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Summary

The Phase 1 Standard Mine is Standard Coin’s first implementation of a scalable mining facility. The facility
employs the knowledge we have gained from building the Showroom mine at our office in the Melbourne
CBD and is the next step in developing our knowledge and experience to build a large-scale facility that
connects directly to the transmission network. This document details schematics for the Phase 1 Standard
Mine, presenting quantitative details for the mechanics of how the facility operates, including heat
management and electricity usage.

In addition, this document aims to illustrate that, given the intensity of electricity consumption and the
volume of resulting heat waste expelled by the crypto mining process, a crypto mining facility is very different
to a typical data centre. Our Standard Mine design uses a different metaphor —a crypto mining facility is best
thought of as an inverse electricity generator.

The Showroom Facility

Between the end of May and October 2021, we built a small self-contained mining facility at our office in the
Melbourne CBD. It has been fully operational throughout our first Australian summer. The facility provides
a good starting point for understanding waste heat management and developing a design for the Phase 1
Standard Mine.

Figure 1 illustrates the original floorplan and an updated floorplan for the Standard Coin office in which the
Bedroom has been converted into a crypto mining facility (the showroom). The showroom has a floorspace
of approximately 13m? and a height of 2.4m for a total volume of 31m3.

Figure 2 illustrates a floorplan for the showroom as well as a profile view detailing the mechanics of how the
mining equipment is cooled and waste heat is extracted. Over the summer, we operated the showroom at
full capacity with 80 GPU’s running and drawing a total of more than 6kw of electricity an hour. As per the
profile diagram, we redirected the flow from a 3.5kw ducted air-conditioning unit to one of two fans at either
side of 5 racks containing 11 GPU rigs. We had extraction fans installed in the ceiling that direct hot air to
the ducting in the bathroom and outside the building. Each extraction fan pulls 75m3 an hour, for a total of
just under 5 air changes per hour. The facility draws around 10kw an hour and managed to operate at full
capacity during the hottest day of the year. With a cooling factor of around 50%, the efficiency of the facility
could be improved through better management of waste heat extraction and ventilation to the equipment.

Here is a link to a brief video of the showroom — The Showroom

The design for our Phase 1 Standard Mine improves significantly on the showroom'’s efficiency and aims to
keep the cooling factor as minimal as possible as outside ambient temperatures increase.
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Figure 2 The Showroom Mining Facility
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The Standard Mine
Two defining features differentiate a crypto mining facility from a typical data centre:
1. Crypto mining is more electricity intensive and produces significantly more waste heat

2. Crypto mining facilities can be partially or completely shutdown — they may have several modes of
operation that can be used for differing mining / electricity / environmental conditions.

These features combined imply a natural solution to the design of a facility that puts the management of
waste heat at the centre. Moreover, the design is provably scalable and provides us with a specific model
that we can not only scale but improve upon through multiple iterations.

Here is a link to a video of the largest mining facility operating in Texas - Whinstone

This video, in conjunction with the work we have done to establish the showroom, provided the initial
inspiration for the standard mine design. We now have a working model that allows us to evaluate the
mechanics of the design, including electricity usage, mining equipment capacity, and waste heat
management for any specified warehouse dimensions.

Figure 3 depicts a minimal floorplan for the standard mine design and details an overview of the mechanics
for how the facility operates. The facility is separated into two regions:

e One (on the peripheral) that is cooled to 27 degrees Celsius and contains all the mining and
computing equipment — The Cooling Area;

e Another (in the central region) that is allowed to heat to as much as 60 degrees Celsius, is kept at a
negative pressure, and is used to manage and extract waste heat directed into it from the mining and
computing equipment — The Heat Extraction Area.

The design makes intuitive sense when we think about the volume of hot air expelled by mining equipment.
As an example, a Bitmain S19 Pro consumes 3.25kw/h and expels most of this energy as heat waste via
exhaust fans at a rate of over 5,500 litres a minute. The device is essentially an electric heater: either we
combat the heat with an equivalent amount of cooling, or we direct the heat to somewhere else, or a
combination of the two. The ideal scenario is that we extract all heat waste away from the mining facility
the moment it is generated: The heat extraction area is the natural solution.
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Figure 3 The Standard Mine Design

Mechanics
1. The grey rectangle is a miner rack

The rack is slightly wider than the length of a
standard miner

b. The rack extends from the floor to the ceiling

Miners are installed on the rack with their exhaust
fans facing into the central region

2. The orange central region is the heat extraction area

The central region is more or less sealed from the

a.
peripheral region
b Hot air in the central region is extracted outside the
" building via exhaust fans in the ceiling
c The air in the central region is allowed to reach a

temperature of 60 degrees Celsius

d. The central region is kept at a negative pressure

Due to the negative pressure ambient air is brought
in from outside via the ceiling

Cooling is applied to the ambient air and / or air from
the peripheral region is brought in when necessary

3. The blue peripheral region is the cooling area

Outside ambient air is brought in via the front or

from the ceiling of the building

A cooling system is used to both chill the ambient air
b. (asrequired) and counteract radiating heat from the

central region

The air in the peripheral region is allowed to reach a

temperature of 27 degrees Celsius

4. Proprietary software automates operation of the facility

Expected mining revenue, prevailing electricity
prices and ambient temperature conditions are

= combined to determine the most profitable mode of
operation
As mining equipment is shutdown, the optimal

b temperature for the central region declines due to

the impact of radiating heat into the peripheral
region
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A Model Standard Mine

Table 1 summarises the mechanics of a model standard mine with a floorspace of 100m?, a height of 5m,
and extraction fans in the ceiling of the heat extraction area creating a negative pressure of 12 air changes
per hour.?

The optimal air temperature in the heat extraction area tends to increase as the outside ambient
temperature increases. This optimal temperature is driven by how much of the latent heat in the area
radiates into the cooling area via conduction. From the perspective of the cooling area, the heat extraction
area can be viewed as a large central radiator. The composition of the heat extraction area walls is therefore
important. The model standard mine assumes a wall 1 inch thick, consisting of 2 sheets of stainless-steel
sandwiching a layer of insulation board. Total conductive heat transferred through the wall is calculated with
reference to publicly available thermal conduction numbers.

Air cooling in the cooling area must neutralise the thermal conduction from the heat extraction area as well
as any outside air that exceeds the 27 degrees Celsius cooling area constraint.

The model assumes the outside ambient air temperature flows into the cooling area unencumbered and
there is no insulating or radiating forces emanating from the walls and floor of the building. These
assumptions are likely conservative from a cooling requirements perspective. In any case, a cooling margin
of error equal to 30% is also included.?

The model standard mine houses around 1MW of mining equipment and requires an additional 0.3MW of
cooling infrastructure.? These numbers are consistent with online information for other large-scale crypto
mines, however a higher intensity mine may be achieved by increasing the size of the heat extraction area
and the miner rack surrounding it. Figure 4 illustrates two relationships that emerge as we change the size
of the heat extraction area relative to the cooling area: increasing the heat extraction area increases the
amount of mining equipment that can be installed and reduces the electricity cooling requirements. Given a
building of x dimensions, it makes sense to increase the size of the heat extraction area (and the rack
surrounding it) as much as reasonable.

Further to this, the larger the heat extraction area, the larger the ceiling surface area relative to the volume
of the heat extraction area and the more space to install extraction fans. Figure 5 illustrates how the cooling
performance of the facility changes as we vary the height of the building?®, but this is also akin to varying the
negative pressure of the heat extraction area. It becomes apparent from this chart that the single most
important factor in building an efficient crypto mining facility is the volume of air extraction that we can
install in the ceiling of the heat extraction area.

1 The more negative the pressure of the heat extraction area the greater its ability to extract waste heat and expel it outside the building. The
convention for measuring negative pressure rooms is in terms of air changes per hour. A typical hospital isolation room requires 12 air changes per
hour, whereas an underground carpark can maintain a negative pressure of as much as 30 air changes per hour.

2 |t is common practice to include an error margin when estimating cooling requirements for a building.
3 A total of 1.6MW of equipment can be house if we include only the latest generation of Bitcoin (SHA-256) miners — ie Bitmain S19 Pro.
4 It's assumed that mining equipment is installed to a height equal to 90% of ceiling height.
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Table 1 Standard Mine Design - 100m2 Floorspace, 5m Ceiling Height
Dimensions Length (m) Width (m) Height (m) Floor space (mz} Valume {mi].

Building 11.00 5.10 5.00 100.10 500.50
Rack 8.09 6.19 4,50 17.25 77.61
Heat Extraction Area 8.09 6.19 5.00 50.05 250.24
Cooling Area 11.00 9.10 5.00 50.05 250.26

Mining Equipment Count MW's Airflow (litre / min}
Bitmain 519 Pro 247 0.8028 1,398,852
Bitmain L3+ 99 0.0792 560,674
Bitmain 59 49 0.0686 277,505
GPU Rigs 43 0.0392 277,505
Total 444 0.98975 2,514,536

Ambient Temperature (Celsius)
Operation of Facility

7 17 27 37 a7
Heat Extraction Area
[12 Air changes per hour)
Optimal Temperature 27.01 36.28 46.28 56.28 60.00
Air Cooling {MW) 0.0672 0.0698 0.0698 0.0697 0.1035

Cooling Area

Conductive Heat Transfer
from Walls of Heat 0.0000 0.0336 0.0698 0.1060 0.11534
Extraction Area (MW)

Air Cooling {MW) -0.0017 -0.0008 0.0000 0.0008 0.0017
Cooling (MW) 0.0656 0.1025 0.1395 0.1766 0.2246
Error Margin (30%) 0.0197 0.0307 0.0419 0.0530 0.0674
Extraction Fans (MW) 0.0145 0.0145 0.0145 0.0145 0.0145
Total Cooling (MW) 0.0997 0.1477 0.1958 0.2440 0.3064
Cooling Factor 10.07% 14,92% 19.79% 24.65% 30.96%
Electricity (MW) 1.0894 1.1374 1.1856 1.2337 1.2961
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FIGURE 4 HEAT EXTRACTION AREA V COOLING AREA
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FIGURE 5 COOLING ELECTRICITY AND BUILDING HEIGHT
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Operating The Standard Mine

Once fully operational, the standard mine can be operated as a machine — an inverse electricity generator.
A good way to think about the operation of the standard mine is to compare it to an open-cycle gas turbine
(OCGT) electricity generator. An OCGT generates electricity by combusting a mixture of ambient air with
natural gas to turn a turbine with the exhaust gases. The turbine turns a generator and produces electricity.

The exhaust gases are expelled as waste heat. > Table
compared to the standard mine.

2 is a high-level comparison of how an OCGT operates

Table 2 OCGT v Standard Mine
[ Y

[
Y 35

3 o3

Open-Cycle Gas Turbine

Standard Mine

MNormal operation

Run unit if cost of gas is less than expected revenue from
electricity generation

Run unit if expected mining revenue is greater than cost of
electricity

High Ambient Temperature

Unit loses efficiency and receives less electricity revenue for
same amount of gas

Unit loses efficiency due to cooling and consumes more
electricty cost for same amount of mining revenue

Low Ambient Temperature

Unit improves efficiency and receives more electricity
revenue for same amount of gas

Unit improves efficiency and consumes less electricty cost for
same amount of mining revenue

High Ambient Temperatu

Turn on evaporative coolers to improve unit efficency if
additional electricty revenue exceeds cost of coolers

re and High Electricty Prices

Reduce cooling factor: Turn off less profitable mining
equipment until electricty cost is less than mining revenue

High Elect

Turn on peak firing mode if additional electricty revenue
exceeds expected additional maintenance costs

ricty Prices

Turn off less profitable mining equipment until electricty
cost is less than mining revenue or unit is shutdown

Low Electricty Prices

Shutdown unit

Turn on less profitable mining equipment. Over-cool the
heat extraction area if electricity prices are negative

The mechanics of the standard mine can be further evaluated in the accompanying Excel model.

5 A combined-cycle gas turbine (CCGT) recycles the waste heat to turn a
standard mine design would similarly recycle the waste heat.

steam turbine and generate additional electricity: an improvement to the
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