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General Facility Informa

153,000 Gross Sq.Ft.

2 - 12,000 Sq.Ft. Data Halls
4 — 4AMW electrical modules 16MW possib
98~99% annual hours Evaporative Water

Critical Systems are on UPS and Generato
— Network, Cybersecurity, Storage, Archive
— HPC Nodes are not on UPS

10 ft. Raised Floor System
— Primary reason was large liquid cooled syste
— Secondary reason limit copper distances

Heat Pump System Recover Heat from Co_
Building Use |




Facility Highlights |

* All about Energy Efficiency

— Operational cost savings

— Emissions reduction
 Minimize risk

— Not increasing inlet temperatures

outside air
— Utilize liguid cooling where cost e

e
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e Efficient use of Capital
X
— Efficiency efforts had to show 5 year.
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formation Systems Laboratory

GISE -

Big Picture Focus On Effi

Utilize the regions cool, dry
climate to minimize energy
use

— Very low pressure drop
* Minimize bends
e Oversized pipe

— Elevated chilled water temp
* 65 degree

Utilize liquid cooled computer
solutions where practical

— HPC Systems

Utilize hot aisle containment
for commodity equipment

Focus on the biggest losses

— Compressor based cooling
— Transformer losses

BANCAR &
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Evaporative Solu
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* Very high efficiency
tower
e Utilization of
outside conditions
to optimize
performance

— Water use

reduction by not

running the fans
all year

— Energy use
reduction
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Figure 4: Cheyenne weather conditi
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Hot Aisle Containment |
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PUE

IT Load and Facility
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aboratory

Actual Annual PUE
Trending Toward Design
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Two Main Sources of Vari

e Computer Load Variability
— Power saving computer system at
— Peak Demand ~1700W
— Typical ~700kW — 1500kW
— |dle ~300kW

 \Weather Variability

— Heating Load increase in winter m
PUE

— Real cost savings in part dependé’;..
gas prices

BANCAR &
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NCAR Data-Centric Architectu
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NCAR HPC Profile
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Historical Power Efficiency on NCAR

Power Consumption (sustained MFLOP per W

70
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Beyond PUE
namic Compute System Loa
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System Utilizatio
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Summer Mechanica

WB vs Mech Load
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An Initial Fall Surp
(Mechanical Load (kw) vs.

Mechanical (kw)
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Looking Closer at Octob

Mechanical Systems Power Use, Octob

Outside Temperature
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Comparison of Daily Cost Heat Pumps vs. Boiler
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NWSC as a Teaching
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Emerson Hannon
Villanova
Electrical Engineering

* Energy Efficiency
* Modeling of NWSC ) g = )
construction e

|Mode|ed PUE

* Developed energy
_ model NWSC
‘Q@ based on outside

fg* conditions
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=
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Power Usage Effectiveness
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Jared Baker
University of Wyoming
Mechanical Engineering '%

e Computational Fluid
Dynamics

Validated TileFlow
During Construction

Simulated multiple
computer vendor
configurations
during procurement
selection process
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Clair Christofersen
University of Miami Ohio
Mechanical Engineering — Applie

Compared Jared’s Model
to Actual Conditions

Further Tileflow analysis

Comparison of Hot Aisle
Containment

Temperature pressure .
measurements .

Hot Aisle Containmentin Air Cooled Section |

e
RRERAE 1177 -

Labels shown dorg s




‘CovlpStbal & Information Systems Laboratory

A

Jason Jones
Clemson University
Mechanical Engineering

Energy Efficiency Analysis & Measurement
Comparison of Actual to Model
Fan wall energy analysis

Mechanical response to ambient
conditions
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Ademola Olrinde
Texas A&M Kingsville
Mechanical Engineering

* Energy Efficiency Optimization of NWSC

Data

e Optimization Efforts
— UPS Systems
— Heat Pumps

Power
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* Detailed Analysis of 12 month operating
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Now Focused on the Left Sid
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"Stochastically Robust Resource Al
Thermal-Aware Heterogeneous C

NSF Funded Proposal

e Colorado State University
— Sudeep Pasricha
— HJ Siegel
— Mark Oxely

NSF Funded Project

Looking at energy aware
resource scheduling



"Optimized Energy Aware Scientific
at Scale”
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— Stephen Sain " N &
Colorado State University

— Sudeep Pasricha Seer o peed o fow

— HJ Siegel
Georgia Institute of
Technology

— Yogendra Joshi

Power Aware Scheduling

POD based room level air flow
and compute load allocation

—i

Data inflow
to Pl server

-

Data outflow
from PI
server

Power Aware Data Movement
Statistical Approaches to Scale

NCAR 3

Data collection and control

v I

Building management system
CRAC fan speed control and return

air temperature control

>

n-‘.il ;—i‘il -
16 32

Server compute load allocation
Data center virtualization

Pl server

system

Data acquisition system
Air inlet and exit temperatures, fan
speed, humidity, server power




