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Webinar Agenda

u Introduction

IT Power Chain Tool is Critical to Energy Assessment

m Demo of Functions, Outputs, Limitations

Resources and Q&A

Learning Objectives

* Educate data center stakeholders in the DOE energy assessment process and about the IT power chain
and this tool,;

* Acquaint stakeholders with some energy conservation measure examples in the power chain and key tool
inputs and outputs (e.g., energy and cost savings and payback periods);

* lllustrate synergies and trade offs between energy efficiency and redundancy-analyses that are helpful in
deciding when and how to consolidate or move workloads to the cloud,;

* Educate data center stakeholders about ways that the tool can contribute to a comprehensive energy
assessment and creation of concrete plans of action and help engender institutional support for retrofits
and energy-efficient procurements.
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Second in a Four-Webinar Series

The next two webinars will take deeper dives into air
management and IT efficiency tools and use cases.

T

— — e
- -

P . N & K N
/" A Suite of . “ \
| ey IT Electric W Air IT
Power | ' | > Efficien ,i
Tools y, x /
Webinar 1 Webinar 2 Webinar 3 Webinar 4

Webinar 3: Air Management
Wednesday, October 7 from 2:30 — 4:00 pm EDT
Register Here

Webinar 4: IT Efficiency
Wednesday, November 18, 2020
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https://www.wbdg.org/continuing-education/femp-courses/femplw10072020

The IT Power Chain and Why a Tool Is Needed
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Why the Power Chain and Lighting?

 The IT power chain and
lighting are typically the
third largest power demand
(after IT equipment and Chiller Plant
cooling infrastructure) P

Lighting UPS loss
0% 8%
. . CRAH humidity / PDU loss
* Potential energy-saving control . 3%
aCtIOHS number |n the / Transformer loss
——— 1%

dozens
e Absolute kWh and $
saved can be
substantial.
« Paybacks for many
measures can be a few
years or less.

Generator
heaters
1%
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CoE Data Center Energy Efficiency Toolkit

Data Center Profiling Tools

2UE . DCPro
Estimator Report Findings & Make
' Recommendations
Master List S
. Assessment
of Efficiency
. Report
Actions
Template
Collect Data
Energy
Assessment
Energy Worksheet

Assessment

Process
\YETJSEL

System-Level Assessment Tools

IT Efficiency AM AM PacAI\<';/| oc IT Power
Tool Estimator Tool Too? Chain Tool
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https://datacenters.lbl.gov/resources/assessment-resources-energy-training-assessment-process-manual
https://datacenters.lbl.gov/tools/1-dc-pro-tools
https://datacenters.lbl.gov/dcpro
https://datacenters.lbl.gov/dcpro
https://datacenters.lbl.gov/tools/7-energy-efficiency-assessment-report
https://datacenters.lbl.gov/tools/3-energy-assessment-worksheets
https://datacenters.lbl.gov/resources/data-center-master-list-energy
https://datacenters.lbl.gov/resources/data-center-air-management-estimator
https://datacenters.lbl.gov/resources/data-center-air-management-tool-v118
https://datacenters.lbl.gov/tools/6-data-center-electrical-power-chain-tool
https://datacenters.lbl.gov/resources/data-center-air-management-estimator
https://datacenters.lbl.gov/tools/6-data-center-electrical-power-chain-tool

Download It Here
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View Edit

6. Data Center Electrical Power Chain Tool
Updated September 2020

This Excel-based tool helps data center owners identify energy efficiency opportunities in the electrical power chain of a data center (transformers, generators, UPSs,
power distribution units). The tool quantifies the energy and cost savings of the selected measures and calculates the payback periods for each measure. This new version,
released in March 2020, offers a cleaner interface, a wider array of UPS load factors and control options (includes "ecomode™), and updated efficiency curves.

Note that this tool offers more energy efficiency options than Data Center Profiler (DC Pro) but is not a detailed 'investment-grade’ audit tool. The savings estimates are
driven by user inputs but based on typical practice and do not account for interactive effects. Actual savings will vary based on site-specific conditions and operations.

We welcome user feedback on how to improve our suite of tools. Email us at CoE@Ibl.gov

Files:
D Power Chain Tool_v2.21.xlsx
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CoE Data Center Electrical Power Chain Tool

 Addresses the IT Power Chain and Data Center Lighting

— Transformers, generators, UPSs, and power distribution units

 Asks 32 questions to diagnose likely energy losses and
recommend solutions

« Compares among peers in the LBNL Data Center Database

 (Calculates energy and cost savings and payback periods

* Not an investment-grade tool. The tool provides potential energy
and cost savings as estimates only.

 Transparent - all data, assumptions and calculations unlocked

 Contains 25 different energy-saving measures - allows
exploration

— The Master List of Data Center Energy Efficiency Measures contains
all of these and more
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Master List: Many More Power Chain and Lighting Measures*

Evaluate Alt. Financing .
tor Easter Refr=sh Virtualize and Depower

Cycles

Realistic Estimation of
Actual IT Power Use

Unused Equipment

Eliminate
Redundant PSUs

/ Maintain THD at/below Maintain PF at 0.90 or Make Decisions Using Establish Continual
5% at Main Feeder Higher at Main Feeder Lifecycle Cast Improvement Goals
Shut Down Modules
When Sufficient "
Redun danlcy Plan/Desigh for Improve IT
Efficient Efficiency
Install an Energy Use

Monitoring System

| S

Implement/Use
Bypass
Install Power Meters at Ei!ﬁnéﬂi?g;;
Critical Points
Perform an Infrared Measure
Test Performance

RETTOvE AT
or Unneeded Cable
Data Center —
_ . - Implement Air-Side
Eliminate Air Leaks Air-Based Economizing
Cooling

Maintain High Plan/Design for
Power Quality Energy Efficiency

Perform an Energy
Audit

Monitor Efficiency

Increase the Inlet Air

Temperature to
ASHRAE Guidelines

Implement Efficient
CRAC/CRAH/AHUs

Seal Raised Floor
Leaks

Monitar Effectiveness
of Air Cooling
Install EC Fan Motors in

CRAC/CRAH/AHUs

Liguid Caaling

Effective Physical

Measure the RTI ) 7
and RCI Conﬁguram?ns for Air
Cooling

Plan/Design an Water-Cooled Hydronic
Distribution Implement Direct-Tauch

Plan/Design for

Efficient Plant CHW Plant
Immersion Cooling

Coaoling (Liguid to Chip)

Use IT Egpmt. With Place Air Returns High
Front-to-Rear Air Flow at Hot Aisles

Right Size the Design a Retrofit To or Specify Add Waierl-Side Smuuthg Pipe
Chillers, Towers Chiller-Free Plant Variable Speed Chillers Economizer Transitions

*Measure map is illustrative only. Full taxonomy covers more than 250 ECMs.
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Upgrades and Updates

 Cleaner, more streamlined user inputs

* Version 1 (2009) estimated savings for each efficiency
action as a percent of total IT power chain energy loss.
Version 2.22 now estimates savings independently for each
element of the electric system.

* UPS efficiency curves updated to typical double-conversion
units of recent vintage (2016, 2017).

* Broad updates for clarity, including diagrams, descriptions,
and instructions.
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Functional Structure of the Power Chain Tool
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Tool Documentation and Color Coding

Seven visible tabs:

Workshest Descripdon
This 1ab.

User Inputs A Numeric quesions about your data cenier's T eleciric power chain and lighing sysiems.
User Inputs B Muiiple-choice quesions about your data cenier's | T edeciric power chain and lghing sysiems.
Suggesied energy-saving acions.

Esimaled savings and simple payback for pursued aclions.

Esimaled iotal savings for pursued aclions.

Peer Comparison Benchmarks for UPS load facior and |T power density.

UPS Efficiency Lookup table for the operaing eficiency of double-conversion UPSs of recent manufaciure.

And six hidden tabs:

Table AA Support for User Inpuis Table A
Table BB Supportfor User Inpuis Tabde B.
Table DD Support for the Esimaied Savings fable.

DC_BM_data  |Benchmark data from 25 measured, anonymous data ceniers.
UF5 data Data that defines a modern, double-conversion, relaively eficient, 500 kW UPS.
Developer Developer's noles.
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Data Center Power Chain

@ Measurement Point or Calculation Input

Utility Transformer
Backup Main IT
Generator Transformer
Engine Block
Heaters t Transformer Transformer
o
UPS 1 UPS 2
Lighting System Cooling System
PDUs PDUs PDUs
IT IT IT IT
Equipment Equipment Equipment Equipment

U.S. DEPARTMENT OF ENERGY
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Flexing the Tool: A Medium-Sized Data Center
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Tool Demo Scenario: A Medium-Sized Data Center

A simple, medium-sized data center tends to have a full
complement of power chain components and often features a
number of energy-saving opportunities.

Let’s work through an example with the following equipment:

 One 850 kVA main transformer at the head of the IT power
chain

* One 750 kVA UPS module feeding most of the PDUs

 PDUs containing transformers feeding most of the IT
equipment

* A diesel backup generator with an electrically-heated
engine block

 Data center lights are on 24/7.
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Tool Demo Scenario, Continued

Utility

—>

Transformer

Y

KEY

P Annual Average Power
Level

\ Power Chain Loss

10 kW/t N

Backup Main IT

Generator Transformer

Engine Block

Assumed

Heater

annual average

t\ 650 KW
t/ 620 KW

power demands
at these points
in the system:

UPS

IT IT
Equipment Equipment
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Equipment

580 kW

20 kW /.
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}

Transformer

y

Lighting System

Transformer

y

Cooling System




User Inputs Tab A: System Characteristics

Table A: Basic Information

Al A2 A3
Cuesion :
Number Cuesfion Input
1 |Whatis the annual average input power of the main |T fransformer in KW? 650.0
42  [Whatis the annual average ouiput power of the main IT fransiormer in KN? 620.0
Q3  |Whatis the nominal lead capacity of the main IT transformer in kKW? 450
4  [Whatis the annual average input power of the UPS sysiem in kW? 580.0
05 [Whatis the annual average output power of the UPS sysiem in KW? 500.0
06 |Whatis the toial load capadily of all acive UPS modules in kW? 50
Q7 [Whatis the UPS manufacturer's claimed eficiency at the calculaied load facior shown at right? 0.0%
Q8  |Whatis the annual average fotal POU input power in KW? 525.0
0%  |Whatis the annual average fotal PDU oulput power in KW? 500.0
10 [Whatis the iolal load capacity of all acive PDUs in KW? 600
Q11 [Whatis the annual average backup generator engine block heater power demand in KW? 10.0
Q12 |Whatis the data cenier fioor areainsg. £7 10,000
13 |Whatis the annual average |T equipment power demand in kW? 515.0
{14 |Whatis the annual average lighing power demand in KW for the data cenier? 200
Q15 |Whatis the annual average unit cost of eleciricity in ¢/kWh? 15.0

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

If you answered Cluestion 4
with a number greater than
zero, your input in this cell
will be ignored. Otherwise,
the efficiency value you enter
here will be used to calculate
the UPS input load.




Peer Comparisons: Power Density

Compares your pre-implementation IT Power Density (UPS output
divided by data center floor area) to other data centers.

IT Power Density
160

140

120

100

80 —

G0 11 —

o)1 0 P e

Average [T Power Density (W/sf)

U P - T - T - TR W -

UGS o ST NI I &
D'E.!
Data Center Number @“3’
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Peer Comparisons: UPS Load Factor

Compares your pre-implementation UPS Load Factor (UPS output
divided by UPS capacity) to other data centers.

UPS Load Factor

1.0

0.8 -]

0T —

UPS Load Factor

0.6 - —1 M

0.5 -] —1

04 - - -

0.3 - == el

0.2 - S ) . 1

0.1 - B B S 1 H

E'D | | | | | | | | | | | | | | | | | | | | I | | I |

Data Center Number q_rs&
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User Inputs Tab A: Savings Calculations

Caict Cakc? Calc3 Calcd Caich | Cakf Cakcr Caic Caicd Caic10 Calc11 Calc12 | Cak13 | Caki4
Power Demand Losses Annual Totals Performance
Annuz Annual Annual Total
Average | Percentof| Annual Nominal | Load | Operaing
Fower _n._l.rerage Energy Total Loss Annual Energy Cost | Capaciy | Fador | Efidency
Power Loss| Loss Energy Use
Demand
Kw Kw KWhiyr % KWhiyr syr KW % %
IT Systems  |IT Power  |Power Main Transformer Serving (T | Input 650.0
Chain Transformadon |Power Chain 30.0 262 800 22% §30 420 asd| T3% 5%
Equipment Output 620.0
UPS Sysiem Input 580.0
80.0 700,800 59% £105,120 80| 67% ( 35%)
Output 500.0
PDUs Input 525.0
25.0 219,000 19% £32,850 600 83% 95%
Output 500.0
Total IT Power Chain Loss 135.0) 1,182,600 100% §177 390
IT Equipment 515.0 4511400 2676710
Total IT Power Chain 5,694,000 €854 100
Backup Gengralor Engine Block Healers 10.0 87,600 $13,140
Total IT Sysiems 5,781,600 S867,.240
Data Cenier Lighing Sysem 200 175,200 $26,280
Todak 5956800 S893520
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User Inputs Tab B: Performance and Measures

Table B: Efficiency Information and Potential Actions
does four things:

1. It asks questions about your data center. You don’t
have to answer all of them at once; it's OK to skip.

2. If you don’t currently know an answer, it provides
guidance.

3. If your answer indicates an opportunity for savings,
it presents one or more potential actions to
consider.

4. It asks which of the potential actions you wish to
pursue.

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




User Inputs Tab B: Potential Actions

B1 B2 Be BY
Quesion Quesiion Polendal Aclions
Mumbser
Q16 [Whatis the building power facior? 1 |Maintain Power Facior at Main Feeder Pangl at (.90 or Higher.
Q17 |What is the building toial harmonic current distorSion (THD') at main feeder panet? 1 [Maintain Total Harmonic Distorion at Main Feeder Panel at 5% or Less.
18 [Arethe lnads balanced between all phases for the fransformers, UPSs, and PDUsS? 1 |Mainiain Balanced Loads Between Fhases.
1% |Whatis the age and type of the main transformer serving the IT power chain? 1 |Use High Eficiency MV and LV Transiormers.
Q20 |Isthere an acive UPS? 1 [Shut Down UPS Modules when Redundancy Level is High Encugh.
2 |Install & Modular UPS.
3 |Fight-Sze the UPS.
4 |Feplace the UPS with a More Eficient Unit
Q21 [lsthe UPS operaing in eco-mode? 1 |Implement 3 Swiching UPS
Q22 |Arethe UPS DC capaciiors 5 years old? 1 |Change UPS DC Capaciors.
(23  |Whatis the power source for non-crifcal loads? 1 |Ensure Non-Criical Loads are Not Connecied o fhe LIPS,
(24  |Whatis the age and type of the transformers in the PDUS? 1 |Use High Eficiency MV and LV Transiormers.
(325  |What is the average load facior for the acive PDUS that contain transformers? 1 |Consolidae Transformer Loads
(26 |Whatis the IT equipment power facior? 1 |Retrofit T Equipment i> Maintain High Power Factor and Low Todal
Harmonic Distorfion.
(27 |What is the power source for the [T racks? 1 |Supply DC Veollage o [T Rack.
(328  |What is the power source for the emergency generator block heater(s)? 1 |Use Alernate Power Source fo Warm Generator Blocks.
029 [Does the block heater(s)/heater water jacket for emergency generator(s) operaie 1 |Apply Thermosiat Conirol io Generalor Block Healers.
with thermostat conirol?
(030  |Isthe data cenier ighiing well-designed? 1 [Muminate Work Areas Only.
2 |Coordinake Light Fixiure Flacement with [T Equipment Placement
(31 |How are the lights controlied in the data center? 1 |[Conircl Lighfing with a Timeckock.
2 |Implement Manually Controlled Zone Lighing Conirol.
3 |Install Occupancy Sensors o Coniro Lighis.
(032 |Whattype of lamps are installed in the data center? 1 |Install Linear Flugrescent T8 Fixiures.
2 |Insiall Lingar Fluorescent TS Fixiures.
3 |Install LED Fixtures.

U.S. DEPARTMENT OF ENERGY
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Performance Questions and Measure Options

U.S. DEPARTMENT OF ENERGY

Power Maintain PF at or
Factor? above 0.90
Harmonic Maintain THC at

Distortion? or below 5%
Load Balance loads
Balance? among phases
Transformer Replace with MV,
Age? LV units
Install modular
UPS
Disable unneeded
modules
Right size the UPS
Use higher EE unit
Capacitor Change DC
Age? capacitors

Main Feeds,
Transformer

Uninterruptible
Power Supply

Enable Eco-Mode

Non-Critical Cut non-critical
Demand? loads from UPS

Transformer Replace with MV
Age? and LV units

Power Dist. Units

Avg. Power Consolidate
Factor? transformer loads
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IT Equipment <

Backup
Generators, Block
Heaters

Lighting

Power Retrofit IT for
Factor? THC? lower PF, THC
P?(\)NreéaSé)kLgrge e Us€ DC Power
Power Source Use alt.lpower

e SUPPLY tO
for Heaters? A -
Heater o
Tf(]zeorrr]‘?r%slgat thermostat

[lluminate
Well-
Designed and
Positioned?

work areas
only

Align lighting,

IT placements

Control with a
time clock

Manual zone
controls

Occupancy
Sensors as
controls

Install T8s
Lamp Type? Install T5s
Install LEDs




Performance Questions and Measure Options

Power Maintain PF at or
Factor? above 0.90
Harmonic Maintain THC at
Distortion? or below 5%

Load Balance loads
Balance? among phases

Transformer Replace with MV, Generators, Block
Age? BN PV units Heaters AT Apply
: Thermostat | th tat
Control? SUIOSES
Install modular

UPS [lluminate
work areas

. Well- only
Disable unneeded Designed and
modules Positioned?

Allgn lighting,

IT placements
Right size the UPS

Uninterruptible Control with a

P S I time clock
OWer Supply i Use higher EE unit
“ Manual zone
Controls?
Capacitor Change DC Lighting | -
Age? capacitors
Occupancy
sSensors as
Bypass? Enable Eco-Mode contrsis
Install T8s
Demand? loads from UPS
Transformer Replace with MV Lamp Type? Install TSs
Age? and LV units
Avg. Power Consolidate
transformer loads NSIAIREE0S
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Power B Retrofit IT for
Factor? THC? lower PF, THC
Power Source
— Use DC Power

Power Source Usguagtr;l)??;ver
Backup < for Heaters? e blocke

IT Equipment <

Main Feeds,
Transformer

Non-Critical Cut non-critical

Power Dist. Units




User Inputs Tab B: Potential Actions

For our example, let’s answer Questions 20 and 31.:

B1 B2 B3

Question i

Number Quesson Input
Q20 |lzthere an acive UPS? Yes.
Q31 |[How are the lights conirolied in the data cenier? No control (always on).
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User Inputs Tab B: Potential Actions

In our example, the

B5 B6 BY
tool recommends: _
s Acon Potendal Aclions
. Recommended?
* Four potential
Yes 1 |Shut Down UPS Modules when Redundancy Level is
ECMS for the UPS High Encugh.

2 |Install a Modular LIPS,

* Three potential
ECMs for lighting
control

3 |Right-5ze the UPS.

4 |Replace the UPS with a More Eficient Lini.

Yes 1 | Conirgl Lighing with a Tmeclock.

2 | Implement Manually Conirollied Zone Lighiing Conirol.

3 |Install Occupancy Sensors o Conirol Lights.
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User Inputs Tab B: Potential Actions

Let’s pursue Actions
2 and 3 for the UPS,
and Action 3 for the
lighting.

BY B8
: : Pursue
Polengal Acions )
Aclion?

shut Down UPS Modules when Redundancy Level i5|No
High Enough.
Install a Modular LIPS, Yes
Right-Size the LIPS, Yes
Replace the UPS with a More Efficient Linit. No
Conirol Lighiing with a Tmeclock. No
Implement Manually Controlied Zone Lighng Conirol. |No
Install Occupancy Sensors o Confrol Lights. Yes

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Action Results Tab

Table C: Estimated Results for Pursued Actions

Provides three things with each of the selected
actions:

1. It states the assumed post-implementation

performance level. (In some cases, it asks the
user to specify.)

2. It asks for the estimated implementation cost.

3. It calculates the savings and simple payback.
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Action Results Tab

For the UPS, Table C requires the expected new operating
load factor will be. Let’s select 80%.

For the lighting system, Table C simply repeats the choice
we made in Table B.

C1 C2 Cd C4 C5
Cuesson Actons Pursued Post-Implemeniaion Performance
Numbser

Q20 1 |N/A What willthe new UPS lcad  |80%

2 |Insiall a Modular UPS. factor be?
3 |Right-Size the UPS.
4 |NiA
(31 1 [N/A The ights will be conirolied in lﬂﬂ:ﬂpﬂﬂﬂ}f
2 |N/A the data cenier by Sensor.
3 |Insiall Occupancy Sensors o Conirol Lights.
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Tool Plots Your UPS Efficiency vs. Average Unit

100%

98%

96% -

Eficiency

92%

90% -

88%

86%

84%

82%

80%
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94% -

—Typical UPS
© Your UPS, Currently

0%

10%

20%

30%

40%

Load

50%

Factor
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Action Results Tab

 The tool estimates the actions can save 77% of UPS loss.
« At $0.15/kWh, annual cost savings are $81,220.

* If implementing the UPS actions will cost $300,000, the
simple payback is 3.7 years.

Ch C7 Cé C9 C10 C11
Esamaed Savings Imi-csr;gn: F'ii?bpaﬁh
%o Of KWhiyr yr 3 years
77 .3|UPS System Loss B41,469 §81,220 $300,000 37
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Action Results Tab

* The tool estimates 70% of lighting energy use can be
saved by installing occupancy sensors.

« At $0.15/kWh, annual cost savings are $18,400.

 If installing occupancy sensors will cost $15,000, the
simple payback is 0.8 years.

C6 C7 C8 Co C10 C11
Costio Simple
Implement | Payback

Esimaied Savings

o Of KWhi'yr Syr S years

70.0|Data Cenier Total Lighng 122 640 &18,396 $15.000 0.8
Energy Uss
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Savings Summary Tab

Users can limit savings for the UPS and the lighting system.

Cap the iolal UPS Sysiem Loss savings at 80%
Cap the iolal Data Cenier Lighing energy use savings at 80%
Why?

The tool does not account for interactive effects between
actions.

If multiple ECMs are selected for the UPS system or the
lighting system, the tool may tally unreasonably high
savings percentages.

These fields are provided as a means of capping the total
savings for those two elements of the power chain.
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Savings Summary Tab

Table D: Estimated Savings
* Applies the savings caps, if heeded

* Estimates the composite savings and payback period for
the IT Power Chain and the Lighting System

Y 02 D3 D4 D& D& o7 D&
Esimaed
Annual Energy ) )
Use, Pre- Esimaied Savings Annual Energy | Implemeniadion |  Simple
em , Use, Post Cost Payback
Implementaion .
Implementadon
kWhiyr % kWhiyr shyr kWhiyr 3 years
Total IT Sysiems 5,781,600 9.4 541 4589 81,220 5,240 131 $300,000 3.7
Data Cenier Lighing Sysiem 175,200 70.0 122,640 +18,396 52,560 15,000 048
Total 2,996,800 11.1 664,109 +99,616 2,292 691 315,000 3.2
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From Assessment to Action Plan: Path to DCOI Compliance

Data Center Optimization Initiative:
« Urges agencies to consider investments in long-term energy savings

« Recommends owners characterize their data centers and make
performance assessments.

« Lifts PUE targets, but agencies are still expected to report PUE
improvements over time

* Requires agencies to develop year-by-year targets for cost savings and
report realized cost savings in their strategic plans

The Data Center Energy Assessment Report Template

A framework for presenting the results of your assessment

— Word document is designed to present as much - or as little - as you
need

— Instructions (blue italics) and entire report subsections can be
hidden, revealed or deleted through keyboard shortcuts

— Results from the Electric Power Chain Tool can be pasted in, along
with results from other components of the Data Center Energy
Efficiency Toolkit
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https://datacenters.lbl.gov/tools/7-energy-efficiency-assessment-report

Resources and Q&A
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FEMP’s Data Center Program

U.S. DEPARTMENT OF ENERGY

FEMP’s Data Center program assists federal agencies and
other organizations with optimizing the design and operation

of energy and water systems in data centers to enhance the

Assistance

Project and technical
assistance from the
Center of Expertise
including identifying
and evaluating ECMs,
M&V plan review, and
project design review.

Support agencies in
meeting OMB’s Data
Center Optimization
Initiative
requirements

organization’s mission.

Tools

Data Center Profiler
(DC Pro) Tools,
including PUE
Estimator

Air Management
Tools

Energy Assessment
Worksheets

The Energy
Assessment Process

Manual

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Key Resources

Better Buildings Data
Center Challenge and

Accelerator

Small Data Centers,
Big Energy Savings:
An Introduction for
Owners and

Operators

Data Center Master
List of Energy
Efficiency Actions

Training

Better Buildings
webinar series

Nine on-demand
FEMP data center

trainings

Center of Expertise
Webinars

Data Center Energy
Practitioner Trainings



https://datacenters.lbl.gov/
https://datacenters.lbl.gov/dcpro
https://datacenters.lbl.gov/tools/5-air-management-tools
https://datacenters.lbl.gov/tools/3-energy-assessment-worksheets
https://datacenters.lbl.gov/resources/assessment-resources-energy-training-assessment-process-manual
https://betterbuildingsinitiative.energy.gov/accelerators/data-centers
https://datacenters.lbl.gov/sites/all/files/Small%20Data%20Centers,%20Big%20Energy%20Savings.pdf
https://datacenters.lbl.gov/sites/default/files/DCProMasterList02112016.pdf
https://betterbuildingsinitiative.energy.gov/webinars-list
https://www4.eere.energy.gov/femp/training/?keyword=data%20center
https://datacenters.lbl.gov/training
https://datacenters.lbl.gov/dcep

LBNL's Center of Expertise (CoE)

Choose from upcoming live
webinars, pre-recorded trainings,

Search
resources

and in-person Data Center
Energy Practitioner (DCEP)
trainings.

Filter CoE’'s many
Use CoE’s Energy

resources by type
and topic.

by topics
of interest.

Efficiency Toolkit

CENTER or
EXPERTISE

ror ENERGY EFFICIENCY i DATA CENTE

g 1 Follow us on Twitter
m ABOUT TECHNOLOGIES anwnzs | ALL RESOURCES ) & TRAININGS ) CONTACT US @DataCenterCoE

l:l-uuuu

@kiicksy FEMPY

Frocorad Encrgy Managoment Progr

Explore the

diverse activities F

R - P e ——

>
|

that CoE is
engaged in.

= Centerof Expertise
= (@DataCenterCoE

Effective alr management is critical for

S m a I I D ata ce nte rs < | i ! H ) data center #EnergyEfficiency. CoE's Air

Management Tools webinar will introduce
free, easy-to-usze tools to help you save

L #energy and money in your
Explore resources geared towards helping #DataCenter! Ragister here:

small data centers overcome the unigue “|a bit Iy/2wVEF50.
obstacles they face in reducing energy I
consumption and achieving monetary

savings. ~ —  Center of Expertise
{@DataCenterCoE

Sep 7, 2018

There's still time to register for our Air
Wanagement webinarl Sign up here:
bit.ly/2xjhgg

Visit us at datacenters.Ibl.gov
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Federal Project Executive

Federal Project Executives

(FPEs)

Scott Wolf
Western Region
360-866-9163
wolfsc@ornl.gov

Doug Culbreth
Southeast Region
919-870-0051
culbrethcd@ornl.gov

\ . Southeast Region

Tom Hattery
Northeast Region
202-256-5986
thomas.hattery@ee.doe.gov
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Contacts

lan M. Hoffman

Project Lead

Center of Expertise for Energy Efficiency in
Data Centers

Lawrence Berkeley National Laboratory
ihoffman@Ibl.gov 510-495-2145

Rachel Shepherd

Data Center Program Lead

Federal Energy Management Program
rachel.shepherd@ee.doe.gov
202-586-9209

Steve Greenberg

Center of Expertise for Energy Efficiency in
Data Centers

Lawrence Berkeley National Laboratory
segreenberg@Ibl.gov

Kim Traber

Toolkit Consultant
Traber Engineers
traberkim@gmail.com

CENTER o
= E  EXPERTISE

rrreer H BERKELEY LAB s ror ENERGY EFFICIENCY  DATA CENTERS
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