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e Definitions, motivation, LBNL work in EMIS

e Common questions about EMIS use, and associated
LBNL resources

e Questions, discussion



EMIS Comprise a Family of Technologies

Whole Building Level EMIS System Level EMIS

Benchmarking and Monthly
Utility Bill Analysis

Building Automation System

Fault Detection and Diagnostics

Energy Information System

Automated System Optimization

Advanced EIS




EMIS Examples
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Energy Information Systems (EIS)

Hourly to 15-min interval meter data
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Motivating Context for EMIS

e Utility bills alone are insufficient to manage building energy use
e Building performance is not typically monitored and tracked

e Enormous savings are missed, efficiency is not maintained over
time




What is Compelling About EMIS?

e Continuous visualization and analysis of interval meter data

enables
— Site energy savings up to 20% through operational measures

— Persistence in efficient performance

e EMIS tools are beginning to offer automated measurement
and verification capability

e The same technology that drives the savings can be used to
verify the savings



LBNL Work in EMIS

Goals and Objectives

Increase adoption and capabilities of information systems for
monitoring, commissioning, diagnostics and benchmarking

Methods

Market characterization and best practice uses of existing tools,
processes

Technology enhancement and development of new tools
Technology cost/benefit, effectiveness assessments
Design and dissemination of guides, specifications, handbooks
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Common Questions About EMIS Use, and
Associated LBNL Resources
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1. How Do | Distinguish One EMIS Offering From

Another?

e Fault detection and diagnostics, energy analytics,
energy management system, optimization system

 Vendor websites look the same, many claim savings
of 20%, features sound the same

* Real time performance reports
* Trend analysis

 Carbon footprints

e Automated alerting

e Tailored information displays
 Configurable events/alarms

* KPI reporting

* Load prediction

* Baselining

* Whole-bldg anomaly detection
* ECM identification

* Dashboard views

* x-y plotting

 Highly configurable

*Eminently extensible »



EMIS Terminology/Characterization Framework

Tools with a Whole-building Energy Focus

Tools with a System-level Focus

Technology Benchmarking
attributes and Monthly Fault Detection Automated
Utility Bill Energy Information Advanced Energy Information | Building Automation | and Diagnostic System
Analysis Systems Systems Systems Systems Optimization
Typical Data | Whole-building Whole building Whole building Systems, components, | Systems, components, BAS trends
Scope
May include: submetering May include: submetering and | May include: system May include: whole-building or
system-level monitoring submetering system-level metering
Typical Data
Interval Hourly to 15-minute 15-minute and less
Maonthly
Frequency of
use Monthly, Daily, weekly, monthly Weekly, monthly
annually
Primary Utility bill Automated
Applications, | reconciliation, Whole-building or portfolio Control of indoor Automated modification of
Principal energy use and Whole-building or portfolio | energy tracking, and temperature, light, identification of | control
design cost tracking; energy tracking, and data automated interval data and humidity faults, parameters to
intent peer-to-peer visualization to identify analysis to identify setpoints based on sometimes with | optimize
building opportunities to improve opportunities to improve building schedule; associated efficiency, energy
comparisons of building operational building operational alarming of out-of- causes, usually use, and/or
energy use, efficiency. efficiency. range operations. HVAC focused. energy costs.

Other attributes include “AKA” names used in the industry, representative examples
of commercial offerings 12




2. Now That | Have Data, What Do | Do With It?

2011 Energy Information Handbook

. . . ENERGY
e Purpose: instructional resource detailing energy
and performance monitoring methods for INFORMATION
commercial buildings HANDBOOK

Applications for
Energy-Efficient

* Audience those with little experience in the use

of data Building

_ Operations
— Secondary: software developers and service

providers, control companies

* Relevant technologies: spectrum of
performance monitoring tools

13



Handbook Organization

Appendix
Fault Detection and Diagnostics
e Begins with TOC, Glossary, and
Fundamental Methods é_" |ntrOdUCti0n Chapter

Reporting and Tracking Methods _: E’%

Table of Contents i'_s =8 %3 Prlmary content Comprlses
minton A H ED three chapters of methods,
Target Aufience. 1 £ o o
S a HH ki each indicated by color
eml— A HH IE Last chapters are Fault
S 2 FH LB Detection and Diagnostics, and
Garbon Accounting 43 E_gi m; . °
g o N CH! |- an Appendix with
— = supplementary material
e : A
e . —

Lighting Eficiency. 120 157

Heating and Caoling Eficiency. 137 —

Energy Signature. 147 0

e e A

EIMHWW 158 17

mrynr:;:?m L - 14




List and Grouping of Analysis Methods

Reporting and Tracking Methods

_ Simple Tracking

—— Uility Cost Accounting

__ Internal Rate of Return

~— Carbon Accounting

—— Longitudinal Benchmarking
—— Cross-Sectional Benchmarking

Fundamental Methods

- Load Profiling
- Peak Load Analysis

— PV Monitoring

S Lnading i-lislngmms

—— Simple Baselines

—— Model Baselines

— Lighting Efficiency

~—— Heating and Cooling Efficiency

—— Energy Signature

Advanced Methods

—— Energy Savings

—— Cumulative Sum
~—— Anomaly Detection

18 analysis methods
grouped into three
chapters based on
shared characteristics

Organized from simpler
to more technically
complex

15



Summary Tables

At-a-glance summary tables to help reader identify useful
methods given data availability, systems of interest, level of
expertise

Applicable Building Systems

Minimum Data Requirements Interpretation of Method Output

- -

i e o | (@630 | |

e e e g R R b o toss |t o

Gas |Electric (\g»lalz El)ﬁ:?rm Hfgywdlg cEg‘!gg nggzldng Building Heating | Cooling | Lighting | | a0 EKIJPirlise Expe:»tise

Simple Tracking e o Simple Tracking bt ot bt bt d Simple Tracking | .
Utility Cost Accounting e o Utility Cost Accounting ot bt bt d e Utility Cost Accounting N
Internal Rate of Return e o ® Internal Rate of Relurn hd bt bt d bt Internal Rate of Retum |
Carbon Accounting ° o ® Carbon Accounting bt hd bt ° o Carbon Accounting |
Longitudinal Benchmarking e o ® Longitudinal Benchmarking bt hd o d hd Longitudinal Benchmarking | .
Cross-Sectional Benchmarking | @ @ [ ] Cross-Seclional Benchmarking ° b et e o Cross-Sectional Benchmarking |
Loading Profiling L) Loading Profiling ° b o ot o Loading Profiling | .
Peak Load Analysis ® Peak Load Analysis ® Peak Load Analysis | .
PV Monitoring ® PV Monitoring™ ® PV Monitoring B .
Loading Histograms ° Loading Histograms ® o Loading Histograms s
Simple Baselines ) Simple Baselines ® ® ® e ® Simple Baselines | .
Model Baselines [ AN ] ) Model Baselines ® L4 L4 ® ® Model Baselines - .
Lighting Eifficiency ® Lighting Efficiency ® Lighting Efficiency |
Healing and Cooling Efficiency ° ()] Heating and Cooling Efficiency ® ® Heating and Cooling Efficiency - .
Energy Signature ® Energy Signature [ ] ® ® Energy Signature - .
Energy Savings ® Energy Savings [ ) [ ] ® [ ] [ ] Energy Savings H
Cumulative Sum ® Cumulative Sum ] ° (] ] (] Cumulative Sum N
Anomaly Detection e o ® Anomaly Detection ® [ ] [ ] ® [ ] Anomaly Detection -



Presenter
Presentation Notes
Another part of the Introduction chapter provides at a glance tables to help the user identify methods that might be of use to them either based on the data they have, the systems they are interested in, or their level of expertise.


Sample Method, Summary Page

Fundamental Methods Loading Histograms

Purpose . o
Lna:ing histograms are used to evaluate whether HVAC equipment is properly sized Ea c h m et h Od begl n s WIt h a

and staged, given the operated condition of the building. They are useful in identifying

potential retrofit solutions and optimizing control of multi-unit staging. s u m m a ry page t h at i n CI u d es .

Applicable Systems N/
B‘,lYirI]dU‘l:'?g Heating Gaooling Lighting | Plug Loads Energy Manager
o o g - Purpose and use,
Interpretation Frequency of Use HH 8 . d .

Requires  Requires Facilitigs Manager l n CI u l ng a S u m m a ry
Fglinimym EDomal‘ln Continuous | Monthly Annual é I
xpertise xpertlse ta b e

- ot Financial Manager

Technical Approach

Group system load measurements into “bins,” or ranges, and count the number of hours H d H H
at which the system operated within each range. Construct a bar chart with load plotted I co n S I n Icatl ng t h e
on the x-axis and the number of hours at each load plotted on the y-axis. Then compare

the distribution of operational hours at each load to the manufacturer load ratings and d H
equipment staging sequences. ta rget a u Ie n Ce

2000
-«—— The most frequent
o R Technical approach and

1 a representative image

Hours at Load (Hr)
g

g

L

20 40 60 80 100 120

‘\ Tons /'
Measured loads range from 0-120

tons, divided into 20-ton bin sizes 17
101




Loading Histograms Fundamental Methods

Loading
stograms

[

102

Sample Method, Related Methods

Related Methods

Loading Histograms are analogous to Cross-Sectional Benchmarking, where “standard”
performance is represented by the load distribution rather than an energy metric, and
where the comparison is to the equipment rating rather than to a cohort of similar

buildings.

Simple Tracking

Utility Cost Accounting
Internal Rate of Return
Carbon Accounting

Longitudinal Benchmarking

| Cross-Sectional Benchmarking

Load Profiling

Peak Load Analysis (. o
— Similar to HVAC Loading Histo-
| PV Monitoring ——— grams, PV Monitoring considers
system sizing and measured
output relative to manufacturer
T e ratings.

Simple Baselines \_ J

Loading Histograms

Model Baselines

Lighting Efficiency ' ) ]
Heating and Cooling Efficiency

| Heating and Cooling Efficiency ——— analysis moves beyond equipment
. sizing into operational performance
Energy Signature that is a function of load, energy
consumption, and heating or cool-
ing output.
\1a o J
Energy Savings

Cumulative Sum

Anomaly Detection

Following the summary
page, related methods are
presented:

Shading and highlighting
to indicate relationships
with other methods in
handbook

Description of the
relationship in short
paragraph and call outs

18



Sample Method, Calculation and programming

Fundamental Methods Loading Histograms

Calculation and Programming

State of Commercialization: Loading histograms are not within the scope of a utility bill H
tracking tool, yet may be offered preprogrammed in EIS. Building automation systems may A page d Ed I CatEd tO
track the required load data, but are not easily configured to compute and plot histograms.

Computation: You can use stand-alone data or spreadsheet analysis tools to generate Ca Ic u I at i on an d p ro g ramm i N g .

loading histograms.

Step 1: Gather input data.

Data Resolution —

Loading histograms require interval system-level load 1Hr, 15 Min Monthly Annual é’ 2 State Of

daa, e.g., steam; hot and chilled water. ® O O ‘E = ° ° °

Data Inputs - COmmerCIahzatlon

BTU meters typically offer better accuracy than individual
mezsures of flow and temperature, or pressure. Provided  WUAGACICLIELE
that sensors are calibrated, either approach is likely

viable; however, make sure that metered loads are within Re q u i re d d ata

capacity.

Export loading trend data from a BAS or on-site data

acquisition system. To determine hours

at load, multiply . °
the count by th - b - |
mgacsiligmeﬁt iﬁlewa\‘ Ste p y Ste p I n St ru Ct I o n a
and convert to hours. .
Here the conver- I
sion factor is 15/60, nu merlc examp e
because the data is at
15-minute intervals

Step 2: Calculate values for the loading histogram.

The minimum and maximum metered loads form the
“range.” Subdivide the range inta bins. Count the
number of metered loads that fall into each bin. Convert
the load count into Hours at Load based on the interval
of measurement.

‘ Time | Metered Load | Range | Bins Load  Hours at Load

(Tans) Count
[1200 |24 117,42} | 15-20tons | 1 = 1*(15 min)*(1hr/60 min) = .25 hour
| 1215 | 3 | 20-251ons | 2 = 2*(15 min)*(1h/60 min) = .5 hour
12:30 | 20 | | 25-30 tons | 0 = 0*(15 min)*(1hr/60 min) = 0 hour
12:45 | 37 | | 30-35tons 0 = 0*(15 min)*(1hr/60 min) = 0 hour
00 |17 | 3540 tons | 2 = 2*(15 min)* (1h/60 min) = .5 hour

Step 3: Plot bins on the x-axis and load-hours on the y-axis.

19
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Sample Method, Notes and Sketches

Fundamental Methods

Notes

Loading
l0g

‘ Histograms

: Sketches

104

Following computation, a
page for notes and sketches

20



Sample Method, Application Examples

Fundamental Methods Loading Histograms

examples of how method can be
Application Examples

LJ
interpretation: Equipment is sized according to expected building loads at the time of a p p I I e d :
design, and a margin of safety. If the histogram shows frequent operation at loads much
smaller than the rating, downsizing may be appropriate. For example, a chiller's efficiency
sweet spot is typically at 70%- 80% of full load. Boilers, on the other hand, often cycle
al Inads below 20%, introducing energy waste and part wear. If multiple parallel units are

present, the histogram can be also used to confirm staging sequences. Descri ption Of how mEthOd
Example 1: Chiller Retrofit Analysis output is interpreted’ rules of
thumb

A loading histogram is shown for one year for a 220-ton chiller installation.

Although 220 tons were available, only 35- 55 tons are required most of the year.
Only 13% of load hours are at 75 tons or greater.
The highest observed loads (hourly steady state averages) were around 165 tons.

eEE®

The ideal design would have been a 75/100-ton combination.

A 100-ton unit could save $3,411/yr, but was cost prohibitive at $25K. H eaVi Iy a n n OtatEd tO S u p pO rt
( In this example, metered load was nurmahz&d] rea d e r i nte rp rEt d ata’ d raW

to the typical weather for the locale. .

. conclusions

Range for the 75-ton chiller ~ Range for additional 100- tmn chiller

: :| | 3-5 examples per method,
: Z] l I | [ illustrating different
°'g @ 8 s # B R B ® [ aﬂ“}_m"—? ° . ° °
bl mvestlgatlons/questlons and
is&;cresnl;lgﬁ;tnegﬂoﬁ&fg;;?t;héggrenergytrackmg for performance assurance at a energy saving benefits Of use

105 21




3. What References Might Answer My Questions
About Monitoring and Analysis?

‘Cliff’s Notes’ synthesis of ~40 existing guides,
handbooks, case studies, specifications

The Building Performance Tracking Handbook
CONTINUOUS IMPROVEMENT FOR EVERY BUILDING

California Commissioning Guide:
Existing Buildings

Web Based
Energy Information

Win the energy challenge with

g T ) RN ISO 50001
(4 e MRS il = ! "

WE BASED EXTEIPRISE ENERGY

BILIINE AUTOMATION SYSTEMS

150 50001 22

Watnp § Exwrga Samng Lavammins bvm e

ENERGY - HI
INFORMATION =
HANDBOOK

Applications for
Energy-Efficient
Building
Operations

Technical
Options

o-——
®

(NN 2

5

2
neea October 8, 2013

REPORT #E13.284

Inventory of Commercial
Energy Management and
Information Systems
(EMIS) for M&V
Applications

Final Report

- Business
Case -

Enegy Sy % FEDERAL ENERGY MANAGEMENT PROGRAM

Renewable Ensrgy

Release 2.0

Metering Best Practices
A Guide to Achieving Utility Resource Efficiency

METERING COMMUNICATIONS ACTION

9 =Y. EA

TION . California Commissioning Collaborative

Building Performance Tracking in Large
Commercial Buildings: Tools and
Strategies

Characterization of Fault Detection and
Diagnostic (FDD) and
Advanced Energy Information System (EIS)
Tools

Commissoning

. California Commissioning Collaborative

Building Performance Tracking in Large
Commercial Buildings: Tools and
Strategies

Subtask 4.4 Research Report:
ization of Building Perft

Ct o I
Metrics Tracking Methodologies

NRDC CASE STUDY o A

REAL-TIME ENERGY MANAGEMENT
A CASE STUDY OF THREE LARGE COMMERCIAL
BUILDINGS IN WASHINGTON, D.C.

AUTHORS
Philp Henderson
og Waltner

Matral Aescurce s Deferze Couna




4. How Do | Plan for And Implement an EMIS?

6 step process to
plan, select a EMIS Summary of EMIS Tools

Data K Cost £ Savi
Set organizational goals scope ey uses osts nergy Savings

Sl Monthly = Peer-to peer comparison 2t ((CCIEIR)
Establish roles & g& "t':'ty. W v sts | o witig bl erghs Free -5 (Wh;'e db“"‘,"'”gi
responsibilities CLEL AR enabled savings
Undgrstgnd * Energy dashboard/klosk 8% (median), O-
organlzatlonal EIS & Hourly or = Benchmarking 33% (range)
conditions Advanced is  ~>™IN - EEEy EmemeIEs £l e %9%%  (whole buildin
meterdata = Demand response enabled savin gs,)
- . = Auto M&V :
erine activities to
meet goals = Building system control 10-15%
BAS * Manually troubleshooting SSSS (wholeobuildin )
Identify required 15-min or by investigating trends g
. . less
sensing, metering interval » Auto system or component 2-11%(whole
FDD sub-system fault notification 8SS building, potential
data * Fault causes identification savings)
Select a tool(s) = Optimal HVAC settings
ASO o $SS -
prediction

23



EMIS Procurement Support Materials

P Better e Request for Proposal

QBuildings’
— Template to create a project-
specific RFP for vendors

EMIS Specification
and Procurement

Support Materials e Tech n0|0gy Sp@Ciﬁcation

— Template of technology features
that can be specified according
to org. specific needs

Technology Specification

Table of Contents

Glossary of terms 3
1. Technology capabilities 4
1.1 Energyc ption tracking 4
1.2 Energy performance analysis 5
1.3 Utility billing g . . S 7
1.4 Utility budgeting and forecasting v 7

L — . & o Evaluation Criteria

T—— tz Inn;::::Zﬂt;azt:;zzlrfata;curm and building automation systems..... Z _ Seve ra I C rite ri a to h e | p C h oose
"3 outa sorage, b, nd g B between multi P le com p etin g
3 proposals that satisfy the spec.

[

2.2 Security ... . - 10

2.5 Network impact - e 11
3. Technical warranty, support, and training 11
3.1 Warranty 11
3.2 Technical support 12
3.3 Training ....... . S 12
4. Testing and commissioning 12
Appendix B: Energy performance analysis approaches s 13

24
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5. What Do EIS Cost, and What do They Save?

Synthesized case investigations to identify as-
implemented costs, over-time energy savings, best
practices, factors associated with larger savings

26 participating organizations, 260M sf install base, 17 unique EIS

\' ’

“‘ -~§ @m 7;AtSite . BEavgmm

N\ ") i COLUMBIA Energy and Mines
Johnson /))I(' N ; JVEDA . obvius ¥
Controls 7 g 2 ,ullll. CUSHMAN & H

pul

% San Ramon Valley
i Unified School Distr d
- it C‘ acience

GLENBOROUGH

s@nergy

IBDNIECHTD SC%’}%‘QE{’ Nort(?Write

e ENERGY  lUCID "”‘“’ Fo

\ § CHA NG meS
kge]j}(eley - NewYork-Presbyterian MC(EALIR &



EIS Costs Reported by Study Participants

Median 5-yr cost of ownership = $150K, 1800$/pt, .065/sf

5-yr Software Cost (S/pt) (N=14)
6,000 -

m Upfront software-$/pt
O 5- yr ongoing software-S/pt

5,000 +

4,000 - . Median 1,800$/pt

S/pt

3,000 -

2,000 -

1,000 -

0
Cases

Not plotted but included in the calculation of median:16,000

0.4

0.3

Sfsf

0.2

0.1

0.0

5-yr Software Cost (S/sf) (N=14)

W Upfront software-$/sf
O 5 yr ongoing software-5$/sf
Range 300-130,0005/building

. Median 0.06 §/sf

I == ="

Cases

Not plotted but included in the calculation of median: 1.1

e Note the wide distribution of costs paid by study participants
e Some economies of scale with size of implementation

26



Savings: Year Prior to EIS Installation vs. Most Recent
Year of Data

 Median building and portfolio savings of 17% and 8% would
not be possible without use of the EIS
— Median building and portfolio utility savings of $56K, and $1.3M

e Key benefits

e Operational efficiency, utility validation and payment, data for other
analyses

55% 45%

Median percentage savings . Median percentage savings

4% 17% 35% 8%

35%
25%

25%

Savings (%)

15%

Savings (%)

15%

50 5%

-5%
Individual Sites (N=28) Portfolios (N=9)

-5%



Key Factors and Best Practices

e |nitial EUI, extent of efficiency projects, depth of metering,
and total years of installation correlated with higher savings
— EIS rarely if ever implemented as sole strategy

— All but two participants reported savings could not have been
achieved without the EIS

— Those with less aggressive efficiency projects still saved 5%

* Best practices
— Installation of submetering, beyond whole-building level
— Load profiling on a regular basis
— Use of automated energy anomaly detection features
— Monitoring peak load and managing demand charges
— With regular usage over time, savings can accrue and deepen



Examples of EIS Uses

P SHAWS 478-BANGOR ME
arasensc
41 DAY EXCEPTION PROFILE s
mart Moves
01/09/2001 - 0219/2001 o
| Dac. Raf, 200GPH Pags 1od !
kWh/Day
16800 7
Maximum
1445 KWh

. " Performance Based
' Maintenance

1200
1 - -
I Liahtina
QE3.0 KWh 4 4
S R A e b -
500 7 Minimim
2155 kWh

Control Override

400 = Exce ptiDn REpDI"t
' Generated

= Problem Rectified

200 7
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Examples of EIS Uses

Week summary for 2009-10-08 in Wurster Hall

i e e el

" " . . » " " [ " [ [ " . . . " . " "
- ey ow, e e e o, o e g sy e e e e e s e e e e e e e e, e e
. " . . " . 0 [ [ W i i . % ® . . " ¥

[1 Previous week |
Average,
: max, min kW
| this week

T XY X IS

¢eaeooe":"t~~woooeeooeeoo¢eoecydaeeoeeo&eeée%f}%'fo‘taﬁﬁe
o & < 8 ¥ &
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Examples

of EIS Uses

Electric Demand
- 04/02/2009 VS. 04/09/2009 -
R
Sygma Northern CA - Meter 2
320
300
280
260
Energy champ on ;‘:
vacation 5
180
160
140
120
3 100
40
20
Daily load 5>>>»>3>>»3>»>»>23yvevovvvvey
reduction Time
— 41272009 — 04/08/2009

' Anchor Graph at Zero

04/09/2009: 5,873 kW
04/02/2009: 5,567 kW
Change: 5.5%
04/09/2009 Average Ambient: S3°F
04/02/2009 Average Ambient: S7°F
Temp Change: -4°F
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Examples of EIS Uses

I
Figure 2. Use dynamic heatmaps to focus your activities on leaders and laggards.
This figure shows a “heat map” of many different facilities, and their engrgy performance against a ¥T0 average. The color displays
energu variance, while the size of the tile represants the wtal energy spend of the facdility. The interactive map lets any user view
facilities throwgh a wariety of filters, and click on any specific facility for maore infarmation,

Selact Timepariod:  Febriary ¥ SalestSies (AN v

FRAMKLIM BUILDING
Caollega/ inhversity

HOWARD HALL
Dormitony

THOMAS HALL
Donmmitory
NORTOMN BUILDING
Collagef_niversity
HANSOM LIBRARY
Collsga/University
WHEELER: HOUSE

Recreation S _
JACKSON COMMON

Collega/Uinhwersity

¥TO % Variance

-22.08 -15.51 -5.96 241 413 10.68
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Examples of EIS Uses

Figure 3. Respond rapidly to spikes to keep demand charges low.

This view provides a closer look at the day's energy use profile. When the building’s energy use exceeds an established threshold,
facility managers will automatically be alerted—and thus have the ability to mitigate runaway energy spikes as they occur.

Smith Building Peak Demand Monitor for June 1, 2010.

1,800
; ® Electricity Demand
o s = Electricity Demand
- ‘ﬁ Alarm Threshold
1,400
= .
N ie Ph 2R
1,200 Ll
z L
1,000
L
Boo
B0 -
: %
L ra )
. --IM s Mm
200

1r a1 e 2a8em 500w BoiGen Toalae A 100Ees 11 TREs TIO0W TaEpe B 0G4 Ehies BI0e 8 OhEs BI0pR 0GR 10305 11k
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Operaticnal Status

2.5

2.0

1.5

1.0

0.5

0.0

Examples of EIS Uses

Dec 3

Dec5s

Dec 7

Dec 9

Dec1i

The boiler's red activity line should
be flat(off) over the weekends while
the building's blue activity line is flat.
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6. How Can | Use EMIS to Verify Energy Savings?

Automated M&YV is beginning to be offered in energy
management and information systems

Baselines are automatically created using historic interval meter
data (system level or whole-building) and weather data feeds

Regression, NN, Bin models most common

August, 2012
Actual: 34,231

Adjusted Baseline: 50,201
Estimated Savings: 15,970

User enters the date of ECM { &

Actual: 58,365
Adjusted Baseline: 62,452

implementation, savings /
automatically calculated




What is an energy baseline?

Load Profile
(Madison Courthouse)

200
180

160
140
g 120
E 100
o
&0
90 Plostumgay i
40
20
0
12 AN 3AM &AM 9 AM 12 P IPM &P 52 12 AM
Time of Day
— Selected Day (B12/2007) — Sunday Average Cecupied

S — ||


Presenter
Presentation Notes
Here’s one example, of energy anomaly detection of waste in real time.



M&YV Use Case

Time

300 x
Baseline Energy
e Use (metered) Baseline Projected
;&> Energy
/ " Savings
m " I.I
£,
100
50 - .
<+— Baseline 5 ot Reporting —»
n :
12 AM 6AM 12PM GPM 12 AM &AM 12PM 6 PM 12 AM
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Presenter
Presentation Notes
Acknowledge that can be done at the whole-building or system level


Automated M&V May Use Interval, Daily, Monthly
Data

I
Readings Degree days
Baseline Cooling Load
Actual
N o Example at left from Noesis
JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC
Energy
w Included in model . .
v |1 Base Sensitive (T-stat = 18.6347) Whlle thIS example uses
v |2 CDD Sensitive (T-stat = 4.0517) monthly data; Interval data

3| Constant Not Sensitive

offers the most promise

4| HDD Mot Sensitive

12 kWh = Days x 333.52 + CDD{65.00 *F) x 16.293

13.926 22.046 0.08 0.072 0.985
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Presenter
Presentation Notes
Baseline models can use interval data as shown on the previous slide, or daily or monthly data as in the model shown here


S
The Energy Baselines in EMIS Serve Many Purposes

Quantifying

load shed (DR) Cost savings

Energy

baseline

Detect waste

Benchmarking in real time

Near future
load
forecasting
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Presenter
Presentation Notes
Heard about value of EMIS from customer perspective (savings of 5-20%)
Heard about value of EMIS from program perspective (many functions that Hannah will describe, including M&V)
This research is about evaluating the accuracy of energy baselines.

Here are some of the other things that energy baselines enable.


Where Can You Access These Resources?

Visit: eis.lbl.gov
Contact: Jessica Granderson
JGranderson@Ibl.gov
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Questions?
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