Grid-interactive data centers: enabling decarbonization
and system stability
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“175 zettabytes of data by 2025, -
up from about 40ZB today”

- Satya Nadella, 04 nov 2019, IGNITE conference
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Dell EMC VMAX?
1 PB storage
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17kW /rack 7 &
{8
7
135M racks
260 sgq km

2.3GW




260 Square km of Data Storage Alone..
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Quincy s

City in Washington
Quincy is a city in Grant County, Washington, United States.
The population was 6,750 at the 2010 census.

Show facts about Quincy w
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Boydton
Town in Virginia

Boydton is a town in Mecklenburg County, Virginia, United
States. The population was 431 at the 2010 census. It is the
county s... +

Show facts about Boydton w

Nearby

w Coffee Shops

Y| Restaurants
B Gas Stations = Attractions
|sw Hotels A Airports

L0 Search nearby

Things to do
See all
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7160+ datacenters

| t,‘aoqoﬂ‘o miles of flber optlc

and subsea cable N N7 Va
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Energy transition

* How to manage variations of renewable energy sources?
« How to manage disturbances to maintain grid reliability?
» How to manage congestion (bottlenecks) in the system?
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Power generation technologies

Liquid and gaseous fossil fuels " gy = :
Transition

Ll
]
m
3 ; Solid fossil fuels 0 .
g m g introduces:
o Nuclear D_®_/._| % Faster and higher
2] frequency
Biomass * variations

More difficulties to
contain the
frequency
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Becoming Grid Interactive

-
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The past: The present:

* Energy has been a commodity and  Storing and using energy when having  + Grid-interactive building and data
treated as a waste after first use highest value, or to provide services, centres using assets to enable higher
» Sectors (energy, transport, industry, turns energy into an asset penetration of renewable energy
buildings) were viewed in isolation * Energy storages providing flexibility » Coupling sectors for holistic approach
to system to energy system
F=--Pp--- ----p---n r=---Pp--- ) ----p---1
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Technologies for a “data and energy centre”

Data centres have high design
power density

« Data centre power infrastructure:
* HV or MV grid connection
« UPS
« Batteries
* Generators
« HVAC
* Redundant hardware

* Actual vs design load
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Technology for a “grid interactive data centre”

Seamless control of grid
demand and bidirectional
operation enables load
Independent response and
allows to use full hardware
capacity for smart energy
management.
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EnergyAware UPS enabling smart energy management

= |

Frequency containment

-]

Peak shaving

@ Time of use

Generator replacement

E-T-N 5" Microsoft

Powering Business Worldwide © 2021 Eaton. All rights reserved.



Carbon handprint

Smarter and more efficient

use of assets:

» provides new opportunities for
asset owners
reduces the cost of system
balancing
enables higher penetration of
renewable energy in the grid

reduces embodied carbon
outside data centre
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GRID BUILDING GRID
EMBODIED CO.eq.
TRANSFORMER COMMONALITIES TRANSFORMER
BETWEEN AND
DATA CENTRE
POWER SYSTEMS
SWITCHGEAR SWITCHGEAR

f |

AC/DC : AC/DC 1

|

! |

! |

BATTERY : BATTERY ~50 % of cost (12 :

A & S, ’
DC/AC \ )
1) Rubel, H., Pieper, C., Jan, Z. & Sunak, Y. 2017. How batteries and solar power

are disrupting electricity markets. Boston: BCG.
CRITICAL 2) Alaper3, |., Honkapuro, S., Tikka V. & Paananen, J. 2018. Dual-purposing UPS
LOADS batteries for energy storage functions: A business case analysis. In Journal

Energy Procedia 158, 5061 — 5066.
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Efficiency vs. sustainability

= J

Operational carbon B Embodied carbon

As we move towards cleaner energy system,
the embodied carbon footprint becomes dominating

A new approach needed for evaluating the sustainability

Need to break artificial boundaries to meter the
true sustainability and to include carbon handprint

How to guide the demand to truly sustainable products?
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Frequency containment — reserve types and volumes

UPS market, 100 - 1500 kVA range
A\‘ »A 800
| [\ 250 > 1000 MW
700 ||
INGRZNN ~1700 MW
> | ~1500 MW 600 |
LPORT ~850 MW .
~600 MW
g
:. i FCR-N 600 MW = |
AR 4 i FCR-D 1200 MW
111'7 ENFRIESENCIDOMNN o - 300 MW |
0,1s 1s 10s 30s 1min 20
Response Time min 200 |
Approximately ~67% of large UPS units go into ICT applications in data centres or
server rooms ﬁ ﬁ
Data centres often use 2N architecture, UPS / IT ratio 2:1 (kW) with additional UPS

for cooling systems (not in all designs) e . =

= 2018 = 2019 2020 2021 =2022

https://www.nationalgrideso.com/industry-information/balancing-services/frequency-response-services/dynamic-containment
https://www.fingrid.fi/globalassets/dokumentit/fi/sahkomarkkinat/reservit/ffr-keskustelutilaisuuden-esitysmateriaali.pdf
E ‘T http://www.eirgridgroup.com/site-files/library/EirGrid/Procurement-Summary-Gate-1.pdf
N
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Progress on our goal to be carbon negative by
2030

Jul 21,2020 | Lucas Joppa - Chief Environmental Officer

Microsoft will be carbon negative by 2030

Jan 16, 2020 Brad Smith - President

Reducing our own carbon emissions

To reduce our Scope 1 and 2 emissions to near zerg, we need to change how we operate. We're on the

- mov: ur - .
Carbon negative Remove o $1 billion climate path to obtaining renewable energy power purchase agreements for 100% of the day-to-day power of

historical carbon : : B _ s powe
— n v, we're additionally announcing that we're aiming to
by 2039 emissions 'l.}‘_g," 2050 innovation fund & eliminate our dependency on diesel fuel by 2030, >

Removing our own carbon emissions

—

Our climate commitments require us to reduce our carbon emissions by more than half by 2030 and
remove the rest, while also removing all of our historical emissions since we were founded in 1975 by

2050. We aren't waiting until 2030 to get started. This fiscal year, Microsoft is taking concrete steps t
™ . — o ——— . ; sue a

groundbreaking request for proposal (RFF) to source that carbon removal from a range of nature- and
technology-based solutions that are net negative and verified to a high degree of scientific integrity.

Investing in climate equity and environmental justice

Finally, we're taking a step beyond what we announced in January. We recognize that climate and
environmental issues don't affect every community the same way and that we need to address
environmental equity as a broader issue. Today, we're announcing a new innovative partnership with 5ol
Systems, a renewable energy developer and investaor, for 500 megawatts (MW) of renewable energy that
includes investments in communities disproportionately affected by environmental challenges.

Microsoft President Brad Smith, Chief Financial Officer Amy Hood and CEO Satya Nadella preparing to announce Microsoft's
plan to be carbon negative by 2030. (Jan. 15, 2020/Photo by Brian Smale)
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Storage Resources Help Flatten the "Duck Curve”

Net load

27,000
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Datacenters Have Storage Capacity
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Frequency Reqgulation Signal

« Assist grid operator in Frequency Regulation by
iIncrementally adding or decreasing load
EPT [+ | New RegD Normalized [~ | c

« Changes in 2-second intervals Voo B

4/6/2015 10:11:22 -0.223456

4/6/2015 10:11:24 -0.2214
4/8/2015 10:11:26 -0.217748
- 4/6/2015 10:11:28 -0.21242
New RegD Normalized
02 4/6/2015 10:11:30 -0.205432

4/6/2015 10:11:32 -0.197508
4/6/2015 10:11:34 -0.187724
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4/6/2015 10:11:50 0.005488
4/6/2015 10:11:52 004212

4/6/2015 10:11:54 0.077856
4/6/2015 10:11:56 0.11156
4/6/2015 10:11:58 0.141248
4/6/2015 10:12:00 0.166092
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40-minute Example

PIM RegD 40-minuteTest Signal
CTTTTTTT
Charging our
//baﬂeﬁes

0.5
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Fraction of Load Requested
(plus=charge batteries; minus = disharge batteries)
o

‘ batteries
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Normal Datacenter UPS Operation

1050kW

F.T-N
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UPS Module

|I
IAEH

Battery Charger Battery

1000kW x 2 min
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Load

1000 kW
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Utility Signal: “Reduce Utility Draw 100kW”

UPS Module

| I
IA Rectifier
100 kW

Load

1000 kW

950kW

Battery Charger Battery
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Utility Signal: “Increase Utility Draw 100kW”

UPS Module

| |
||

Battery Charger ‘
90°/Yefficient < gl Battery

Load

1000 kW

1150kW
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Frequency Regulation Monetary Analysis

Heatmap of Hourly Average MCP

Month of Year

MONTH = Houu 1 3 4 5
Average of MCP EIM RegD 2017 0 9.55 9.81
Average Market Clearing Price by Hour of Day 10.06 8.50 10.64

8.47 8.63 9.35
7.69 8.44 10.91 9.61 10.44 10.73
19.75 9.59 11.90 7.96 9.94 9.08
22.51 12.21 17.46 14.82 20.75 12.24 9.34 12.70 19.31 15.97
26.79 23.05 31.77 20.70 27.07 14.24 10.64 11.45 23.03 24.83
17.18 20.45 26.61 19.75 22.76 15.78 11.07 12.77 27.82 22.08
12.25 13.92 13.67 11.12 15.99 12.16 11.48 14.92 27.40 17.37
14.05 7.94 15.25 13.34 17.11 15.67 13.22 14.04 22.12 15.52

10 13.97 15.25 18.00 26.86 16.86 13.95 18.45
11 12.08 7.90 24.46 11.52 12.59 19.86 25.63 16.54 11.04 14.17
12 : 15.11 16.82 16.13 25.36 23.94 12.83 18.88
13 . 16.27 13.67 15.67 21.63 16.14 20.28 13.49
0 14 ; 14.61 16.69 8.51 15.28 10.55 40.64 10.90
15 : 16.95 17.07 10.37 17.28 10.18 27.32 11.02
16 . . 15.55 23.57 11.69 22.65 13.33/41.01 11.85
17 16.48 10.49 14.24 25.76 29.84 11.17 19.34 11.08 30.86 28.54
18 14.28 18.92 24.03 18.15 26.38 15.34 17.72 14.04 17.16 20.81
19 13.24 10.33 27.51 20.99 18.79 16.75 17.33 13.49 22.94 24.64
20 15.46 10.46 28.97 27.85 22.74 17.43 17.94 19.15 24.39 22.17
21 19.38 11.58 19.55 21.28 26.44 19.63 22.60 16.71 21.44 19.67
5 ) 7 a £l 10 11 12 13 14 15 16 17 13 19 20 21 22 13

o1 2 3 4 22 11.61 10.24 16.89 16.52 19.16 15.28 14.10 12.98 24.92 15.67

LOCHIHOR 23 11.33 13.12 13.67 14.73 15.27 11.48 12.28 11.22 24.41 14.34
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9.68 12.23 8.27
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i i : '- "_, : : Grid—iteractive data centers: enabling
Eaton and Microsoft .publlshed a Whllte b s g o o g i
paper that explains how Grid- P o1 1

Interactive Datacenter could look like
and what kind of impact it could give to
Energy System

www.eaton.com/EnergyAware
E-T-N B Microsoft
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http://www.eaton.com/EnergyAware
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