mvented in year 1994
by Nick Szabo. It was a great idea to
automatically execute contracts be-
tween participating parties. However,
it did not find usage until the notion
of crypto currencies or programma-
ble payments came into existence.
Now the two programs, Blockchain
and Smart Contracts can work to-
gether to trigger payments when a
preprogrammed condition of a con-
tractual agreement 1s triggered. Smart
Contracts are really the killer appl-
cation of the cryptocurrency world.

Smart Contracts are contracts which
are automatically enforced by com-
puter protocols. Using blockchain
technology has made it much more
easler to register, verify and execute
them. Moreover, open source com-
panies like Ethereum and Codius
are already enabling Smart Con-
tracts using blockchain technology
and many companies which operate
on bitcomn and blockchain technolo-
gles are beginning to support Smart
Contracts. Many cases where assets
are transferred only after meeting
certain conditions, which require
Lawyers to create a contract and
Banks to provide Escrow services,
can be replaced by Smart Contracts.

In particular, Ethereum has created
lot of excitement for its programma-
ble platform capabilities. The com-
pany allows anyone to create their
own cryptocurrency and use that
to execute and pay for Smart Con-
tracts, while 1t also possesses its own
cryptocurrency (ether) which 1s used
to pay for the services. Ethereum
1s already powering a wide range of
early applications in areas such as
Governance, banks,
keyless access, crowdfunding, finan-
cial derivatives trading and settle-
ment, all by using Smart Contracts.

autonomous

Also, there are a number of block-
chains In existence to support a
wide range of applications be-
sides Currently
there are three approaches in the
industry to support other appli-
cations and overcome perceived
limitations of Bitcoin blockchain:

cryptocurrency.

Alternative Blockchains: A system of
using the blockchain algorithm to
achieve distributed consensus on
a particular digital asset. The sys-
tem may share miners with a parent
network such as Bitcoin’s, which 1s
called merged mining. These Alter-
native Blockchains have been sug-
gested to mmplement applications
such as DNS, SSL certification
authority, file storage and voting.

Colored  Coins:  An  open
protocol that describes a class of
methods for developers to
ate digital assets on top of Bitcoin
blockchamn by using its function-
alites beyond  digital

source

cre-

currency.

Stdechains:  Alternative Blockchains
which are backed by Bitcoins via a
Bitcoin Contract, just as dollars and
pounds used to be backed by Gold.
One can possibly  have a thou-
sands of Sidechains “pegged”

to Bitcoin, all with different char-
acteristics and purposes, and all of
them taking advantage of the scar-
city and resilience guaranteed by
the Bitcoin blockchain. In
the Bitcomn blockchain can iterate
to support additional features for
these experimental Sidechains, once
they have been tried and tested.

turn,

Companies such as IBM, Samsung,
Overstock, Amazon, UBS, Cia,
Ebay, and Verizon Wireless, to
name a few, are all exploring alterna-
tive and novel uses of the blockchain
for their own applications. Nine of
the world’s biggest banks including
Barclays and Goldman Sachs® have
recently joined forces with the New
York based financial technology
firm R3 i September 2015 n or-
der to create a framework for using
the blockchain technology mn the fi-
nancial market. This 1s the first time
banks have come to work together
to find applications of blockchain
technology. Leading banks like JP-
Morgan, State Street, UBS, Royal
Bank Of Scotland, Credit Suisse,
BBVA and Commonwealth Bank of
Australia have joined this initiative.

Now we turn to give a short de-
scription of the types of interest-
ing applications and projects that
mnovative  and
panies are doing in this space.

visionary — com-

Section III: Applications of
Technology-Compelling Use
Cases in both Financial and
Non-Financial Areas

1. Financial Applications:
1.1. Private Securities
It 1s very expensive to take a com-

pany public. A syndicate of banks
must work to underwrite the deal

13
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and attract investors. The stock ex-
changes list company shares for sec-
ondary market to function securely
with trades settling and clearing in
a timely manner. It 1s now theoret-
ically possible for companies to di-
rectly issue the shares via the block-
chain. These shares can then be
purchased and sold m a secondary
market that sits on top of the block-
chain. Here are some examples:

NASDAQ  Private Equity: NASDAQ
launched its Private Equty Ex-
change in 2014°. This is meant to
provide the key functionalities like
Cap table and mvestor relationship
management for the the pre-IPO
or private companies. The current
process of trading stocks n this ex-
change 1s mefficient and slow due
to mvolvement of multiple 3rd par-
ties. NASDAQ has joined hands
with a San Francisco based Start-
up called chamn.com’ to implement
private equity exchange on top of
BlockChain.  Chain.com is imple-
menting BlockChain based smart
contracts to 1mplement exchange
functionality. This product 1s expect-
ed to be fast, traceable and efficient.

Medict 1s being developed as a secu-
rities exchange that uses the Coun-
terparty implementations of Bitcoin
2.0. The goal here 1s to create a
cutting edge stock market. Counter-
party 1s a protocol that implements
traditional financial instruments as
the self-executing smart contracts.
These smart contracts facilitate,
verify or enforce the negotiation of
contracts and eliminate the need for
a physical document. This elimi-
nates the need for an intermediary,
such as a broker, exchange or bank.

Blockstream 1s an open source
project with focus on  Side-
chains to avoid fragmentation,

security and other issues related to al-
ternative cryptocurrencies. Uses can
range from registering securities, such
as stocks, bonds and derivatives, to se-
curing bank balances and mortgages.

Consetter 1s a New York based bitcoin
exchange. It 1s working on a Proj-
ect Highline, a method of using the
blockchain to settle and clear financial
transactions in T+ 10 minutes rather
than the customary T+3 or T+2 days.

Augur 15 a decentralized predic-
tion market that will
to buy and sell shares in anticipa-
tion of an event with the probabili-
ty that a specific outcome occurs.
This can also be used to make fi-
nancial and economic forecasts
based on the “wisdom of crowds”.

allow users

Bitshares are digital tokens that re-
side in the blockchain and reference
specific assets such as currencies
or commodities. The Token hold-
ers may have the unique feature of
earning Interest on commodities,
such as gold, and oil, as well as dol-
lars, euros and currency instruments.

1.2 Insurance

Assets which can be uniquely 1denti-
fied by one or more identifiers that
are difficult to destroy or replicate
can be registered in blockchain.
This can be used to verify ownership
of an asset and also trace the transac-
tion history. Any property (physical
or digital such as real estate, automo-
biles, physical assets, laptops, other
valuables) can potentially be regis-
tered i blockchain and the owner-
ship, transaction history can be vali-
dated by anyone, especially insurers.

Everledger 1s a company which cre-
ates permanent ledger of diamond
certification and the transaction

Issue No. 2 June 2016

history of the diamond using block-
chain.  The characteristics which
uniquely identify the diamond such
as height, width, weight, depth, color
etc are hashed and registered n the
ledger. The verification of diamonds
can be done by insurance compa-
nies, law enforcement agencies,
owners and claimants. Everledger
provides a simple to use web service
API for looking at a diamond, and
create, read or update claims by in-
surance companies, and to the same
for police reports on diamonds.

2. Non-Financial Applications:
2.1 Notary Public

Verifying authenticity of the docu-
ment can be done using blockchain
and eliminates the need for central-
1zed authority. The document cer-
tification service helps m Proof of
Ownership (who authored it), Proof
of Existence (at a certain time) and
Proof of Integrity (not tampered)
of the documents. Since it 1s coun-
terfeit-proof and can be verified by
mdependent third parties, these
services are legally binding.  Us-
g blockchain for notarization se-
cures the privacy of the document
as well as those who seek certifica-
tion. By publishing proof of publi-
cation using cryptographic hashes
of files mto blockchain takes the
notary timestamping to a new lev-
el. Using blockchain technology
also eliminates the need for expen-
sive notarization fees and ineffec-
tive ways of transferring documents.

Stampery 13 a company which can
stamp email or any files using block-
chain. It simplifies certifying of
emails by just emailing them to an
email specifically created for each
customer. Law firms are using Stam-
pery’s technology for a very cost
effective way to certify documents.

Viacomn 1s one of the compa-
nies which uses clearinghouse
protocol ~ for  notary  service.

Block Notary 1s an 10S app which
helps you create proof of existence of
any content (photo, files, any media)
using TestNet3 or a Bitcoin network.

Crypto  Public Notary Block-
chain of Bitcoin to notarize doc-

uses

uments by using trivial amount
of Dbitcomns to record the file’s

checksum m a public blockchain.

Proof of Ewxistence 1s another ser-

vice which wuses blockchain to
SHA256  digest of the docu-
ment 1n  bitcon  blockchain.

Ascribe 1s another company which
does authorship certification us-
ing blockchain. It also offers trans-
fer of ownership service with at-
tribution to the original author.

2.2 Applications of Blockchain in
the Music Industry

The music industry has gone a big
change m last decade due to the
growth of Internet and availability of
a number of streaming services over
the Internet. This change 1s impact-
g everyone in the music industry:
artists, labels, publishers, songwrit-
ers and streaming service providers.
The process by which music royal-
ties are determined has always been
a convoluted one, but the emergence
of the Internet has made it even more
complex giving rise to the demand of
transparency in the royalty payments
by both artists and songwriters.

This 1s where the blockchain
can play a role. The technology
can help mantan a comprehen-
sive and accurate distributed da-
tabase of music rights ownership

mformation in a public ledger. In ad-
dition to rights ownership informa-
tion, the royalty split for each work,
as determined by Smart Contracts,
could be added to the database. This
Smart Contracts would in turn define
the relationship relationships be-
tweendifferentstakeholders (address-
es) and automate their interactions

2.3 Decentralized proof of exis-
tence of documents

Validating the existence or the pos-
session of signed documents is very
mmportant 1 any legal solution.
The tradiional document valida-
tion models rely on central author-
ities for storing and validating the
documents, which presents some
obvious security challenges. These
models become even more difficult
as the documents become older.

The blockchain technology provides
an alternative model to proof-of-ex-
istence and possession of legal doc-
uments. Proof of Existence 1s a simple
service that allows one to anony-
mously and securely store online
proof of existence of any document.
This service simply stores the cryp-
tographic digest of the file, linked to
the time in which a user submits his
document. It 1s worth noting that the
cryptographic digest or fingerprint is
what is stored, and not the actual doc-
ument. In this way, the user does not
need to worry about the privacy as-
pect and protecting his information.

This allows then a user to later
certify the existence of a docu-
ment that existed at a certain time.

By leveraging the blockchain,
a user can simply store the sig-

and timestamp
with a legal document in

nature aSsOCl-

ated

the blockchain and validate it anytime
using native blockchain mechanisms.

The major advantages of this service
1s security and privacy that allow a
user to give decentralized proof of
the document that can’t be modi-
fied by a third party. The existence
of the document 1s validated using
blockchamn that does not depend
on a single centralized entity. Proof
of Existence webservice 1s avail-
able at Attps://proofofexistence.com/.

2.4 Decentralized Storage

Cloud file storage solutions such
as Dropbox, Google Drive or One
Drive are growing in popularity to
store documents, photos, video and
music files. Despite their popularity,
cloud file storage solutions typically
face challenges in areas such as securi-
ty, privacy and data control. The ma-
jor issue 1s that one has to trust a third
party with one’s confidential files.

Storj provides a blockchain based
peer-to-peer distributed cloud stor-
age platform (see Appendix for de-
tailled description) that allows users
to transfer and share data without
relying on a third party data pro-
vider. This allows people to share
unused nternet bandwidth and
spare disk space mn their personal
computing devices to those look-
g to store large files in return
for bitcoin based micropayments.

Absence of a central control elimi-
nates most traditional data failures
and outages, as well as significant-
ly increasing security, privacy and
data control. Story’s platform de-
pends upon a challenge algorithm
to offer incentivization for users to
properly participate i this network.
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In this way, Storj can periodically
check the itegrity and availability of a
file cryptographically, and offer direct
rewards to those maintaining the file.

In this example, Bitcoin-based mi-
cropayments serve as both an in-
centive and method of payment
while a separate blockchain 1s used
as a datastore for file metadata.

2.5 Decentralized IoT’

The Internet of Things (10T) 1s in-
creasingly becoming a popular tech-
nology m both the consumer and
the enterprise space. A vast majority
of IOT platforms are based on a cen-
tralized model in which a broker or
hub controls the interaction between
devices. However, this approach
has become impractical for many
scenarios in which devices need to
exchange data between themselves
autonomously.  This specific re-
quirement has lead to efforts to-
wards decentralized IoT platforms.

The blockchain technology facili-
tates the implementation of decen-
tralized IoT platforms such as se-
cured and trusted data exchange as
well as record keeping. In such an
architecture, the blockchain serves
as the general ledger, keeping a
trusted record of all the messages
exchanged between smart devic-
es in a decentralized IoT topology.

IBM, in partnership with Sam-
sung, has developed a platform
ADEPT (Autonomous Decentral-
1zed Peer To Peer Telemetry) that
uses elements of the bitcoin’s un-
derlying design to build a distribut-
ed network of devices, or decen-
tralized Internet of Things (IOT).
ADEPT wuses three protocols in
the platform: BitTorrent (file shar-
mg), Ethereum ( Smart Contracts)

nd TeleHash (Peer-To-Peer Mes-
saging).

Filament 1s a startup that provides a
decentralized IoT software stack
that uses the bitcoin blockchain
to enable devices to hold unique
identiies on a public ledger.

2.6 BlockChain based Anti-Coun-
terferr Solutions

Counterfeiting 1s one of the biggest
challenges 1 modern commerce.
In particular, it 1s one of the big-
gest challenges that digital com-
merce world faces today. Existing
solutions are based on reliance on
trust on a third party trusted entity
that introduces a logical friction be-
tween merchants and consumers.

The blockchain technology, with its
decentralized mmplementation and
security capabilities, provides an al-
ternative to existing anti-counterfeit-
g mechanisms. One can envision
a scenario 1n which brands, mer-
chants and marketplaces are part
of a blockchain network with nodes
storing information to validate the
authenticity of the products. With
the use of this technology, stake-
holders in the supply chain need not
rely on a centralized entity for au-
thenticity of the branded products.

BlockVersfy  provides  blockchain
based anti-counterfeit solutions that
mtroduce transparency to supply
chains. It 1s finding applications in
the pharmaceutical, luxury items,
diamonds and electronics industries.
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2.7 Internet Applications
Namecoin 1s an alternative block-
chain technology (with small varia-
tions) that 1s used to implement a
decentralized version of Domain
Name Server (DNS) that 1s resilient
to censorship. Current DNS servers
are controlled by governments and
large corporations, and could abuse
their power to censor, hyack, or
spy on a consumer’s Internet usage.
With Blockchain technology Inter-
net’s DNS or phonebook 1s main-
tamed m a decentralized manner
and every user can have the same
phone book data on their computer.

Public Key Infrastructure (PKI)
technology 1s widely used for cen-
tralized distribution and
ment of digital certificates. Every
device needs to have root certificate
of the Certification Authority (CA)
to verfy digital signature. While
PKI has been widely deployed and
incredibly successful, dependence
on a CA makes scalability an issue.

manage-

The characteristics of the Block-
Chain can help address some of the
limitations of the PKI by using Key-
less Security Infrastructure (KSI).
KSI uses cryptographic hash func-
tions, allowing verification to rely
only on the security of hash functions
and the availability of a blockchain.

Section IV: Risks of
Adoption

BlockChain 1s a promising break-
through technology. As we described
before, there are vast array of applica-
tions or problems that can be solved
using BlockChain based technology,
spanning from Financial (remittance
to mvestment banking) to non-finan-
cial applications like Notary services.

Most of these are radical innova-
tions. As it happens with the adop-
tion of radical mmnovations, there
are significant risks of adoption.

Behavior change: Change 1s constant,
but there 1s resistance to change. In
the world of non-tangible trusted
third parties itroduced by Block-
Chain, customers need to get used to
the fact that their electronic transac-
tions are safe, secured and complete.
The present day intermediaries like
Visa or Mastercard (in case of a
credit cards) will also go through a
change of roles and responsibilities.
We envision that these companies
will also mvest and move their plat-
forms to be BlockChain-based. They
will continue to provide services
to further customer relationship.

Scaling: Scaling of the current na-
scent services based on BlockChain
presents a challenge. Imagine your-
self executing a BlockChain trans-
action for the first time. You will
have to go through downloading
the entire set of existing Block-
Chains and validate before execut-
mg your first transaction. This may
take hours or longer as the number
of blocks increase exponentially.

Bootstrapping: Moving the existing
contracts or business documents/
frameworks to the new BlockChain
based methodology presents a signif-
1cant set of migration tasks that need
to be executed. For example, in case
of Real Estate ownerships,, the exist-
g documents lying in County or Es-
crow companies need to be migrated
to the equivalent BlockChain form.
This may involve time and costs.

Government Regulations: In the new
world of BlockChain-based trans-
actions, government agencies like
FI'C and SEC may slow down

the adoption by introducing new
laws to monitor and regulate the
mdustry for comphance. In a way,
this may help adoption in the Unit-
ed States as these agencies carry
customer trust. In more controlled
economies like China, the adop-
tion will face significant headwind.

Fraudulent Activities: Given the pseud-
onymous nature of BlockChain
transactions, coupled with ease of
moving valuables, the “bad guy”s
may misuse the technology for fraud-
ulent activities like money trafficking.
That said, with enough regulations
and technology-support, law enforce-
ment agencies will be able to moni-
tor and prosecute these individuals.

Quantum Computing®: The basis of
BlockChain technology relies on
the very fact that it is mathemati-
cally mmpossible for a single par-
ty to game the system due to lack
of needed compute power. But
with the future advent of Quantum
Computers, the cryptographic keys
may be easy enough to crack with-
in a reasonable time through a sheer
brute force approach. This would
bring the whole system to its knee.
The counter-argument would be for
keys to become even stronger so
that they may not be easy to crack.

Section V: Corporate
Funding & Interest

In 2015, the bitcoin currency has
reached vyearly highs in both vol-
ume and price over the course of
September-October.  The  digital
currency 1s gaining traction both
i the consumer marketplace as a
tradeable security, as well as with
regulators. It isn’t just digital-cur-
rency enthusiasts that are bullish:
equity research firm Wedbush ex-
pects it to rise to $600 because of its

growind adoption.

This enthusiasm may be because of
the large quantities of capital being
mjected nto the digital infrastruc-
ture. Excitement grows as Bitcoin
and blockchain firms have received
a record US$1 Billion in investment
as 2015 came to an end. American
Express, Bain Capital, Deloitte,
Goldman Sachs, MasterCard, the
New York Life Insurance Compa-
ny, the New York Stock Exchange;
all of them have poured millions of
dollars into Bitcoin firms recently.

Corporate funding into Bitcon &
Blockchain infrastructure is grow-
ing and generating interest in several
segments. Nasdaq 1s tapping block-
chain technology to create a more se-
cure, efficient system to trade stocks.
DocuSign, a company that special-
izes In electronic contracts, just un-
velled a joint 1dea with Visa to use
blockchain to track car rentals and
reduce paperwork. Microsoft will
unvell details about its venture into
Smart Contracts that use blockchain
technology. Meanwhile, this new ob-
session with blockchain technology
has reached a point that companies
are even experimenting with creating
smaller, “private blockchains” inside
their own offices: for example, they
are hiring companies like BlockCy-
pher, a startup out of Redwood City,
California to develop blockchain
technology within their own business.

Conclusion

BlockChain is Bitcoin’s backbone
technology. The distributed led-
ger functionality coupled with the
security of BlockChain makes it a
very attractive technology to solve
the current financial as well as
non-financial industry  problems.
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Figure 8: Bitcoin price in 2015°.

As far as the technology is con-
cerned, the cryptocurrency-based
technology 1s either in the down
ward slope of mflated expectations
or i trough of disillusionment as
shown 1 Figure 10 in the next page.

There 1s Iterest 1n
BlockChain-based  business  ap-
plications and  hence
ous start-ups  working on them.

€normous

numer-

Close Date Company
6-Oct-2015 Orb
2-Oct-2015 Coinplug
Safe Cash Payment
3 Sep-2015 Technologies
17-Sep-2015 Pey
10-Sep-2015 Coinalytics
10-Sep-2015 Abra
10-Sep-2015 Case
9-Sep-2015 Chain
8-Sep-2015 ShapeShift
2-Sep-2015 Paymium

Figure 9: VC funcing in Sep/Oct 2015
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The adoption definitely faces strong
headwind as described before. How-
ever, even large financial institutions
such as Visa, Mastercard, Banks, and
NASDAQ, are mvesting in exploring
applications of current business mod-
els on BlockChain. In fact, some of
them are searching for new business
models in the world of BlockChain.

Some would like to stay that they
are even ahead of the curve in
terms of transformed regulato-

Classification Round Size ($m)

Financial Services 2.30
Universal 500
Financial Services 1.12
Infrastructure 0.34
Financial Services 1.10
Financial Services 12.00
Wallet 1.00
Infrastructure 30.00
Exchange 1.60
Payment Processor 1.12

ry environments for BlockChain'.

We envision BlockChain technology
going through slow adoption due to
the risks associated. Most of the start-
ups will fail with few winners. Having
said this, we should be seeing signif-
1cant adoption 1n a decade or two.

Cumulative

Funding ($m) Round
270 Seed
8.30 Second
1.12 Seed
0.34 Seed
1.20 Seed
14.00 First
2.25 Seed
43.70 Second
213 First
132 Seed

THE EMERGING TECHNOLOGY
HYPE CYCLE 2015
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Software-Defined Security

Bioacoustic Sensing
7

Smart Advisors
Micro Data Centers
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l loT Platform
Connected Home
Affective Computing
[ Smart Robots
3D Bioprinting Systems for Organ Transplant
Volumetric Displays
Human Augmentation
Brain Computer Interface
Quantum Computin,

Autonomous Vehicles
Internet of Things

7 Speech-to-Speech Translation
Machine Learning
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Cryptocurrencies
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Tybrid Cloud Computing
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Adapted from Gartner’s “Hype Cycle for Emerging Technologies, 2015" report.
Items in red indicate research areas of interest at the Center for Simulations &
Virtual Environments Research (UCSIM).

Figure 10: VC Showing cryptocurrencies in the trough of dissillusionment in Geriner’s Hype Cycle'’.
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Abstract

Meat production will be unsustainable by 2050 at current and projected rates of consumption due to high re-
source intensity and destructive cost. This opens a large market for nutritious protein alternatives which can pro-
vide comparable taste, texture, and nutrition density.

This paper looks at the impacts of industrialized meat production and population demands to estimate the inflec-
tion point by which meat-rich diets become unsustainable. We also evaluate the total available market for meat
alternatives, current players, barriers to entry, and opportunities for future innovation.
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“It turns out that producing half a pound of hamburg-

er for someone’s lunch a patty of meat the size of two

decks of cards releases as much greenhouse gas into

the atmosphere as driving a 3,000-pound car nearly 10

Impacts of Meat Production
Carbon Footprint

Agriculture 1s one of the primary
drivers of climate change, estimat-
ed globally at 149%-15% of all green-
house gas (GHG) emissions, half of
which is generated directly by live-
stock!. If we consider both direct and
indirect emissions from livestock,
many articles cite this as comparable
to or exceeding the emissions impact
of the global transportation sector.

Livestock  produces  significant
amounts of methane as a natural
byproduct of digestion. Referred
to as enteric fermentation, this pro-
cess accounts for 409% of all meth-
ane emissions from agriculture®.

Figure 1: Emissions by Sector. Average 1990-2012.
R

miles.”

-Scientific American?

In the ten years between 2001 and
2011 alone, emissions from enteric
fermentation increased 119%'. Ma-
nure management and farming appli-
cation generate an additional 25.9%°.

Also notably, 72% of all hvestock
emissions 1s generated by cattle’.
Sources estimate the production
of red meat to dwarf all other hve-
stock on environmental 1mpact,
with cattle utilizing 28 times more
land and 11 times more water than
swine or chicken. Compared to sta-
ples such as potatoes, wheat, and
rice, the impact of beef per calorie
1s even more extreme, requiring
160 times more land and producing
11 ttmes more greenhouse gases®.

To generate an emissions mea-
surement based on dietary choice,

 Emissions by Sector Average 1990-2012

Burning - Crop residues

Manure applied to Soils
 Manure left on Pasture
Manure Management

M Rice Cultivation

B Synthetic Fertilizers

a 2014 Bntish study on the environ-
mental impact of diet concluded that
dietary GHG emissions i self-se-
lected meat-eaters are approximate-
ly twice as high as those in vegans’.
The study ran across 2,041 vegans,
15,751 vegetarians, 8,123 fish-eaters
and 29,589 meat-eaters and adjusted
for gender and age. The findings es-
timate that meat-rich diets, defined
as more than 100g per day, ran the
equivalent of 7.2kg of carbon diox-
1de emissions. In contrast, both veg-
etartan and fish-eating diets equat-
ed to 3.8kg of CO2 per day, while
vegan diets produced only 2.9kg.

Thus all studies make the case that
significant reductions in meat con-
sumption would lead to significant
reductions m GHG emissions. In
particular, changes in both livestock
management and dietary choice of-
fer strong opportunities. On the sup-
ply side, crop management practices
such as mmproved waste and fertl-
1zer management offer the greatest
reduction potential at relatively low
costs. Better management of grazing
land, such as rotating usage, altering
forage composition, and restoring
degraded lands are also import-
ant®. On the dietary side, shifting
away from meat and especially beef
consumption offers the greatest
potential for reducing emissions.

Health Implications

A 2011 study by the National An-
timicrobial ~ Resistance ~ Monitor-
mg System, a jomt collaboration
between the FDA, CDC, and the
U.S. Department of Agriculture
reports that contaminated meat
and poultry infect 3.6 million an-
nually, killing at least 1,000°.
In the 1920 store-bought meat sam-
pled, antibiotic-resistant strains of
salmonella and Campylobacter were
found in 81% of ground turkey, 69%
of pork chops, 55% of ground beef,
and 39% of chicken wings, breasts
and thighs. In total, 62% of samples
tested positive for antibiotic-resis-
tant strains of Enterococcus, indicat-
ing prior contact with fecal matter®.

Additionally, there 1s some evidence
that Alzheimer’s and mad cow dis-
ease are related. The practice of feed-
g rendered cattle meat and chicken
feces to living cattle opens the door-
way to prions which are understood
to cause mad cow disease. Eating beef
from cattle that have been fed ren-
dered cattle meat transfers these pri-
ons into the human bloodstream?.

Pollution

Pollution from meat production
comes from the following sources:
Livestock are typically fed corn, soy-
bean meal and other grains which
have to first be grown using large
amounts of fertilizer, fuel, pesti-
cides, water and land. EWG est-
mates that growing livestock feed in
the U.S. alone requires 167 million
pounds of pesticides and 17 billion
pounds of nitrogen fertilizer each
year across some 149 million acres
of cropland. The process gener-
ates coplous amounts of nitrous
oxide, a greenhouse gas 300 times-

more potent than carbon diox-
ide, while the output of methane,
another potent greenhouse gas,
from cattle 1s estimated to gen-
erate some 20 percent of overall
U.S. methane emissions!!. Live-
stock  production accounts for
9% of carbon dioxide and 37% of

methane gas emissions worldwide.

Destruction of forests: up to 91% of
Amazon destruction 1s for hvestock
or livestock feed'. The trees of the
Amazon contain 90-140 billion tons
of carbon equivalent to approxi-
mately 9-14 decades of current glob-
al, annual, human-induced carbon
emissions. Beyond its role as a giant,
somewhat-leaky reservoir of carbon,
the Amazon is home to one out of ev-
ery five mammal, fish, bird and tree
species in the world. Less recognized,
perhaps, 1s the role of the Amazon in
the global energy and water balance.
Approximately eight trillion tons of
water evaporate from Amazon for-
ests each year, with important influ-
ences on global atmospheric circula-
tion. The remainder of the rainfall
entering this enormous basin flows
mto the Atlantic Ocean—15-20%
of the worldwide continental
freshwater runoff to the oceans'.

CAFO manure has contaminated
drinking water in many rural areas,
caused fish kills, and contributed to
oxygen-depleted “dead zones” (areas
devoid of valuable marine life) in the
Gulf of Mexico, the Chesapeake Bay,
and elsewhere. Ammonia in ma-
nure contributes to air pollution that
causes respiratory disease and acid
rain. Leakage under liquid manure
storage “lagoons” pollutes ground-
water with harmful nitrogen and
pathogens, and some lagoons have
even experienced catastrophic fail-
ures, sending tens of millions of gal-
lons of untreated waste into streams
and estuaries, killing millions of fish'*,
The American Society of Agricultur-
al Engineers provides an estimate of
540 million metric tons of dry weight
excreta per annum (American Soci-
ety of Agricultural Engineers, 2005)'.
In the US, 80% of antibiotics usage is
for animal farming. Between 30 and
909% of the dosage is excreted and
flows directly into the environment.

In the US, animal farming is estimat-
ed to account for 55% of soil and
sediment erosion, 37% of nationwide
pesticide usage, 809% of antibiotic us-
age, and more than 30% of the total
nitrogen and phosphorus loading to
national drinking water resources.

IFAP SOURCE-TO-EFFECT PARADIGM
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Figure 3: Antibiotics used in Animal Production

Figures 2 and 3 are from “Environ-
mental Impact of Industrial Farm
Animal Production”, a Report of
the Pew Commission on Indus-
trial Farm Animal Production®.

Ethics

More than 56 billion farmed an-
mmals are slaughtered annual-
ly, many of which go through
mmense pain in the process.

“Chick culling is the cull-

ing of newly hatched male
chickens for which breeders
have no use. In an industrial
egg-producing facility, about
half of the newly hatched
chicks will be male and would
grow up to be roosters, which
do not lay eggs and therefore
provide no incentive for the
breeder to preserve. Most of
the male chicks are usually
killed shortly after hatching.”
-Wikipedia'®

24

“All dairy cows eventually end
up at slaughter. The abuse
wreaked upon the bodies of fe-
male dairy cows is so intense
that the dairy industry also is
a huge source of downed cows.
Cows referred to as downed
cows are so sick and/or in-
jured that they are
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Shaughter by counties. four mostimportant 2011 heads
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unable to walk or even stand,
hence the title ‘downed’.
Downed cows are routinely
dragged or pushed with bull-
dozers in an attempt to move
them to slaughter. Dairy cows
are not given any food, water,
or protection from the ele-
ments during their inevitable
journey to the slaughterhouse.
Prior to being hung up by their
back legs and bled to death,
dairy cows are supposed to be
rendered unconscious, as stip-
ulated by the federal Humane
Slaughter Act'’. However, this
‘stunning’ which is usually
done by a mechanical blow to
the head, is terribly imprecise.
As a result, conscious cows

are often hung upside down,
kicking and struggling, while a
slaughterhouse worker makes
another attempt to render
them unconscious. Eventually,
the animals’ throats will be
sliced, whether or not they are
unconscious.”

-MSPCA-Angell
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Figure 4: Amimals slaughtered worldwide

Industrialized countries (OECD members), estimates for 2012, in billion dollars

beef and veal

Figure 5: Direct Subsidies for

mmal Product and Feed

Questions

I'he ethical issues fall into one o
more of the following concerns

(Q: Is it ethical to grow and kill sen-
fient beings for our needs especiald
ly when alternatives are available}]

(Q: Even if we grow and kill an-
imals for our needs, 1s it ethical to
subject sentient beings to lifetimeg
pf  extreme pain and suffering!

(Q: Is it ethical to divert 40%+ of our
blobal agricultural output towardg
meat production (which only a small
percent of the population can ben{
it from) when close to a billion
people still do not get enough to eat?

(Q: Is it ethical to destroy so much
bf the environment to suppor
what amounts to lifestyle choices:

soybeans

Government Subsidies

In most of the countries, the meat in-
dustry gets more subsidies from the
government than the fruit and vege-
table industries though the same gov-
ernments recommend their citizens
to eat more vegetables and fruits.

The U.S. government spends $38
billion each year to subsidize the
meat and dairy industries, but only
0.04 percent of that (.e. $17 mil-
lion) each year to subsidize fruits
and vegetables. A $5 Big Mac
would cost $13 if the retail price in-
cluded hidden expenses that meat
producers offload onto society. A
pound of hamburger will cost $30
without any government subsidies.
Figure 5 shows how much the
OECD countries provide the subsi-
dies for the meat industry. In total
this amounted to $53B in 2012'%,

OECD

i

4

-

Without such hefty subsidies, the
meat industry can’t make profit with
the current prices. In a way the gov-
ernments spend our tax money to
promote the meat eating habit among
the people. If the governments re-
duce or stop these subsidies the meat
consumption will be greatly reduced.

Inflection Point

‘While not too many people are aware
of this, the current capacity of the
planet cannot support our current or
projected rates of demand for food
and water. The world’s population 1s
projected to grow from about 7 bil-
lion 1in 2012 to 9.6 billion people in
2050, More than half of this growth
will occur in sub-Saharan Africa, a
region where one-quarter of the pop-
ulation 1s currently undernourished.

In addition to population growth,
world’s per capita meat and milk con-
sumption is also growing, especially in
China and India, and 1s projected to
remain high in the European Union,

25
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Projected Population Growth (in billions)
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Note: "SSA™ = Sub-Saharan Africa, including Sudan. "LAC™ = Latin America and Caribbean. "N America™ = North America. “N Africa™ =

Rest of Africa
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Figure 5: Projected Population Growth (in billions)

North America, Brazil, and Russia.
These foods are more resource-in-
tensive to produce than plant-based
diets. India has the highest growth
estimates: the estimated change in
livestock 1s 94% while the growth in
calories consumed from beef and
mutton is expected to be 138%. Tak-
Ing into account a growing population
and shifting diets, the world will need
to produce 69 percent more food
calories i 2050 than we did in 2006.

But we can’t just produce more food
in the same way as today; we must
also reduce food’s environmental
mmpact. Agriculture currently con-
tributes nearly one quarter of glob-
al greenhouse gas emissions, uses
37 percent of land mass (excluding
Antarctica), and accounts for 70
percent of all freshwater withdrawn
from nwvers, lakes, and aquifers.

Linearly extrapolating to 2050, these
numbers would be 63% of land

118% of all fresh-
Even with simple math,
this 1s clearly not even feasible.

of the world, such as sub-Saharan
Africa.

mass, and
water!

Growing water use and rising
This picture 1s further complicated temperatures are expected to
by chimate change, which 1s expect- further increase water stress 1n

ed to negatively impact crop yields, many agricultural areas by 2025.

particularly in the hungriest parts

Global Consumption of Meat and Milk Products

LIVESTOCK (KCAL/PERSON/DAY)

BEEF AND MUTTON (KCAL/PERSON/DAY)

REGION
2006 2050 % CHANGE 2006 2050 % CHANGE

European Union 864 925 % 80 75 -6%
Canada & USA 907 887 2% 1" 95 -19%
China 561 820 46% 41 89 116%
Brazil 606 803 3% 51 173 15%
Former Soviet Union 601 768 28% 118 156 3%
Other OECD 529 674 2% 64 84 31%
Latin America (ex. Brazil) 475 628 32% 59 86 45%
Middle East and North Africa 303 416 3% 59 86 45%
Asia (ex. China, India) 233 400 72% 24 43 79%
India 184 357 Y] 8 19 138%
Sub-Saharan Africa 144 185 2% 41 51 26%
World 413 506 23% 50 65 30%

WORLD RESOURCES INSTITUTE
Figure 6: Global Consumption of Meat and Mulk Products

Most studies now project adverse impacts on crop yields due to climate change (3°C warmer world)

No data e .\K P

Percentage change in yields between present and 2050

-50% Change

WORLD RESOURCES INSTITUTE

+100% Change

Figure 7: Adverse impact of climate change on crop yields

Solutions

The biggest Intervention peo-
ple could make towards reduc-
mg their carbon footprints would
not be to abandon cars, but to
eat significantly less red meat'.

Beef 1s the least efficient source of
calories and protein, generating six
times more greenhouse gas emis-
sions per unit of protein than pork,
chicken, and egg production. Shift-
g just 20 percent of the anticipat-
ed future global consumption of
beef to other meats, fish, or dairy
could spare hundreds of millions
of hectares of forest and savannah.
Shift to meat alternatives, by pro-
ducing foods with the protein den-
sity of meat directly from plants.

“If all the grain currently fed to
livestock i the United States were
consumed directly by people, the
number of people who could be
fed would be nearly 800 million,”
reports ecologist David Pimen-
tel of Cornell University’s College
of Agriculture and Life Sciences.

Estimated Market Size for
Meat Alternatives

This report estimates the market for
meat alternatives to be between $5
and $10 billion dollars. A couple

of different approaches were taken
to estimate the market for meat
alternatives:

1. Conversion of existing market
for meat products to plant based
products®

2. Projecting growth of existing mar-
ket for meat alternatives

A parallel could be drawn to the
growth of renewable energy versus
fossil fuels. The environmental im-
pacts of carbon-based fuels resulted
mn policy changes that encouraged in-
vestments in renewables resulting in
several new markets opening up such
as the cars and batteries markets.
In 2013, more renewables capacity
was added than it had been conven-
tional®® and renewables well posi-
tioned to lead world power growth®.

In fact, some food manufacturers
petitioned Congress to tackle cli-
mate change on Oct 01, 2015%.
We could see the same market
explosion with meat alternatives.

The revenues of meat, beef and
poultry processing have steadily in-
creased at a 3% CAGR from 2009
to 20142%, This represents a mature
market. If we assume a 5% to 10%
conversion of this market to meat
alternatives we arrive at a market es-
timate of $10 to $20 billion dollars.

The worldwide meat indus-
try 1s dominated by just 10 firms
with approximately  $200  bil-

lion dollars in sales annually®.

Water stress will increase in many agricultural areas by 2025 due to growing water use and higher

d on IPCC

temperatures (b io A1B)

Water Stress Condition

WORLD RESOURCES INSTITUTE

Figure 8: Water stress in agricultural areas

]
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Given the high levels of government
subsidy (e.g. US $22 billion dollars
in the United States, and $53 billion
dollars in other OECD countries) the
mdustry 1s susceptible to disruption
by both policy changes and individu-
al choice. Furthermore, climate-driv-
en disruptions such as feed supply
could lead to a shock that could drive
the market for alternatives further®.

Factors in Market Conversion

People looking to eat less meat for
health reasons, including weight, dia-
betes and heart disease management.
Cost of meat production in-
creasing driving less demand
More  awareness  of
mental 1mpacts of meat pro-
duction and processing
More affluence i regions of the
world which are already primarily
vegetarian such as India will lead
to these demographics looking for
high quality plant-based protein
Sports nutrition, driven by explosion
i protein bars sales and offerings

environ-

Ethical concerns driving peo-
ple to re-examine the 1m-
pacts of their dietary choices

Existing Market for Meat
Alternatives

The existing global meat alternative
market 1s expected to reach USD
5.17 billion dollars by 2020 at a
CAGR of 6.49% from 2015 to 2020%.

The market has been segmented on
the basis of type nto:

1. Tofu & tofu ingredients

2. Tempeh

3. TVP (a highly nutritious and
versatile soy product, that takes on
flavor easily)

4. Seitan (derived from the protein
portion of wheat. It stands in for

8
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Revenue of meat, beef & poultry processing (NAICS 31161) in the United States from

2009 to 2014 (in billion U.S. dollars)

This statistic displays annual revenue figures of the meat, beef & poultry processing industry in the United States from

2009 to 2014. In 2010, the revenue of meat, beef & poultry processing in the U.S. totaled to about 185 billion U.S. dollars.

0

20

Figure 9: Revenue of meat, beef and poultry processing in the United States (2009-2014)

9 2010 2011

meat In many recipes)

5. Quorn (a fungus-based ferment
used n food production as a meat
substitute.)

6. Other soy-products (miso, yaso,
& natto)

7. Others (lupin, pea-protein, risofu,
and valess)

The soy-based segment account-
ed for an approximate 68% market

Companies by total food sales (2011-13), billion dollars

Smithiield Focds.
O Founded in 1936; 2012 revenues:
3 o0 dod '] .
Cangill. Founded 1865 ;""‘"‘ SR “'“"‘:iv
P g sor 1
EE  / tamiy-owned business. 2013 e I Ovnaane

Soid %o Cranese Shuarghul
Intermationsl Holdings Lad., with
reverue of 6.2 bilkon dottars.

revenses: 325 bilien dollars.
22 percent share 10 the US meat
et singh
exporter 1 Argentina
workdwide cperations

Founded 1935 2012 revenues:
333 bilon doltars. Ward s
arjpest met producer and
second-largest processor of

chicken, beef
and pork
110

" Danish Crown Amba|
Vion |
= R )

JBS. Founded in 1563

2012 2013 2014

share 1n the global meat substitutes
market in 2014. The market for
tofu and tofu ingredients is project-
ed to witness the highest growth as a
result of increasing awareness about
the health benetfits of soybean.

Leading players in the meat substi-
tutes market include:

1. Amy’s Kitchen (U.S.)

2. Beyond Meat (U.S.)

(9]
Fourded 1998 after several

LEATHERMEADVETC

Sweden Europe’s largest meat
producer. workd's biggest
pork exporter

b3

5] Nippon Meat Packers
Vioa. founded i 2003 o
atter several mergers

2011 reverues: 1.2 bilon
dolars. Largest meat processor
i Ecrope. rapkd growsn
(20021 tilien
dollars)

(6]
Nippon Meat Packers.
Founded in 1949,
(1] 2013 revenues: 12 8 billon
doltars. Commonty known a5
Nppon Ham. Operations in
59 locations in 12 countries.
mantly i Asia and
Austraka

n slaughter capacity. Recently

= I'e," \',"\d‘ acquired Smithfield Foods’ bee!
o ﬂ':; UG 2058 e (4] business and Maltrig’s poultry
R P and pork unis o
&0 manutacturieg and detritution BRF. Founded In 2009 25

faciities. Owner of “Spam’, 2 Brasd Foods atter 2 merger
precocked meat product of Sadka and Perdiglo. 2002
focusngonethaicdood © | e s 149 talien dollars,
60 plarts in Bean. present

0 110 countries

Martrig. founded
i 2000 after several merpors.
2002 revenues: 12.8 bikon dollars.
Company units in 22 countries.
World's fourth largest beet
producer. Ia 2013, soid poultry
20 pock unis to JBS

Figure 10: The Top Ien of the International Meat Industry

3. Sonic Biochem Extractions Lim-
ited (India)

4. MGP Ingredients (U.S.)

5. Garden Protein International Inc.

(Canada)

Figure 11 shows rapid growth
of global mega regions. The de-
mand from these areas will fur-
ther drive the need for sustainably
produced highly nutritious food.

Meat Alternatives
Soy Alternatives
Value Proposition

Soy meat alternatives are generally
composed of soy protein, wheat glu-
ten, spices, dairy, and carbs. Soy 1s
well regarded as a high-quality pro-
tein containing all essential amino
acids needed for growth, B vitamins,
iron, fatty acids, dietary fiber, ome-
ga 3s, and 1soflavones®. Additional-
ly, soy 1s naturally cholesterol-free
and low 1n saturated fat. Studies also
show that choosing soy-based foods
over animal fats may help lower

Economic Development: What is

Company Products Other Information
Boca Foods Boca Traditional Subsidiary of Kraft Foods.
Organic No detailed market cap
Natural Lines breakdown.
Hain Celestial Group, Inc. o Yves Market cap: $4.77 billion

Carb Fit

dollars*'

Pulmuone Wildwood

Onederful Organic Tofu
Monterey Gourmet
Fit Patties

Subsidiary of Pulmuone
Holdings. No  detailed
market cap breakdown.

Worthington Foods, Inc.

MorningStar Farms
Natural Touch
Loma Linda products

Subsidiary  of  Atlantic
Natural Foods. No detailed
market cap breakdown.

wure 12: Current Players in the Meat Industry

LDL, or “bad” cholesterol, by 3%%.

The more common forms of soy
alternatives today are tempeh and
textured soy protein. A staple of In-
donesia, tempeh 1s a cake of cooked,
fermented soybeans. It 1s optionally
combined with legumes, grains, and
seeds and 1s made by fermenting
dehulled soybeans for 18-24 hours
with a starter till a white mold binds
the ingredients together. Good tem-
peh yields a firm, chewy texture
with a mushroom or yeast flavor®.

soy-based foods en-

[} Clip slide

Most new

Urbanization?—Centers of Demand for Value-

added Food Products

By 2025, globally there will be 21 Mega Regions. Shanghai and Guangdong Mega Region to house 9% of
total population of China and increasingly fuel its economic development. Understanding food use drivers will
highly dependent on understanding the various needs of these urban agglomerations.

Marmara Mega Region Beijing-Tianjin
Greater Los - i b0 Chonggi ey
= 7 TriState Area 20.58 millionNew Delhi, Noida, g =

NA;?::; i @W ’@@/ 38.88 milion Groater Noida, __ Chengdu (@)
Washington DC CairoGiza 5 Gurgaon, F @ @ '® .90 ation
Baltimore Area 17.64million = 2853Milion — a 2

Central Mexico [/ 1549 miton Mumbal, Bhiwandi, (@) “o')(' o 58 7:::!:‘::‘“
3141 miton (@) Lagos and Eko Kalyan, Thane, ' ~Kokka :
- Atlantic = Uthasnagar = Howrah & National Capital Region
25 million@®)) 34.42 Million ® 2162Milion (®))  in the Philippines
! Chennai, (&) < 27.75 Million
Kanchipuram, ﬂfo\. Greater Bangkok
— :’ondl;:.honym -/ 19.2 million
.01
Popultion sbove 501 Millon e ater Jakarta
298 million

‘;:3'3‘:)‘ Greater Rio de
= Janeiro
17.24 million

(@ Population between 20- Greater Sao
_ namen ‘(‘@7 zs.::;l:uo»
@ Population between Greater
= 15-20 Million Buenos Aires
36.48 million
wgure 11: Centers of Demand for Value-Added oo

roducts

tering the market today contain
textured soy protein (T'SP), which is
at least 50% protein. TSP 1s highly
versatile and made from soy flour,
soy concentrate, or soy protein 1so-
late. When re-hydrated, it resembles
cooked ground beef or poultry. Fla-
vored or unflavored, it can appear
m chunks, slices, flakes, crumbles,
or bits. Unflavored TSP has the
additional benefit of low sodium?.

Future Innovation

Soy itself has been a standalone
staple of its own across cultures for
generations, with a wide range of
applications*. The soy-based meat

alternatives market 1s projected to
reach $5.17 billion dollars by 20203,

Plant-Based Alternatives
Value Proposition

One of the biggest challenges in re-
ducing the consumption of animal
protein 1s that humans like the taste
and texture of meat. Meat 1s an 1im-
portant part of the human culture
across the world. In order to address
this, several companies are working
on products that mimic the taste,
texture and nutrition profile of meat.
These products are either proteins
derived from plants but with the taste

9
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Beyond Meat

Founded 2009

Funding

$17M funding in 2 rounds®*

Availability

Products found in 7,500 stores, and will soon be in Walmart as
well. Aiming to get its products on pizzas and in fast-food
restaurants and is targeting the average consumer”

Other Information

e Interview by The Atlantic®® .
e Technology leaders have been fooled (Bill Gates blog)

Figure 13: Plant-Based Alternative No. 1

Impossible Foods

Founded 201

Funding $183M in 2 Rounds from 5 Investors

Availability 2016

Other Information e New generation of meats & cheeses from plants.

e Mission: to give people great taste and nutrition minus
negative health & environmental impact.

Figure 14: Plant-Based Alternative No. 2

A

Hampton Creek Foods

Founded December 01, 2011
Funding $120M in 5 Rounds from 24 Investors"
Availability Multiple locations
Other Information e Egg and Mayo replacements
e One time target of disinformation campaign by Egg
Board"

Figure 15: Plant-Based Alternative No. 3

texture and nutrition profile of meat,
or they may be actual animal meat
that 1s directly cultured in the lab.
In this section, we will look at the
companies that are producing prod-
ucts from plants that mimic the taste,
texture and nutrition profile of meat.

Lab Grown Meat

Value Proposition

The lab-grown meat, also known as
cultured meat or vitro meat is pro-
duced by taking a small amount
of cells from a living animal and
growing it into lumps of muscle
tissue in the lab. Producing the
synthetic meat is no longer in the

30

realm of science ficion. A Dutch sci-
entist, Dr. Mark Post from Maastricht
Unuversity produced a beef patty us-
g the lab grown meat and showed it
to the world at an event in London. It
1s just matter of time before someone
opens up a commercial meat factory.

In the United States, New York-
based Modern Meadow 1s de-
veloping cultured “steak chips”;
something between a potato chip
and a beef jerky that would be

nutritionally  superior to  both.

Issue No. 2 June 2016

Dr.Post says he also imagines com-
mercial cultured meat “factories”
opening up in developing countries
in the near future, perhaps evenin 10
years. “In essence, 1t’s a very simple
technology, so it can be easily trans-
planted,” he says. “You don’t need a
Ph.D. to grow cultured meat. In fact,
it would be feasible to do it at home.”

Before cultured meat can become
easily accessible, however, Post says
several challenges will need to be
overcome. For starters, he has to find
a much cheaper growth medium,
one that wouldn’t be made of fetal
bovine serum (from unborn cows).
He 1s also working on the fat tissue
and the protein composition of cul-
tured meat, myoglobin in particular,
which 1s important for the iron con-
tent and the red color of beef. And
last but not least, Post is trying to
scale up production by developing
special tanks for growing the cells.

Creating cultured steaks, chops
and other whole pieces of meat 1s
a possibility for the distant future,
but Post believes that in ) to 7 years
consumers will be able to find cul-
tured ground meat products on
the shelves of high-end stores in
places like Dubai or Silicon Valley
m the United States. Such meats
could be produced locally or in
the Netherlands and would cost
around $30 to $45 per pound, says
Post, and should taste the same as
a conventional high-quality burger.

Modern Meadow

Founded 2014

Funding

$11.2M in 3 Rounds from 9 Investors"’

Figure 16: Lab-Grown Alternatwe No. 1

Figure 17: Lab-Grown Meat in Petri Dish
Barriers To Entry
Culture

This 1s perhaps the most difficult to
overcome. Meat has great cultural
significance, not the least being that
it 1s an aspirational food. When one
comes out of poverty, one expects
to eat more meat. Furthermore,
not eating meat 1s considered to sig-
nify a loss of prestige or economic
standing. Fating meat 1s also con-
sidered macho, and eating less of
it is considered a sign of weakness.

However, just as the use of clean
energy vehicles underwent a cul-
tural transition (and is now con-
sidered a status symbol, like in
the case of Tesla), attitudes to-
wards meat eating can change.

Taste and Texture

It can be difficult to replace the taste
and texture of meat. This in turn can
make itharder for current meat eaters
to switch to alternatively derived meat.

However, all of the players in the
meat alternative industry are working
to replicate not only the taste and tex-
ture of meat, but its nutrition profile
as well. An interview with the founder
of Beyond Meat by The Atlantic Mag-
azine goes deeper into this topic'.

Similarly, Impossible Foods 1s work-
ing on plant-based meat and cheese
alternatives that look and taste like
the real thing. Finally, with lab grown
meat, one can get actual meat with-
out it having come from animals.

Political Roadblocks

The meat industry 1s a very power-
ful political lobby* and will do ev-
erything it can to prevent the rise of
alternatives that could affect its eco-
nomics. It has worked successfully to
both lobby and financially support
members of congress and the USDA
to prevent changes in how the meat
production facilities are inspected, as
well as fighting changes to the food
pyramid that could reduce the recom-

mended daily allowances of meat*.

Possible FDA Regulations

While there has not been any re-
quirement to have the meat alterna-
tives certified by the FDA, this may
become an issue. The latter could
be because of the following reasons:

1. The meat alternative production
process may trigger a review by the
FDA

2. The unexpected appearance of
health-related issues caused by any
specific meat alternative

However, it is not likely that the for-

mer could be constitute majorbarriers
for the adoption of meat alternatives.

MADE FROM PLANTS!

THE IMPOSSIBLE CHEESEBURGER

We love meat. We love cheese. And for thousands of years we have relied on

animals to make them. Impossible Foods has found a better way. We use plants

to make the best meats and cheeses you'll ever eat.

Figure 18: The Impossible Cheeseburger
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Conclusions

It 1s clear that meat production is
unsustainable at current and pro-
jected rates of consumption due to
its extremely high resource intensity
and destructive cost. Researchers are
clear that one of the most effective
ways to reduce the harmful effects of
meat production 1s to eat less meat.

We believe that this opens a huge
($5B-$10B) market for nutritious
protein alternatives which can pro-
vide comparable taste, texture, and
nutrition density as animal meat. We
have seen this theiss proven over the
past 5 years, supported by the in-
creased number of companies work-
mg on and producing meat alterna-
tives, as well as via research m top
universities and large investments
from the venture capital community.

Much like the growth of the re-
newable energy market, we expect
that there will soon be a tipping
point” when the quantity of envi-
ronmentally friendly, cruelty-free
alternatives will surpass and over-
take the production of animal meat.

The time to invest in meat alterna-
tives 1s now. Now Is a great time for
both the portfolio and the planet.
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Abstract

The adoption of 3D printing, also commonly referred to as additive manufacturing, 1s occurring at a very rapid
pace with a further projected growth of 45% compounded annual growth rate (CAGR) over the coming years.
An important aspect of the widespread acceptance of industrial 3D printing has been an industry-wide focus

on improving quality, reliability and repeatability of 3D printed parts. Industry stakeholders, including printer
manufacturers and idustrial end users of parts, have identified further quality assurance through internationally
established standards, verification, and certification as essential to spur even more rapid technology adoption and
implementation.

In this paper we begin by presenting the basics of 3D printing technology and then turn to explore the unique
challenges that 3D printing poses with respect to ensuring the production of high quality parts. Additionally, we
present an overview of the current stakeholders for 3D printed parts’ quality standards and verification mecha-
nisms. Lastly, we examine the current trends to lower costs for quality assurance of the burgeoning 3D printed
parts market, which include systemic aggregation of quality assurance programs and new low cost measurement
technologies.
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Introduction: 3-D
Printing Verification

Twenty years ago, 3D printing, also
commonly referred to as additive
manufacturing, was perceived as a fu-
turistic technology; a novelty whose
promise was decades away and
though mtriguing left too many gaps
with respect to conventional manu-
facturing to be considered for wide-
spread use. In the decades since,
through refinement of techniques
and the 1dentification of new tech-
nologies, 3D printing has advanced
significantly to the point that the in-
corporation of 3D-printed parts in
high end industrial components 1s
rapidly becoming commonplace.
Industrial adoption of 3D-print-
ed parts 1s occurring at a very rap-
id pace with a further projected
growth of 45% compounded an-
nual growth rate (CAGR) over the
coming years. An important aspect
of this widespread acceptance has
been an industry-wide focus on
mmproving such parts’ quality, reli-
ability and repeatability. Industry
stakeholders, including printer man-
ufacturers and industrial end us-
ers of parts, have i1dentified further
quality assurance through interna-
tionally established standards, verifi-
cation, and certification as essential
to spur even more rapid technolo-
gy adoption and implementation.

Quality assurance companies have
created departments focused spe-
cifically on the 3D printing mar-
ket.  Moreover, several national
and 1nternational consortia and
government have em-
barked on multi-year programs to
define worldwide standards to en-
sure the quality of 3D printed parts.
At the culmination of these pro-
grams, the consortium expects

agencies
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to make a worldwide presentation
of detailed standards regarding the
qualification and processing of mate-
rials, as well as new testing guidelines.

But the path to the full implementa-
tion of such standards 1s not a clear
one. Based on the potential explo-
sion 1n scale of new printing devic-
es, printable materials, and printing
applications, we anticipate a gap in
the capability of the industry to en-
force the new standards and con-
tinue to develop additional charac-
terization methods mn order to keep
pace.  With respect to the sheer
size of the new market, we project
that quality assurance aggregators
will streamline testing and certifica-
tion costs in the 3D printing indus-
try as they have demonstrated n the
conventional manufacturing space.
With respect to new materials and
characterization technologies, we
predict that new technical solutions
such as low cost dimensional mea-
surement will be developed and
proliferate through the marketplace.

I. The State of 3D Printing
Technology

Thousands of 3D printers are avail-
able in the market today, and just
about every other week a new mod-
el of 3D printer 1s introduced. The
price of these printers ranges from a
few hundred dollars at the entry-lev-
el, to the level of “sky-1s-the-lmit”
(high-end, special size/materials).
Printer manufacturers, software
developers, service providers, and
3D printing users are rushing to
the marketplace with new business
models created daily. Some of the
most important developments are
highlighted i the following sections.
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1.Types of 3D Printing
Technologies

1. 1. Materials and Printer types

A wide range of materials is
available for 3D printing mate-
rial. The most commonly used
materials are  the  following:

Polylactic Acid (PLA): Fasy for print-
mg. Plant-derived and biodegrad-
able. Available for various color
and rigidness levels.

Nylon: Slippery and slightly pliable.
Good for parts requiring low fric-
tion. Some take on dyes well, and
can be particularly strong.

Acrylonmitrile butadiene stryrene (ABS):
The most common 3D printingplas-
tics. Strong. Available in a variety
of colors. Unpleasant odor during
printing.

Stainless Steel: Typically infused with
bronze. Cheapest form of metal
printing. Very strong and suitable
for significantly large objects.

Tutanium Alloys: Powders are sin-
tered together by laser to produce
metal parts.

Similar to the wide range of materi-
als available, there are a wide variety
of printing technologies. In combi-
nation, the field of 3D printing has
become diverse and interesting. The
followingare afew of the mostsuccess-
ful current 3D printing technologies:

Selectwe Laser Sintering (SLS):
Computer-controlled laser pulses
down on the platform, tracing a
cross-section of the object onto tiny
particles of plastic, ceramic or glass.
The laser heats the powder either to
Just below boiling point (sintering)
or above boiling point (melting),
which fuses the particles together
mto a solid form.

Fused Deposition Modeling (FDM): 3D
prototypes are created by heating
and extruding a filament of plastic
material. The extrusion nozzle
moves over the build platform,
“drawing” a cross section of an
object onto the plattorm. When
this thin layer of plastic cools and
hardens, 1t immediately binds to
the layer beneath it. Once a layer

1s completed, the base 1s lowered
slightly, making way to add the next
layer of plastic.

PolyFet: Works by jetting photopoly-
mer materials i ultra-thin layers
(16um) onto a build tray until the
part 1s completed. Each photo-
polymer layer 1s cured by UV light
immediately after it 1s jetted.

Stereolithography (SLA): Method based
on the hardening of successive lay-
ers of fluid resin using UV rays or
lasers. After each layer 1s fused, the
perforated platform 1s lowered very
slightly and another slice 1s traced
out and hardened by the UV / laser.
This process 1s repeated until a
complete object has been printed.

1.2. Challenges with 3D printing
materials

Despite the rapid advancement,

3D printing materials still face the
following challenges:

Strength: 3D printed parts are not as
strong as traditionally-manufactured
parts. Their layer-by-layer tech-
nique of manufacturing i1s both their
biggest strength and their greatest
weakness. Metal printing very often
uses powder metals, which contain
oxides, which not only make the
metal rust more easily, but also act
like holes in Swiss cheese which
weaken the final products.

Surface finish: 3-D printed objects
generally have matte finish with
rough layer lines all over. Although
we can post-process parts to make
the object’s surface smooth, this
generally involves labor and/or ad-
ditional chemicals, and loses detail
and tolerance on parts.

Energy inefficiency: According to
research done by Loughborough
University, melting or fusing 3D
printing materials consumes about
50 to 100 times more electrical en-
ergy than injection molding, casting
or machining in order to make an
item of the same weight.

Reliance on plastics: Environmental
movements in recent history have
attempted to reduce reliance on
plastics, from grocery bags to water
bottles, and replace them with ones
that can be made from recycled
materials . The most popular—and
cheapest—3D printers use plastic
filament. If 3D printing becomes
industrialized, disposal of this by-
product will become a new environ-
mental 1ssue.

Safety concerns: 3D printer poses a
serious health risk when used inside
the home. The printers emit parti-
cles 1n great numbers and can cause
serious health-related issues.

In particular, there are additional
challenges for 3D printing metal ma-
terials. A clear example of this 1s the
higher temperature level required
to print metal objects, which in turn
translates to even higher energy con-
sumption and a higher manufactur-
mg cost for 3D-printed products.

Primary Global AM Market
USS$ in millions, unless otherwise stated
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Figure 1: 3d Printing Market Forecast by Segments

=
ssnnninil
8 R R B B & &

37



Applied Innovation Review

2. 3D Printing Business
Models

2.1 Maor market trends

Industry analysts predict tremendous
growth opportunities in the 3D print-
g business for the next few years.
The trend 1s consistent across all 3D
printing segments and regions, as
mdicated by Figure 1 and Figure 2.

2.2 Industrial 3-D Printing

Industrial 3-D  printers generally
have larger print throughput capaci-
ties, top-notch resolution and use sig-
nificantly durable printing materials.

2.2.1 Major companies moving into
mdustrial 3D Printing

Up to now, 3-D printing has been
most useful in creating prototypes. But
from the automotive to the electron-
ics and toy industries, 3D printers will
increasingly produce critical parts and
finished products. For example, Bent-
ley 1s one company that has already
demonstrated the feasibility of using
3D printing for small, complex parts.
Motorcyclists and bikers will also be
able to order their own customized
helmets that are printed to fit their
individual head size and structure.

2.2.2 Why companies will choose
mdustrial 5-D Printing

Industrial 8D printers are superior
to consumer-grade 3D printers for
manufacturing fully-functioning qual-
ity prototypes. As mentioned before,
the best industrial 3D printers have
large print capacities, top-notch res-
olution and use extremely durable
materials. These printers make man-
ufacturing a much simpler process
for individual users and companies.
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 Emissions by Sector Average 1990-2012
Inkjet Powders
Photopolymers

B Thermoplastics (solid)

- B Thermoplastic (powder)

Figure 2: The Current Breakdown of 3D Printing Materials Market

2.8 3-D Printers for small business
and Home Use

Everyone who 1s looking at how 3-D
printing affects small business and
home users feels pretty certain it 1s
going to have a large impact. How-
ever, the magnitude of disruption 1s
uncertain. For now, early-adopting
small business owners tend to use
3D printing for prototyping, creat-
g replacement and intricate parts,
and for making customized gifts.
The barrier to more widespread
use of the printers 1s not cost—the
cheapest 3D printers will drop from
$1,000 to $100 within the next few
years—but  technical know-how.
2.4 Printing Services

Instead of owning a 3D printer and
self-printing objects, there are advan-
tages to outsourcing 3D printing ser-
vices instead. In addition to lowering
the cost, these service providers take
the hassle outof settingup, testing, and
operating a 3-D printer by providing:

Design: Concept to 3D modeling
Manufacture: Quality, Volume and
Materials

Sales of printers and supplies

Equipment ~ Service and  Consulting

Marketplace for 3D printing prod-
ucts

Providers of such services in-
clude:  Shapeways, 1.Matenalise,
Ponoko, RedEye, Sculpteo. The
advantages and disadvantages for
3-D printing outsourcing to an ex-
ternal provider are the following:

Advantages

- Cost of owning 3D printers

- Design Services: for customers
without CAD experience

- Quality: Special printer capabilities

- Volume: Larger quantities

- Materials: Special materials

Drisadvantages
- Iterations can be slow and expen
sive

II. Methods of 3D printing

standards and verification

All the major stakeholders i 3D
printing commerce recognize the
need for well-defined standards,
verification and certification mech-
anisms. Printer and material manu-
facturers seek to differentiate their
products based on their ability to
print high-quality parts. These man-
ufacturers research and report on

the capabilities of their printers and
materials. However, the definition
of “high quality” must be univer-
sally defined and accepted by the
industry. National and international
quality consortia and government
agencies have traditionally held the
role of defining objective, repeat-
able, and enforceable standards

in the manufacturing industry as
awhole. These consortia are,
generally speaking, public-private
organizations that convene to define
common standards for materials,
materials testing, and dimensional
analysis.

1. Role of consortia
1.1 Maor Consortia Players

The types of consortia and govern-
ment agencies associated with 3D
printing standards and verification
can be loosely grouped into two cat-
egories. Firstly, there 1s a traditional
manufacturing  standard-and-test-
g consortia as well as government
agencies that have created sub-
groups to specifically address the
unique challenges of 3D printing.
Secondly, there are 3D printing in-
dustry and printing users consortia.

The foremost of the traditional
manufacturing standards consor-
tia to establish standards in addi-
tive manufacturing is the American
Society of Testing and Materials
(ASTM) which formed a technical
committee (ASTM F42) for addi-
tive manufacturing in 2009. ASTM
F42 convenes bi-annually with par-
ticipation of approximately 70 of
its 215 members. The organization
lists its scope as “The promotion of
knowledge, stimulation of research
and 1mplementation of technology
through the development of stan-
dards for additive manufacturing

technologies.” Moreover, it states that
the work of the organization “will be
coordinated with other ASTM tech-
nical committees and other nation-
al and international organizations
having mutual or related interests.”

ASTM’s mternational counterpart,
the International Organization for
Standards (ISO) also established a
technical committee (T'C261) for
additive manufacturing 1 2011.
Nineteen participating countries
are currently listed as ISO TC 261
members. The scope of the tech-
nical committee 1s defined as “Stan-
dardization 1n the field of Additive
Manufacturing (AM)
their processes, terms and defini-
tions, process chains (Hard- and
Software), test procedures, quality
parameters, supply agreements and
all kind of fundamentals.” In No-
vember of 2013, ISO and ASTM
published a joint plan to unify
ASTM and ISO additive manu-
facturing standards. ASTM'’s anal-
ysis of the structure of required
standards 1s presented m Figure 3.

concerning

Other major consortia with com-
mittees and activities related to
additive manufacturing include the
American Society of Mechanical
Engineers (ASME), the Society of
Materials Engineering (SME), the
Society of Automotive Engineers
(SAE), and the American Society of
Precision Engineering (ASPE).

Consortia specializing in the devel-
opment of the 3D printing industry
as a whole as well as those including
standards as a primary focus mnclude
the Additive Manufacturing Users’
Group (AMUG), America Makes
(The National Additive Manufac-
turing Innovation Institute), and

the Additive Manufacturing Con-
sortium (AMC), and a European
consortium, the Support Action for
Standardization in Additive Manu-
facturing (SASAM).

1.2 Details of when Agencies will
Release Standards

Two U.S. governmental organiza-
tions worth noting for establishing
3D printing verification standards

Structure of AM Standards

General AM
Standards

Processes /Materials
- 150172962
= Qualification and
Certification Methods
= Requirements for Methods
PurchasedAM Parts
= Non-Destructive
. Evaluation Methods

* 50172963

Terminology
* ASTM F2792-12a
* 150172961
* ISO/ASTM 5292113

Raw
Materials
Material Category-Specific
MetalPowders Powder Bed Fusion
PolymerPowders

Photopolymer Resins Material Extrusion

Ceramics Directed Energy Deposition

etc etc.

Process/Material-Specific
Standards

Material-Specific Standards

Material-Specific Size

specification Process-Specific

MaleriaI-Spe(i(_i( Process-Specific Test
Chemical Composition Artifacts

Material-Spedfic Viscosity
Spedification

et ete

Methods

Figure 3: Structure of AM Standards
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Finished

Parts
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and techniques include the Nation-
al Institute of Standards and Testing
(NIST), and Oak Ridge Nation-
al  Laboratory (ORNL). A sam-
ple test artifact 1s shown in Figure
4. NIST’s Measurement Science

Roadmap 1s presented in Figure 5.

The ORNL contribution to additive
manufacturing as a whole 1s broader
i scope than that of NIST. ORNL
has partnered with America Makes
and AMC to host additive manu-
facturing conferences and has also
participated in projects to demon-
strate advanced 3D printing tech-
niques, such as printing a Shelby
Cobra for the Detroit Auto Show
i January of 2015. With respect to
additive manufacturing verification,
ORNL has a specialized metrology
mitiative using neutron characteri-
zation techniques to measure geo-
metric tolerances and map residual
stress in 3D printed components.

1.3 Role of Non-profits and Univer-
sities

Tagure 4: NI,

Several universities have research
programs 1n additive
g which include elements of 3D
printing  verification.
ble examples include an America

manufactur-

Some nota-

Makes sponsored project involving

North Carolina State University,

AM Process and

AM Materials

Characterization Data
et and Standards for Post
Processing

S —

—_—

Robust In Situ Process
Monitoring Techniques

\——

—_—

Metals Design
Allowables Database

R ——

Equipment

—_—

Non-Destructive
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P —————

Fast In-Situ
Measurements

N
.

Performance Capability
Database for AM
Technologies

¥
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Sensors for Measuring

and Monitoring AM
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—
Figure 5: NIST Measurement Science Roadmap Manufacturing Report

40

AM Qualification
and Certification

——

—

Closed Loop Process
Control

N —

Standard Guidelines and
Methods for
Qualification and
Certification

N——

——

Shared/ Standardized
Third-Party Data
Repository

N——
 EE—

Standards and Protocols
for Round-Robin Build
and MaterialTesting

produce
to final geometric specification”.

e

Issue No. 2 June 2016

Iowa State University
eral corporate sponsors “to cre-
ate a system that will be able to

a mechanical

Another university based effort is the

AM Modeling

and Simulation

L Expert System for AM

Design

N —
T

Validated Physics- and

— Properties-Based

Models for AM
S

e\
Standard Data
Structures, Definitions,
and Metrics for AM
Models

N—

Rapid Prototype Consortium (RPC)
of the Milwaukee School of En-
gineering (MSOE). The MSOE
also partners with America Makes
and SME to offer a certificate in
Additive  Manufacturing through
which practiioners can become
certified by passing an exam on
the collecive “body of knowl-
edge” of additive manufacturing.

There are also other emerging
programs i 3D-printing user cer-
tification; for example, NYU’s
School of Professional Studies of-
fers certificate programs n 3D
Modeling and Printing,
as 3D Design and Fabrication.

as well

2. Role of Manufacturers
in standards and verification

2.1 Manufacturers Internal Quality

While 3D printer manufacturers
and service providers are certainly
highly active participants in the pre-
viously mentioned consortia, they
also seek to define and differenti-
ate their product offerings based
on their ability to print high quality
parts on a more fundamental level.
For example, Stratasys, a leader in
Fused Deposition Modeling (FDM)
of thermoplastics, has published a
white paper available for download
on their website entitled “The Ac-
curacy Myth” authored by Bonnie
Meyer (Figure 6), addressing a qual-
ity emphasis on dimensional accura-
cy and repeatability. The purpose
of the white paper is to establish the
long term dimensional stability of
FDM printed parts manufactured
on a Stratasys printer while assur-
g the end user of the capability
of Stratasys materials and printers.

2.2 Manufacturers Partnerships

Major 3D printer manufacturers
have also embarked on partnerships
with their industrial customers. One
notable example 1s the partnership
between EOS GmBH, the indus-
try leader i printer manufacturing
for laser sintering of metal alloys,
and MTU Aero Engines, a German
acrospace engine manufacturer. In
January of 2015, EOS and MTU an-
nounced their plans to integrate an
MTU-developed metrology technol-
ogy described as “Optical Tomog-
raphy” on EOS systems to monitor
laser energy and material sintering
properties in real time to help en-
sure material quality and integrity.

3. Ranking and Crowd-
sourced Quality

At the lower end of the 3D printing
quality and service spectrum are ef-
forts of printing services to crowd-
source quality control through user
assessment and feedback. An ex-
ample of this method 1s the design
ranking feature of the Shapeways
3D printing service. Regulation of
quality with respect to design in-
tegrity 1s done by labeling prod-
uct designs as “Never Printed Be-
fore”, “First to Try””, “Below 50%
- Not Printable”, “50-809% - First
To Try”, and “80% and above”.

One may make note of the fact that
a design can be rated as “Prod-
uct” quality despite the one in
five chance that it might not print.

3.1 User-Generated Quality Stan-
dards

Another example of crowdsourced
quality ncludes a user-generated
database in the “3D Printing Tests”
section on MarkerBot’s Thingverse
website. Through this database, us-
ers generate and share their own
quality test structures and describe
i detail the parameters employed
to print the object. In the representa-
tive sample in Figure 6 the user up-
dated a test printing file and a picture
of the final result as well as detailed
mstructions regarding the machine
printing speed used. The purpose
of this test fixture 1s to demonstrate
the finish and resolution of the Mak-
erBot Ultimaker 2 as a function of
printing speed and temperature.

III. Market Opportunities

1.Established Quality Com-

panies

Currently there are companies and
non-profit organizations which offer
standard compliance auditing and

Width Nominal Apr-2008 ang
(3.000", 76.2 mm) Actual tual  over tim _
Sample 1 2.997" 2.997" 0.000" ‘
(0.00 mm) [ . !‘r '
S.amp!e 2 3.001" 3.000" -0.001"
(0.03 mm) ’
Sample 3 2.999" 2.998 -0.001° .
(0.03 mm) & . .
Average 2999 | 2998 -0.001" »
(0.03 mm)

Figure 6: “The Accuracy Myth” by Bonmie Meyer
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safety certification, and coordi-
nate standards across multiple
OEMs.  Such companies include
the Underwriter’s Laboratory (UL),
Sigma Labs, Intertek, American
Association for Laboratory Ac-
creditation (A2AL), and the Per-
formance Review Institute (PRI).

For example, UL provides prod-
uct review, compliance services
and certification in the additive
manufacturing (3D printing) space.
This services include addressing
equipment and materials compli-
ance, as well as providing printed
parts and product validation for
the medical, automotive, building
materials, jewelry, household prod-
ucts, and electronics industries.

An emerging trend is the consolida-
tion of partnerships at the high-end
3D printing space, where there 1s a
price premium and requirement for
quality, which ultimately validates
the need for the services outlined
above. For example, GE awarded
$500,000 to Sigma Labs, which an-
nounced the PrintRite3D software/
hardware system in 2012 to ensure
higher quality 3D printing of met-
al parts for critical applications.
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Another example 1s EOS partners,
partnering with MTU, whose Op-
tical Tomography (OT) augments
the monitoring capabilities by us-
g multiple sensors to verify sys-
tem status, and camera based OT
technology to control the expo-
sure processes. Those in turn en-
sure the material quality and finish.

1.2 Role of Quality aggregators -
web based market efficiencies

Outside the high-end 3D printing
market where quality standards must
be met, another emerging trend 1is
the emergence of web based aggre-
gators which reduce qualification
costs while maintaining quality stan-
dards.  Such aggregators include
the Interlink program by Intertek ,
Net-inspect, and PRI’s Nadcap and
MedAccred programs. These ser-
vice providers act as clearinghous-
es to link certified parts manufac-
tures to commercial-end customers.
This type of service could easily
extend to encompass 3D printed
parts. For example, MedAccred,
destined for medical application
parts, could mclude a 3-D print-
ed knee replacement component.
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1.3 Software Verification and certifi-
cation by W vendors

Effective software algorithms reduce
3D printing time and waste, such as
comparison of 3D geometric data
and validation of translated models.
The typical considerations include:
(a) correctly define printer bound-
ary conditions and nozzle diame-
ter of the 3D printer, (b) manually
define additional needed features,
such as support structures to prop-
erly construct the printed parts, (c)
define the position of normal vec-
tors of the meshes in the .stl file,
and (d) ensure that the 3D surface
should be closed. In addition, the
software algorithm should be able to
highlight the problem area for the
users and suggest corrective action.

For users who don’t want to use
professional 3D software, .stl files
can be downloaded from a 3D da-
tabase, such as Thingiverse, Grab-
CAD, Ponoko or Nervous System.
Those designs can then be custom-
1zed using a WebGlL-based 3D
modeling tool. For in-browser 3D
modeling environments, controllers
such as “Leonar3Do” by Leopo-
ly, can help the user navigate and
work m a 3D wvirtual reality space.

When the 3D model is finished, it
can be verified before printing using
Netfabb for mesh repair function,
Willlt3DPrint, or Blender. After
verification, the model 1s sliced to
generate a G-code which defines
the tool path for the extruder head
of the 3D printer firmware. Codes

for the 3D printer head movements
follow a NIST G-code standard.

2. Emerging Tech opportu-
nities

2.1 3-D Scanning and Imaging

3D scanners analyze a real-world
object to collect data and then con-
struct 3D models, using optical
technologies, tomography scanning,
contact mode or non-contact mode
scanning. A coordinate measuring
machine (CCM) 1s an example of a
high precision contact mode scan-
ner, frequently used in manufactur-
mg. Non-contact active scanners
emit radiation or light, ultrasound,
or X-rays. For example, a 3D laser
scanner 1s an active scanner using la-
ser light to probe the subject using the
time-of-flight laser range. A triangu-
lation-based 3D laser scanner shines
a laser on the subject, and exploits a
camera to look for the location of the
laser dot. Conoscopic holography
measures distance by using the po-
larization property of the converging
light cone that reflects from an object.

Additional 3D scanning techniques
mclude  computed  tomography
(CT), which generates a large series
of 2D X-ray mmages. It produces a
discrete 3D volumetric representa-
tion and corresponding 3D surface.

2.2 Lower cost coordinate measure-
ments

Low cost digital metrology 1s becom-
g available which will enable a wid-
er usage of 3D printing. Examples
include the 1Sense 3D Scanner for
Apple’s1PAD and Mac products, Re-
alSense 3D Camerafor Intel’s tablets/
phones, and HP Sprout computers.

The 1Sense 3D scanner 1s integrated
with companies such as Cubify.com
to accompany their 3D printers.

Those 3D scans can be uploaded di-
rectly for 3D printing either at home
or through cloud printing. Intel’s
RealSense is an integrated 3D cam-
era which tracks points of a mov-
ing object to form 3D images. The
scan can then be saved and shared
digitally, or printed with the use of
3D printer. HP’s Sprout Comput-
er uses DLP Projector technolo-
gy and Intel’s RealSense 3D cam-
era to capture a 2D or 3D object.

2.3 Lower cost materials character-
1zation

The steps of the 3D printing pro-
cess mvolve thermal treatment in
order to connect extruded printing
materials between and within layers.
Such thermal treatment modifies
the material properties, which can
lead to enhanced or reduced reli-
ability of the parts or products. The
rehability SPEC 1s based on specif-
ic applications. Since the process
flow 1s different from “subtractive
manufacturing”, the requirement of
specification needs to be studied in
detaill when those 3D printed parts
are used for critical applications,
such as high performance mechani-
cal applications or medical devices.

For example, when a printed part
1s used 1 a highly mechanical-
ly stressful application, the tensile
and fatigue behaviors must be stud-
led. Often parts for those appl-
cations are made of alloys, whose
material phases can easily be mod-
ified during thermal processes, and
need to be analyzed using X-ray
diffraction or Cross-section elec-
tron microscopies to control and
ensure the end-product reliability.

Those  material  analysis  in-
struments are expensive
and not avalable to most of

the machinery part manufacturers.
Thus, as commercial applications
continue to grow, we envision an in-
creasing need of such high-end qual-
ification services. This can lead to
additional aggregation to reduce the
characterization cost, and opens the
possibility for the generation of new
business models and partnerships.

2.4 Sell-verification and reporting
service

Web-based 3D printing services,
such as “crowdsourced reviews and
ranking”, provide useful resources
for user communities regarding the
designs, printers, and material se-
lection, as well as information about
ranks designers and companies pro-
viding general 3D printing services.

For example, Shapeways 1s an inter-
net-based market place of 3D print-
ing services and reviews (http://www.
shapeways.com/).  Other similar
web based marketplace and review
forums include Ponoko (http://www.
shapeways.com/), Sculpteo (http://
www.sculpteo.com/en/), and 1Ma-
terialise  (http://i.materialise.com/).

Additionally, for the medium to
low-end 3D printing applications
where quantitative vahdation and
certification are not required,
those “crowdsourced reviews and
ranking” websites are effective al-
ternatives for product validation.

Conclusion

The 3D printing market 1s rapidly
expanding and gaining widespread
acceptance for industrial applica-
tions. Ensuring the manufacturing
of high quality, highly repeatable
parts through standards and ver-
ification 1s an essential element
for speeding the further adoption
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of the new technology. Multiple
stakeholders are currently addressing
the needs for quality assurance with
expected completion of the most
detailled and stringent international
quality standards due in 2018. In the
meantime, new technologies may
emerge that will require further char-
acterization. Also, due to the high
cost of existing characterization tech-
niques and the potential scale of the
new market, improvements are need-
ed to reduce the cost of quality assur-
ance programs as well as create new
lower cost characterization methods.

References

1.  Mathilde. “Compare All
Materials Available at Online 3D
Printing Services - MakingSociety.”
MakingSociety. N.p., 23 Jan. 2013.
Web. 19 Apr. 2016.

2. Gordon, Rachel, and Jon
Harrop. “3D Printing Report.”

3D Printing Materials 2015-2025:
Status, Opportunities, Market Fore-
casts: IDTechEx. N.p., n.d. Web.
19 Apr. 2016.

3. “Technologies in 3D Printing.”
The Current 3D Printing Tech-
nologies Are SLLA, SLS, FDM and
Polyjet / Inkjet. N.p., n.d. Web. 19
Apr. 2016.

4.  Gale, Ana. “6 Challenges 3D
Printing Has Yet to Overcome.”
I'TBusinessca. N.p., n.d. Web. 19
Apr. 2016.

5. Person, and Jamie Condliffe.
“Why 3D Printing Is Overhyped (I
Should Know, I Do It For a Liv-
ing).” Gizmodo. N.p., 17 May 2013.
Web. 19 Apr. 2016.

44

6.  Wile, Rob. “CREDIT SU-
ISSE: 3D Printing Is Going To Be
Way Bigger Than What The 3D
Printing Companies Are Saying.”
Business Insider. Business Insider,
Inc, 17 Sept. 2013. Web. 19 Apr.
2016.

7. “Plasteurope.com - 3D
PRINTING: Global Market to
Grow by 21% Annually / Demand
to Reach USD 5 Bn in 2017 /
Plastics Largest Share of Materials
Demand / US Largest Market /
Freedonia Report.” Plasteurope.
com - 3D PRINTING: Global
Market to Grow by 219 Annually
/ Demand to Reach USD 5 Bn in
2017 / Plastics Largest Share of
Materials Demand / US Largest
Market / Freedonia Report. N.p.,
n.d. Web. 19 Apr. 2016.

8.  Holbrook, Sttet. 2014 “Print-
g without a 3D printer”, Make:
Ultimate Guide to 3D printing.
Make Media, Inc.

9. Klein, Karen. “How 3D Print-
g Is Speeding Up Small Business-
es.” Bloomberg.com. Bloomberg,

n.d. Web. 19 Apr. 2016.

10. Ehrlich, Thomas. “Our Future
With 3D Printers: 7 Disrupted In-
dustries.” Forbes. Forbes Magazine,

n.d. Web. 19 Apr. 2016.

11. Butler, Bridget. “EOS and
MTU Collaborate in Designing
Quality Assurance Technology for
3D Printing.” 3DPrintcom. N.p., 21
Jan. 2015. Web. 19 Apr. 2016.

12.”Committee F42 on Additive
Manufacturing Technologies.”
Committee F42 on Additive Man-

ufacturing T'echnologies. N.p., n.d.
Web. 19 Apr. 2016.

Issue No. 2 June 2016

13. NIST Measurement Science
Roadmap Manufacturing Report.
Figure E-2. Important Technology
and Measurement Challenges for
Additive Manufacturing.

14. Meyer, Bonnie. “The Accuracy
Myth”, Stratasys Website.

15. “Ultimaker 2 Temperature Tor-
ture Calibration Test by Bjorntm.”

- Thingiverse. N.p., n.d. Web. 19
Apr. 2016.

16. AMUG. “Additive Manufactur-
g Certificate.” Additive Manufac-
turing Certificate. N.p., n.d. Web.
19 Apr. 2016.

17. “HOME.” SASAM.eu -. N.p.,
n.d. Web. 19 Apr. 2016.

18. “How to Check Your .stl Files
before 3D Printing Them.” 8dfizz a
Great 3D Print Community. N.p.,
05 Aug. 2013. Web. 19 Apr. 2016.

19. “3D Scanner.” Wikipedia.
Wikimedia Foundation, n.d. Web.
19 Apr. 2016.

Applied Innovation Review

@6e

Issue No. 2 June 2016

A Student-Centered Approach and Mindset-Focused
Pedagogical Approach for Entrepreneurship and

Authors:
Charlotta Johnsson (Lund University)

Rebecca Loeftler (University of Munich)

Ikhlag Sidhu (UC Berkeley)

Carl-Henric Nilsson (Lund University)

Leadership

45



Applied Innovation Review Issue No. & June 2016

Abstract

The ease and abundance of knowledge acquisition that 1s unparalleled mn history, renders knowledge transition
and practicing of skills in education msufficient. The importance of personal reflection and identity, 1.e. the indi-
vidual’s mindset, 1s increasingly important. Re-thinking educational approaches, to entrepreneurship and leader-
ship mn particular, 1s important since they are activities for which perfect information cannot be gathered.

This paper introduces a new pedagogical approach that we will refer to as the MIND-methodology, which icor-
porates aspects of the individual’s mindset. The novel pedagogical approach includes four building blocks; theory
practice, mindset and engagement-and-networking. The MIND-methodology 1s based on accepted pedagogical
theories and known psychological aspects: social learning, communities of practice, and fixed and growth mindset.
The novelty of the methodology lies in its clear student-centered approach and its focus on the student’s mindset.

The methodology has been used in ongoing education in entrepreneurship and leadership over the course of
about 10 years, and 1s gradually evolving. The results from applying the methodology show promising results for
the main stakeholders; students and future employees. Students’ ranking years after graduation 1s unusually high
and reveal that the curricula has provided life-long learning, the mindset activities are valued the most, and salaries
and salary-increases provided by their eventual employers indicate that the students possess qualities sought after
in today’s labor market.

Introduction

Entrepreneurship matters. In mod-
ern open economies it 1s more im-
portant for economic growth than it
has ever been. Teaching and learning
entrepreneurship 1s therefore of 1im-
portance and schools, colleges and
universities can play an mmportant
role by including entrepreneurship
and mmnovation in their curricula 1.
Some of the most crucial elements
of entrepreneurship at the level of
individuals are attitudes, skills and
actions 13, 1.e. elements that are
partly not taught in traditional classes
at schools, colleges and universities.
Creating entrepreneurial mindsets
i students also calls for the use of
mnovative models and contents in
teaching and may imvolve chang-
g the content of courses as well
as the process of learning itself 9.

To educate future entrepreneurs is
orthogonal to traditional teaching in
respect to how teaching 1s conduct-
ed. A leader/instructor that wants to
educate innovators should e.g. lead
from the side as opposed to lead
from the top, should mspire as op-
posed to direct, should trust and del-
egate mstead of check and control,
should treat the group members as
colleagues and not as a sub-ordinate,
etc 8. This 1s unconventional in teach-
g and learning situations and calls
for a different mindset of the lead-
er/instructor. It 1s essential for the
students to be exposed to this mind-
set 1f themselves want to become
leaders of future entrepreneurs,
Inter/intra-preneurs or NNOvators.

Entrepreneurship and Leader-
ship are two communities with
their own strong cultures, i.e.
there is an unformulated under-
standing of what it is means to
“be an entrepreneur or leader”

or what it takes to “become and be-
long in the entrepreneurial or lead-
ership communities”. Traditional
pedagogical approaches in teaching
and learning are centered on theo-
ry and practice alone, whereas the
mindset part, 1.e. the “become and
belong” aspect 1s often left out. The
proposed new pedagogical meth-
odology includes activities centered
on the mindset of the students,
helping the students to adapt their
mindset to that of a successful en-
trepreneurial/leadership culture.
The paper starts with a presentation
of the theories that the MIND-meth-
odology 1s based on. Next, the
MIND-methodology itself 1s pre-
sented; the general overview, its four
building blocks, and the full ecosys-
tem. A short presentation of the
deployments of the MIND-meth-
odology to an Entrepreneurship
curricula as well as to a Leadership
curricula are given and mitial experi-
ence 18 described. The mtroduction
of the MIND-methodology opens
up for interesting research. Final-
ly, the conclusions are presented.

Theories
Theory of planned behavior

The link between cognition and be-
havior has been explained by The-
ory of Planned Behavior 2. Accord-
mgly, behavior 1s preceded by the
mtention to do so. Behavioral inten-
tions, 1n turn, can be predicted by
three cognitive components, namely
a) attitude, 1.e. the person s positive
or negative evaluation of the behav-
1or, b) subjective norm, 1.e. the per-
ceived social pressure from signifi-
cant others to perform the behavior,
and ¢) perceived behavioral con-
trol, 1.e. the subjective evalua-
tion of whether the individual

can perform the behavior as well
as 1ts subjective ease or difficulty.

In the context of entrepreneurship,
most individuals will only be moti-
vated to start their own company if
they think doing so 1s a good thing
to do, whether at least someone n
their personal network supports
the 1dea and whether the individual
thinks he/she has the time, resourc-
es, etc. to do so. Starting the com-
pany 1s not just the act of mcorpo-
ration. Entrepreneurship i1s more
complex than that. On the behav-
1oral level, starting a company 1s the
end result of dozens of previous
steps and actions. Ideation, resource
acquisition and pitching are only few
examples of behaviors that are re-
quired to actually “start a company”.

Each behavior in turn comes with its
own combination of attitude, subjec-
tive norm and perceived behavior-
al control. Previous education has
taught some students to ideate and
create but not to sell or commer-
cialize their products. In fact, on the
level of subjective norms, tradition-
al classroom settings have fostered
a culture of risk-aversion. Through
mechanisms such as multiple-choice
testing, 1t has produced excellent
students by rewarding rote-learning
and compliance but often penal-
izing experimentation or risk-tak-
g - behaviors that are crucial for
entrepreneurship and mnovation.

Fixed and growth mindset

In addition to the theory of planned
behavior, the mindset of a per-
son 1s critical to understanding
the behavior he/she will engage
m. Mindset constitutes a certain
set of attitudes and beliefs and
1s therefore central to behavior.
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A common distinction in mindset
has been made between fixed and
growth mindset 5. Accordingly, peo-
ple with a fixed mindset believe that
skills and ability reflect inherent traits
that are stable. They build their iden-
tities around their level of ability. Re-
search has shown, however that this
way of thinking exerts constraints on
performance in the long-term. This
1s due to the fear these individuals
experience when faced with chal-
lenges as they frame these situations
are threatening. Due to their fear of
failing or of losing they avoid taking
on new challenges or entering situ-
ations where others can question
their credibility. On the other hand,
people with a growth mindset be-
lieve in the malleability of skills and
ability. Moreover, they believe that
success 1s the reflection of effort.
For persons with a growth mindset,
the reward comes from overcoming
challenges and impossible situations.
They feel mternally rewarded for
the process rather than the result.
As they continuously take on new
challenges they continue to grow and
expand their skills and abilities 4.

Community of Practice

Theories from social sciences define
the concept of Communities of Prac-
tice 10. Communities of practice are
groups of people who share a con-
cern or a passion for something they
do and learn how to do it better as
they interact regularly. Communities
of practice can add value to an organi-
zation 1n several different ways, e.g.,
development of professional skills.

Studies have shown that appren-
tices learn as much from peers
and more advanced apprentices
as they do from master craftsmen
12. Theories from social scienc-
es also state that Knowing and

Learning are acts of participation in
complex social learning systems, 1.e.
to form and acquire knowledge, it
takes one or several brains in living
bodies but it also takes a complex
social, cultural and historical system,
which has accumulated learning
over time 11. A community of prac-
tice 18 an example of such a learn-
ing system, and belonging to such
1s essential to our learning. There
are different ways of belonging to a
community of practice; one of them
1s Engagement 1.e. the possibility to
do things together with peers in the
community, another one 1s Net-
working, 1.e. to meet and spend time
together with peers in the communi-
ty. The way we engage and network
m s community profoundly shapes
our experience of who we are 11.

Mind-Methodology

The MIND-methodology includes
four building blocks; Theory,
Practice, Mindset and Engage-
ment-and-Networking. It assumes
that there 1s a basic infrastructure in
place that assures that students feel
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safe and that they can work efficient-
ly. The first building block, Theo-
ry, stresses the learning of theory
and thereby acquiring knowledge,
the second building block, Practice,
highlights the importance of practic-
g and thereby getting skills, and the
third building block, Mindset, under-
lines the 1mportance of changing or
confirming an individual’s mindset
and thereby experiencing personal
growth. The fourth building block,
Engagement-and Networking, 1s sup-
porting the other three and 1s a mean
for improving the students’ self-efh-
cacy, and 1s also enabling scale-abil-
ity of a curricula/program. The four
building blocks of the MIND-meth-
odology are depicted m Figure 1.

Building Block: Theory

By teaching and learning Theories,
the students will acquire knowl-
edge Knowledge i1s a famiharity,
awareness or understanding of
someone or something, such as
facts, mformation, descriptions, or
skills. The old Greek philosopher
Plato famously defined Knowl-

Mindset

SuplaIoOMIaN
juawasdedu]

Figure 1: The Four Building Blocks of MIND-methodology

edge 1s a familiarity, awareness or
understanding of someone or some-
thing, such as facts, information, de-
scriptions, or skills. The old Greek
philosopher Plato famously defined
Knowledge as "justified true belief” 6.

Examples of knowledge in the do-
main of leadership could e.g. be to
be aware of various project manage-
ment methods. Examples of knowl-
edge in the domain of entrepreneur-
ship and innovation could e.g. be to
know the rules of giving a pitch to
venture capitalists or the steps need-
ed for developing a prototype, etc.

Building Block: Practice

By including elements focused on
practice to the students, they will ac-
quire skills. A skill 1s not the knowl-
edge 1itself but rather the knowing
of what to do with the knowledge.
It 1s defined as the ability and ca-
pacity acquired through deliberate,
systematic, and sustained effort to
smoothly and adaptively carryout
complex activities or job functions
mvolving ideas (cognitive skills),
things (technical skills), and/or peo-
ple (interpersonal skills) 4. In order
to become successful entrepreneurs
or leaders, students need to get op-
portunities to practice what they
have learned. Alternatively, by ex-
posing them to real-world situations,
they can learn vicariously, 1.e. by
watching others. In addition, con-
structive feedback should be provid-
ed on the performance in order to
allow for more skill development.

Examples of skills in the domain
of entrepreneurship could e.g. be
to know how to adjust a compa-
ny pitch story based on the audi-
ence. Examples of skills in the do-
main of leadership could e.g. be
to have insights m how business

models can be applied when taking
strategic decision at corporate levels.

Building Block: Mindset

This cognitive antecedent of be-
havior represents the third element
of the MIND-methodology and
complements elements of knowl-
edge transmission and opportu-
nities for practice. The mindset
element underlines the
tance of changing or confirming
an individual’s mindset and there-
by experiencing personal growth.

mpor-

Personal growth 1s a longitudinal
journey for each student, a process
that takes time to unfold. Personal
growth mmplies gaining self-efficacy.
Personal growth 1s always done on
an individual basis but with support
of others. Thus including person-
al growth in a curriculum therefore
requires  student-centered
ties regarding their mindset, their
thoughts, their beliefs and their
goals. Personal growth incorporates
“learning to become” and “learning
to belong”, two components in the
social theory of learning 10. The
steps n this longitudinal journey are
iterative and needs elements relat-
ed to both Action and Reflection.
Games are an example of an Action
element and Learning Journals are
an example of a Reflection element.
Typical entrepreneurial behavioral
patterns have been studied 1,7, as
well as typical leadership styles 8.

activi-

Examples for personal growth in
the domain of entrepreneurship can
e.g., be to understand what addition-
al characters you need in your team
in order to complement your skills.
In Leadership it can be the ability to
define/articulate and to understand
one’s own strengths and weaknesses,
one’sownabilities and disabilities, etc.

Building Block: Engagement and
Networking

Engagement refers to the fact that
the students are deeply engaged in
their own learning and learning set-
ting, by being mvited, encouraged
and allowed to take responsibility
for their own learning. To foster en-
gagement amongst the students par-
ticipating in a curriculum, both on an
individual level and among the stu-
dents as a group, the learning envi-
ronment requires trust, respect, and
true role models. Engagement leads
to “learning to belong”. The belief
1s that the students can develop and
learn from many additional activities
not traditionally thought of as curric-
ula-activities. Equally important 1s to
provide the students with a network
of peers and role-model from whom
they can be influenced and learn.

Experience

The MIND-methodology has been
used in ongoing education in entre-
preneurship and leadership over the
course of about 10 years, and 1s grad-
ually evolving. It has lately been ex-
tended withrelated research activities.

In activities provided to the entrepre-
neurship-interested students at UC
Berkeley, CA, USA (Saturdja Cen-
ter for Entrepreneurship and Tech-
nology), the students are exposed to
several mindset-learning occasions
m addition to the theory and prac-
tice possibilities. The main vehicle
for working with the students’ mind-
set at UC Berkeley is focused on Ac-
tion and 1s referred to as Games 1.
Games are a means to making stu-
dents aware of their current mindset
regarding perspectives of importance
for Entrepreneurs. The method 1s
referred to as the Berkeley Method
of Entrepreneurship (BMoL) 1, 15.
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In a two-year long leadership cur-
riculum ((Technology Management
programme) the leadership-inter-
ested students at Lund University,
Sweden, do not only learn about
theory and practice, they also work
hard with their own mindset in or-
der to find their own strengths and
weaknesses related to leadership.
The main vehicle for working with
the students’ mindset at Lund Uni-
versity 1s focused on Reflection and
1s referred to as Learning Journals
2. Learning Journal is a mean that,
over a longer period of time, lets
the students confirm or change their
mindset by writing down their indi-
vidual thoughts and thereby sorting
out their own beliefs. The meth-
od 1s referred to as Lund Learn-
g Leadership Method (3LM) 14.

Student reports and placement re-
ports reveal promising results linked
to the inclusion of the mindset per-
spective. The students in the Lead-
ership curriculum at Lund Univer-
sity, claim that the curriculum helps
them grow both as individuals and
professionals mn a way they would
not have done without the mind-
set activities. Five to ten years after
graduation, the students rank the
activities  focused around mindset
as the most valuable learning from
their educational curricula/period 2.

Summary

This paper presents the MIND-meth-
odology, a novel pedagogical ap-
proach for teaching and learning
Entrepreneurship and Leadership.
The novelty of the methodology
lies in 1its clear student-centered
approach and its focus on the stu-
dent’s mindset. It 1s based on ac-
cepted pedagogical theories and
known psychological aspects, social
learning, communities of practice,

The MIND-methodology includes
four building blocks; Theory,
Practice, Mindset and Engage-
ment-and-Networking, see Figure
1. The first building block, Theo-
ry, stresses the learning of theory
and thereby acquiring knowledge,
the second building block, Practice,
highlights the importance of practic-
g and thereby getting skills, and the
third building block, Mindset, un-
derlines the importance of changing
or confirming an individual’s mind-
set and thereby experiencing per-
sonal growth. The fourth building
block,  Engagement-and-Network-
ing, 1s supporting the other three
and 1s a mean for improving the
students’ self-efficacy, and enabling
scalability of the curricula/program.
and fixed and growth mindset.

The MIND-methodology 1s strongly
student-centered (adjusted for each
individual), has an action-reflection
iterative approach, and has already
generated preliminary and promis-
g results in entrepreneurial-leader-
ship curricula. Our main hypothesis
1s that by applying the MIND-meth-
odology to curricula, additional value
1s provided to the stakeholders (i.e.
students and their future companies
or employers). The introduction of
the MIND-methodology for teach-
ing and learning Entrepreneurship
and Leadership also opens up for
many Interesting research questions.
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