“ TimberRock

FM Emerging lechnology Forum 5-1-Z/



FIMETF | Agenda

o TimberRock background & vision (a-min)
o [verview and track-record in FJM

o [ur Vision - What does a low-C0, energy future look like? Where does TimberRock fit?

o [ur Tech - CO,-Tracking and Aggregation Platform (20-min)
o The What
o [Digitization - Integration of all components of energy ecosystem
o Aggregation - Harmonization of data sources, enrichment
o [ptimization - Forecasting, simulation
o The How
o [ustomer case study - GM's Supplier Program

o Technology building blocks

o PJM's New Marginal Emissions Signal (5-min)

o [I&A and discussion (la-min)
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BIMETF | TimberRock Overview

o Power, gaseous fuels, and liquid fuels - are critical for modern civilization and enable economic prosperity, mobility.

productivity, security, and comfort

o But every unit of energy has hidden costs in the form of G0, and other emissions that

o Endanger the global climate

Gaseous

o [amage local environments

o Harm the health of individuals

Liquid




| TimberRock Overview

Global greenhouse gas emissions by sector —SHSE
This is shown for the year 2016 — global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
Iron andStee/

o |nfact, energy use represents 70%-+ of total GHG emissions and
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OurWorldinData.org - Research and data to make progress against the world's largest problems.
Source: Climate Watch, the World Resources Institute (2020) Licensed under CC-BY by the author Hannah Ritchie (2020

*https://www.eia.gov/energyexplained/energy-and-the-environment/where-
greenhouse-gases-come-from.php




BIMETF | TimberRock Overview

o TimberRock believes in an energy future with low or no GO,

o [ur CO,-Tracking & Aggregation software and services help companies, municipalities and utilities lower GO, and achieve:

o REIOO

o Science-Based Targets

o [r other low-C0, or no-C0O, goals

o We provide precise G0, accounting across all elements of an energy ecosystem - including scope Z and scope 3 - and data-driven solutions

to “bend the curve” to meet G0, goals




BIMETF | TimberRock Overview

o Senior team together |3+ years

o |nitially served two energy markets: S I E M E N S
o Traditional/Centralized Generation: Sophisticated control systems for centralized nuclear & natural gas power e I I e rG\/

plants. Siemens white-labeled

Traditional/Centralized

o Emerging/Distributed “Microgrids”: Complex energy systems in the marine market. Generators, battery storage

and grid

SYSTEM COMPONENTS:
o [ore competencies: Moving data and moving electrons

7. Inverter /
8. Main AC Panel (to house)
9. Shore Power

o About 10 years ago, we concluded that renewables, EVs and energy shift tech were increasingly ready for prime

time. We refocused on helping customers move to low-C0, energy future... Emerging/Distributed




FIMETF | TimberRock Overview - A Low-Co2 Energy Future?

A
\

High penetration of renewables - PV and wind - along with existing nuclear, hydro & geothermal
o High penetration of EV - significant decline of liquid fuels in short and medium haul transport .
Energy shift technologies (temparal)

Power

o Short duration - minutes to hours - EVs, flexible |oad, stationary storage
o Medium duration - hours to days - stationary storage
o |long duration - days to weeks - hydrogen, electrolyzers, fuel cells

o [onnective-tissue (TimberRock's focus): Gaseous

o Software that aggregates energy assets and tracks CO,
o Power conversion tech that moves energy between DC and AC efficiently

Liquid

©©.©




| TimberRock Overview - Aggregation

o Software platform (maving data):

o Aggregating energy assets

o Tracking GO,

o We've applied this platform in two ways:

o First, advanced, distributed energy projects that tested

limits of aggregation

: TimberRock Energy Solutions, Inc.

Solar

Total PV 5.135

| . To Grid Disabled

—
—_—

Storage x5: 50 aH, 1.3 kWh (Avg)

State Discharge
$ SoC Ah 42.88
SoC % 82.47%
SoC kWh 1.11
Discharge 16.05%
Amps 8.35

Power 216.15W

|

Frequency Regulation
Hour 10
RTO Awarded 15.6 kW
Signal 3.2422 kW
UP (To Grid)
HiISIONY . et

TimberRock DEMAP

Frequency Regulation

3.24 KW (0.2078)

m®
B3

Inverter

‘' DC Fast Charging

Direction To Grid
Powe 24 kW
Battery Enabled

PV Disabled

AC Charging

Charger #1

Status Idle

Hours 5.5 Monthly
Charger #2

Status In Use

Hours 10.1 Monthly
Charger #3

Status In Use

Hours 15.0 Monthly
Charger #4

Status In Use

Hours 12.1 Monthly
Charger #5

Status Offline

Hours 0.0 Monthly
Charger #6

Status Idle

Hours 3.0 Monthly

Power 3.2422 kW

Project: RE, BESS, EVs, Bi-Directional Inverters. Tested Concepts:

Aggregating Capacity To Provide Ancillary Services, CO,-Free Driving,

Optimization for $ or CO,
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FIMETF| TimberRock Overview — REC Aggregation/Trading

I60GWhs of RECs Aggregated/Delivered™ To

Second, integration of thousands of distributed renewable energy projects. BT REPs/Utiities/tnergy Lompanies

tracking/aggregation/trading/settlement of REC transactions ENERGyZ,  ~ Constellation nl’g::'
Mostly in PUM GATS. Transaction count: 50,000+ (settlements) —
? Boogy"  EISISEN  Eyelon.
Across both activities:
Washington Gas
o End Customers - Residential, C&l, Municipalities, Federal Gov., Fortune al BGE Energy Services LiberyFower-

o Energy Companies - "Majors”, REPs, Utilities _DTE Energy > CALPINE' E‘%ﬁ‘féﬁn
»3,% -, POWER
Beyond RELs - From RECs to "true” low-C0, energy
o, memsn ¥

sparkenergy’

*REC delivery via TimberRock affiliate USPV
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FIMETE] TimberRock Overview — CO_-Tracking — Beyond RECs

While maintaining all REC functionality, platform has evolved to support more precise GO, tracking and reduction
Helps organization navigate their journey toward a low-CO,, energy future. Three phases; Five basic steps

Establish a long-term, target curve

o 1) Visualize- Set goals that allow a target, CO,-mitigation glideslope/curve to be visualized. All sites, SZ, 83. RE and/or LI,

Precisely track the current curve
o 1) Digitize - Integration of all inputs/outputs of the energy system integrated. Automated ingesting of data

o 3) /rack- Monitor real-time, location-specific grid emissions, align with energy consumption data and produce detailed GO, accounting for electricity usage. Plot the

current curve. Debits

Align the curves (i.e., bend the current curve to align with the target curve)
o 4) Shift- Transition energy sources to lower G, sources. Credits

o 1) [ptimize - Manage energy assets - EVs, ESS, flexible load - to match |oad to availability of low GO, energy

Immediate
-Term

Near
-Term

Long
-Term
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Digitization

Connect, Monitor, Ingest

Customer Internal Data

Gen. & ﬁ e
Loads ==
DERs | # @
Fleets @

External Data

Real-Time &
Weather Forecast
Real-Time Energy
1SO Prices (i.e., LMP)
Marginal Grid
CO2 Emissions

Aggregation

Harmonize, Enrich, Transform

APIs/ APIs/
Services Services
APIs/ APIs/
Services Services

FIM ETF| The Tech — A Simple Architecture Overview

Optimization

Simulate, Forecast, Settlement

Internal Applications

Track Real-Time Emissions
. Zero-Emission
Shift Energy
L EV + DER For
Optimize

CO2/$/Resiliency

External Market Applications

Demand Response

Ut|||ty & Demand Charge
Energy, Capacity &
1SO Ancillary Services
REC & CO2 Offsets

CO?2

& Credits
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FIMETF| The Tech — Digitization

Supply-Side
o RE Generator Meters
o Marginal CO, estimates and forecasts - national coverage, various grain, 9-min frequency
o Marginal GO, via PJM. 3-min frequency; p-node grain
Demand-Side
o |oad Meters - Integrated with major smart meter networks (i.e., ERCOT)
o Direct DER integrations with any asset class. To date: BESS, EVSE, advanced inverters
o Technical aggregators: B-T-M fossil and RE generators, switch gear, BMS, EMS, HVAC
ISO/RTO - Market data. Market Participants (a.k.a.. commercial aggregators) - CSPs, 0SEs

Utilities - Open ADR 2.0

Weather - National coverage. Zip code grain. Hourly frequency

Data Integration Of
All Inputs Or Outputs
Of An Organization’s

Energy Ecosystem




FIMETF | The Tech — Aggregation

o [ross source harmonization - data interoperability
o Temporal harmonization

o Aggregation by load zone or any market boundary
o Monitoring of all data sources for reliability

o Time-series database

o Previously have implemented a Distributed Ledger for testing/assessment. Not

currently in production

Harmonization Of All Data
Sources —Temporally &
Geographic - AsTo Allow
Optimization & Ultimately

Dispatch/Settlement
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FIMETF| The Tech — Optimization

Simulation - Digital twin
Custom algorithms (a.k.a. Strategies) for GO, assessment via APl call

Linear optimization engine

o LMP
o [,

Multivariate forecasting
o |pad

o [apacity

Ability to leverage machine learning algorithms

@)
< —

V

Ability To Optimize For Both CO, &
Price Signal

Digital Twin Methodology Protects
Sensitive Data & Allows

Simulation/Optimization To Be

Performed Efficiently

8/31/2021
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FIMETF| Case Study — GM — Scope 3 CO,

M, Shell and TR collaborated to design/launch a program to help GM's supply chain access

low-C0, energy solutions
Launched this summer in ERCOT
Shell provides retail supply

TR's role includes

o Program administration
o |anding page development/operation

o [0, tracking platform and portal - Visualize, Digitize, Track, Shift, ptimize

“d= G BUICK

Brofects)




FIM ETF | Case Study — GM
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Aggregate Load
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Over time Across

Multiple Sites

Generation Data
From Program-

Specific RE Assets

High Granularity
Data For All
Data Sources
Maintained For

Audit Purposes
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Geospatial
Representatio
n

Of Multiple
Sites, Load

and Generator

High Granularity
Data Can Be
Reviewed Or
Exported For
ESG Reporting

Purposes




FIMETF | Case Study - GM —Scope 3 CO, —Tech Building Blocks

Aggregation Optimization /Application

A (R

Marginal Emissions Estimates .
9 API/Services

Ingest/

Harmonize

00000
Smart Meter ‘— 1
N

Program RE

| /)

3&(’
<42
Weather

i

Observability

-

Time Series Ingest/ i
Y Static Bill Landing

Database Harmonize

l

/)

Forecasting

“: .....

4_‘

\/

MP2
(Retailer)

2

Timber GM supplier

Data Lake CO2 Algos. Enriched Multi-Tenent
Cloudwatch Quicksight Credit/Debits Data Portal
T i
Processes are serverless, having no reliance on infrastructure, Time normalization using a timeseries database. Data is arriving at Forecasting and resource optimization
5\\4 providing scalability of components with low operational and p different rates and granularity, various timeseries calculations such as E(%S models are developed in machine learning
technical overhead. smoothing, approximation, and interpolation help align events across notebooks, then operationalized and
Timestream  data streams. Sagemaker deployed.

Lambda

SNS SQS

Cloudwatch Quicksight

Decoupled architecture leveraging notification and queue services.
Smaller components that are interconnected. Allows applications to
scale while maintaining performance and reliability.

Observability for process monitoring, performance and alerts to detect
and notify upon external outages and technical failures. Continuously
monitor for data completeness and quality.

S3

Directus

Source and enriched data is persisted to a data lake for usage as
ingested and historically.

)

Cloudfront

Content Management System - Characterization data gathered during @
onboarding are maintained along side of configuration details in a = ©
content / data management system.

D

Cognito  Amplify

Portal capabilities
allowing users secure
access to interact and
visualize data. Content
delivery caches content
for high traffic periods
on landing pages.




FIMETF | PIM Margin Emissions Signal

o TR has a long-standing collaboration with WattTime and leverages WT's marginal emissions estimates in ERCOT and other markets

o [ver the last few years, TR has discussed the utility of this data with PUM and the possibility of PJM publishing additional data signals

that support precise Gl, accounting

o IR view is that PJM's decision to publish a marginal GO, emissions signal is significant

o Benefits across PJM for entities seeking precise GO, tracking and accounting

o Will hopefully encourage other ISO/RTOs to do the same




FIMETF | PIM Marginal Emissions Signal — Future Testing/Simulation

o A prototype of a fully integrated GM ecosystem...
P --- ﬁen?; ---- 4--------9—('/.:%
o Achieving “true” zero-emissions (.;\)4 > < =

y :
. . |

o [elivery of energy services : :
Time Time |
! l
: RE Precision _— Charging :

. . . Generation Cco2 ven
o Requires simulation of the EV Fleet R R
- ]

RE Project

(4
'
'
I
'
'
'
: Data
'
'
'
'
[]
'
'
'
!

-

GM EV GM Defiance, GM EV
Employee @Home Ohio @Work
Household Factory
% 4 \ 4 /

Simulation




Q&A,

Discussion
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BIMETF | The Tech — Features

o Features

(o]

(o]

(o]

Native scalability - serverless
Robust security. Cloud environment meets requirements for NERC-CIP

Interoperability - APls

o Performance

(o]

Cost; Efficiency
Geospatial- Ability to track mobile assets as they cross geo-boundaries

Temporal - Ability to temporally align data source down to a-min intervals

Multi- Tenant environment
Portal with permissioned access

Content Management System (CMS)




