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DOE/NREL Research Support Facility:
Project Goals

More than 800 people in DOE office space on NREL's campus
220,000 ft?

Design/build process with
required energy goals

e 25 kBtu/ft?

* 50% energy savings

e LEED Platinum

Replicable

* Process

* Technologies
* Cost

Site, source, carbon, cost ZEB:B
* Includes plugs loads and datacenter

Firm fixed price of ~S64 million
* $259/ft2 construction cost (not including $27/ft2for PV from PPA/ARRA)

Open first phase June 10, 2010

Credit; Haselden Construction
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Energy Modeling

NREL RSF Energy Use Breakdown

DOMEST HOT

PUMPS & AUX VENT FANS WATER
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SPACE COOLING _ 0%
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LIGHTS
SPACE HEATING 1%
18%
TASK LIGHTS
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SERVER ELEC
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 SERVER COOL
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SERVER RM FAN
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End Use

Lights

Task Lights

Data Center

Data Center Cooling
Data Center Fans
Office Plug Loads
Space Heating
Space Cooling
Pumps

Ventilation Fans
Domestic Hot Water
Exterior Lights

kBtu/ft2
3.85
0.19
10.60
0.01
0.55
9.16
6.11
1.42
0.27
1.61
0.13
0.12



NREL RSF Annual Energy Consumption Comparison
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Datacenter

Fully containing hot aisle
e Custom aisle floor and door seals

 Ensure equipment designed for cold
aisle containment

 And installed to pull cold air
— Not hot air...
1.1-1.2 PUE Winter, Spring, Fall
1.2-1.4 PUE Summer

control hot aisle based on
return temperature of ~90F

Waste heat used to heat building
Economizer and Evaporative cooling
Low fan energy design

1900 Sq Ft.

Credit: Marjorie Schott/NREL _ |
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Data center

Dehumidification

for hours when the outdoor air was more humid
than the acceptable supply air criteria. Some form
of mechanical cooling or dehumidification would be
required for these hours.

44 hours/year

Economizer for hours when the outdoor air can satisfy the 559 hours/year
supply air criteria with no additional conditioning
Evaporative for hours when adiabatic humidification/cooling 984 hours/year
Cooling (70% effectiveness) of outside air can meet the
supply air criteria
Mixing for hours when the outside air can be mixed with 1063
hot aisle air to meet the supply air criteria hours/year
Mixing and When the outside air is cool and dry, outdoor air can | 6110 hours/year

Humidification

be mixed with hot aisle air, then adiabatically
humidified to the supply air criteria.




Power Usage Effectiveness (PUE)

Total Facility Power
IT Equipment Power

PUE=

Total Facility Power Consists of:

* IT Equipment Power

* Mechanical Cooling

* Lighting

 Electrical Line Loss & Conversion



PUE — simple and effective

Rejected

Energy
A
(a) » Cooling t= (f)
(I) I

e
Utility = I
(b) T
L UPS —c» PDU —()
PUE — Total Energy  Cooling + PowerDistribution + Misc+IT  a+b

IT Energy

IT d
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PUE

PUE

Data Center PUE
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PUE

Data Center PUE

Elevated outdoor temperatures have increased cooling energy and PUE
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“l am re-using waste heat from
my data center on another part of
my site and my PUE is 0.8!”



eat from

ther part of
my site ancRg 0.8!"

“I am re-usig

ASHRAE & friends (DOE, EPA, TGG, 7x24, etc..)
do not allow reused energy in PUE (Joint White
Paper just released) & PUE is always >1.0

Another metric has been developed by The
Green Grid; ERE — Energy Reuse Effectiveness

http://www.thegreengrid.org/en/Global/Content/white-papers/ERE



http://www.thegreengrid.org/en/Global/Content/white-papers/ERE
http://www.thegreengrid.org/en/Global/Content/white-papers/ERE
http://www.thegreengrid.org/en/Global/Content/white-papers/ERE

ERE — adds energy

r e u S e Rejected
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PUE and ERE Ranges

Cooling + Power + Lighting + 1T
T

1<PUE<w PUE =

Cool + Pwr + Light + IT - Reused
T

O0<ERE<cw ERE=



BASEMENT FLOOR PLAN

NREL RESEARCH SUPPORT FACILITY
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Waste Heat Recovery Assumptions:

No heat recovery:

* When the outdoor air temperature is > 55 °F

« During unoccupied hours (6:00 PM to 6:00 AM)
Constant humidity ratio

Fraction of data center supply air that is outdoor air:
* OA% = (Tgra — Tsa) (Tra-Ton)

Data center supply air temperature of 55 °F (fixed)
Data center return air temperature of 80 °F (fixed)
All data center waste heat is used to offset building
heating loads when the above conditions are met.



ERE

Time Series Graph: Oct “10 — July “11

Data Center ERE vs Outdoor Air Temperature
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Results

Oct 10 - July "11:

Average ERE = 0.91 (calculated, not measured)

-Maybe lower if you assume that a fraction of the
waste heat is used to offset building heating loads
until the outdoor air temperature equals the building
supply air temperature set point.

Average PUE = 1.18 (measured)



PUE

PUE and Power Per Person

Data Center PUE and Power Per Person
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Power (W/person)

Power Per Person

Data Center Power Per Person
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Annual Energy (kWh)

Annual Energy and Energy Cost

Data Center Annual Energy and Energy Cost

2,500,000 $150,000

2,000,000 $120,000
D

1,500,000 $90,000 %
S
> =—Annual Energy
(@]
E — Annual Energy Cost
w
©

1,000,000 - $60,000 Z
<

500,000 $30,000

0 $0

FY05 FY06 FYO7 FYO08 FY09 FY10 FY11



Data Center Summary

Include targets for Data Center PUE and ERE (climate
dependant)

— PUE<K<1.2
— ERE<O0.9

Design data center with hot isle — cold isle separation

Use free cooling (economizer) and evaporative cooling when
available

Minimize fan energy

Purchase the most energy-efficient equipment possible,
Virtualization and consolidation

Case-studies demonstrate that energy re-use Is becoming
more prevalent and the need for the ERE metric becomes a
priority

Low Energy DC with energy reuse cost effective



Deployment Programs

Industrial Technologies Program
e Tool suite & metrics for baselining

LT | [ —
ENERGY
——Now

e Recognition of high energy savers

e Training
e Qualified specialists
e Case studies

e R&D - technology development

GSA
e Workshops
e Quick Start Efficiency Guide
e Technical Assistance

Federal Energy Management
Program

e Workshops

e Federal case studies
e Federal policy guidance

e Information exchange & outreach
e Access to financing opportunities
e Technical assistance

EPA
e Metrics

e Server performance
rating & ENERGY STAR label

e Data center benchmarking

ENERGY STAR

|nd ustry iEEEEETEEEEEIEEF&IEMOTTégr:’
INDUSTRY COUNCIL
e Tools Uptime
i Institute”
e Metrics

A AFCOM,
'&:hange

e Best practice information

e Training

e Best-in-Class guidelines
e IT work productivity standard WM
“ROUNDTABLE




DOE Federal Energy Management Program
and Sustainability Project Office

 Benchmarking and Assessments of Federal data
centers
— Potential drivers for consolidation

Training
Technical Assistance to Federal Agencies

— Cost sharing with GSA, DOD, others

* Pilot adoption of technologies

* Federal procurement specifications

* Best practices guides, case studies, and other tools
* FEMP awards

= GovEnergy




Data Center Resources

Best Practices Guide
Benchmarking Guide

Data Center
Programming Guide

Technology Case Study
Bulletins

Procurement
Specifications

Report Templates
Process Manuals
Quick-Start Guide

~ GovEnergy

www govenergy.gov

Quick Start Guide to /nc
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A Problem That You Can Fix

Data Centar anargy efficlency |e darlwed from addressing
BOTH your hardware equipment AND your Infras fructure,
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January 2010

e ). ¥
of the LLS. Depariment of Energy, Offic2 of Energy Efficlency and Renewvabls Energy.
NREL Is cperated by the Allance for Sustainabe Energy, LLC.

Fechnology Case-Study Bulletin

Data Center Airflow Management Retrofit
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FEMP/GSA Partnership

Fiva More Best Practices

What CanYou Really Achieve?

Quick Start Guide

To IncreasaYour Deta Camter Energy EMficlancy
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DOE DC Pro Tool Suite

Air Management Electrical Systems IT-Equipment Cooling

* Hot/cold  UPS * Servers * Air handlers/
separation PDU * Storage & conditioners

* Environmental T mia e networking * Chillers, pumps,

conditions Lighting e Software fans

* RCl and RTI * Free coolin
an Standby gen. c e

~ GovEnergy

™= www.govenergy.gov




Resources

FE M P LL http://wwwl.eere.energy.gov/femp/program/data_center.html

Federal Energy Management Program

-~y
Frrrseee ‘m

http://hightech.lbl.gov/datacenters.html

http://www.energystar.gov/index.cfm?c=prod_development.
server_efficiency

Save

E“Enﬂv http://www1l.eere.energy.gov/industry/datacenters/
— NOW.

~ GovEnergy

www.govenergy.gov
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