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Portfolio Manager's summary

For a detailed
explanation of
blockchain and how it
works, see page 8.

Blockchain has captured the imagination of Silicon Valley and Wall Street alike, leaving
behind its origins as the underlying technology of Bitcoin. Yet much of the discussion
around its potential uses remains abstract. The focus is on the power of a distributed
ledger to decentralize markets and undermine the control of existing middlemen.

But the potential of blockchain is more nuanced and far-reaching than that simple narrative.
To move beyond the theoretical to the practical, we explore a range of specific real-world
applications across a cross section of markets and industries, including travel, energy, real
estate, and finance. We illustrate where the attributes of blockchain are best suited to the
business problems at hand and quantify how it might shift the dynamics of the industry. We
highlight private and public companies poised to serve as enablers or exploiters of the shift —
and analyze where blockchain could create new profit pools or undermine existing ones.

A key takeaway across these applications is that blockchain is not just about
disintermediating the middleman. In some cases, blockchain could disrupt markets and
existing participants, while in others, it promises to help drive cost savings by reducing
labor-intensive processes and eliminating duplicate effort. And in some instances, it can
create new markets by exposing previously untapped sources of supply. The common
thread is that by enabling a fundamentally new type of database technology that can be
distributed across organizations, blockchain creates the foundation for solving problems or
seizing opportunities that have eluded current systems.

What is blockchain?

The heart of blockchain’s potential lies in the unique properties of a distributed
database and how they can improve transparency, security, and efficiency. Historically,
organizations used databases as central data repositories to support transaction processing
and computation. Control of the database rested with its owner, who managed access and
updates, limiting transparency, scalability, and the ability for outsiders to ensure records
were not manipulated. A distributed database was practically impossible because of
technology limitations. But advances in software, communications, and encryption now
allow for a distributed database spanning organizations.

In its purest form — as used by Bitcoin to create and track units of the crypto-currency —
blockchain is a shared digital ledger of transactions recorded and verified across a network
of participants in a tamper-proof chain that is visible to all. Permissioned or private
variations add a layer of privileging to determine who can participate in the chain — and we
expect the majority of commercial applications to use some form of permissioned model.

What is blockchain good for?

We believe blockchain’s transparency, security, and efficiency make it a particularly
good choice for reshaping businesses that are bogged down by inefficiencies, and for
enabling new business models based on distributed marketplaces and technology.
Blockchain is not a “cure all” or a substitute for fixing broken business processes, but we
believe it is particularly well suited to address a variety of problems:

o Facilitating secure, de-centralized transactions among many parties in the Internet
of Things: Because of the inherently decentralized nature of the ledger, blockchain is
particularly effective at handling distributed transactions among a very large number of
parties. In addition, blockchain delivers a high level of security for each transaction
because of the cryptographic verification and validation among parties. As new
distributed economic models evolve that cover tens or even hundreds of millions of
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assets (such as cars or apartments in the case of the Sharing Economy) or machines (the
Internet of Things), secure, distributed transaction models will be needed to facilitate
transactions. We explore this application in our Smart Grid case study.

¢ Reducing fraud and increasing trust with increased security: In many parts of the
world, corruption can lead to counterfeiting or alteration of official records. For
example, bribery might drive a government insider to change a record describing the
amount of a payment made, or the owner of record of a particular asset. Similarly, a
malicious actor might attempt to selectively alter or destroy records (for example a
cyber-hacker changing payment records or trades between parties). Because each
transaction is uniquely encoded via cryptography and this encoding is validated by
other parties on the blockchain, any attempt to alter or remove transaction information
would be detected by others and corrected by other nodes. We present a case study in
which Airbnb could help accelerate the Sharing Economy with a blockchain-based
reputation management solution.

¢ Increasing transparency and efficiency in multi-party transactions: In any
transaction involving two or more parties, the same transaction is typically entered
separately by each party into that organization’s own independent systems. In the
world of capital markets, the same trade order might be entered into the systems of
two counterparties. In each organization, the transaction works its way through
middle-office and back-office systems — at which point errors can create the need for
costly reconciliation processes with significant manual intervention. By using a
distributed ledger technology such as blockchain, organizations can streamline the
clearing and settlement process, shorten settlement windows, and avoid substantial
capital and operating expenses. We examine a number of capital markets applications
where blockchain can be applied to significantly lower costs.

Putting theory into practice: Real-world applications and benefits

When we consider these applications in real-world scenarios, the dollar benefits start to
become apparent. We conducted case studies of seven concrete business problems that
would benefit from the full value proposition of blockchain: building “trust” between
parties in the Sharing Economy (peer-to-peer (P2P) lodging); better managing supply,
demand, and security on the US electrical grid; verifying a property title; clearing and
settling securities trades; and complying with anti-money laundering and “know your
customer” regulations.

e Building trust between counterparties in the Sharing Economy: P2P lodging sites
like Airbnb have already begun to transform the lodging industry by making a public
market in private housing. However, adoption may be limited by concerns about safety
and security (guests) and property damage (hosts). By enabling a secure, tamper-proof
system for managing digital credentials and reputation, we believe blockchain could
help accelerate the adoption of P2P lodging and generate $3 - $9 billion in
incremental revenue opportunity through 2020.

¢ Transforming the US electricity industry by enabling distributed markets: Today,
consumers rely on power generated centrally by utilities. With the advent of rooftop
solar and high-capacity battery technology, individuals can potentially act as
distributed power providers. We think blockchain could be used to facilitate secure
transactions of power between individuals on a distributed network who do not have
an existing relationship — a $2.5 - $7 billion annual opportunity.

¢ Reducing transaction costs in underwriting title insurance: Homeowners buying or
re-financing property are subject to significant transaction costs, including title
insurance, where the title search process can be labor-intensive. Along with business
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process changes, blockchain could reduce title insurance premiums and generate $2 -
$4 billion in cost savings in the US by reducing errors and manual effort. In
emerging markets, land registration systems could help reduce transaction and
financing costs.

Streamlining clearing and settlement of cash securities: Despite the relatively low
transaction costs for securities such as equities, up to 10% of trades are subject to
various errors, leading to manual intervention and extending the time required to
settle trades. By applying blockchain to the clearing and settlement of cash securities —
specifically, equities, repo, and leveraged loans — we estimate the industry could save
$11 - $12 billion in fees, OpEx, and capital charges globally by moving to a shorter,
and potentially customized, settlement window. While we do not treat other cases in
detail in this report, blockchain could also potentially eliminate significant additional
costs across FX, commodities, and OTC derivatives.

Improving efficiency in anti-money laundering (AML) and “know your customer”
(KYC) compliance: Storing account and payment information in a blockchain could
standardize the data required for an account, thereby improving data quality and
reducing the number of falsely identified “suspicious” transactions. A tamper-proof
record could also ease the process of getting to know a client and demonstrating
compliance with AML regulations — generating $3 - $5 billion in cost savings.

When will blockchain really start to matter?

We expect to see early-stage technical prototypes within the next two years, with limited
market adoption in 2-5 years and broader acceptance in 5-10 years. We believe consumer-
focused Sharing Economy and social media companies could begin to implement
blockchain-based identity and reputation management systems in relatively short order. In
capital markets, we expect to see a series of early prototypes over the next two years on a
limited scale and with limited numbers of participants. Broader market acceptance is likely
to take as much as 10 years given the regulatory oversight required and large number of
market participants in large-scale markets such as cash equities in the US.

What could go wrong?

Like all new technologies, the adoption of blockchain in the real world will involve
challenges. Below we highlight some of the most significant ones:

e Standards: We expect many special-purpose permissioned blockchains to be created
for a wide variety of applications. To gain widespread adoption, we believe technical
standards will be needed to ensure similar technical implementations across industries
— particularly in cases where multiple blockchains need to interoperate with each other.

e Commercial conflicts and business process differences: In many ways, a blockchain
database is only as good as the data and business process that underlie it. Failure to
reach a consensus among counterparties because of business process or commercial
conflicts could significantly slow or even halt blockchain’s adoption.

e Privacy: Applying a distributed database to commercial transactions raises the
question of whether organizations want to share information about counterparties.
Similarly, the idea of “reputation management” could raise concerns about the ability
to permanently impact reputations. Users will need to carefully weigh these factors.

e Speed and performance: Any distributed database is inherently slower than a
centralized one, raising the question of whether blockchain is appropriate for high-
speed, high-volume applications. Although many blockchain variants promise to
enhance performance, this remains a question for commercial applications.
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Applications Abound

Blockchain's unique characteristics give it the potential
not only to streamline existing markets, but also to
redistribute markets and create new ones. Here, we
summarize ve examples and highlight select public and

private companies that are enabling blockchain in the
real world.

Creating New Markets

The Sharing Economy: Lodging

; $3'9b&ﬂe in US booking fees through 2020

What blockchain can do

Ease identity and reputation management. Blockchain can securely store and

integrate users’ online transaction and review history with identi cation and payment
credentials—making it easier to establish trust between parties. This information can be
used to streamline transactions and enhance review quality.

Select enablers Incumbents at risk
Airbnb, HomeAway, FlipKey, OneFineStay Hotel industry

Redistributing Markets with “Creative Destruction”

Smart grid

ﬁ $2 . SﬁZ/bSnmrket for distributed power

What blockchain can do

Enable transactions in a decentralized power market. Blockchain can connect local power
generators (think: neighbors with solar panels) to consumers in their area, enabling distributed,
real-time power markets. A blockchain-enabled market could also increase grid security and spur
adoption of smart grid technologies.

Select enablers Incumbents at risk
TransActive Grid; Grid Singularity Utility companies



