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Blockchains are decentralized Q)
networks computers -

V//’//”””‘————i Interactions

0110101101
1011010110

Create user Read and write Write and run
accounts data securely programs



The Energy Transition

20t-century models clashing with 21st century

technologies

Q
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44 participants
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Blockchain’s value proposition: digital Q)
DNA for the energy sector .
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Energy Web Foundation (EWF) is leveraging \,Q)
blockchain to enable and accelerate the global
clean energy transition

Enabling and accelerating the transition to a democratized,
EWF’'s decentralized, decarbonized, and digitized electricity grid. EWF
mission achieves this by creating the virtual infrastructure—a shared digital DNA
for the global energy industry—that serves as its foundation.

Core Ecosystem Regulatory Application

Technology Facilitating, Engagement Acceleration

Developing a educating, and Educating and Supporting EWF
Pillars of high performing J incubating a engaging with Affiliates to
EWF’'s core blockchain J diverse regulators to launch early
work technology fit ecosystem in inform applications and

for energy support of the regulatory spur market
sector technology integration growth
applications




EWF is developing core infrastructure Q)
and services for blockchain in energy e
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EWF has assembled an ecosystem of 70+
market participants from across the globe
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EWF is accelerating the development of the most \,,Q)
valuable blockchain-based energy sector dApps

EWF’s ecosystem has prioritized these five application domains:
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EWF is supporting 15+ Affiliate projects in \'Q)

5 use case domains

o CNGIC ORIGIN
Certificates ¥
of Origin o O

=~ Exelon. @pftf

Demand
Response
Utility
Billing
Electric ol ARE
Vehicles
Transactive STEDIN"
Energy

End-to-end decentralized application enables any
trusted renewable generator to sell green attributes
peer to peer over blockchain.

Multiple market demonstrations at Event Horizon 2018

Automate contractual relationship management,
measurement & verification, and financial settlement
Reduce time from 2 months to minutes

Decentralized meter registry with digital ID to track
relationships between consumers, meters, and
buildings

Inter-network charging settlement; creating certified
“green product” at charge points; enabling peer-to-
peer charge sharing to increase asset utilization

EWF building open-source TE simulation environment
Stedin working on layered energy system

demonstration project in 2018 i



EWF has shared v1 of EW Origin with the public
and showcased several pilots—with more

currently in development

Engie

SP Group

TWL

German households

Sonnen
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=
=
=
=

Microsoft

DBS

E.ON

Grid Singularity

Sonnen

These examples involved real companies with real physical assets and actual,
real-time generation and consumption data, but no financial transfer

Q
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EW Origin is an end-to-end, open-source, Q)
blockchain-based toolkit for REC, GO, I-REC (&
trading, tracking, and reporting

Hourly kWh data Disintermediated :
uploads and consistent UX Greater automation
Interoperability Plug-and-play Aggregation and
with EVs, batteries | adaptability other new features
Avoided marginal Lower transaction Reduced barriers to
CO, emissions info | costs entry
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EW Origin enhances transparency, modernizes
user experience, and increases access for
renewables markets

0 Microsoft no 0 0.001 12 Apr 18
Corporation 10.000

Engie AS none Production 50.654188. 3.65156

wind N.A 013Jan 70

N.A S000.000 ww

Certificate Created - Initially owned by Microsoft Corporation

Initial Logging - Logging by Asset #0

Q
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EW Origin will support advanced deals like PPAs Q)
and enable aggregation for smaller market | &
participants

General

Start Date:

End Date:

Buyers output share:

Location

Country:

Region:

Type

Asset Type:

Arbitrage rules

Target asset type:

All

All

All

All

All

CREATE PPA

Pick a date

Pick a date

Choose Asset Type

Choose Target asset type
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EWF is developing an open-source reference Q)
implementation of the EW Origin toolkit for | &
PJM GATS in collaboration with PJM EIS
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EW Origin Full Reference Implementation
Combines the Market Toolkit, Issuer Toolkit, and Registry in a single
reference implementation in one market that ultimately any issuing
body or registry can reference, modify, and adopt




Research efforts are underway Q)
Q

 EWF collaboration to perform hardware-in-the-loop testing

=3 L :
‘A N R E I & grid simulations
 Demonstrating device-level blockchain transaction

NATIONAL RENEWABLE ENERGY LABORATORY

capabilities

* Independent research & publications on blockchain’s
cybersecurity benefits

Pacific Northwest  EWF performing advisory role on keyless signature
NATIONAL LABORATORY infrastructure project

* D3A: decentralized, recursive grid simulation
 LINK: Device connection standards & architectures

FOUNDATION
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Doug Miller
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The overall energy-blockchain

technology stack

Energy
Blockchain
Applications

The EWF
Blockchain

Physical
World

Renewable Energy
Electric Vehicle Virtual Power Plant
Guarantees and Peer to Peer Trading
Certificates Management Management
Open Source

%Public

B @ﬂ\%\ \/J\%@\l

Q
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Three things to consider when Q)
selecting use cases A

g —
1 X
3 SRS




How much time, money, and effort is Q)
spent... ~

Verifying &
Performmg ’Q‘ E® enforcing
= N contracts
Reconciling |‘ @ \, Performing
data between @ financial
parties L\’J '\ settlement &

billing




Expanding and simplifying the market for Q)
renewable energy U
O,
Certificate of Origin

Trading & Ownership
Tracking

Tracking System Redemption &
Retirement

9> Certificate
< Buyer

Microsoft

Onboarding &
Issuance (1)

Renewable
Generator

4 Reportin
Q)sP g

— Exelon a

e

Compliance or

Disclosure Entity

e

- Expand market participation on both
buyer and seller side

- Incentivize development of RE with
particular attributes

« Improve auditing of CO2 emissions
and RE generation — without NEM i

» Lower transaction costs
» Faster execution (minutes - not weeks)

« Reduced working capital requirements
» Reduced labor

» Increased transparency

G Increased cyber-security

\_




Supporting new EV products and
services




Streamlining contract management and Q)
settlement in electricity markets U

elia

e Reconcile contractual, M&V, and performance .
data between flexibility resources,
aggregators, DSO, and balancing parties

* Reduce settlement time from 2+ months to .
<1 day

* Lower overhead costs = expand market .
participation to larger number of smaller
resources

Localized peer-to-peer day-ahead market
model enabling customers to monetize at two
campus facilities

Using data from wifi connected home devices
(Battery, PV, Dishwasher etc.)

Match bids and execute settlement between
peers and DSO

«®¥



Technical challenges currently inhibit \'Q)
mass adoption of blockchain applications

100% - 939,
= 73%
s 66%
c
8
g
> 50% -
e
@ 31%
‘5
=
10%
— .
Scalability Privacy Data storage Governance Tooling

Source: EWF Survey results from 93 blockchain / energy startups 27




EWF is developing core infrastructure Q)
and services for blockchain in energy e
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EWF released v1 of EW Origin in April 2018

Current EW Origin Capabilities

1. Onboard renewable generation and
energy consumption assets

2. Onboard generators and buyers
3. Onboard renewable energy demands

4. Upload kWh generation data (“tags”)

5. Transfer ownership of available tags by
matching with onboarded demands

6. Claim (and retire) tags

7. Generate certificate from claimed tags

8. Send reports containing certificate(s)

Timeframe:

SSSSSSSS

End Date:

Buyer's Address:

Criteria

Location

Country:

Compliance:

AAAAAAAA

ccccccccccc

Consumption

mmmmmmmmmmmmm

sssssssssssss

ccccccccccccccc

uuuuuuuuuuu

ccccccccccccccc

Q
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EWF developed reference implementations for Q)
different device connection scenarios =

CPU / server

EWF

SCA DA / Se rve I | ‘:': ) Full Client Tobalaba
AT\ + Bond code to
/RS SCADA API

B 1
Meterdevicel ”
. = Meterdevice2 - . EWI?
Origin on a SoM lght Client ([ o
SCADA + Bond code to
provided API

CPU / server

Thin Client and EWE

In a smart meter S ey 1| sondcode l e Tabala

measurement meter FW
kW, kWh

Q)

- DAQ / meter device API, billing boarder _ Client software + X

Block chain 30




EWF has cultivated strong interest in EW \,Q)
Origin pilots among Affiliates and others

@ Existing pilots
@ Requested pilots

31




The EW Origin Bond Code takes energy data at
kWh level and puts persistent data on light client

Origin Bond Code

1. _Connect to data source
a. Read kWh-data (e.g. Smire), Bond Code class
Read GetWatttime. calc, data quality ...

R £ b.
29 ‘,“ ’ c. Parse and convert collected data r’)
EUMEL -3 d.  Persist raw data locally
Smart meter - O e.  Persist proof in Tobalaba — Tobalaba
F " . f.
Any source with x
API

Check health status + basic error handling
. OK -> “sleep” and then
i. Error -> 2.
2. Clean up (FS and connections)
a. Release resources

Lt : h b. Log error
EWF Bond ‘ . ¢.  Send mail to admin/service
REST API . d. Start over at 1.
Large assets interface .

-> A sequencer with a modular energy data interface

32



EWF is using the Artik 710 device as a powerful U
SoM to securely host the EW Origin bond code
and EWF light client

Processor
CPU 8x ARM® Cortex®-A53@1.4GHz
GPU 3D graphics accelerator

mmmuuulun_l

6€ CON4O4
Camera I/F 4-Lane MIPI CSI

4-Lane MIPI DSI up to
FHD@24bpp
Audio I°S audio interface
Memory
DRAM 1GB DDR3 @ 800MHz

Security

Display

Secure point to point
Secure Element authentication and data
transfer

Trusted Execution
. Trustware
Environment
Radio
WLAN IEEE 802.11a/b/g/n/ac
Bluetooth 4.1 (Classic+BLE)
802.15.4 ZigBee/Thread
Power Management
Provides all power of the ARTIK
710 Module using on board
bucks and LDOs

SAMSUNG 4R

Name
ARTIK-710 Interposer Board
f LED402 ALWAYS ON

PWERON n .‘( c
s ﬁ ZIGLH

- %MMOO\

Interfaces
GPIO, I’C, SPI, UART, SDIO, USB
2.0, JTAG, Analog Input

Analog and Digital /0




EWF is using ResinOS to support EW Origin bond
code, EWF light client, and “watchdog” &

" 1 Tobalaba h

1gIN

Artik710

Watchdog Light-
module Client

Metering

Any ORIGIN
ernery data
source/sink with
verified metering

Container 1 Container 2 Container 3

Persistend data: Config files + ID

- all private stuff (Node ID, OxOdeadbeaf...)
- local kWh history storage, status, error log, ...
Shared data volume 1
] ] ]

Network P e o Computing device
(LAN, WIFI, GSM, LTE, ...)
CPU, storage, network, ...

SD
Flash

34




More details on ResinOS and Resin.Io \,Q)

OS focused on IoT security and secure fleet management

- ResinOS: Open source oo e v
Linux based on Yocto ! o

- Resin.io: Secure tool Jovroes | 7
chain from git push to ( 1 Socrer

cross-compiler/

device provisioning | | e

Trusted CI/CD to the fleet ﬁ

via VPN manager a8

Supports Artik platform

device management &

35



The Resin.io dashboard

‘resm.lo ¥ GettingStarted [® Docs @ Status

A

. oriin
o

DEVICES

Group actions v

rev (prod)

15 hours ago revl (prod)

CE

EWF_01 dyn MAC

Online

-urrently online (for 8 hours) Resin 0S 2.12 5+rev1 (prod) (7'

IPAD

Boot log after last flash

Service ¥

m @ Running

Commit =

... in action
Terminal




Onboarding via Origin REST API

energywebfoundation / bond © Watch 5 K Star | 2 YFork 2

@ Code | e rullreauests oo s Swagger.io: api_contract.yaml

anch: master v bond / core / ref / api?contract.yaml Find file  Copy path
3 cerealkill Small fixes in contract api ff7e781 on 15 Mar
1 contributo
230 lines (226 sloc) 7.2 KB

tribuitons. Energy Producer

/produced Produced en

2.0’ t e: Energy Measurement API
desc n: Company name, project name, purpose of the api creation, date of last update, sometimes code

author namel.
o nge t

>: Energy Measurement API 9
Parameters

Name Description

limit

integer

Create your server stub and integrate your production/consumption data
easily

| &

Try it out

with Origin
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