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Agenda

* Industry Disruption and Transtormation

e Industrial Decarbonization

* Integrated Energy Services tor Energy Optimization and Grid
Resiliency

» Carbon Aware Datacenter Operations
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High Reliability Users

The Energy Grid — A System of Systems
Shifting Industry & Customer Dynamics

Energy Intensive Users

DataCenters = pistribution =

Generation Substation
Transformer

Wind
Turbines

Grid Level

Power Storage

Generation

U
Residential Customer
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The New Reality
Expectations For Massive Shifts In
Supply Mix

85% by 2050

Renewables are expected to become the

new baseload, accounting for 50% of the
power mix by 2030 and 85% by 2050.

McKinsey Energy Insights Global Energy Perspective 2022




Manage Grid Resiliency —
Managing requirements of
electricity adequacy requires new
tools and capabilities

Optimize Operations and
Assets, With Integrated
Intelligence

Al and real-time insights,
combined with textual and geo-
visual data can de-risk aging
assets, improve grid

erformance, and enable the

uild-out of next generation
infrastructure to manage grid
disruption.




Decarbonization Through
DERs and EVs

Business and technology
strategies that are inseparable

86%

® o
*

®
q

» &

EY research shows that reliability and
affordability are critical to consumers with 86%
of consumers (and nearly 100% of millennials)
interested in generating their own electricity.

2021 EY Research Study

intel vision ' 7



Relevance of the

EDGE in Energy

Edge Computing
and Al are both
Control & Insights ﬂTr’ critical to

. enabling the grid
of the future

Cloud Native 8

Edge Native
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System Convergence and Technology
: Requirements for Transformation

Grld MOdemization Design, Deploy’ and
Connection to substations to

enhance reliability, safety, Operate Next Generation

security, and manageability. Building Platforms
Thermal Optimization . Jlx e
Distributed intelligence to & A |

optimize remote, dispatchable
grid capacity.

) g mgny —
=
|

2

Connecting the control
room to grid-edge assets.

DERMs Integration ; 9

Circularity/NetZero
Integrated, Z:alable platforms — GUIDING
where clean energy and PR' NC' PLES

technology goals are

inseparable

Grid Integrated EVs

Integrated control and
energy storage systems for
both vehicles and
buildings.

Rise of the Prosumer
Flexible and scalable systems
to deliver consolidated asset
visibility, along with financial
and operational tradeoffs.

Al & Decision Science

Real-time insights combined
with Al to de-risk aging assets,
improve building performance.

Value Service Models

Unification of insights across
portfolios to deliver innovative
Xaa$S value streams.

& ® .



Confronting the IT and OT Divide — Intelligent Technologies

intel.visi

Physical and digital
systems become
seamless

Networks are
software-defined

Al at every data point

Apps run seamlessly
from cloud to edge

11



Modernizing the Utility Grid for Renewables Everywhere

intel.

XeON

Utility Grid Modernization ~ Smart Substation Control SW Defined
and Protection Substations

K
.

Intel created coalitions in each region of the world to deliver tangible results by
collaborating with I'T and OT industry leaders.

intel.vision
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Modernizing the Grid

Central Nervous System Allowing Bi-directional |

Integration of New, Sustainable Grid Resources B2
7 ’ Systems — Enhance

o Reliability, Safety,
G ucearPoer Security & Manageability

Software-Defined

Large Commercial &
Industrials

Modern comms
architecture for bi-
directional
interoperability

Industrial
PPASs

v
.“' -

Standardized SW-
defined HW platform

Virtualization to

= i *4*

Cities and Photovoltaics
Municipals future-proof IT/OT
Battery St ' icati
Clectrified | | attery Storage substation application
Transport Wind Generation deployment

intel.visi



Maturing Sustainable Solutions on a Bi-directional Grid

Grid Integrated Smart
Spaces (Smart BMS)

[-+]

Capacity

Asset Resiliency Trading

Insights

Power Services &
Demand Mgmt

Established
Market Ready

Scalable and
Referenceable

Energy Mgmt &
Control

Ancillary Service
Mgmt

Carbon Capture
& Energy
Storage-as-a-

Service

(2
HG
_ DERMS
Grid Dynamic

Future
Industry Strategy
and Development

Underway

Cyber/Physical

Security a

Orchestration

Asset Performance
& Reliability
Guarantees

Emergent

Growing Adoption

X

Microgrid and Proof-of-Value
Mgmt & Self Via POCs & Pilots Low Carbon Substation
Dispatch Mobility Digital Data
Solutions Hubs
Hydrogen
Generation &
Renewable , )
@ Energy Credit HFC Microgrids

Mgmt

-~

Substation
Modernization & Grid
Interconnection

(M)

-
Load Balancing

N

Heating &
Cooling-as-
a-Service

Transactive
Energy Data

Exchange
0
i
Thermal
Optimization
Services

Intel’s edge-native software

Grid Integrated
EV Charging
& Fleet Depot Mgmt

intel.viISI

Environmental
Monitoring &
Carbon Reporting

& Congestion
Mgmt

platform enables enterprises to
build, deploy, run, manage, and
scale edge and Al solutions. 14



Bundlng Blocks to Delivery New Decarbonization Solutions

m_. =
Simplified

- Solutions
Management

=
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5y ortfoho of cross- mdﬁy}
= ~ andindustry vertical
capabmhes
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A New Digital Infrastructure & RedHat | intel

The Intel® solution for Red Hat OpenShift Container Platform scales for today & tomorrow

Comprehensive The Most Open,
& Easy to Interoperable Red Hat® Red Hat® Red Hat®
Deploy Infrastructure : L ®
Software iy PSS Enterprise
Container Data Linux
Platform® Foundation
Security for a Performance
Distributed Where You
Intel® Xeon®
Scalable Inte|® Inte|®
Hardware Processors with Optane ™ Ethernet

Built-in Al, Technology Connection
Acceleration &

Security

Hybrid Cloud Benefits

Red Hat & Intel combine industry-leading technologies for a new era of digital everything

intel.visi



Yellowstone: Edge to Cloud as-a-Service

Devices (OP) Edge Service (OP or Hybrid)

Camera ’E

(Sl

Yellowstone Edge Node

Vertical Solution Components

RFID 4 G&
= LT w [ Persistence ] [ Messaging }
> N E | BTP Extension || Edge Gateway |
s -
Meter = [ Telecom Services ]
56

[ Edge Data Context J

Fiber Edge Video Al |
Handheld
Intel Edge Native Software Platform
[I] _— Hardware, CPU/GPU/TPU,
[l,—_”:':l Network, Storage - Remote fleet
Sensors

management

Edge BoM for SAP
SAP SQL Anywhere & MobiLink

D
SAP Advanced Event Mesh 4G 5é$
Use Case Driven — Edge Complexity Wb
ioer

SAP Data Intelligence
SAP HANA

Business, Application, and Integration Services (Cloud or Hybrid)

SAP Intelligent Asset |
Management

SAP Extended

Warehouse Mgmt.

w Business Technology Platform
SAP Integration Suite, SAP Extension Suite

Edge Monetization

SAP BRIM SAP Entitlement <

Management
SAP loT
- Asset & Edge Connectivity Higher Order Services
Device Management Analytics Service
—n Business Context &
Security & Authentication  [¢—» Integration
Business Object Rules & Action Services
P .
Synchronization SAP Managed Data Lake

Data Ingestion & Orchestration
SAP Data Intelligence

Metadata Explorer Data | ML Pipelines

Telecom

Connectivity Mgmt ’ API Publisher

SAP Analytics Cloud

SAP Data Warehouse Cloud

SAP HANA Cloud

Equipment History
Data Lake
PAL, APL, HANA ML

Streaming Analytics,
Smart Data Access

SAP Workflow Management

SAP Fiori & Apple SDK

‘ Edge Analytics

_» Provider
3 Device, Data,

Edge Management ’ and Cert Mgmt

’ Audit Trail Reporting ’

8

3

g

i
Y =" Digital Core
e SAP° S/4HANA

Secure tunnel

Cloud

connector i

Public Cloud BoM for SAP
SAP BTP
SAP loT
SAP HANA Cloud
Others as reasonably required by the
specifics of the use case (BRIM,
Entitlement Management, CAR, Data
Intelligence, Data Warehouse...)
S/AHANA, WM, MM, EWM

Solution employs secure, high-performance edge computing, Al, data analytics, CV, 5G, and cloud computing

intel.visi




Spirae

Silicon

-2 el
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Wave Configurator + Emulator + Cloud
Platform + Cloud Analytics

Edge Analytics

SW License :

* o imted
(_ Il XSON

Financing, Coordinating Design &

llllﬂl.-

EaaS Delivery Chain: From
Subscription to Service Activation

Continues Providing Electricity Supply

PV Panels Warranty Construction at Customer Site
Splrae WaVe® Sells Excess & Stored PV/ BESS Capacity for Provides PV/ BESS Interconnection to the
intel VPP Grid Services Grid
0 MARKET Inverter Protection & Automation Shipment
ReA DY Order Monitor PV/ BESS, Collects & Resells RECs MNet Energy Metering
S
Q
o
— =
=2 , - b — u i
Grld Integrated - Maintenance SLA & Order 0 E E E < _; &:3 E E
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DER Management o2 | 2l &IF g s 98 c :
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L1 Subport Distribution Edge Installs PV/ BESS/ DER Assets | Primary Source from PV/ RE C
PP / Logistics Analytics OT HW SW Installation
. > . .

Integration Performs Electrical Interconnection Study & Space for PV/ RE/ BESS Installation but intel @ o

. Report doesn’t Own CORe
. i HW/ SW DER/ RE Equipment . 260 546

Configurations Integration Supply O&M Services
Maintenance Operations Secondary Source from Grid for Backup
> Wave Edge
SI Maintenance Controller
Subscription & o SLA Maintenance ===

Service Proposal Deployment

intel.visi




Intelligent Edge-to-Cloud Building Management System

rF
TRIDIUM
C | d Bas
Honeywell

CrossTalklil fMQTT
Web Based Dedicated Fire Jirtual Server
Alarm Reporting

Graphing
Logang Building AIM FOR THE OPTIMUM
Alarms
Sraphics Pages Management g
Data Subscription Backend CLoud Lj‘. ISINESS INntegration

-Data Puthshing
= Edge Analytics

~ Microsoft
lm Power Bl w

intel S— Microgrid

Controller

LTIl Fire
Integration
Controller « . "[ - ==
{?’*’d
@ |

o ) 8 = = Ry ! ' 2 _'.1 - =)
%ﬁ? CHE| (WE e &

HVAC Controls Air Con Flre Systems Lighting Control Access Control CCTV Metering EV Points/Solar

intel.visi




Carbon Aware g

Datacenters EEEEER

| | | EEEEEERER
Accelerating a Sustainable Solutions for EEEEEEN

Energy Through Product Innovation and EEEEN

Circularity EE EEEHR
B EEEERR
[ HENENR
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Today’'s Datacenter Energy Outlook

Dual need for energy resiliency and sustainability

Higher TDP CPU/GPU
up to 350W (CPU)
up to 8SOOW (GPU)

Increased electricity usage T
16% CAGR ‘22 to ‘27! = e

| =\ -
A More Energy
Efficient Data Center

__ Growth in Al electricity use

o 85-134 TWhZ? to power world’s
Al Servers

v Increased Density
v' Lower PUE
v’ Better TCO

3. Source IEA: 2X-First half 2022 vs 2016-2021avg;

4. Source:

I n tel V I S I 1. Source IDC, July 2023, ID#US51013223 -Generative Al: Implications for the Data Center
2. Source:

K

)

Worldwide Electricity Prices
2x wholesale yr / yr3

Environmental reqgulations
electricity and water use

Lower PUE requirements
leveling at 1.64



https://www.nytimes.com/2023/10/10/climate/ai-could-soon-need-as-much-electricity-as-an-entire-country.html
https://www.upsite.com/blog/why-has-pue-remained-flat-for-so-long-after-years-of-progress/#:~:text=The%20latest%20survey%20from%20Uptime,high%20as%202.5%20in%202007
https://www.upsite.com/blog/why-has-pue-remained-flat-for-so-long-after-years-of-progress/#:~:text=The%20latest%20survey%20from%20Uptime,high%20as%202.5%20in%202007
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Rethinking How We Build Data Centers
Immersion Cooling & Distributed Energy Resources (Recapturing Heat)

Benefits

 Reduce energy

consumption
P | W

. »
- % K -

-
.

—o£8 -Increase computmg
, den5|-ty per sqm

* Reduce building costs

* Increase deployment
speed

intel.vision

Heat Capture Advantage

Y

Cooling towers Servers
99%

heat captured in the closed-
water cooling loop.
No water consumed.

Ecosystem Partners

= E)konMob“ Schneuder

submer
FdzutAcoRE @ B @ VERTIV.

Use case

Data Center =~ +~ + °

Unprecedented energy reuse if Data
Centers are close to communities or
industry. New DC revenue streams

Hospital

23



Data Center Efficiency:
Reducing Power Usage Effectiveness (PUE) through Liquid Cooling

Liquid Cooling Enables Lower PUE Intel Support for Liquid Cooling

Available immersion cooling warranty rider

Liquid validation

» * « _ *Referencedocuments " e
Enhanced AN \ ——
Volume Air . , v
Coolitt Qualified DL.C/CP partners .
https://www.youtube.com/watch?v=yBVO YQBYjc
Ihté'VISId‘I A PUE of 1.0 = 100% of the DC power is being consumed by IT equipment and 0% for cooling the IT equipment 24


https://www.youtube.com/watch?v=yBVO_YQBYjc

Reducing Friction for Intel Platforms

V47 UTACORE

Intel Processors Liquid Cooled by
ZutaCore

Schools Offices

Making Enterprise Al
More Energy Efficient
& Sustainable

Uauid Cooling for » Sustainable Data Industry

External Heat Reuse
using facilities water

[Waterless]

“4ZUTACORE

Target Verticals:

ZutaCOI’e* HyperCooI* Allverticals

Geo Availability
United States, EMEA, Asia Pacific, and Japan

B solution Overview

ZutaCore is leading the transformation to a zero emissions data industry with ZutaCore HyperCool, a direct-on-
chip, waterless, dielectric liquid cooling solution. Zut:
reduction, 100% heat rous

ore HyperCool delivers improved compute, TCO
and reduced CO, emissions for a sustainable data center. Part of Intel’s thermal
server system design guide, ZutaCore HyperCool is tested and certified for 4 Gen Intel Xeon Scalable
processors, supporting 136 Xeon processors at full TDP of
step forward to bringing zero-emissions to the dataindustry

B ValueProps

OW with facility water up to 38° Celsius. Another
hrough the reduction of power, footprint, and TCO.

(_”_) Enable sustainable digital infrastructure: On-demand, self-regulated cooling improves energy efficiency
of the data

nterwith a partial PUE (power usage effectiveness) as low as a constant 1.02

Reduce risk of equipment deterioration: Dire
Q3  unit)directly to the chips to extract and dis
corrosion and other ter-related threats

-on-chip method applies coolants (stored in an external
rse heat without water, protecting equipment from

Deploy and scale operations quickly: Snap-on simplicity delivers scalability from one server to the entire
data center and easy retrofitting allows for deployment in new or existing datacenters

Local Heat Reuse

[l Case Study: Equinix shows liquid cooling in action on their own production servers B solution Components

* The situation: Large data center operators are continuously looking for new technology to increase performance

Intel Components
\nd reduce their ecological footprint. Equinix, a digital infrastructure enterprise, looking for a solution that P

taCore HyperCool Components

intel.vision

using air or facilities water
[100% sustainability]

could upgrade their current liquid cooling system to improve performance and achieve their sustainability goals

* The solution: Equinix worked closely with ZutaCool to implement the ZutaCore HyperCool s
New York Metro data cente
with the hope of eventually

blution in one of their
They used this smaller scale deployment to educate their teams and learn by doing
ng the solution to their entire operations.

S

= Theresults: Since the installation in June of 20
without any i

the liquid cooling solution has been stable and operational
sing temperatures at or below 52°C

sues, keeping processor ¢

L al Notit D
© 2023 Intel Corporation. Intel, the intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries.
* Other names and brands may be claimed as the property of others

* Intel® Xeon * HyperCool Dielectric Cold Plate
Scalable Processors = HyperCool Manifold
= HyperCool Heat Rejection Unite (HRU)
Bl LeamMore = HyperCool Software Defined Cooling (SDC)

= ZutaCore Company Website = Pres:
* ZutaCor

leas

o Study Video

Solution Video = Equinix C

intel




Sustainable Consumption
Partnerships That Make A Difference

Intel Innovation Conference 2023

I'm thrilled to share that Intel and Shell are joining
forces to revolutionize data center cooling. The Shell
team will be working with Intel's Advanced Data
Center Development Labs to put Shell's Immersion
Cooling Fluids to the test.

The joint teams’ goal is to accelerate the adoption of
immersion cooling as one of the solutions to help
tackle the challenges of data center cooling and
energy reduction.

intel.vision



» Delivering Modular Platforms for the Circular Economy



https://www.opencompute.org/contributions?query=DC-MHS

Intel at Mobile World Congress — 2024

This proof of concept (PoC) improves operational

efficiency through

anomaly and defect detection of

green energy assets.

The PoC successfully sho
h.... wind turbine operations
) with local visualization, ena'b

S’.m

_I|»|‘»ig the site

mpqratlons team,to take'lmmedlate actions without

delay.® =+

Ingredients:

« Edge Node Software
« Edge Infrastructure Manager
« App Orchestration

Edge Node

« Intele Edge Insights System

e Intele Geti

intel. vision

Platform

The solution is a showcase of data collection, analytics,
visualization, and integration

Cloud, Edge Infrastructure
Manager, App Orchestration

A

Grafana dashboard

MQTT
broker |-~

MQTT-Pub-sub comms

Flujels

Web visualization

service o

Edge video
analytics
microservice

» -

+MQTT publisher

D.ata time-series

f

Imagefile

e analytics

*

Message Bus

f

OPC-UA client

OPC-UA
server

Wind turbine

controller

Network modernization. Edge monetization. Al everywhere.

1
[ —

Anomaly & Defect Detection in Green Energy Operations

-
Customer Edge Box

0

Wind turbine

28



Intel Working in Collaboration With Industry Groups

s A\
« ) Responsible Busmess Alliance
AN v 4 Advancing Sustainability Globally

X

CLOUD NATIVE

COMPUTING FOUNDATION

Green
tb Software

Foundation

O CEBA

Clean Energy Buyers Association

i -
i .f,.".r_ Compute Project

-
L
Bl
AT

HEEN-

1l -
« N+ the green grid
H-ENR enabling data center efficiency

W 2 Semiconductor

// semil ~"_ Climate Consortium

FOUNDING MEMBER

Institute of

I I I H B Massachusetts
Technology

PAIA

RE100

CLIMATE GROUP

intel.vision




Creating a More Sustainable Datacenter

N
Building, Water,
Power, Waste,
Ecosystem

Grid
Integrated

Rack & Edge

Space, Power,
Cooling

intel. vision

—fficient
HW/SW

Platform

[]
Embodied CO2,

Waste, Power

—fficient
Hardware

Silicon

[]
Embodied CO2,

Utilization,
Waste

Reuse/
Reduce
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Delivering Value Across the Industrial

Decarbonization Landscape

Recap

0
>
9
=




Industrial Decarbonization:
Decarbonizing Industry for a Sustainable Energy Future

A;\;\‘

o '

- A
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Notices and Disclaimers

For notices, disclaimers, and details about certain performance claims, visit
www.intel.com/Performancelndex or scan the QR code:

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its
subsidiaries. Other names and brands may be claimed as the property of others.
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