Data center Tiers are a standardized classification system created by the Uptime Institute to define the reliability, redundancy, and expected
uptime of a facility's infrastructure. There are four Tiers, with each higher Tier building upon the capabilities of the lower ones to provide
increased fault tolerance.

The table below summarizes the key differences between the four Tiers.

. . Annual
Tier Uptime . L.
Downtime Key Characteristics Redundancy Best For
Level Guarantee
(Max)
Basic infrastructure; no redundant Small businesses,
Tier I 99.671% ~28.8 hours N . .
components . non-critical applications .
) Partial redundancy (N+1) in power Small to medium-sized
Tier ; : N+1 ) .
99.741% ~22 hours and cooling components, but still a businesses needing better
I . C (components) . .
single distribution path . uptime than Tier I .
Concurrently maintainable; allows .
. . Y . . Large enterprises, 24/7
Tier maintenance without shutting down .
99.982% ~1.6 hours N+1 operations where planned
I systems. Has redundant (N+1) ..
e . downtime is unacceptable .
distribution paths .
Fault-tolerant; fully redundant (2N . . L
Tier or 2N+1) systems with no single Mission-critical applications
99.995% ~26.3 minutes . .y . g 2N or 2N+1 in finance, healthcare, and
v point of failure. Can withstand

loud ices .
multiple unplanned failures . cloud services



7L Understanding Redundancy: "N'" Explained
The redundancy levels like "N+1" and "2N" are key to understanding the Tiers .
e N: Represents the minimum capacity required to support the IT load with no extra components for backup .

e N+1: Means there is one additional backup component for every required one. This allows for a single component to fail or be taken
offline for maintenance without affecting operations .

e 2N or 2N+1: Means the entire system is fully duplicated. If one entire power path fails, a second, independent path can take over
seamlessly, providing fault tolerance .

¢ Official Tiers vs. "Tier V"

It's important to note that the Uptime Institute does not officially recognize a "Tier V" classification. The highest official standard is Tier IV .
The term "Tier V" is sometimes used informally in marketing to describe data centers that exceed Tier IV specifications, but it is not an official
industry standard .

¢+ How This Relates to Your Geothermal Document

In your document, the Tier III and Tier IV classifications are used to define the reliability requirements for the Al colocation facility. The analysis
compares the costs of achieving these levels of uptime using different geothermal technologies (closed-loop vs. open-loop). A Tier IV facility
demands a higher level of reliability, which in turn requires a more robust (and often more expensive) infrastructure to ensure zero downtime, even
during equipment failures or maintenance .

I hope this clarifies the different data center Tiers for you! If you have more questions about how these standards apply to your geothermal project,
feel free to ask.



MW-IT stands for Megawatt of Information Technology load (or Megawatt-IT).

It is a standard metric in data center and colocation facility design, used to size the cooling and power infrastructure relative to the IT equipment’s
power demand, rather than the total facility power (which includes cooling, lighting, losses, etc.).

How it applies here:

o The document refers to a 200 MW-IT Saudi Al colocation facility.
This means the IT servers alone are expected to draw 200 megawatts of power.

e The geothermal, TABS, and UTESS/TESS systems are designed to cool that 200 MW-IT load.
e The costs shown (e.g., $16.56M per MW-IT) are the capital cost per megawatt of IT load served.
Why MW-IT is used instead of total facility MW:
e Data centers separate IT power (servers, storage, networking) from facility power (cooling, pumps, fans, lights).

e Cooling a 200 MW-IT facility with a very efficient system (PUE 1.04, as mentioned) means total facility power is about 208 MW, with
only ~8 MW used for cooling.

e Using MW-IT normalizes comparisons across different cooling technologies (air, liquid, geothermal, immersion) because the IT load is
the fixed requirement.

In your table example:

Case Total cost Cost per MW-IT
Tier III closed-loop $3,312.2M $16.56M/MW-IT
Tier IV open geothermal $3,308.5M $16.54M/MW-IT

This means each megawatt of IT capacity costs about $16.5 million in geothermal + TABS + UTESS infrastructure, ex-land, ex-VAT.

Simple takeaway:



MW-IT = the power consumed by the servers themselves, not including cooling or other facility loads. It is the “load to be cooled” in the

geothermal system design.

e TESS — Thermal Energy Storage System (sometimes also referred to as Tank Energy Storage System). It generally refers to systems
that store thermal energy (heat or cold) for later use, often in conjunction with geothermal heat pumps or district heating/cooling networks.

e UTESS — Underground Thermal Energy Storage System. This specifically denotes thermal energy storage systems that use
underground geological formations (aquifers, boreholes, or pits) to store heat or cold, often as part of a larger geothermal or hybrid HVAC
system.

e TABS — Thermally Active Building Systems (or Thermally Activated Building Structures). These are building construction systems
(e.g., concrete slabs with embedded pipes) that use the building’s thermal mass to store and release heat or cold, typically coupled with a
geothermal heat pump or other low-temperature renewable source.

Ex-Land

e Meaning: “Excluding land” or “without land.”

e Context: In pricing or contracting, it indicates that the stated cost or scope does not include the cost of the land itself (e.g., purchase price,
lease rights, or site acquisition).

e Example in geothermal: A contractor might quote an “ex-land” price for drilling a well or installing a borefield, meaning the client must

separately secure and pay for the land where the system will be installed.



Ex-VAT
e Meaning: “Excluding Value Added Tax.”

e Context: Indicates that the quoted price does not include VAT (or other similar consumption taxes like GST). VAT will be added at the
applicable rate at the time of invoicing, depending on local tax laws.

e Example in geothermal: A heat pump supplier lists a price “ex-VAT” — the buyer will pay the base price plus the statutory VAT rate
(e.g., 20% in the UK, 19-25% in EU countries).

EPC bids refer to Engineering, Procurement, and Construction bids.

Here is a breakdown of what that means, specifically for large-scale industrial projects like a 200 MW Al colocation facility with geothermal
cooling.

The Simple Definition

An EPC bid is a fixed-price offer submitted by a contractor who agrees to deliver a complete, ready-to-operate facility. The contractor takes full
responsibility for:

1. Engineering (E): Designing the system (e.g., the geothermal wells, TABS, UTESS, and piping).

2. Procurement (P): Buying all the equipment (pumps, heat exchangers, immersion cooling tanks).

3. Construction (C): Building and installing everything (drilling wells, pouring concrete slabs for TABS, connecting the UTESS).
Why "EPC" matters in your document

In your specific text, the cost tables (e.g., $3,372.2M for Tier I1I closed-loop) are almost certainly EPC costs or based on EPC bids. Here is why
that distinction is critical:

e Single Point of Responsibility: Unlike hiring an architect, then a driller, then a plumber separately, an EPC contractor manages the entire
project. If the cooling system fails to meet the PUE of 1.04, the EPC contractor is legally responsible for fixing it at their own cost.

e Fixed Price (Lump Sum Turnkey): The "$16.56M/MW-IT" is likely a guaranteed maximum price. This protects the data center owner
from cost overruns in steel, concrete, or drilling.



e Ex-land, ex-VAT: The note in your document explicitly says figures are ex-land, ex-VAT. In EPC bids, land acquisition is usually the
owner's responsibility (ex-land), and taxes are added later (ex-VAT).

How to read your document with "EPC" in mind

When the document shows a range (e.g., Range 32,935.3M to $3,778.0M for Tier 111), that represents competing EPC bids or different design
scenarios submitted by contractors.

e Closed-loop geothermal EPC bid ($575.0M): The EPC contractor guarantees they will drill a sealed pipe system. Higher cost, but lower
geological risk.

e Open geothermal EPC bid ($5240.8M): The EPC contractor guarantees they will use groundwater. Cheaper, but the bid likely excludes
the risk of bad permeability (which is why the document recommends a "calibration well" before committing).

Summary for your project

EPC bids are the "turnkey price tags" from contractors to build the entire geothermal cooling plant and connect it to the data center,
ready to flip the switch.

Because the document mentions "procurement normalization" (keeping UTESS costs fixed), the debate between closed-loop vs. open-loop
comes down to which EPC bid offers the better balance of price vs. geological risk.

MT/TEM (Magnetotellurics & Transient Electromagnetic)
These are often used together as a pair to get a complete picture of the subsurface from shallow to deep .

e TEM (Transient Electromagnetic): This method is sensitive to shallow structures (up to ~1 km deep). It creates a magnetic field and
measures how the ground responds when it is turned off. In your project, it would map the near-surface geology and help correct the data
for the deeper MT method .

e MT (Magnetotelluric): This is a deep sounding method (several kilometers deep). It uses the Earth's natural magnetic field to measure
conductivity. It is the most common tool for mapping deep geothermal reservoirs because it effectively identifies the deep "clay cap" or
conductive fluids associated with heat .



e  Why use both? TEM fixes the "static shift" (blurring) in MT data. By combining them, geologists get a sharp image from the surface
down to the deep reservoir .

CSEM (Controlled-Source Electromagnetic)
This is a more precise, targeted survey .

e Controlled Source: Unlike MT (which listens to nature), CSEM uses a man-made transmitter (a large wire on the ground or seafloor) to
send a specific signal into the earth .

e High Resolution: It is less affected by background noise and provides higher resolution of specific targets, making it excellent for
detecting fluids (like geothermal brine or oil) .

e The "Focused" Step: Because it requires more equipment and logistics, the document suggests using it after MT/TEM to verify the best
targets before drilling.

Why the document recommends both
Your document suggests an ""MT/TEM program followed by focused CSEM" . This is a standard industry workflow:
1. MT/TEM (Regional Scan): Cover a large area cheaply to find "anomalies" (areas that look conductive/resistive).

2. CSEM (Focused Detail): Deploy on the specific anomaly to map the resistivity (electrical resistance) with high precision to confirm if it
is a viable geothermal reservoir .

In short: MT/TEM finds the target neighborhood; CSEM draws the blueprint of the house before you drill.

',)'7 2. The Upgrade: What "Al-Ready" Adds to a Tier

Al workloads (like training large language models) are fundamentally different from traditional IT workloads. They require massive, sustained
compute power from GPUs, which generate significantly more heat and draw fluctuating, high amounts of power .

An "Al-Ready" designation means that a facility, while still adhering to a specific Tier (e.g., Tier III or IV), has been specifically engineered to
handle these demands . The table below summarizes the key upgrades:



Feature Standard Tier III/IV Facility Al-Ready Tier [II/IV Facility

Designed for 40-100+ kW per rack (and preparing for up to

Rack Densit Designed for 5-20 kW k.
ack Denstty esigned for pet rac 1,000 kW) to support GPU clusters .
Cooling System Primarily air—coole.d Liquid cooling (direct-to-chip, immersion cooling) is integrated
(CRAH/CRAC units). or supported to handle extreme heat loads .
Standard UPS and power Resilient power designed to handle rapid power
Power e iy . o . _y
s distribution for stable, traditional fluctuations (millisecond-level swings) that are characteristic of
Distribution
servers. GPU workloads .
Network & Standard networking for general Ultra-low-latency, high-bandwidth fabrics (e.g., InfiniBand) and
Layout IT use. dense cluster layouts to keep thousands of GPUs fed with data .

1| 3. How This Applies to Your Document
Your document uses these terms precisely to model costs for an Al colocation facility:

e Tier III - closed-loop geothermal ($16.56M/MW-IT): This refers to the reliability standard. It means the cooling infrastructure from
the geothermal system to the servers must meet Tier III uptime requirements (e.g., concurrent maintainability) .

e Tier IV Al-ready - closed-loop geothermal ($18.40M/MW-IT): This means the system must meet the highest reliability standard
(Tier IV) and be capable of supporting the density and cooling demands of AI workloads. The higher cost reflects the need for fully
redundant (2N) pumps, heat exchangers, and liquid cooling distribution units (CDUs) to serve high-density GPU racks without any single
point of failure .

In short, "Al-ready" forces the infrastructure to be built for density and heat, while the Tier (III or IV) dictates how redundant and
fault-tolerant that infrastructure must be. The higher cost per MW-IT in your table for the Tier [V Al-ready cases reflects the significant capital
expenditure required to achieve both goals simultaneously .



I hope this clarifies the distinction. Does the difference in cooling requirements between standard and Al-ready racks make sense?

cop
In the context of your geothermal document (which involves cooling for an Al data center), COP stands for Coefficient of Performance.
It is the most common metric used to measure the efficiency of a cooling system (like a heat pump, chiller, or geothermal heat exchanger).

The Simple Formula

Cooling Output (kW)
Energy Input (kW)

CoP =

e If COP =5.0: For every 1 kW of electricity you put in, you get 5 kW of cooling out.
e If COP =1.0: The system is 100% inefficient (like a space heater or resistive cooling).
Why COP matters for your Al colocation

Your document describes a facility with a PUE of 1.04 (extremely efficient). Achieving that requires a cooling system with a very high COP.

System Type Typical COP Range Notes

Standard Air Cooled Chiller h5_ 135 ComITlc?n in older data centers. Consumes a lot of
electricity.

Water Cooled Chiller 4.0-5.0 More efficient, but still uses compressors.

Geothermal Cooling (Direct 6.0 — 10.0+ Uses cool ground temperatures instead of outside air.
or Heat Pump) ) ) Very high COP.



System Type Typical COP Range Notes

Passive Geothermal (Fluid 20 — 40 (or infinite if no Only pumps move water; no compressor runs. The
circulation only) pump is counted) document’s PUE 1.04 implies this range.
How COP relates to PUE (Power Usage Effectiveness)
e PUE measures total facility efficiency (Total Power / IT Power).
e COP measures just the cooling system’s thermodynamic efficiency.
In a data center:
Lower PUE requires higher COP cooling.

A standard data center (PUE 1.40) might have chillers with COP ~3.0.
An Al-ready geothermal facility (PUE 1.04) would require cooling loops with COP > 20—meaning the ground, not electricity, does almost all the
work.

COP vs. EER vs. SCOP
e COP is instantaneous efficiency at full load.
e EER (Energy Efficiency Ratio) is similar but uses different units (Btu/Wh).
e SCOP (Seasonal COP) is average efficiency across a year.

For your document, COP is the number that proves the geothermal + TABS + UTESS system is economically viable. If the geothermal field
provides a COP of 8.0 instead of 20.0, the electricity savings drop dramatically.

Voluntary Carbon Market

Saudi Arabia is focusing on a voluntary carbon market. This means companies can buy carbon credits to voluntarily offset their emissions,
rather than being required by law to do so. This market is currently based on supply and demand, without a fixed price set by the government .



The Regional Voluntary Carbon Market Company (VCM), launched in November 2024 by the Public Investment Fund (PIF) and Saudi
Tadawul Group, operates the country's first voluntary carbon credit exchange platform . It has seen significant early activity, with over 600,000
tons of carbon credits traded within its first month .

The market is currently focused on voluntary credits . The VCM exchange partners with the Global Carbon Council (GCC) to trade credits that
are internationally recognized . The government has also established national frameworks like the Saudi Green Initiative and aims for net-zero
emissions by 2060 .

~/ Cost Ranges for Carbon Offsets

While no single price exists, the voluntary carbon market generally has a cost range. A source on Saudi industrial decarbonization estimates that
traditional carbon offsets typically cost between $10 and $50 per ton of CO: equivalent .

However, the report notes that relying solely on offsets has challenges, including price volatility (with prices fluctuating by over 300% annually)
and varying credibility of international certifications . Because of this, many Saudi companies are now shifting towards "carbon
insetting"—investing in direct operational changes like energy efficiency and renewable energy integration to reduce emissions at the source .

I hope this helps you understand the current state of carbon pricing in Saudi Arabia. If you have more questions about the VCM, Global Carbon
Council, or carbon insetting, feel free to ask.



