Smart Buildings: Driving Resilience, Efficiency and Change

Five Part Webinar Series
Episode Five

The Pl System as the engineering command center
of a complex cogeneration power plant
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Smart Building: Driving Resilience, Efficiency, and Change
Episode 1 Holistic Facility Optimization —Utilizing machine learning for dispatch,
fault detection and M&V
Episode 2 Smart & Secure Facilities Operations: A Data-Driven Framework

Episode 3  Achieving Savings through Improved Thermal Energy Storage Dispatch
and Data Science at UC Davis

Episode 4 Smart Buildings meet High Performance Buildings - Staying Ahead of the
Pack - Duquesne University

Recorded @ https://explore.osisoft.com/2020-qg2-facilties
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The Pl System as the engineering command
center of a complex cogeneration powerplant

Steven Lemay, Plant Manager, University of Massachusetts
Priscila Gameiro, Automation Engineer, Radix Engineering and Software

UMassAmbherst QDIX

The Commonwealth’s Flagship Campus
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g’ PI World SAN FRANCISCO 2020 #PIWorld  ©2020 OSlsoft, LLC 8



Topics in Agenda

* A little about the University of Massachusetts
* Business Challenges

e Technical Challenges

* Cybersecurity Concerns

* Work Carried Out

* Results Obtained And Business Impact
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The University of Massachusetts

UMassAmbherst QDIX

The Commonwealth’s Flagship Campus
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University of
Massachusetts

428,000 suiers

Approximately

1,300 faculty members
- 5,000 staff members

buildings, and infrastructure to the

A) Since 2004, expansion projects have
'| added $1 billion in new facilities,
il

campus.

85% Building Energy Use

06% Steam Distribution Heat Loss

09% In-Plant Steam Use for Process Loads

#PIWorld ©2020 OSlsoft, LLC

"



The University of Massachusetts

The CHP provides all ¢\ The tOtél eIectricz')I' _
steam for the campus, JITEECLOES > \;) generating capability is
which has a peak demand : 16.5 MW
of 330,000 Ibs/hr

* Campus peak electrical
demand is ~ 28 MW.

* Generally the CHP
produces 10-12 MW of
power, and output is closer
to capacity in the winter
(16.5MW)

Steam demand can be «
met with the HRSG
and 2 of the 3
package boilers

OSlsoft.
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Inside the Central Heating Plant

13.8KV BUS FOR CAMPUS

BOILER
e 200 Steam Turbine #1

10 MW b HRSG ,
Combustion
AR

Turbine
BOILER
BOILER ‘ ‘ ;

300 l l
;i 200 PSI
(g HEADER
HRSG = Heat Recovery Steam Generator ‘ ‘
All combustion units can burner either 20 PS| Steam
Natural Gas or Ultra Low Sulfur Diesel HEADER TO
85 PSI Steam > CAMPUS
OSlsoft. HEADER TO
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The Big Picture - Energy Command Center

51% 17% 1% 20% 8%
| ] [ Electricity Supply Summary

Utility Import, West .5MW

Combustion Turbines 10MW
Steam Turbines 3 MW
Solar PV 4.9MW

Utility Import, East 2MW
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Electrical FY19
Produced 67%
Solar 4%
Purchased 29%

#PIWorld  ©2020 OSlsoft, LLC

14



The Big Picture - Energy Command Center

Electricity Supply Summary

51% 17% 4% 20% 8%
Combustion Turbines 10MW ! Utility Import,
' | | West .5MW

Steam Turbines 3 MW -------- ! . |
Solar PV 4.9 MW ceemneenead L Utility Import, East 2MW
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Business Challenges

UMassAmbherst  QDIX

The Commonwealth’s Flagship Campus
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Business Challenges

A) The fast-growing student body™ and Wide variety of control systems,
g l l l Il new building projects continue to ,.) instrumentation, and multiple
NErease demanq for steam and network challenges feeding a data
electricity

driven approach to optimize

*Qver the last decade, the campus has seen a operations

17% increase in enrollment

Various plant configurations,
fluctuations in demand, weather,
and fuel prices make decision
making a complex task

@) Data is difficult to visualize
“ outside of the CHP control room
& due to cybersecurity concerns

OSlsoft.
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Technical Challenges

UMassAmbherst  QDIX

The Commonwealth’s Flagship Campus
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Technical Challenges

Data comes from multiple systems, networks and physical locations:

7N Rockwell [AD) .
Plant Instrumentation @ Automation & Allen-Bradley
Energy Production and Schneider @ e
Meters PElectric

. . EVERS=URCE
Price Information
4
METASYS & Johnson /})I('
BMS Information BY JOHNSON CONTROLS COI"ItI'DlS
Solar Turbines
Turbine Information A Caterpillar Company

OSlsoft.

PIWorld san rrancisco 2020
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Technical Challenges

@ Deliver better visibility
to Operators

Building a set of dashboards that
properly reflect the needs of
engineers and management teams

[T
=

Predict operating conditions that
-O- optimize costs and production given
dozens of possible plant
configurations

Add value to student education
a while maintaining campus
11 L
(01 T

I

]+
Jujs

1 cybersecurity

OSlsoft.

PIWorld san rrancisco 2020

Identifying instrument tags, KPls, and
organizing them into an intuitive

framework

Tracking fuel cost information
in real time

Operate plant more effectivel

y and

efficiently considering fluctuations in

demand, weather, and fuel pr

#PIWorld
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Work Carried Out

UMassAmherst  @QDIX

The Commonwealth’s Flagship Campus
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Work Carried Out
Phase 1

Process Monitoring and Asset

e Major Process Equipment
e Support equipment

e Collect data from a variety of systems
and historize

* Model the data
e Visualize the process

Phase 2

Process and Cost Optimization

* Real time price data
e Energy production

e Steam generation

e Optimization

OSlsoft.

PIWorld san rrancisco 2020

Solution

Phase 1

* Leverage OSIsoft Pl suite of interfaces

* An intuitive hierarchy for each piece of
equipment

» Use of Pl Asset Framework to store tags,
calculations, templates, analyses, and events

* Pl Vision dashboards to integrate with AF and
provide real time trend data and analytics to end
users

Phase 2

* Using Thermoflex to improve efficiency and
identify opportunities in the plant

e Use engineering analyses, Pl Analytics and Pl
event frames to assist plant engineers and
management.

#PIWorld  ©2020 OSlsoft, LLC
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Phase 1 — Architecture and Cybersecurity

The Pl System limits the direct access to critical system while expanding
the use of information the Topology used to allow the data security

_______

COLLECT

Pl

_______

OSlsoft.
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@ Pl Vision Dashboards

PI DataLink

ﬁ Advisory System
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Phase 1 - Dashboard

CHP Process Visalization Displays

Facilities & Campus Services

Process Flow Diagram 22412020 8:30-15 AM
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Phase 1 - Dashboard

Management Screen

Facilifies & Campus Servicas
Management Screen
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Phase 1 - Dashboard

Gas Turbine

Facilities & Campus Services

Gas Turbine 81912018 11:20:05 AM

Turbine Fuel Actual and Expected kW
GAS

KW Generation

10,195 kW
Stack Temp

Inlet Air Temp 367 °F

—
54.70 °F i Gas Flow 5,012 ke Eomh
Qil Flow 0 Raimin

Generator Gas-Flow

5,012 Ib/hr DUCT BURNERS
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Fuel Cost
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!
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Phase 1 - Dashboards

Pl Vision Screen Around the Campus

Facilites & Campus Services

Battery Energy Storage System

2/24/2020 8:33:39 AM

Charging Rate

6 156

Monthly Output Lifetime Output
99 % ’ 11

Annual Output

What's inside?

1,604 120 601,648  -4.000 KW-h Battery Energy Storage System

Current Month Current Month Current Month
for Tt o1 3 b e Lt urrent Mon - 360 Lithium-ion battery modules
.

41,475 3,111 15,553,256 - 1320 KW-h maximum charge or discharge capacity

Total Homes Total Cars Total Iphones
for a period of 3 hrs

C ) OSilsoft
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Phase 1 — Steam Meter Alerts

The solution implemented reduce the time response from 1-2 months to one 1 day and

maintenance cost

Steam Meter alert
considered the number
of events in 24hrs and
the temperature
outside the plant, to
alert the maintenance
team of problem.

) 0Oslsoft
PI SAN FRANCISCO 2020

O P ion
Steam Meters

Facilities & Campus Services

Steam Meters Current Value

Housing Buildings

Honors College
Baker

Brett

Brooks
Brown
Butterfield
Cance
Cashin
Chadboume
Coolidge
Crabiree
Dickinson

Dwight

Academic Buildings

Africa

Amold

Barflett

Chenoweth
Chenoweth(OldChenoweth)
CSC

Design Building

Dickinson

Draper

Elab

0.00

0.00

1,330.00

398.32

57.03

1,743.09 Ic

130

74.50 on

0.00 1

0.00
96.69
1,023.00

67 44

5142020 11:17:15 AM

Auxiliary Services Buildings

Berkshire DC
‘Campus Center LP
‘Campus Center MP
Frankiin DC
Hampden DG
Hampshire DC
Parking Garage
Student Union

Worcester DG

HZTZ015 1:00.00 Pl

ZIZ018 10000 P

HETE018 1:00:00 Pl

2ZT2018 1:00:00 P

Athletic Buildings

BoydenGym
Champion
Hicks

MullinsCenter

1,783.00
746.87
203.00

Pi Created

RecreationCenter 0.00

Totman

In Progress

Daily VValues
#PIWorld

Montly Values
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Phase 2 - Energy Efficiency Assessment

An energy assessment was performed to find useful information for the development of an
Advisory System tool to help operators keep the plant always operating at maximum possible

efficiency.

The assessment was divided in three main phases:

OSlsoft

o deln i [ Run different
modeling Equipment fit

according to scena.rlos with
equipment

e . vendor : fixed and
efinition o documentation defined on

fgz'grlfr’]r;zeés and real data previous step

+

Thermodynamic Design Engineering Design Offline design

Build the simulation Tune the simulation Run the scenarios

PlWorld san rrancisco 2020 #PIWorld
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Phase 2 - Scenario Definitions

Using the decision tree to chose the best

scenario according to the following variables:

= Ambient temperature
= Steam demand

* Power demand

» Photovoltaic capacity
= Fuel Type availability

?) osisoft
g& PlWorld san rrancisco 2020

@" & & & &
82 & & & 2
™ | i) ™ i)
Ambient Steam Power Photovolt. Fuel Type
Temp. Demand Demand
10 °F } I 220 kpph I
0 MW y NG
14 MW /
1MW / Fuel Oil
-/
30 °F } [ 150 kpph 18 MW % \
¥
\\ 2 MW Hydrid
23 MW
3.5 MW
60 °F } I 90 kpph
90 °F } [ 60 kpph I
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Phase 2 — Goals Achieved

OSilsoft.

Develop custom tools to store real time
price information

Compile representative operating
configurations of the CHP

Simulate the plant under configurations and
store model within the Pl system. About 150
scenarios simulated.

An operations advisory system for operators
and engineers

Develop visualizations to provide to plant
management to monitor cost savings

PlWorld san rrancisco 2020

#PIWorld
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Phase 2 — Scenarios Simulated

Conditions Optimal Configuration Results
= =
= £ | = e | & = - | T
c| S| E|E|E|.|g|_ |2|E|E|E|e|E|E|E|E
S|l S|l = | &gl | &8 |E|E|E|=2|=2|=2| &8|s5| 58| 8
D g | B | g s | 8| 2| 2| = | & | 2| 8 g | 8 H £ H
E -] E =9 =, 2 =] m ] re] = = = o E o o
= E ] | = 2 & 2 = = = w o 2
Sl &S| S| e|la|ls| 2| E|E|8| 85| 8| s|E|3
Elels| 2| || E|8|z|g|2|2|2|&|=2|a]6:
< | 3| 2| 8| T G 2| 3| & | & | & | = | &5 E
2| & & o | o |3 :
0w W
134 a0 ao 23 2 HY 100 0N 483 a8 35,5 0 ] o 11,183 |[10.138| 77.14 | 10,888
135 a0 a0 23 1 HY 100 0N 48,3 a8 35.5 0 ] o 11,183 |10.13&8( 77.14 | 11,888
138 ao ao 23 o HY 100 ON 48,3 a8 35.5 o ] o 11,183 |[10.135| 77.14 | 12,888
137 ag a0 18 35 HY 100 ON 483 g8 355 ] 0 o 11,183 [ 10,135 77,14 | 4,365
138 a0 ao 18 2 HY 100 0N 48,3 a8 35,5 o ] o 11,183 |10.135| 77.14 | 5,865
138 a0 ao 18 1 HY 100 0N 483 a8 35,5 o ] o 11,183 |10.135| 77,14 | 6,865
140 ao ao 18 o HY 100 0N 48,3 aa 35.5 o o ] 11,183 [10.138| 77,14 | 7,885
141 a0 ao 14 is HY 98,7 0N 434 a8 35.5 o ] o 11,128 | 10100 77,13 | 0,400
142 ao ao 14 2 HY 100 ON 48,3 a8 35.5 o ] o 11,183 |10.135( 77.14 | 1,885
143 ao ao 14 1 HY 100 N 42,3 a8 35,5 o ] ] 11,183 |10,138( 77,14 | 2,865
144 a0 ao 14 o HY 100 0N 48,3 a8 35,5 o ] o 11,183 |10.135( 77,14 | 3,865
) oslsoft
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Phase 2 — Scenarios Simulated and Pl System Integration

General Table  pefine Table Version
ScenariosTable
[ Foter oo
Temperature Steam Power Eh"m"' NG Availability Mode GTLoad GT Gas Flow Lo
apadty
3 220 18 2 High Natural Gas 100 133.57
10 220 1 2 Low Fuel oi 100 0
10 220 18 1 High Natural Gas 100 133.57
10 220 18 1 Low Fuel oi 100 o
. 10 220 18 0 High Natural Gas 100 133.57
The scenarios are o = b : b ;
10 220 1 2 High Natural Gas 89.1 115,13
H d h h 10 220 14 2 Low Fuel OI 100 0
I n teg ra te t ro u g 10 220 14 1 High Natural Gas 776 120.63
10 220 14 1 Low Fuel Oil 100 0
SQL Se rve r Ta b I e 10 220 14 0 High Natural Gas 8.3 125.75
10 220 14 0 Low Fuel oI 100 0
El 150 1 2 High Natural Gas 100 128.75
El 150 18 2 Low Fuel oI 100 0
El 150 18 1 High Natural Gas 100 128.75
El 150 18 1 Low Fuel oI 100 0
El 150 18 0 High Natural Gas 100 128.75
El 150 18 0 Low Fuel oI 100 0
30 150 14 2 High Matural Gas 78.4 116.26
E 150 14 2 Low Fuel oi 100 0
30 150 14 1 High Natural Gas 87.3 121.2
30 150 14 1 Low Fuel oi 100 0 v
< >

OSilsoft.
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Phase 2 - Dashboards

Pl Vision Advisory Screen

CAMPUS jshume Acnowedged
AVZV2019 11:40:00 AM

10222019 10:30:00 A CAMPUS jghume Acknowdedgad

Suggested Configuration Alerts

) OSilsoft
&“ PlWorld san rrancisco 2020 #PIWorld  ©2020 OSlsoft, LLC



Results Obtained And Business Impact

UMassAmbherst QDIX

The Commonwealth’s Flagship Campus
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Results Obtained And Business Impact

ECONOMIC IMPACT

Monitor fuel usage and costs
associated with production

Saving money by:

Make or Buy Energy decision
considering multiple fuels onsite,
and live market data

]

Integrating the Pl System and the
Energy Assessment Study

L
g

OSlsoft.

PIWorld san rrancisco 2020

Track Market data in real time
Electricity (LMP Day Ahead + Real Time)
Natural Gas Day Ahead
Static Contracted Prices and Volumes

Suggesting the most efficiently configuration
to run the plant.

Charge or Discharge Battery (Energy Storage
System)
Monitoring the cost of electricity and
campus demand to advise the best time
to dispatch this resource.

#PIWorld  ©2020 OSlsoft, LLC



Results Obtained And Business Impact

OPERATIONAL AWARENESS

Intuitive dashboards and

consolidated data allows operators

to have more insight into how their i -
plant is operating.

Energy production and
consumption data helps make

~— operating decisions and meet
campus demand.

g

OSlsoft.

PIWorld san rrancisco 2020

A

Management dashboards and
automatic reports make the
results easily accessible.

The created events frames
allow the maintenance team
to be alerted when a meter is
offline.

Integration of many different
system data in a unique one.

#PIWorld  ©2020 OSlsoft, LLC



Results Obtained And Business Impact

EDUCATIONAL IMPACT

Removing the CHP data from behind a firewall

~y allows the students to gain insight to the
T operation of their campus and advances the

University’s curriculum.

”J Another advance is to allow display the
||I|I production results to the entire campus

OSlsoft.

PIWorld san rrancisco 2020 #PIWorld  ©2020 OSisoft, LLC



Central Heating Plant UMassAmbherst

Goal: Collect, model, and visualize process z?md instrument data. Use the data to drive optimization The Commonwealth's Flagship Campus
efforts to reduce costs and meet an increasing demand.

CHALLENGES ’ SOLUTION ’ BENEFITS
*  Multiple data locations * Use Pl Interfaces e Datais available
outside of the control
* Dozens of plant * Pl Vision to create room
configurations intuitive dashboards

e Advisory screens

*  Fluctuations in ini:r;adwsory include real time cost
demand, weather, and y and savings
fuel prices * Analytics engine to information
Assisting decision store KPIs, cost *  Reduce operation cost
making for cost saving mfor.matlo.n, and by mgklng real time
configuration models decisions

and optimization

7 oslsoft
ZN Pl SAN FRANCISCO 2020 #PIWorld  ©2020 OSlsoft, LLC 39



Priscila Gameiro
Automation Engineer

Radix Engineering and Software

priscila.gameiro@radixeng.com.br

OSlsoft.
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Steven Lemay
CHP Plant Manager

University of Massachusetts

slemay@facil.umass.edu
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