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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 
important 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
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CUP Organizational Structure (Continued)
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CUP Organizational Structure (Continued)
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NIH Central Utility Plant (CUP) Overview

10

• 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 
– 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)
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Energy 
Inputs
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Multiple Energy Sources and Equipment Configuration Options
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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 CO2 Emissions  Equivalent to Emissions from 
10,000 typical cars.

Cogeneration Plant
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Data Platform Leads Operational Paradigm Shift

You can't manage what you 
can't measure!

Data is the foundation for operating the plant safely, reliably, 
efficiently and as cost effectively as possible.
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Evolving Use of Data
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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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Data Platform Powers the CUP Control Room
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Actionable Operational Intelligence & Fault Detection 
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Data Platform provides operators actionable intelligence, 
in-time Root Cause Analysis, and Shift performance
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Reliability-Centered Maintenance Program 
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Vision for Maximo 
and 

Reliability-Centered Maintenance Program
Asset, Work and Resource Management

Reporting & Integration Analysis 
KPIs, Predict Equipment Performance, Calibration, Health Index

PMs
Based on 
Condition 
Monitoring 

Capital 
projects

PLANNED WORK

Job Plans
Safety Plans
Schedule

UNPLANNED WORK
Emergency

MANAGE
WORK

PROGRAM
(Theory of Constraints 
Throughput:
Operating Expense)

EXECUTE
WORK

MANAGE
RESOURCES

Financials

LaborServices

Inventory

Work orders, Project, 
Schedule, Budget

Critical Long Lead, 
Critical Available, None 
Critical- Long lead, etc..

Assets Useful life
Maintenance History
Manage Reorder 
value 
Visual Inspection
Run Hours
Work priority

Follow-on work
standardize work
SOP, Training,
decrease the 
amount of time 
required to 
perform tasks
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Moving Assets Management Forward! 
Major 6 Elements

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

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

 If 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
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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

Incident review
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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 
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Alarm/Operation Notification and Mobility  
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Digitization of Plant Operations - Operator Shift Turnover Website
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Asset status, work orders closed and submitted, alarms, live log, message to the next shift
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Digitization of Plant Operations 
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Digitization of Plant Operations – Steam Turbine Readiness Checklist
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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.
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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.

Training
Data

model/
predictor

Past

model/
predictor

Future

Testing
Data
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Optimization Using Machine Learning - Mixed Integer Non-Linear Optimization 
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Artificial Neural Network Based Load Forecaster and Error Analysis 
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Plant Optimization

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.
• TES tank status and capacity
• Load Forecasting and Energy Balance
• PJM Electricity Price

• PJM Interconnection is a regional transmission organization (RTO) that coordinates 
the movement of wholesale electricity in all or parts of Delaware, Illinois, 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
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Asset Availability Website

Optimization Animation
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Prescriptive Analytics by Machine Learning
Chiller Plant Optimization & Operation Recommendations 

The objective:   Minimize the total equivalent cost

The constraints:
• Chiller run time and availability
• Limits of the individual chiller /free cooling capacity, flow, temp
• Load Forecasting and Energy Balance
• Future PJM Electricity Price

The variables:
• The chiller condenser evaporator flow, temp
• 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.
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Data Quality Management 
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Data Generation Data Utilization

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

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
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Real-time Data Quality Dashboard
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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

39

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!

40

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


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 

41

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

	National Institutes of Health (NIH) Bethesda Campus �Central Utility Plant (CUP)�Data-Driven Operational Excellence��
	Slide Number 2
	NIH’s Bethesda Campus
	What Makes NIH CUP So Special?
	Organizational Alignment and Priorities
	Office of Research Facilities
	CUP Organizational Structure
	CUP Organizational Structure (Continued)
	CUP Organizational Structure (Continued)
	NIH Central Utility Plant (CUP) Overview
	Multiple Energy Sources and Equipment Configuration Options
	Slide Number 12
	Data Platform Leads Operational Paradigm Shift
	Evolving Use of Data
	Web-based Executive Level Summaries and Reporting
	Slide Number 16
	Data Platform Powers the CUP Control Room
	Actionable Operational Intelligence & Fault Detection 
	Slide Number 19
	Vision for Maximo �and �Reliability-Centered Maintenance Program 
	Moving Assets Management Forward! �Major 6 Elements
	Slide Number 22
	Calibration Program
	Alarm/Operation Notification and Mobility  
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Plant Operations – Free Cooling
	Optimize Processes/Operation with Lean Six Sigma
	Application Supervised Machine Learning (ML)
	Optimization Using Machine Learning - Mixed Integer Non-Linear Optimization 
	Artificial Neural Network Based Load Forecaster and Error Analysis 
	Plant Optimization
	Prescriptive Analytics by Machine Learning�Chiller Plant Optimization & Operation Recommendations 
	Optimization Results and Recommendations 
	Data Quality Management 
	Real-time Data Quality Dashboard
	Using GIS for Visualizing Campus Building Automation System Data
	Slide Number 39
	Tangible Results – Financial 
	Tangible Results - Reliability

