AN

<©> CASTLE ISLAND
\—f/ VENTURES

Bitcoin Mining in Texas

Texas Blockchain Summit « 10/08/2021



October 2021 Castle Island Ventures Texas Blockchain Summit

About me
* Invest in blockchain startups at (7 CASTLE ISLAND
Castle Island VC VENTURES
\—— —
e Advisor to the Square Bitcoin Clean RBRITCOIN CLEAN ENERGY INITIATIVE

Energy Initiative

e Coauthor of ‘Bitcoin Net Zero’ with Re p O rt -
Ross Stevens & NYDIG

Bitcoin Net Zero

BY ROSS STEVENS AND NIC CARTER



https://bitcoin.energy/
https://nydig.com/bitcoin-net-zero/
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CHART 11:
Annual electricity consumption of Bitcoin mining
TWh, 2009 - 2021
92

Bitcoin mining by
the numbers

consumption and 0.2 percent of global
electricity generation

62
52 Bitcoin mining accounts for ~100 TWh
all annualized electricity consumption
41
Its 2020 consumption is equivalent to
0.04 percent of global primary energy
11

5
2
0.06 .
2009-2014 2015 2016 2017 2018 2019 2020 Annualized Annualized

Source: Bitcoin Net Zero, NYDIG e
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CHART 16:

Carbon emissions of Bitcoin mining versus major mined products and steel production
MtCO,e, 2020

Bitcoin mining by
| the numbers

The estimated emissions of Bitcoin
mining compare to those associated
with zinc extraction

Unlike physical metal extraction,

o Bitcoin mining can be rendered fully
: renewable

Lk 89 47 33
1 1 == —
Steel Aluminium Gold Copper Zinc Bitcoin

Source: Bitcoin Net Zero, NYDIG
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Forget ‘digital gold’. Think digital aluminum

HOMETOWR > BRiseh ety Ny % Whinstone facility in Rockdale, TX

New developments made in bitcoin mining
companies located in decommissioned Alcoa
power plant source

Riot Blockchain

.. of the world’s largest bitcoin mining
<% centers

8:4:42 PM EDT | UPDATED TUE, JUN 5 2018.8:11 PM EDT


https://www.kxxv.com/brazos/new-developments-made-in-bitcoin-mining-companies-located-in-decommissioned-alcoa-power-plant
https://www.trustnodes.com/2018/06/06/700-million-crypto-mining-data-center-starts-operations-new-york

Texas Blockchain Summit
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is a S15b/year industry

in mining

Bitco

Bitcoin Miner Revenue (Monthly)

@ Subsidy @ Transaction Fees

Ethereum mining
adds another

$2b

S17b/year of miner

Q
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rewards, not to

mention other up and
coming ‘mineable’

coins
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. . . . . . . Bitcoin minin
Bitcoin mining is rapidly becoming a U.S. industry

100%

90%

e Vast majority of new ASIC
deliveries are headed to the U.S.

Share of global hashrate (monthly average)
(%}
o
X

. UsA e U.S. accounts for a plurality of
. é share, Bitcoin mining due to massive
il Wi Apr 2021 bublic market appetite for miners
el & low cost of capital
T P a8 * Today, USA hashrate is estimated

at 1/3 of total

China @ United States Russian Federation Malaysia
Iran, Islamic Rep. Kazakhstan Canada Germany
Ireland Other

Source: Cambridge Center for Alternative Finance (Link)


https://cbeci.org/mining_map
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Bitcoin mining

BTC mining will be huge in the U.S. —and TX LESiem

BitOoda Hashrate Estimates

200 J— 5/22/21 Est <+« 715/20 Est
1,024,000 PH’s 1 . |00 TR21 Est ====- ol LA Wit h U. S . at 30% Of
e =" 333665 PHis
512,000 PH/s - 1/, 330,000 PH/s | /9 th e g I O b a I m a r ket a N d
LI A /
256,000 PHis PO i . o
5 ,",’ oy 289 729 PH/s p' TX g Fowin g tO 5 O /0 Of
P '’ e HstoriCal 280.000 PH/s - . ; ’
| soazies | " U.S., TX could host
. /
K .o Y . .
Sp4000PHS 4 f L) eeeees 7/15/20 Est ,'.254’653 i / . o
- S Y | 7 2 230,000 PHis - / A - f
& - 000 PHs ;/2/21 tEst » LI 2-3GW of BTC mining
===-Curren o ~ : ’
16,000 PHis A . ;.’ 167,848 PHis,** by EOY 12 2
180,000 PHIs 1 ; ¥
8,000 PH/s 138,680,PHs ,/"
. \ .,I ,.,,
4,000 PHis 130,000 PHIs {_.*. '-| P HENPARIAY
2,000 PH/s - "‘ K
1,000 PH/s ‘ ; ; : , : : 80,000 PHIs ; , . ,
Sep-16 Sep-18 Sep-20 Sep-22 Sep-24 Sep-26 Sep-28 Sep-30 Jul-20 Jan-21 Jul-21 Jan-22 Jul-22

Figure: Historical and Estimated Target Hashrate 2017-2030

Source: BitOoda estimates, CoinMetrics
Historical as of 9/7/21; Estimates as of current, 7/2/21, 5/22/21, and 7/15/20

Source: BitOoda, Year End Hashpower Estimates



https://www.bitooda.io/public-files/091621%20BitOoda%20Hashrate%20Estimate%20Details.pdf
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Texas is becoming the heartland of U.S. mining

e USAis ~1/3 of global hashrate

e Texas among the largest mining
states already

U.S. hashrate share by state at Foundry USA Pool

2.5%

0.1%
3.2%

0.1%
0.7%

0.1%

10.4%
0.1% 0.1%

0.0%

2.5%

2.8%

* = Texas data is

foundry understated, as

several large TX
usda pool : d
miners do not m USA mCanada Rest of world

use Foundry Pool

Data courtesy of Foundry. Note: 7.5% is unattributed. Foundry Foundry client hashrate by country
Pool accounted for 13.5 exahash on 10/05/21 (9% of hashrate)



https://foundrydigital.com/
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Bitcoin mining

U.S. Bitcoin miners are aggressively expanding market recap

Additional orders since October
2020
Additional
Buyer Hardware Model Unit Source
~PH/s
Argo AntMiner S19/S19 Pro 4,500 450 5-Nov-20
Marathon AntMiner S19j Pro 10,000 1,100 9-Dec-20
Core Scientific  AntMiner S19/S19 Pro 58,000 5,800 17-Dec-20
Riot AntMiner S19/S19 Pro 15,000 1,630 21-Dec-20
Marathon AntMiner S19 70,000 6,650 28-Dec-20
b Compute North WhatsMiner M30S 14,000 1,200 13-Jan-21
HIVE Avalon A1246 6,400 576 19-Jan-21
Hut 8 WhatsMiner M30S 5,400 475 22-Jan-21
EST ~10,000 ($25 million
Blockstream WhatsMiner M30S ~879 27-Jan-21
worth)
Has a presence
Core Scientific 6,000 540 7-Feb-21 in Texas
Blockcap AntMiner S19 10,000 950 16-Feb-21

Source: Wolfie Zhao, The Block Crypto (Feb. 2021)



https://www.theblockcrypto.com/news+/94836/500-million-institution-bitcoin-mining
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Introduction to
ERCOT

Why is Texas suitable for Bitcoin mining?

@GregAbbott_TX

- Greg Abbott &
* Deregulated grid with real time spot 2

. Blockchain is a booming industry that Texas needs to
prICIng be involved in.

* Chea P, Ca paCiOUS grld | just signed a law for Texas to create a master plan for

expanding the blockchain industry in Texas.

* Aligned policymakers

cia’
° Slgnlflca nt excess energy, ESDECIa“y Vented and flared natural gas (2000-2019)
renewable ' t:ailéion cubic feet per day Source: m
) o North Dakota
* Significant stranded or flared natural rast of Unfied States
1.0
gas TX accounts
* Development of immersion mining 05 T ‘;Zrti;/;’lc;fared
will eliminate cooling issues gas
0.0

2000 2005 2010 2015


https://www.eia.gov/todayinenergy/detail.php?id=46176
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Introduction to

Texas leads the nation in wind & solar suitability EEu

Utility-Scale Solar: Technology Trends

Installations by mount type, module type, inverter loading ratio (ILR),
year online, and state

United States - Annual Average Wind Speed at 30 m

Wind Speed
m/s
@ o
S
Global Horizontal
Irradiance (GHI)
(kWh / sq. m / day)
<-40
40-4
4
50 Source: Wind resource estimates developed by AWS Truepower,
5 LLC. Web: hitp://www.awstruepower.com. Map developed by
NREL. Spatial resolution of wind resource data: 2.0 km.
Ml &0 Projection: Albers Equal Area WGS84.
W& -
K et %=
I Ve, s AWS True =l
© Mapbox © OSM .0, Where science delivers performar NATIONAL RENEWABLE ENERGY L2 ATORY

Source: Berkeley Electricity Markets and Policy (link) Source: US Dept. of Energy (link)


https://emp.lbl.gov/technology-trends
https://windexchange.energy.gov/maps-data/325
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Introduction to

Renewable prices have come down precipitously ERCOT

. sam N ERCOT has the cheapest

West (non-1S0)

2214 S 1 ‘/: 7 > /: H H
’ T utility-scale solar in the
. S nation at 2.8c/KWh
CAISO 451 5B
$43.8
_ 2
: : - Southeast (non-I1SO)
ERCOT  THEESEE $33.9
$28.7
© Mapbox © OSM etMap

Year LCOE trends by region Click Region to Highlight
2020 CAISO
ERCOT
g BR0DL B Hawaii
= s ISO-NE

A & $200.0 ¥ -
reeeee ] w MISO
§ $100.0 NYISO
BERKELEY LAB PIM
$0.0 Southeast (non-1SO) Source: Berkeley
Source: Berkeley Lab, 2010 2012 2014 2016 2018 2020 Spp Electricity Markets and

Utility-Scale Solar 2021, " i S0 ) .
http://utilityscalesolar.lbl.gov . EsL(non150) PO|ICV (I|nk)



https://emp.lbl.gov/capex-lcoe-and-ppa-prices-region
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ERCOT is rapidly adding wind and solar

Introduction to
ERCOT
ERCOT - Generation Mix (%)

100% * Wind and solar
90% 24%

80% e B have grown to 26%
o of the grid from a
L % 9% in 2011
e . e By 2026, 90GW of
additional solar
16%  15% and 23 GW of wind

70%
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 are planned

60%
50%
m Coal ®m Natural Gas ™ Nuclear Solar Wind

40%
30%
20%
10%

0%

Source: ERCOT, Capacity Changes by Fuel Type

Source: Enel X Energy Market Outlook (link)


https://www.enelx.com/en

October 2021 Castle Island Ventures Texas Blockchain Summit

But intermittency of wind and solar leads to
supply-demand mismatches

Negative pricing frequency (2020) * Negative pricing events
occur when solar and wind

production outpace
demand

MISO

7o PR Suppliers are incentivized
to negatively price energy
due to renewable energy

10 credits or the production
tax credit (wind)

Source: Berkeley Electricity Markets and Policy (link)


https://emp.lbl.gov/renewables-and-wholesale-electricity-prices-rewep
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Introduction to
ERCOT

Negative pricing events are getting more
common as renewables grow their share

Source: Berkeley Electricity Markets and Policy / Lancium
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The generation curve of wind/solar

Introduction to
ERCOT

doesn’t match household demand profiles

ERCOT AUGUST 2019 LOAD vs RENEWABLES

(9% of peak max)

100
80 Load shape
60
Windshape °
40

20 /
Solar shape

0
2 4 6 8 10 12 14 16 18 20 22 24
(hour)

Source: S&P Global Platts Analytics, ERCOT

It’s well understood that the
profile of wind/solar generation
does not match typical
household demand

Renewables must be paired with
thermal energy, batteries, or
energy storage
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Introduction to
Inefficiencies create surplus in West Texas

Real-Time Locational Prices: Real-Time Market - SCED Pricing Help?

Last Updated: Sep 21, 2021 11:40

S * West Texas has 32GW worth of generation

«$110.24
«$105.17

o (mostly wind/solar), but only 5GW worth

<$89.99
=< $84.92

of load
<$74.80
£ < $69.74
- ® ‘ o < $64.68

< $59.61
< $54.55

oy * Only 12GW can be exported to south east

§ Texas through high-voltage transmission
e
<$3.93

o * Supply is growing rapidly, unmatched by
e supply
> 5
“iaces
<$-51.75

Real-Time Price Adders

On-Line Reserves $0.00
Off-Line Reserves $0.00
- Reliability Deployment  $0.00

Hover over points to view details.

Displayed SCED prices are the sum of: o
® LMPs

® On-Line Reserve Price Adder

® On-Line Reliability Deployment Price Adder

Data from Sep. 21, 2021
Source: ERCOT
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How does Bitcoin help?

Flared gas mitigation

Flexible offtake solution

Demand response & controllable load

Texas Blockchain Summit
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I: ‘ a re d ga S Flared gas
mitigation E—

Mining Bitcoin with otherwise-flared gas.
Courtesy of Upstream Data

* Mining bitcoin with flared gas is far more
profitable than capturing it, especially when
pipelines aren’t available

Initial production generates a huge, short
term burst of methane — often not worth
building pipelines

@

‘ ﬂ]GREHT Q
, =| AMERICAN
_ 1| MININEG upstream

¢ Crusoe

JAIENERGY
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Mining with otherwise-flared gas is carbon Flared gas
negative

If fully exploited, flared gas in TX could power 34% of the Bitcoin
network today

mitigation

Capturing gas produces fewer emissions
than flaring

Texas flaring & implied share of BTC mining (if fully exploited) ~_ Relative to continued flaring
Crusoe's Patented Digital Flare Mitigation® systems

300,000 400% . L
eliminate emissions up to

350%
250,000

Methane 9 8%
300%
200,000
250% CO,e 63%
150,000 200%
co 95%
150%
100,000
100% voc 100%
50,000
50%
’ NOXx 89%

0%
2015 2016 2017 2018 2019

mmmm BCF flared == Share of bitcoin network (RHS) Source: Crusoe ‘ Crusoe

Source: EIA, CBECI, own calculations. Assumes 7 heat rate generators (7m BTU/MWh)


https://www.eia.gov/naturalgas/annual/pdf/table_S45.pdf
https://cbeci.org/
https://www.crusoeenergy.com/digital-flare-mitigation
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How does Bitcoin help?

Flared gas mitigation

Flexible offtake solution

Demand response & controllable load

Texas Blockchain Summit
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Flexible offtake

‘Lifecycle mining” applies older ASICs to intermittent,
renewable sources of energy

—— o o = ==y, —— e ——— oy,

7 \\ - N - N

Natural \ Reliable ! \

" High performance
interruptibility interruptibility : g %cilities
1
[
I

[

I

I

I

I

I

I

: Near-obsolete units ASIC generation Latest gen
I :
I

I

I

I

I

I

I

_____‘\

homes’

70%+ Uptime

I
I
I
I
1 1
I I
' I I
I I
1 |
Up to 100% renewable Renewable share Grid baseload

Bitmain S9, Bitmain $19
launched Sep. ' Negative = 3c/kwh Power cost pro, launched
2017 . 7 . ,/ May 2020

e o o - -

Based on the talk by Ro Shirole, Compute North


https://youtu.be/NkpTX4XvnHY?t=18445
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Heavily renewable grids create supply

imbalances

Unmonetized excess energy during
peak generation hours — must be

curtailed / negatively priced Energy shortfall means
thermal energy must

compensate when
renewables fall short

* Wind and solar are fundamentally
unpredictable and cannot alone
provide sufficient base load

£

\ A

« A more renewable grid will end up
creating massive excesses of

supply

1 2 3 4 5 6 7 8 9 00 11 12 13 14 15 6 17 18 19 20 21 22 23 24

. Hour of day
Load seasonality chart

not baSEd on real data Wind Solar w ™™ Thermal e==Demand
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Bitcoin mining is an energy sponge

Bitcoin mining soaks up excess supply
during offpeak periods, improving
economics of renewable energy
projects

Miners curtail load when prices
are high, giving households
better access during times of
heavy demand

* Low capacity factors mean
wind/solar must be overbuilt — as
a flexible offtake solution, miners
help finance this expansion

ge®

A\ A\

* Miners can consume renewable
energy when an economic buyer
does not exist and be
interrupted during times of peak

load

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

. Hour of day
Load seasonality chart

not based on real data Wind Solar %™ Thermal e====Demand
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Flexible offtake

Mining improves economics for
underutilized energy assets

Talen Energy Corporation Announces Zero-

Carbon Bitcoin Mining Joint Venture with Okl and < p0-Year o Bartnershin
TeraWU|f |nC. O an ompass secure =year commercial Fartnersnip to

Launch Advanced Fission-Powered Bitcoin Mining

Nuclear

Square to invest $5 mln in
Solar Blockstream's solar-powered
bitcoin mining facility ..and many more to be

announced

reyeed | PRTI Makes cryptocurrency from
"= | old car tires in Northern Carolina

industrial Stronghold Digital Mining Raises $105M to Turn Waste
waste Coal Into Bitcoin
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How does Bitcoin help?

Flared gas mitigation

Flexible offtake solution

Demand response & controllable load
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Demand response

* Binary —load centers

are either on or off

Exists informally, as
miners organically
cut back when prices
get high (“economic
dispatch”), and via
formal programs

Controllable load

resources

-
l r
/

Google Home

Demand response

& controllable load

* Configurable and

high frequency

Data centers scale up
and down their
consumption in line
with grid requests to
stabilize the grid
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distribution

$190

Miners consume this and
eliminate negatively

$140

2021 electricity price distribution in $/MWh by ERCOT hub

priced power

S per MWh

$40

Castle Island Ventures

Bitcoin mining alters the electricity price

,510 |

-$60

0% 4%

Source: ERCOT

8% 12% 16% 20% 24% 27% 31% 35% 39% 43% 47% 51% 55% 59% 63% 67% 71% 75% 79% 82% 86%

e HB_WEST  es==HB_HOUSTON

Percent of hours in 2021

HB_NORTH

HB_PAN

e HB_SOUTH

——HB_WEST

e

90% 94% 98%

Texas Blockchain Summit

Demand response

& controllable load

Miners turn off here,
alleviating pressure

Bitcoin mining chops
off the tails of the
distribution by
providing demand
response during peak
stress and buying
energy during off-peak
periods
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Demand response

& controllable load

‘Interruptible load’ benefits grid sustainability

6,000 l - l $200
=D ata center load (MW) | |
e ERCOT price ($/MWh) ! I $180 ]

5,000 ’_\‘ ‘ Miner datacenters can behave
— $160 . .
S ' M f - counter-cyclically, reducing load
e . su0 S hen the grid is sh |
= 4,000 : S when the grid Is short on supply
§ | $120 2
® PN
o I v
& 3000 }I l A s00 @
< | I a
Q
' I I el ™
@ 2,000 : I ®)
(&) $60 (&)
S | | &
©
() | | $40

1,000

I [ $20
" od I "
7/21 7/22 7/23 7/24 7/25 7/26 7/27 7/28

Figure 4: Example week of the data center load responding to real-time ERCOT prices for Scenario 3.

Source: Impacts of Large, Flexible Data Center Operations on the Future of ERCOT, Ideasmiths LLC / Lancium



https://lancium.com/press/flexible-data-center-whitepaper/
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Thank you



