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RETRIEVING PERFORMANCE RETRIEVING PERFORMANCE 
INFORMATION FROM YOUR LABINFORMATION FROM YOUR LAB

OBJECTIVESOBJECTIVES

�� Performance MeasurementPerformance Measurement

�� Performance BenchmarkingPerformance Benchmarking

�� Commissioning*Commissioning*

�� Performance Enhancement*Performance Enhancement*

* Topics for another discussion



Performance MeasurementPerformance Measurement

Essential ComponentsEssential Components

�� Energy Management and Controls Energy Management and Controls 

System (EMCS)System (EMCS)

�� Comprehensive MeteringComprehensive Metering

�� Information PortalsInformation Portals

�� Enhanced Trending Software or Enhanced Trending Software or 

Energy Information SystemEnergy Information System



Performance Measurement Performance Measurement 
TypesTypes

�� Electrical Load Electrical Load Disaggregation Disaggregation 

and Measurementand Measurement

•• Separate & Measure 3 Basic Separate & Measure 3 Basic 

Electrical ComponentsElectrical Components

�� Operational MonitoringOperational Monitoring

••Measure the Lab Ventilation, Measure the Lab Ventilation, 

Heating and Cooling Requirements, Heating and Cooling Requirements, 

and Other Relevant Operationsand Other Relevant Operations



Electrical Load Electrical Load DisaggregationDisaggregation

�� Separate 3 Basic Electrical Separate 3 Basic Electrical 

ComponentsComponents

•• Plug and Process LoadPlug and Process Load -- User User 

Controlled Controlled -- equipment usually not equipment usually not 

permanently affixed to buildingpermanently affixed to building

•• LightingLighting -- User and Facilities ControlledUser and Facilities Controlled

••MechanicalMechanical -- Facilities Controlled Facilities Controlled 

HVAC, Laboratory Supply and Exhaust HVAC, Laboratory Supply and Exhaust 

Equipment, Elevators, Pumps, Equipment, Elevators, Pumps, 

Compressors Etc.Compressors Etc.



Electric MeteringElectric Metering

�� Building Main Building Main -- Socketed Socketed Revenue Revenue 

Quality MeterQuality Meter

�� Distribution Circuits Distribution Circuits -- Networked Networked 

Electronic MetersElectronic Meters

�� Sub Panels with Mixed Loads Sub Panels with Mixed Loads --

Networked Circuit MonitorsNetworked Circuit Monitors



Revenue Quality 
Socketed Meter



Main MeterMain Meter

�� SocketedSocketed

�� ProgrammableProgrammable

�� Revenue QualityRevenue Quality

�� Memory StorageMemory Storage

•• Stored Demand Stored Demand 

ProfileProfile

�� ModemModem

�� KYZ Pulsed Output KYZ Pulsed Output 

to EMSto EMS



Sub Meters



Sub MetersSub Meters
�� Networked to EMCSNetworked to EMCS

•• ModbusModbus

•• N2N2

•• LonTalkLonTalk

�� True RMSTrue RMS

•• Accuracy with NonAccuracy with Non--

Linear LoadsLinear Loads

�� Easy Retrofit Easy Retrofit 

InstallationInstallation

�� Pulsed or 4Pulsed or 4--20 ma 20 ma 

Output AvailableOutput Available



Networked VFDs and 
Information Portals 



Variable Frequency DrivesVariable Frequency Drives
& Soft Start Controllers& Soft Start Controllers

�� Networked RSNetworked RS--485485

•• ModbusModbus

•• N2N2

•• LonTalkLonTalk

�� Energy Information Energy Information 

Mapped Into EMCSMapped Into EMCS

•• kWkW

•• % Command% Command

•• Power FactorPower Factor

•• AmperageAmperage

•• StatusStatus



Information PortalsInformation Portals

�� Provide Provide 

Operational Data Operational Data 

From 3rd Party From 3rd Party 

Equipment to Equipment to 

EMCSEMCS

�� ChillersChillers

�� GeneratorsGenerators

�� Lighting SystemsLighting Systems

�� Metering SystemsMetering Systems



Information PortalsInformation Portals

ExampleExample
�� Trane Trane Tracer Tracer 

Summit PanelSummit Panel

•• Bacnet Bacnet interface to interface to 

Metasys Metasys EMCSEMCS

•• kWkW

•• % Load% Load

•• Power FactorPower Factor

•• Other Operating Other Operating 

DataData



Electrical Circuit Load TypesElectrical Circuit Load Types
�� 480 Volt 3 Phase Circuits w/ Neutral480 Volt 3 Phase Circuits w/ Neutral

•• Large 3 Phase Fans, Pumps and Other Large 3 Phase Fans, Pumps and Other 

MechanicalMechanical

•• Large Process Load Large Process Load -- ResearchResearch

•• 277 Volt Lighting 277 Volt Lighting -- Majority of LightingMajority of Lighting

�� 208 Volt 3 Phase Circuits w/ Neutral208 Volt 3 Phase Circuits w/ Neutral

•• 208 Volt Mechanical208 Volt Mechanical

•• 208 Volt Process208 Volt Process

•• 120 Volt Plug Load120 Volt Plug Load

•• 120 Volt Lighting120 Volt Lighting



DisaggregationDisaggregation CalculationCalculation

�� Meter Data Collected by EMCSMeter Data Collected by EMCS

�� Use Addition and Subtraction of Use Addition and Subtraction of 

Meters to Isolate Load TypesMeters to Isolate Load Types

�� Calculation Performed by EMCS or Calculation Performed by EMCS or 

Energy Information System SoftwareEnergy Information System Software



Mechanical Loads - Meter 2 or 
Sum of VFDs and Portals
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Lighting Load Sum of 
Meter 3 and Meter 6
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Plug Load = Meter 4 
+ Meter 5 - Meter 6



Mechanical

Lighting

Plug & Process

Mixed Loads

Sub panels with 
Mechanical & 
Lighting Loads



Mixed LoadsMixed Loads

�� Use “Circuit Use “Circuit 

Monitors” to Monitors” to 

Monitor Power of Monitor Power of 

Odd Circuits in a Odd Circuits in a 

SubpanelSubpanel

�� RSRS--485 Networked 485 Networked 

and Mapped into and Mapped into 

EMCSEMCS



Operational MonitoringOperational Monitoring

Retrieving Operational Data From Your Retrieving Operational Data From Your 

LabLab

�� Air Flow MonitoringAir Flow Monitoring

�� Temperature Temperature 

�� Sash PositionSash Position

�� Cooling and Heating DemandCooling and Heating Demand

�� Exhaust System PerformanceExhaust System Performance



Laboratory Control SystemLaboratory Control System

�� Networked to EMCSNetworked to EMCS

�� Provides For Adjustment and Provides For Adjustment and 

Monitoring of Many Operational Monitoring of Many Operational 

PointsPoints

•• Fume Sash PositionFume Sash Position

•• Exhaust, Supply and General Exhaust Exhaust, Supply and General Exhaust 

FlowsFlows

•• Room Room Setpoints Setpoints and Temperaturesand Temperatures

•• Occupancy Occupancy 



VAV Laboratory Control SystemVAV Laboratory Control System
VAV Laboratory Control

Fume Hood System Operating Data Brought into 
EMCS Through a Network Gateway



VAV Laboratory Control SystemVAV Laboratory Control System
Operating 
Data

Graph of 
Average 
Sash Position 
& Total 
Exhaust and 
Supply CFM



Flow Monitoring For Constant Flow Monitoring For Constant 
Volume SystemsVolume Systems

�� Supply Flows Can Supply Flows Can 

Be Measured at the Be Measured at the 

Air Handler Using a Air Handler Using a 

Fan Inlet Flow RingFan Inlet Flow Ring

�� Provides Accurate Provides Accurate 

Measurement Measurement 

Using a Differential Using a Differential 

Pressure Pressure 

TransducerTransducer



Flow Monitoring For Constant Flow Monitoring For Constant 
Volume SystemsVolume Systems

�� Exhaust Flows Can Be Exhaust Flows Can Be 

Measured Using a Measured Using a Pitot Pitot 

Tube and Pressure Tube and Pressure 

TransducerTransducer

�� Traverse Velocity Traverse Velocity 

Measurements Taken Measurements Taken 

After Installation in After Installation in 

Duct for CalibrationDuct for Calibration

�� Square Root Extraction Square Root Extraction 

& CFM Calculation Done & CFM Calculation Done 

with EMCSwith EMCS



Heating & Cooling Energy Flow Heating & Cooling Energy Flow 
MeasurementMeasurement

�� BTU MeterBTU Meter

�� Flow, Supply and Flow, Supply and 

Return Temperature, Return Temperature, 

Accumulated BTU and Accumulated BTU and 

BTUHBTUH

�� Front Panel DisplayFront Panel Display

�� Networked to EMCSNetworked to EMCS



Performance Benchmarking Performance Benchmarking 
Using RealUsing Real--time Datatime Data

Essential ElementsEssential Elements

�� Metering and EMCSMetering and EMCS

�� Energy Information System or Energy Information System or 

Enhanced Trend Logging SystemEnhanced Trend Logging System



Basic Benchmarking Data Basic Benchmarking Data 
ElementsElements

�� Annual Energy Annual Energy 

CostsCosts

�� Annual GasAnnual Gas ThermsTherms

�� Annual kWhAnnual kWh

•• Total BuildingTotal Building

•• Ventilation Ventilation 

•• Cooling PlantCooling Plant

•• Lighting Lighting 

•• Plug/Process LoadPlug/Process Load

�� Peak Demand kWPeak Demand kW

•• Total BuildingTotal Building

•• VentilationVentilation

•• Cooling PlantCooling Plant

•• LightingLighting

•• Plug/Process LoadPlug/Process Load

�� Peak Cooling TonsPeak Cooling Tons

�� Average Cooling Average Cooling 

TonsTons



Basic Benchmarking Data Basic Benchmarking Data 
ElementsElements

�� Peak CFMPeak CFM

•• ExhaustExhaust

•• SupplySupply

•• General ExhaustGeneral Exhaust

�� Average CFMAverage CFM

•• ExhaustExhaust

•• SupplySupply

•• General ExhaustGeneral Exhaust

�� Room Room 

TemperaturesTemperatures

�� Relative HumidityRelative Humidity



Benchmarking Examples Using Benchmarking Examples Using 
Energy Information SystemEnergy Information System

Annual 
Electrical 
Cost

Utility 
Rates 
Modeled 
and 
Applied to 
Electrical 
Usage and 
Demand



Benchmarking Examples Using Benchmarking Examples Using 
Energy Information SystemEnergy Information System

Electrical 
Usage Per 
Month with 
Minimum, 
Average and 
Maximum 
Demand



Benchmarking Examples Using Benchmarking Examples Using 
Energy Information SystemEnergy Information System

Index Usage By Square Footage or Other Parameters, 
kWh and Therms Can Be Converted to kBTUs



Benchmarking Examples Using Benchmarking Examples Using 
Energy Information SystemEnergy Information System

Scatter Plots 
with Linear 
Regression

Graph Shows 
the Relationship 
Between 
Average Sash 
Position and 
Exhaust CFM



Benchmarking Examples Using Benchmarking Examples Using 
Energy Information SystemEnergy Information System

3D Surface 
Plot

Shows the 
Effect of 
Night 
Temperature 
Setback on 
Supply CFM



Energy Information SystemEnergy Information System

•Data are collected at   
the building
•A communication 
device dispatches data
•The data is sent to a 
database server via 
Internet.
•The database server 
stores and archives 
the data
•EIS users access the 
server remotely by a 
web browser

Slide taken from “Case Studies of Energy Information Systems and Related Technology, Operational Practices, Costs 
and Benefits” - Motegi, Piette, Kinney and Dewey



Keys To SuccessKeys To Success
�� New Buildings: Develop a metering New Buildings: Develop a metering 

standard and make sure it is standard and make sure it is 

designed into the job.designed into the job.

�� Use energy conservation rebates and Use energy conservation rebates and 

incentives available through your incentives available through your 

utility to fund your hardware and utility to fund your hardware and 

software systems.software systems.

�� Install as much metering as your Install as much metering as your 

budget permits budget permits -- a little information a little information 

can go a long waycan go a long way


