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Compared to What? The Continuing Challenges and
Developing Opportunities for Quantifying Efficiency
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Standard tools and techniques for quantifying the results of energy
efficiency and energy performance projects have been available for
20+ years.

But new sources of data and better modeling tools are disrupting
how practitioners perform "M&V".

This talk will cover some of the recent developments in metering
and modeling that promise to turn this art into a science.
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Disruptions Driving Energy Management

and M&YV - a brief history

1. Oil Shock
* Energy efficiency as a way to reduce overall loads

2. Deregulation Shock

* Energy efficiency as a resource for offsetting investments
in future power plants

» Efficiency moves to “First in the loading order”

3. Data and Distributed Energy Resources (DERs)

e Data
* Proliferation of Sources
e Analysis, a.k.a. “Big Data”, “M&V 2.0”

* Distributed Energy Resources/Renewables
* Where does energy efficiency fit into the new world?
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International Performance
Measurement and
Verification Protocol

Concepts and Options for Determining
Energy and Water Savings
Volume 1

Prepared by Efficiency Valuation Organization
www.evo-workd, org

April 2007

EVO 10000 ~ 1:2007

Protocols

20+ years of “modern M&V”
e Result of first Energy Efficiency “shock”

Compared to What?
* Control Groups
 Modeling (AKA counterfactual)

Most M&V protocols are based on
modeling

— IPMVP, ASHRAE 14, ISO 50016
California legislature directing efforts back

to “measured savings” using “Pay for
Performance” programs




California Senate Bill 370 (Draft)

(g) (1) (A) On or before September 1 the commission shall
authorize electrical corporation orporations to provide
financial incentives, rebates assistance, and support to
their customers to incre enerqgy efficiency of industrial and
agricultural faciliti ems, and equipment based on
reductions in n d metered energy consumption using a
protocol suc/@& e International Performance Measurement
and Verification Protocol (IPMVP) or a simplified methodology
for small-scale projects.

Link to the current form of the draft bill; reference of IPMVP was removed in subsequent amendments:
https://leginfo.leqislature.ca.qov/faces/billTextClient.xhtm!?bill id=2017201805B370



https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB370

Compared to What?
#1/3 Compared to “Self” or “Others”?

Two main techniques:

 Modeling — Compared to “Self”
e Counterfactual
* a.k.a. Longitudinal Benchmarking

* Control Groups — Compared to “Others”
* a.k.a Cross-Sectional Benchmarking
e Used in program evaluation

The terms Cross-sectional and Longitudinal benchmarking are from the Energy
Information Handbook published by LBNL/DOE and available at: http://eis.Ibl.gov



http://eis.lbl.gov

Compared to Self — the Counterfactual argument
“What would have happened without the project?”
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Compared to What?

#2/3 Attribution
Compared to Code? Standard Practice?

CAUSE * Additionally
| ) * Free Riders

f"EFFECT  Business as Usual

© Can Stock Photo

e Market Transformation




Compared to What?
#3/3 Other energy sources and influences

Greenhouse gas reduction y o\
activities/projects g

Grid -Integrated Resource
Planning requirements

Building on legislation
adopted in California:

* AB 32— California Global
Warming Solutions Act of 2006

 SB350 - Clean Energy and
Pollution Reduction Act of 2015




Disrupter #1 - Data

e More data is available
at every level

* Demand and energy
data at every level

* Geographic data on
grid/systems and

“Let’s shrink Big Data into Small Data ... p 1
and hope it magically becomes Great Data.” rl C e S




United States
Electricity Demand

* National Level
Planning and
Reporting

* Not for management
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https://www.eia.gov/beta/realtime_grid/#/status?end=20170310T11

California Electricity Demand

California Independent ...
System Operator (ISO)
Used by planners and
market participants
Active management
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http://www.caiso.com/Pages/TodaysOutlook.aspx

1911 9th Street Berkeley - Energy Demand

Individual meter level data

Home energy management
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Distribution Level Data - Maps

Circuit Name: SYCAMORE CREEK 1105
DER ShortTerm: -0.558

DER MediumTerm: -1.204

DER LongTerm: -1.732

LNBA ShortTerm: S

LNBA MediumTerm: %

LNEA LongTerm: %

Deferrable: Mo Deferral Project

Magalia

Paradise




Price of Power = Value of Efficiency
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LATEST U.S. HOURLY DEMAND
megawatthours

9% 9%
sk before ~ Year before

Load Shapes at Three Levels
Increasing volatility with increased granularity
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Disrupter #2 — Data Analysis

* More data can be analyzed in more ways

— Tools to build Statistics models (based on measured
data)
* Excel — ECAM
Universal Translator
LBNL Time of Week and Temperature Model (TOWT)
R Code
Other research on “Advanced M&V”




“Classic M&V”

IPMVP Option C Gas Consumption
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Disrupted M&YV — Statistics Models

DateTime Year Month MonthYr Day Hour Date e Elecirizity:Facility Hourly Data
2/29/0412:00AM 2004 February = Feb2004 29 0 2/29/2004
2/29/041:00AM 2004 February ~ Feb2004 29 1 2/29/2004
2/29/042:00AM 2004 February = Feb2004 29 2 2/29/2004
o 2/29/043:00AM 2004 February ~ Feb2004 29 3 2/29/2004
M od e r n TI m es 2/29/044:00AM 2004 February = Feb2004 29 4 2/29/2004
2/29/045:00AM 2004 February ~ Feb2004 29 5 2/29/2004
2/29/046:00AM 2004 February ~ Feb2004 29 6 2/29/2004
PY I 2/29/04 7:00 AM 2004 February Feb 2004 29 7 2/29/2004
Interval meter esiciiiiien e » s e
2/29/04 9:00 AM 2004 February Feb 2004 29 9 2/29/2004 - T E I 1
2/29/041000AM 2004 (@Y Feb2004 29,10 2/25/2004 P b Beed B R
d a t a 2/29/0411:00AM 2004 y 11 2/29/2004 i . : . N ! :
2/29/04 12:00 PM 20C @ ary 12 2/29/2004 ) ) ’ i !
2/29/041:00 PM 2004 %5, 3 2/29/2004
® Ot h e r S O u rce S 2/29/04 2:00PM 2004 Februaty 2/29/2004
2/29/043:00 PM 2004 February 5 2/29/2004
2/29/7fRamD PV 2004 February ~ Feb2004 =9716 2/29/2004 kW vs Outdoor Air (Pre/Post Retrofit)
f I 2/2989/5: 004 February = Feb2004 29 17 2/29/2004 900.0
O g ra n u a r 212504 6: APV oM Nru==.  Feb2004 29 18 2/29/2004 z
2/29/04 7:00 ;> M Fet g mb2004 29 19 2/29/2004 800.0 E
2/29/04.8:00 PM 2005 4t r_r 20 2/29/2004 e
d a t a 2/29/049:00 PM 2004 February eb a ) @, 2/29/2004
2/29/04 10:00 PM 2004 February Feb 29 N2 2/29/2004 600.0
2/29/0411:00 PM 2004 February ~ Feb 2004 ZS‘ 5 2/29/2004 = s
3/1/0412:00 AM 2004 March Mar2004 1 0 3/1/2004 i
3/1/041:00AM 2004 March Mar2004 1 1  3/1/2004 D 400.0
3/1/04 2:00AM 2004 March Mar2004 1 2 3/1/2004 H
3/1/043:00AM 2004 March Mar2004 1 3 3/1/2004 e
3/1/044:00AM 2004 March Mar2004 1 4 3/1/2004 200.0
3/1/045:00AM 2004 March Mar2004 1 5 3/1/2004
3/1/046:00 AM 2004 March Mar2004 1 6 3/1/2004 100.0
3/1/047:00AM 2004 March Mar2004 1 7 3/1/2004 00




Avg Base kW

800.0

700.0

600.0

500.0

5
o
<
o

300.0

200.0

100.0

How many models do you see in this data?

+ (blank)




—ve Beva oo
11 M

Some people see 27 models

(hourly plus 3)

[
ESEERE]

———— -
EEREER]




Or maybe a simplified “typical” load shape?
Avg kW by Daytype
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Disrupted M&YV - Better Physics Modeling

IPMVP “Option D” =
Energy Simulation

— Code
— Industry Standard

Used to compare to 3¢ % ‘ 4«.& N =

Can use Prototypes

Faster, more powerful
models on the way




Energy Models leveraging cloud computing

—>

Scripted
Analysis

&5
T
e
o
e

A ‘ —




Energy Modeling has some issues

Recent article (May 2) in The
Telegraph fires up conversation in
building modeling community.

http://www.telegraph.co.uk/science/2017/05/02/energy-

The Tel tgmpb HOME = NEWS st

Science

scandal-misleading-efficiency-claims-leading-huge-bills/

Energy scandal: misleading
efficiency claims leading to
huge bills for homeowners
EBIOICIC] B

By Sarah Knapton, SCIENCE EDITOR

2 MAY 2017 - 10:00PM



http://www.telegraph.co.uk/science/2017/05/02/energy-scandal-misleading-efficiency-claims-leading-huge-bills/

Disrupter #3 Grid Issues in California (and beyond)

 Renewables are coming fast
— Duck Curve
— Prices (negative and volatile)
e Distributed Energy
Resources

— Micro Managing the Grid

— Locational Net Benefits
Analysis




Ducks in Theory and Practice

& California 15O .
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Price Volatility in California (last week)
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M&YV must move to hourly reporting

Both Interval data models and
simulations are needed to allow
efficiency to play in the new world
of volatile prices and alternative
load management capabilities

Savings need to be demonstrated
and reported at an hourly (or sub-
hourly) level




Conclusions

Efficiency opportunities are abundant,
but simple methods for quantification are
elusive

Data is abundant, but more and better
modeling is still required.

New modeling capabilities under
development but not yet standardized

— Statistics Models — M&V 2.0
— Physics Models - M&V 3.0?7?
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Conclusions

 New data, models and the need for hourly
savings models will disrupt “classic” M&V

* The global M&V community has a strong
foundation in using modeled baseline methods
for quantifying efficiency

 We all need to build on this foundation to
develop innovative M&V solutions to address our
disrupted energy world
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Thank you

Steve Kromer

iskromer@mac.com
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