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National Institutes of Health

* An Operating Division of the U.S. Department
of Health and Human Services, NIH is the
nation’s medical research agency — making
iImportant discoveries that improve health and
save lives.

« Annual funding ~ $37 billion
« 27 biomedical research institutes
« Sites in Maryland, Montana and North Carolina
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NIH’s Bethesda Campus

75 buildings over 300 acres

Total area~12 million sf, many state-
of-the-art biomedical research
facilities

240-Bed Research Hospital, including

Special Clinical Studies Unit

Research Labs, some housing
infectious disease research

Research Animal Housing
One-pass air for biosafety

Clean rooms for cell therapy, drug
compounding, intravenous
admixtures tailored to unique patient
needs

High Performance Data Center
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" What Makes NIH CUP So Special?

* Reliability is crucial for the mission
critical spaces served
— High Containment Facilities
— Research Labs
— Animal facilities
— World Renowned Research Hospital

NO CUP = NO FUNCTIONING NIH
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Organizational Alignment and Priorities

* Prior to 2014, the CUP was managed by the Division of Facilities Operation, which placed
pressure on Building Maintenance leadership to balance the needs of customers with the
needs of the CUP; over time, customer demands were causing the CUP to be neglected.

* In 2014, we reorganized in a manner that Building Maintenance was led by one division and
the CUP was managed by another; this seems to work better for NIH. It does, however,
require that the two Divisions work well together. In practice, this resembles a typical utility
provider — building owner relationship — utilities are provided up to the 5’ line or meter.

* Pride, performance, professionalism and accountability seem to be enhanced when
managers effectively align the workforce to the real property assets; alignment could be by
building, building system, or a combination/matrix.

« Related: prior to 2014, the primary focus of the CUP was on meeting the cooling/heating
demand (at any cost); there were no tangible goals regarding efficiency, a behavior which
was reinforced by the budgetary environment that treated utilities as a non-discretionary bill
that is not as heavily scrutinized as other budget areas. For example, on a hot day, 12
chillers were energized. Now, with new alignment, efficiency is a high priority.

* While the rest of this presentation is technical in nature, the organizational alignment,
organizational priorities and performance measurement aspects are heavily related with
these technical advances.
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CUP Organizational Structure

Utility Systems Design and Technical Service Branch (HNAM967)

Main Phone: 301-594-7123

Haghjou, Marty
Abdelsalam, Amir
Bear, Brenda™
Bhuiyan, Abdul, PhD, PE
Blatzheim, Michael*
Egan, John J.
Fratangelo, John
Lassise, Kevin™

Lee, Shawn, PE
Luccese, Joseph™
Muise, Ryan*®
Oberholzer, Raymond™
Smalls, Wayne P.
Viering, Arthur*
Wodka, Brian™

Branch Chief
Mechanical Engineer
Divsion of Technical Resources

Supvervisory General Engineer - Branch Chief USDTSB, DTR

Division of Technical Resources
Project Officer

General Engineer

Division of Technical Resources
Electrical Engineer

Division of Technical Resources
Divsion of Technical Resources
Division of Technical Resources
Electrical Engineer

Division of Technical Resources
Division of Technical Resources

301-402-7811
301-594-0118
301-881-3500
301-451-4954
703-533-0039
301-451-6361
301-451-1949
301-881-5120
301-402-3765
717-814-5498
703-533-0039
240-543-5724
301-402-8135
301-339-5480
410-576-0505

Utilities Engineering Branch (HNAM965)
Main Phone: 301-443-5680

Guan, Don, PhD, PE
Battick, Kevin™®
Brugh, Timothy™
Clifford, Brian
Corey, Kayla

Hu, Ping

Huang, Alex

John, Brendan™
Sreenivasan, Ram
Tao, Ye*
Torkashvan, Kayvan
Yang, Andrew

Branch Chief

Division of Technical Resources
Division of Technical Resources
General Engineer

Maximo Data Support

Mechanical Engineer

Division of Technical Resources
General Engineer

301-443-5585
703-932-5261
574-339-7310
301-435-7335
301-451-4469
301-451-4478
301-451-1328
631-338-5338
301-443-5585
269-962-2414

240-204-1210

Utilities Generation Branch (HNAM964)
Main Phone: 301-451-4478
Faxc: 301-402-0401

Nieves, Joseph D.
Wwarren, Sharon
Bentley, Bob
Cooley, Robert
Deng, Curtis

Fox, Johnnie
Gordon, Joseph
Gumapas, Leo, PE
Hill, Terrance
Hughes, Casey*
Lyon, Chris ®

Ma, Haitao

Madden, Brian™
Oormazdi, Armin
Ramcharan, Shivan*®
Ramcharan, Tiffany
Showe, James
Thomas, Ahmon
Velazquez-Cruz, Daniel
Wisehart, Eric

Branch Chief
Program Assistant

Student Trzinee (Admin Support)
Central Utility Plant Operation (Leader)

Division of Technical Resources

Environmental Compliance Officer

Boiler Plant Operator

Administrative Assistant - Technician - Clerk

Engineer cvil, mechanical
Division of Technical Resources

Purchaser, Inventory Control

Student Trzinee (Admin Support)

High Voltage Electrician

Maximo Administrator

301-451-4478
301-451-4469
301-451-4995
301-451-4469
301-402-0375
301-451-4493
301-429-1533
301-832-4320
301-4956-9040
301-827-6505
301-451-1188
301-594-1124
301-451-9398
301-451-3998
301-451-4576
301-402-0375
301-451-4494
301-451-4469

301-402-0375
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CUP Organizational Structure (Continued)

NIH )

Central Utility Plant Operation & Maintenance

Mayberry, Donald
Sadler, Dax
Brewer, Anthony
Cannon, Paul E.
Clark, Jamie
Dueng, Cuong
Harrod, Anthony
Hawkins, Darrell
Martin, James M.
Messer, Timothy

Chief (CUP) Operation and Maintenance
Mechanical Maintenance Supervisor
Maintenance Mechanic (Boiler Leader)
Maintenzance Mechanic

Maintenznce Mechanic

Maintenance Mechanic

Maintenznce Mechanic

Maintenance Mechanic (Chill Leader)
Maintenzance Mechanic

Maintenzance Mechanic

301-451-3593
301-451-1188
301-451-4475
301-451-1188
301-451-1188
301-451-1188
301-451-3593
301-451-1188
301-451-4475
301-451-1188

Cogeneration Plant Operation
Main Phone: 301-402-5522

Prideaux, Michael*
Weibert, Scott™*

(CRQ) Control Room Operator
Plant Manager

301-402-5522
301-402-5522

CUP Operation & Maintenance (Shift A)

Fuqua, Larry A.

Boiler Plant Operator Supervisor

301-451-3593

England, Milton Boiler Plant Operator (Supervisor) 301-451-4489
Pickens, Benjamin C. Boiler Plant Operator ( Leader) 301-451-4489
| CUP Operation & Maintenance (Shift B) |
Jones, Brian Boiler Plant Operator (Supervisor) 301-451-4493
| CUP Operation & Maintenance (Shift C} |
Reid, Darius Boiler Plant Operator (Supervisor) 301-451-4492
Washington, Edward Boiler Plant Operator (Leader) 301-451-4494
Cooke, Kelvin E. Central Utility Plant Operation 301-451-4475

Utilities Control & Instrumentation Section
Main Phone: 240-507-3290

Vergara, Andres
Belcher, John
Armstrong, Joseph
Asano, Tiyo

Foye, Glenwood
Gomes, Andrew, PhD
Hooks, Nicholas
Huffman, Kevin
Lawrence, Thomas M,
Meyer, David

Mundy, James
Pajardo, Joseph
Taluckder, Mohammed
Tolbert, Brandon
Wagner, Brandon D.
Young, William

Chief Utilities Control and Instrumentation Section
Instrument Lab (Supervisor)

High Voltage Electrician

Division of Technical Resources

High Voltage Electrician (Leader)

Physical Scientist

High Voltage Electrician

Instrument Technician

Program Support, Asset Manager

High Voltage Electrician

High Voltage Electrician

Shift Electrician

Electrical Supervisor

Instrument Technician

Facility Operations and Maintenance staff

301-451-3527
301-451-4476
301-451-3527
301-451-3527
301-496-2719
301-435-2107
301-451-4469
301-451-4487
301-451-4488
301-451-2454
301-451-4488
301-451-3527
301-451-4488
301-496-2719
301-451-3527
301-451-4487
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CUP Organizational Structure (Continued)
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Utilities Distribution Branch (HNAM266)
Main Phone: 301-402-2848

Mases, Daniel, PE
Biser Jr. Donald
Daniels, Michael
Goughnour, Mark
Leas, Douglas
Rand, Presley
Rendzll, Frederick
Sudek, George

Tran, William
* indicates Contractor or Consultant

Branch Chief

General Engineer
Electrical Enginesr
Engineering Technician
Engingering Technician
Engingeering Technician
Maintenance Mechanic
Engineering Technician
General Engineer

301-402-2848
301-443-8124
301-402-5593
301-443-1567
301-451-4473
301-451-4479
301-451-4469
301-594-0677
301-480-9872
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« One of the largest CUPs under one roof

— Provides campus with chilled water, steam, electricity,
and compressed air

« CUP Components

— Twelve 5,000 Ton capacity chillers
— 7.9 million gal CHW thermal storage tank
— 5 million gal Industrial Water System R

— Five gas/ diesel dual fuel fired boilers
« 800 KPPH, 980 KPPH with Cogen

« Cogeneration Power Plant

— One of the largest US government Cogen plants
— 23 MW, 180KPPH steam (40% of campus demand)

10
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Multiple Energy Sources and Equipment Configuration Options
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Cogeneration Plant

Cogeneration Plant Benefits

One of Lowest Emission Cogen in the world!!
~ $12 Million Per Year Savings in Energy

Cogeneration Energy Savings is Equivalent to Energy Usage
of ~ 5,000 typical homes

Reduce CO, Emissions Equivalent to Emissions from
10,000 typical cars.

12
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Data Platform Leads Operational Paradigm Shift

To ay

Sufficient/reliable data support decision making

4 ) |
You can't manage what you

Live dashboard reporting; automatic fault detection = High Reliability can't measure!

Predictive maintenance

Fully trained staff
Operation/Maintenance using fully documented SOPs
Load forecasting and optimization program

Data is the foundation for operating the plant safely, reliably,
efficiently and as cost effectively as possible. 13
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Evolving Use of Data

NIH Central Utility Plant Real-time Data Collection

633,000
data points

480
data points

12 million
data points

5 million
data points

20.6 million
data points

34.6 million
data points

22013

® 480 data points recorded
manually per day

. . er da
® Equipment real-time P Y

operating data not recorded

recarded automatically

15 conducted
automatically per day to
optimize plant operation
reliability and efficiency

02016

® 12 million data points
recorded automatically
per day through historian
data platform, critical

for plant operations;
advanced calculations
used for optimization

recorded automatically
per day through a
historian data platform,
critical for plant
operation, management,
and funding application

Reads per day by system type (2013)

e
{ @ National Institutes of Health
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Division of Technical Resources
Office of Research Facilities

0-20

Electrical
Monitoring
N/JA

Campus Load
Monitoring
L4}

over 5,000 continuously
running analyses

Cogen
1,500,000

92017

® 20.6 million data points
recorded automatically
per day through historian
data platform, critical

for plant operations;
advanced calculations
used for optimization

Reads per day by system type (2018)

Chiller Plant Boiler Plant Over 1,000,000 ) Campus Load
23 437 advanced calculations Monitoring
Water Treatment conducted per day from 250,000

Electrical
Manitoring
5,150,000

Water
Treatrment
4,500,000

©2018

® 34.6 million,
real-time and future
data points recorded
automatically through
historian data platform,
critical for plant
operations; advanced
calculations used for
optimization

34,550,000

Chiller Plant
15,000,000

Boiler Plant
8,150,000 1 4
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Web-based Executive Level Summaries and Reporting
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High level, executive daily performance data accessible with 1 click
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View Page 2
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) View Page 1
System Peak Value Duration DBCF)  WEBCF)  xof Units Time Tower Lst Daily Avg coc Daity Avg| Boiler Conductivity
wrtme | Status runtime| 50 Setpoint Dally Sec CHW Temperature Daily CHW: KW/Ton
= = - " ‘Steam (Boder + Cogen) 1251 kpph 1231 min 455 a2 1,4, &1s CLT16_18 BLRT
Tempersture Humdiy DryBulb WetBuls o s amimn @3 @z e ass s e 24t - k
Chiler Plart Prodution Daiy Chiler Plant Pradiuctian Dy Canderser Water Makeup Uty Erncerns 10AM-10AM Amourt Delta o — B - - nA — §
s E
s Pl (0034030 1238 5 mmeTU 197w . — .
- P 1220 sy o . —
H
: H e Vsage ot Eatimaied Cost Gelta (4 our sy T _—
: z = ———
-4 3 Ths Daily Decoupier Flow Daily Stearn Header Pressure
K o . s
; i e 1258 4Gal 51,7 v < —_—
- . Bailer + Cogen Makew Jry— s1,73 g v s —_—— B
= ot
Crbsten . S1,23 as% N == T i — g ————
Total Makeup (incl Cogen) 125.4lGal £1,2: EX v s Uu
7 n iy Summary Amount Eotimatod oot Gotta (34 o) am “oni eEed. i -
Copacty  ChilesProduction Chillrs~ Free Cooling p
B
cyacen  ABANW E .
Steam Productian: Boders & Cagen Steam Plank Praductian by Saurce: Daily Baler Plart / Cagen Makeup and Candersate Retun Bectichy (excl Cogen) 51,73 a1 L 2ams
i B Natural Gas (exci Cogen) 12345 ksef sz EE v anes —_— Daily COGEN MW
Gy P - - - - e
£ Boiler > Diesel Ol (B + Aurc BiE) osgy £1,2m o - Siee —
H wor
g Q L svevarcocomen  amaica s1,2m 8% v GRe y ] o E
H 0 Hr
E Tota siz3e5 e B r = =TT
e Y . — E] L — stwe
T g T T TS0 gians of G e daeered om 3 Foprovimalaty § gulions of o THes = O3 |
have been delivered ouer the previous week. 0 sux boilers online, 0 goh sug (1.1]
1Day BolerStatws
o S ———— 30 Day BLR Runtime (hrs) Dally CUP Electrical Eneray Use & Cost Daily Boiler Plant Electrical Eneray Breakdown
-
o L L u u 30 Day Boiler Status
Bt BoilerGas  BoilerQi  Cogen  AucEoiler PlantMaskeup  Condensate Retum  Condensate Target w
o . T Pt
o o ki ond et T e 10 o et T o
=
. 10y Cilr S B e e e e e E
aer
e e e —————
o - A -
chat N A= e
e ¢ -— : - .
oy e e + orne nna e rmacus o Pmecuo: u u o
e DAFD Fan P Pumy o
o . 30 Day CHL Runtime (hrs) DWFDFan AW Pump RO Pump
s u Asset Elctric Use (i) Cast (8)
aur Indlocp  Evapors 30 Day Chiller Status Daily Chiller Plant Electrical Eneray Breakdown
aus = = oE = = = cniz
. - = SolerGas Eecric  Of  Sewage TmpGas Water Seclomao1®  Eunar ez
Otis Running Fowed Ouage © Poane Suage ez Boiler Plant 17:s 125
iz
e =
ey
e
ey e 17:s 12ms Em
- [ | aHuz 1 1 = 2 2
R —
T o Gffline = Running = Forced Outage | ¢ Flanmed Cutage w 1 2 2 ] 1’
To be detormined e 175 = -

Pump  CT fans

15


http://www.nih.gov/icd/od/ocpl/resources/HHS_Sone.htm







National Institutes of Health
Office of Management

Data Platform Powers the CUP Control Room
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Actionable Operational Intelligence & Fault Detection

Data Platform provides operators actionable intelligence,

in-time Root Cause Analysis, and Shift performance

Status

The formulae %

2 )erio-m for building .2 ((xx)

ias State of the art

Aboul~  Finances-  Engineering-  Environmental-  Links~

biomedical research facilities.

Admin-

Operation 96 Hour Event Log

Start Time

4/2/2018 101:00:22
PM

4/6/2018 2:18:21 PM

4/5/2018 101:57:43
PM
4/3/2018 102:18:36
PM
4/4/2018 100:09:22
AM
4/4/2018 100:02:36
PM

4/6/2018 2:15:52 PM

4/6/2018 2:13:36 PM

4/6/2018 8:25:51 AM
4/6/2018 6:00:52 AM

Duration

Active Event

52 minutes

Active Event

Active Event

Active Event

Active Event

54 minutes

56 minutes

5 hours

8 hours

System Description

Chiller_Plant/Chl27/OperationsChiller Load HiHi Alarm (>105%)
Chiller_Plant/Chl24/OperationsChl_Load_HiHi

Chiller_Plant/Chl17/OperationsChiller Load HiHi Alarm (>105%)
Chiller_Plant/Chl21/OperationsChiller Load Lo Warning (<65%)
Chiller_Plant/Chl27/OperationsChiller Load HiHi Alarm (>105%)
Chiller_Plant/Chl20/OperationsChiller Load HiHi Alarm (>105%)

Chiller_Plant/Chl25/OperationsChl_Load_HiHi

Chiller_Plant/Chl21/OperationsChl_Load_Lo

Chiller_Plant/Chl24/OperationsChl_Load_HiHi
Chiller_Plant/Chl25/0perationsChl_Load_HiHi

Home

NIH.gov

Privacy  Accessibility

Recommendation

Chiller Load Above HiHi
Alarm (>105%)

Chiller Load Above HiHi
Alarm (>105%)

Chiller Load Above HiHi
Alarm (>105%)

Chiller Load Below LoLo
Alarm (<60%)

Chiller Load Above HiHi
Alarm (>105%)

Chiller Load Above HiHi
Alarm (>105%)

Chiller Load Above HiHi
Alarm (>105%)

Chiller Load Below LoLo
Alarm (<60%)

Chiller Load
Chiller Load

hillar | AanA Alees i

huanga2 -

Current
Reading

Load:

Load:

Load:

Load:

Load:

Load:

Load:

Load:

Load:
Load:

0%

64.1%

0%

0%

0%

0%

69.5%

0%

64.1%
69.5%

m
<
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s
~
e
s
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) Go-For-Green Performance April 2018
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Humidity:mm
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Boiler 4 Tuning (Gas)
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Reliability-Centered Maintenance Program

National Institutes of Health
Office of Management
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Vision for Maximo

PMs

Based on
Condition
Monitoring

Capital
projects

PLANNED WORK

and
Reliability-Centered Maintenance Program

Asset, Work and Resource Management

Reporting & Integration Analysis

KPIs, Predict Equipment Performance, Calibration, Health In

MANAGE
WORK
PROGRAM

(Theory of Constraints
Throughput:
Operating Expense)

|

Job Plans

Safety Plans
Schedule

UNPLANNED WORK

dex

Inventory

Services

Labor
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Moving Assets Management Forward!
Major 6 Elements

1. Digitization of all major assets using Internet of Things (loT)

2. Distributed Database - No single point of failure

= Users will not interfere with each other when accessing / manipulating data
= Every node is an “administrator”

» Speed—Files are retrieved from nearest location

» |f one site fails-system can still run

= Need to work on synchronization of multiple database

3. Transparent data and none corruptible
4. Authentication- Trend analysis and crowdsourcing on assets conditions
5. Audit — Performance is transparent and verified

6. Benchmarking
21
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Reliability-Centered Maintenance Program
Operational KPIs and Automatic Early Fault Detection
- Data should flag the issues - our website can identify the dynamic events and potential problems for
Operators and Engineers to respond and review
KPI CHTi;SF’W w{jm D*E.“ﬁ” ‘E‘gﬁ"” D;Tm Dfn} i'ii“:é"ﬁ ADE‘::oach g?w?;‘m w_/'nm
i O T N N 7Y
CONDITION u«m I‘m i:;;,:, ’,:”m.:'? 5;;';;:: F?:;} \.l\;é‘;":m FL;;:H’ .;”;%"a ,?;E, (:%“F, rls;] |\,;;,5,\ ,;é?, ,,;;;5],,‘ ,;“:.:.;m ie%i

o o o {
e N6 -I-- -l-- -I-I
\ K Incident review

o —tr V) V) T
< mm‘msm Comments for system Chi21

cnte _omtr
Systems (0 0

N~

h | L | h | X A 4 v o
5 5 5 = ¥ Failure
I . 2 Incresme Cn srement | Menusyagu e R = i View PIVI
:;?p: i) Egr;:,c,:se( arfﬁ I:Sf! Gemmaryfw | | Addachiler [ ey Heiteorifioe Sop crer ¢ || Mermaga Conditions E:ev " mw::"nem e
s - i e [k possbie) | | loaging facior e possbie | | Gt
2w .
¥
D % em Sce . May tr chiler
o Bag 10 mus Failure
vk Effects Comments:
—_— Created by Created on Comment
NiH\johnba 2018-03-29T17:18:54.6967578Z
A NiH\johnba 2018-03-29T17:55:45.2436675Z Here's a comment that appears in Pl Vision
v e NiH\johnba 2018-03-29T17:57:12.0749373Z ‘Another comment
NIH\|ohnba 2018-04-02T20:37:52.6456533Z Test with new systems.
Daorat Suggested . ¥
oisiee Lot
chiller

R ET
- o,
m National Institutes of Health
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Calibration Program

To avoid GIGO, Calibration and online cross platform validation improve the data quality

Allows for visual reporting and status checks on calibration program
Strides are being made on error propagation and more rigorous standards

Chiller System Calibration

100%

Chiller 16
Chiller 17
Chiller 18
Chiller 19
Chiller 21
Chiller 22
Chiller 23
Chiller 24
Chiller 25
Chiller 26
Chiller 27

Click a Button Below for System P&IDs

File éﬁ Find Wi |Chillel 16 v
Chiller 16
0 50
o 40
wm
5 30
w
w 20
Q
w
S
] Flow Meters Temp RTDS Temp Press Press Switches
= Transmitters Gauges Transmitters Gauges
Sensor Type

mCalibrated ®Uncalibrated DEExpected

Boiler System Calibration

Click a Button Below for System P&IDs

file EEYE view: [Boiter2 ¥ ]
Boiler 2

35
E 30
c 25
& 20
T 15
T 10 . -
€5
5, W

Flow Meters Temp RTDS Temp Press Press Switches

Transmitters Gauges Transmitters Gauges
Sensor Type

mCalibrated ®Uncalibrated DOExpected
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Alarm/Operation Notification and Mobility

Comments

Add Cormment

Add

Actions and Comments (3)

MNIH\huangaZ2 commented

21 hours ago

Eniler & tripped due to the drum
water level switch (1ow cutoff) Cx
test. B3 also tripped. Operator is
restarting the boilers

NIH\huangaZ2 acknowledged v
this event
21 hours ago

L L .
arm 10m  11m

Motification sent to §
subscriber(s).
adayago

| Utility Plant ~ 10/21/2016

02/15 10:20

NIH Central Utility Plant

Home
sm

CHILLED WATER SYSTEM STEAM SYSTEM Cogen

CHWSUPTEWP: 86 KW EFFICENCY: EED

DECUP FLOW:

STEAM FLOW. 1 |Vt or & homistr
[ L
Eicetrical
D istribation Steam Systems 5 oner ot
chitler 12,
Lo Pt <> Steam Flow 400,95 KPPH
Ghitiec 16 Pressure 164.48 psi N r—
<> Gas Flow 291.52
Crhmer s, Gil Flow 005 GPH
<> Makeup Flow 26364 GPM
chitior 13 )
<> Chill Water Systems
e 2, Tons on's.
O cuma s Bec Comp 946048 T
o ) FoS KW Ton 073
<> chitir2p St Comp  PPHTon 815
O o FC. Tons 0.0 Tons
r tinine FC. kWWiTon 0.00
FC. O F.C. Systan Leaving ChwT 4502 °F

1| [

B Operstion(Ofine

Decup Flow
Daily Makeup

11272.45 GPM
64041.47 gal

e i
Weather
= s,
oy i
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h Digitization of Plant Operations - Operator Shift Turnover Website

Asset status, work orders closed and submitted, alarms, live log, message to the next shift

The formulae % 2= e s Sor building %

+ state of the art - 4 e : - biomedical research facilities.

Shift Logging (Beta)  LiveLog  Turnover Report  2019-1-18 6:00AM-6:00PM (Shift D, Day)

Turnover Pages Chiller Statuses
[Srtworkers | Is the data correct?
[Assetétzms ]O Yesg
2 No
CT-status
= e [
[Chiller—additbnal ]
= | cie [
T ce [
[Boiler—a‘ld'm'unal ] P
— oo S R
Back
[ Maint-wo-additional ] -
Crra— 2t [
(T — ez I
[ Flant-levsl-slarms ]
TR .,
[W‘aﬁeﬂ:hem—wn ]
oo cize [
[Wanemhenisny-anunimaj ]
— 1 cizs [
[ cize [
[ Meszages-specizized ]
o | iz |

| 1/18 06:00 | 118 07:30 | 1/18 09:00 | 1/18 10:30 | 1418 12:00 | 116 13:30 | 1/18 15:00 | 118 16:30
I Standby B  Running (Elec® ForcedOut ™7 Planned Out M Running (Turb/®  No Data
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Boiler Feed YWater Round

Description Value Units % compliance

Conductivity Daily Rounds 22.73 uS/cm
pH Daily Rounds 9.51
02 Concentration DaityRounds 3.3 ppb

Hardness Daily Rounds 0

Steam Condensate Return Round

Description Value pjts % compliance

CRC Amine Daily Round 436 ppm

Soft Water Round

Description Value Units % compliance

Hardness Daily Rounds 0 ppm 100

B2 Round

Description Value Units % compliance

Feed ORP Round Data 360 my

nlet Water Conductivity RoundData 990 uSicr

995 uScm g0 .

Pameate ORP Round Data 252 my

Outlet Conductiv ity Round Data

RO Filter Pressure Drop

Digitization of Plant Operations

Boiler Round Data

Boiler 16 Conductivity Live

RO 1 Round

Description
Inlet Hardness Daily Rount 0

Inlet ORP Daily Rounds 283 mv
RO filter pressure drop

Outlet Conductivity Daily | 6  u$/cm

Outlet pH Daily Rounds 9.36

Inlet pH Daily Rounds 9.07

RO 2 Round
Description
Inlet Hard ness Daily Round 1D
Outlet ORP Daily Rounds 160 mvy
RO filter pressure drop
Outlet Corductiv ity Daily Rounds
Outlet pH Daily Rounds

Inlet pH Daily Rounds

Value Units % compliance

100

60

o [

60

Value Units % compliance

100

» [l

60

Description

Boiler 1 Conudctivity
Boiler 2 Conductivity
Boiler 3 Con ductivity
Boiler 4 Condu ctivity

Boiler 5 Con ductivity

Boiler 1 Rounds

Description
Palk D aily Rounds

Polymer Daily Rounds
Sulfite Daily Rounds

Boiler 2 Rounds

Description
Palk DAly Rounds
Polymer Daily Rounds

Sulfite Daily Rounds

uSicm

2244.91

2306.99

2329.95

2314.99

2178.71

% compliance

100

100

100

100

100

Ppm % compliance

350

322

150

PPM

200

147

60

90

% compliance

«

30

30

Description

Description

Palk DAlly Rounds
Polymer Daily Rounds

Sulfite Daily Rounds

m National Institutes of Health
Office of Management

Boiler 3 Rounds

Ppm % compliance

Palk DAily Rounds 350 an

Polymer Daily Rounds 496 100

Sulfite Daily Rounds 160 0

Boiler 4 Rounds

Ppm % compliance

Palk DAily Rounds 350 100
Polymer Daily Rounds 418 100

Sulfite Daily Rounds 180 0

Boiler 5 Rounds

Description Ppm * complance

400 Fil .

428 90

200 10
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Digitization of Plant Operations — Steam Turbine Readiness Checklist

[ Chiller 22/ 23}

Ensure that the three condenser and surface condenser
Qperator . . .
isolation valves are properly lined up
The surface condenser water inlet valve {SCIV-22) and
the surface condenser outlet valve (SCOV-22)
should be Open, and the condenser outlet valve
(COV-22) from the chiller condenser should be Closed.

This is the lineup of the condenser water |
system to operate the surface condenser

Operator c Ensure that the chiller and condenser barrels have heen
properly vented.

Operator c Ensure that the emergency stop button is pulled out.

27
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Plant Operations — Free Cooling

The Weather Forecaster model gives Plant Operators 12 hours advance notice of when to operate the Free Cooling system
based on anticipated ambient conditions and projected campus chilled water loads.

300 400 500 6:00
ver Tons. ¢ Total Free Cooling Condenser Water Tons.

Free Cooling (03 Hrs 00 Mins Until Free Cooling Should Be On | u
- [ 1) Faveratie westher for et = hours

Qutgide Dry Bulb Greater Than 40F
Weather
D

CHWR - Wet Bulb =TF

D Cooling Towsr 22/22 Basin < 85F

Basin Temp 50.9 7 er O Chiller 22 & 23 OFF
Basin Temp

Cdw Pumps

s el Chilled Water  Heat Exchanger 1 || Heat Exchanger 2 | Heat Exchanger 3 || Heat Exchanger4 ||

From Chillers. l i To Chillers. Flow 0.0 GPM 263.4 GPM 353.7 GPM 0.0 GPM

Free Cooling Sup_ply Press 106.8 psi 106.7 psi 106.7 psi 106.7 psi
Leaving Temp 52.3°F 532 °F 521°F 528 °F
Return Press 105.0 psi 105.1 psi 105.1 psi 104.9 psi
Entering Temp 563 °F 573 °F 559 F 571°F
Diff Pressure 0.0 psi 3.3 psi 3.4 psi 0.0 psi

r Difiilemg 0.0 F 41°F 38 F 00°F
Chw Pumps Tonnage 0.0 Tons 0.0 Tons 0.0 Tons (.0 Tons
Pump 1 0.0 KN Cond. Water Heat Exchanger 1 | Heat Exchanger2 | Heat Exchanger3 [ Heat Exchanger 4

Flow 2227 GPM 80.0 GPM 41.2 GPM 0.0 GPM
‘ ‘ | | Supply Press 27.4 psi 273 psi 27.6 psi 27.4 psi

Leaving Temp 558 °F 56.5 °F 549 °F 555°F

Return Press 249 psi 251 psi 24.9 psi 24.7 psi

_‘_ —

| Entering Temp 536 °F 555 °F 53.5 °F 54.2°F
- _“ | Diff Pressure 0.1 psi -0.3 psig 0.3 psi
Diff Temp 21°F 1.0°F 14°F

Tonnage 0.0 Tons 0.0 Tons 0.0 Tons

Heat Exchanger 1  Heat Exchanger2  Heat Exchanger 3
Fouling Factor 0.0 0.0
HX Coefficient 00 | 0.0 00 |

Fouling Factor : Represents resistance to heat flux through heat exchangers due fo built |ﬁg fouling
bsti on hea h surfaces. Lower factor indicates less fouling, thus higher iency.

- — I
HX Coefficient : Represents heat flux across heat exchanger per unit DT between CHW and CW.
A higher HX coefficient represents more effective heat transfer and higher efficiency.

Chiller 16 Chiller 17 Chiller 18 Chiller 19 Chiller 20 Chiller 21 Chiller 22 Chiller 23 Chiller 24 Chiller 25 Chiller 26 Chiller 27
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Optimize Processes/Operation with Lean Six Sigma
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Application Supervised Machine Learning (ML)

We use ML probability to make decisions or predictions with a reasonable degree of certainty.

Past Future

model/
predictor,

30
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Cross-Functional Optimization Decision Process Flowchart
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Optimization Using Machine Learning - Mixed Integer Non-Linear Optimization

T

EVERY 4 HOURS EVERY 1 HOUR
(Coramr ) Calculate |
CHARGE
Jl‘a TESS Tons & DISCHARGE
d . CMLENE Fump kKW ) l l
g ’T:i ZHEL AN For every hour, For every hour,
. variable ~Charge or load = load —TESS Tons | | load = load + TESS Tons
L " Dlscha'ge'-" _Tmal kW:TIIESS Pump kw_ Total kW:TIIESS Pump kW |
..-.-...-'-' '-_.... ...-..'.'.\....\. -.-' .\..\. m.m}mgﬂ
_“Dryhull 5+
oFFLINE et < 5 —yesw< "B oy OB predicted FC Flows, FC
[ ~ N Tons, & FC kKW
) e
3 MO NOD T ﬁ
i | Mo
£ R T
- Do NOT
run Free load = load — FC Tons
Coaoling Total kKW = Total KW + FC KW
|
Run
load = load — Total kW = Total ki + Chiller kW
Optimization | cponer Tons load —-300030000% rory) coer = Total kW x Cost
uzing initial
§ Chiller
& conditions
; 1 T (e
L= o = > 1 |
Caloulate kW & | [ alll
Tons conditions Turn & Chiller | . Turm a Chiller
Off Cm

I 1

I I
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Artificial Neural Network Based Load Forecaster and Error Analysis

96-hour Forecast Data

3 15000 500

14000

13000

12000

400

11000

10000

Max Number of Chillers
Steam (KPPH)

8000

Secondary Tonnage (Tons)

Projected Ambient Temperat

300
8000

7000

-6000

5000 200

1
4100 i d 411 i 12:00 18:00 /12 €:00 12:00 18:00 4/13e €00 12:00
17 Number of Chillers M Dry ulb B Wet Bulb M Humidity T Chance of Precipitation M Projected Secondary Tonnage Ml Projected Steam

Selted arce: YL20 TDAMAC L1810 T COAM

Wetefezssioal

Steam Forecaster Quality

Slean Stlwes

210118

Steam Farzcastv Actal

" [ [ [l
Ittty Uadsney sty i enty
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= Plant Optimization Asset Availability Website

Past Chiller Statuses Future Chiller Statuses

Constraints:

 Chiller/Boiler run time and availability
« Natural gas prices

 Electrical feeder load balance

 Limits of the individual chiller /free cooling capacity, flow, temp, etc. Optimization Animation
« TES tank status and capacity
* Load Forecasting and Energy Balance Chiller 24 Real Time Performance Curve

* PJM Electricity Price

* PJM Interconnection is a regional transmission organization (RTQO) that coordinates
the movement of wholesale electricity in all or parts of Delaware, lllinois, Indiana,
Kentucky, Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania,
Tennessee, Virginia, West Virginia and the District of Columbia.

Decision Variables:

* The chiller condenser evaporator flow, temp

* The load distribution among the chillers

» Free cooling flow, number of heat exchangers

» TES charge / discharge dispatch decision and flow

KWTOM

. 40 50 &0 70 80 a0 100 110
Loading (%) 33
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h Prescriptive Analytics by Machine Learning

Chiller Plant Optimization & Operation Recommendations
The objective: Minimize the total equivalent cost

Ll

Division of Technical Resources The National Institutes of Health
Office _of Research Facilitie

The constraints: e e e e e
- Chiller run time and availabiity e d
« Limits of the individual chiller /free cooling capacity, flow, temp S R e ol M el
« Load Forecasting and Energy Balance ]
 Future PJM Electricity Price ot 4

ELET
The variables: 5 —
« The chiller condenser evaporator flow, temp o 2 —

* The load distribution among the chillers

Typical Suggestions:

* Run minimum number of chillers, shift more load to the more
efficient chillers or the steam turbine chiller, run more cooling
tower cells to reduce the tower return temp, or increase the
chilled water supply temp.
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Optimization Results and Recommendations

Typical Suggestions:

* Run minimum number of chillers, shift more load to the more efficient chillers or the steam turbine chiller, run more
cooling tower cells to reduce the tower return temp, or increase the chilled water supply temp.

FORECASTED WEATHER
0 e, W BTHUD e Drybuly = = = Electricity Cost
.

w 40 sx
> L ———
a0 T =
g 0 R
s =1 »
=

10

0

12:58:08 458:08 &58:08 125808 4.58:08 55808 125808 45808 85808

PM PM P AM AM AM PM P PM

CHILLED WATER SYSTEM COMPONENT MODES

s CHL COUNT s FCSTATUS s TESS MODE

3

2

1

7\
o/

0.078
0.076
0.074

0.072

0.068

0.066

L\

125808 45808 B58:08 125B:08 458:08 B:58:08 125808 4:58:08 8:58:08

PM Pl PM AM A AM PM PM i

Tons

2000

12:58:08 PM

14000

12000

10000

8000

6000

4000

2000

1]

12:58:08 PM

CHILLED WATER SYSTEM TONNAGE DISTRIBUTION

B TESS DISCHARGE ~— memsm FREECOOUING S CHILLER s FORECASTED

B:58:08 PM 12:58:08 AM 4:58:08 AM 8:58:08 AM 12:58:08 PM 4:58:08 PM 8:58:08 PM

Chiller Tonnage
16 —7 —Total

B:58:08 PM 12:58:08 AM 4:58:08 AM B:58:08 AM 12:58:08 PM 4:58:08 PM 8:58:08 PM
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Data Quality Management

Data Generation

DQ Dimensions Metric functions
Accuracy Acc = (Nev/N)
Completeness Comp = ( Nmv /N )
Consistency Cons = ( Nvrc /N )

Nev | Number of correct values

Nmy | Number of missing values

Nvre | Number of values that respects the constraints

N Total number of values (rows) of the sample Dataset

Online statistic scan

Identify the incorrect and missing data

Clean and update the data

Calibrate and maintain the sensors

Fix the data / interface communication errors
Error propagation and metrological standards

Data Utilization

Steam to Campus

Feed
Water |

Turbine
Steam

Soft Water

Steam

Water

Calculation Handbook and Change Management SOP
Daily / Monthly Dashboard Review SOP

Machine baseline and health check

Energy / mass/ cost balance and cross disciplinary
check

Text message & emails notifications

36


http://www.nih.gov/icd/od/ocpl/resources/HHS_Sone.htm

_F._...-ull"'“'ru vy,

APy

%“‘MH

m) National Institutes of Health
Office of Management

Real-time Data Quality Dashboard

Central Utility Plant Data Quality Overview
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Using GIS for Visualizing Campus Building Automation System Data

Integrate real-time data with open-source GIS to visualize real-time utility distribution information
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CUP Simulator B netionat institutes of Hearn

Operator training on normal and emergency scenarios, situation playback, evaluate innovative control
strategy and optimize the process
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Tangible Results — Financial

Millions of dollars saved despite increased utility costs & demand!

Bethesda Campus Energy & Water Billing

a0

$80mM

$7 0nd

$6 00

$5 00

$4 001

F30M

$200

$100

0

100%
. |
Q 16.2%

24.4%

Ot Mo Dec Jdan Feb Mar Apr May Jun Jul AuUg Sep
=14 FY15 =¥ 16 —FY17 =18
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Tangible Results - Reliability

Since FY14, no loss of control, no need for early
dismissal of office buildings

No impacts to patient safety or patient comfort

No impacts to cGMP space — temperature,
humidity, differential pressures and air change
rates

No impacts to research animals

No impacts to biospecimens stored in ultralow
temperature freezers

Scientists able to focus on science, vice
distractions associated with building issues

1-IVAL - Difterendal | Frossurcs

I

National Institutes of Health

Office of Management
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