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Whole-building AMI data is really coming!
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Deployment to less than
) 15% of end-users

Deployment to between
15% and 50% of end-users

Deployment to more than
50% of end-users

Source: Edison Foundation
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etting value from

The pieces are falling into place™" 5 s

End-Use

_ _ AMI roll-out / ‘7
Disaggregation

large-scale pilot

” ”  Time-based rates /
dynamic pricing

* DR programs

 Scalable end-use

* End-use feedback disaggregation

* Performance . Operational « Scalable personalized
monitoring benefits diagnostics /

" Personalized + Reliability benefits sl iR U
diagnostics / . Net metering 0 Tar.gc.etlng for Energy
savings recs. « Real-time feedback Efficiency and DR

* Bill complaint proSiains
resolution  Forecast demand

* Improved EM&V
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Whole-house and end

Valuable for a single customer...
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Recommendations:
M Duct sealing

M Lighting upgrades
M Direct load control
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Identify specific program opportunities

...And valuable at scale
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Whole-house load shape segmentation and
opportunity analysis

1. Group/cluster customers based on daily usage patterns
(using AMI data)

2. Overlay end-use profiles to illuminate what “objective”
potential may exist

3. Overlay home & equipment characteristics, and
attitudinal/behavioral characteristics illuminate barriers
and levers to change

4. Develop segment-specific program strategy —
combination of EE, DR, behavioral programs
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Data gathered for this example

» Residential whole-house and end-use metering
= Augmented with on-site audit data (equipment

characteristics) and customer surveys (operations, behavior)

B4

How old is your central air conditioner?
O Less than 6 years Z10to 14 years O200rr
O6to & years C 151019 years CDonth

Is your central air conditioner ENERGY STAR rated
Z Yes Z No _ Don't know

Do you have a programmable thermostat?

Z No

— Yes = pga |s your thermostat programr
automatically, depending on
Z Yes Z No I

» Data patterns and trends shown in this presentation are
llustrative — I.e., the underlying data has been modified
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1. Cluster households by load shape
patterns

Potential for DR or
CAC & envelope

.. efficiency?
cluster similar —
patterns Relatively high

baseload; many
EE opportunities?

Whole-House Load Shapes Load Shape Segm¢ #ts
4000 4000
— t1 — t2 =
3500 3500 egmen egmen Non-thermal EE
= Segment 3 Segment 4 and behavioral
3000 3000 solutions?
2500 2500
2000 2000
1500 1500
1000 1000
500 500
0 0
01234586 7 8 91011121314151617 181920212223 01234567 89101112131415161718 Are there any cost-
effective
interventions?
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2. Examine end-use load shapes by

segment

Segment 2 Hourly Usage by End-Use:
Average Summer Day

Opportunity for
occupancy
sensor?

Could reducing pre-
cooling behavior shift
“early peak” demand?

Is there a chance to
shift appliance load
this to off-peak?

...

012 3 45 6 7 8 9 101112 13 1415 16 17 18 19 20 21 22 23
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W hvac

M lighting

B mixed plugload

W electronics

W refrigeration

W cooking/kitchen

W clothes
washer/dryer

hot water

B pumps

Pt Total | ool

Load

27% 33%
17% 15%
3% 3%
14% 12%
7% 6%
4% 5%
6% 6%
14% 12%
8% 7%
0% 0%
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3. Overlay equipment, household, behavioral and
attitudinal factors by segment

Average End-Use Profile,

3500

3000

2500

2000

1500

1000

Seg_ment 2

0123456 7 8 91011121314151617181920212223

m hvac

M lighting

m electronics

hot water

M refrigeration
m cooking/kitchen
M clothes washer/dryer

® mixed plugload

Average End-Use Profile,
Segment 3

3500

3000

2500

2000

1500

1000

500

0

m hvac

m lighting

M mixed plugload

m electronics

mrefrigeration

M cooking/kitchen

M clothes washer/dryer
hot water

= pumps

W other

0123456 48 91011121314151617181920212223

Household Com

Daytime ccupancy

Presence of
children

Mean # Occupants

Age of Head-of-
Household

Income

College educ. or
higher

Se

Building / Equip. Gharacteristics /

% CAC

Energy intensity of
home

Home Vintage
% Built before 1970
% Built after 2000

Envelope efficiency
index

Cooling system
efficiency (SEER)

Weather sensitivity
index

Segment 2
83%

XX btu/sqft

40%
12%

45
12.1

50

Segment 3
87%

YY btu/sq ft

30%
14%

65
11.3

54

Segment Segment

Behaviors
2

Thermostat behavior

“Set it & forget it” —

constant temp 45%

Programmed; variable

temp L7%

Manual; variable temp 38%
Avg. interior temp
(cooling) 77 deg
Avg. setpoint
difference, morning vs. 2 deg

peak

3

35%

35%
30%
75 deg

1 deg




specifilc to each load shape

segment

Key
Characteristic
S

End-Use Notes

Weather-
ization

AC Conserv-
Rebate ation
Behavior

S

Demand
Response

Dynami
C
Pricing

Consistently Steady HVAC v v
1 high baseload use. Off-peak
but limited appliance use.
peak
High baseload | On-peak HVAC, v v v
2 and high, lighting; variable
extended peak | appliance use
Lower On-peak HVAC, v
baseload and lighting, and
3 high, appliance use
compressed
peak
Generally low Limited/no AC v
4 | load use
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What if we only have AMI data for a sample, or
pilot?

One option: Develop predictive models for each load-shape

segment based on readily-available data:
Customer data:
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Seasonal usage levels

Summer vs. shoulder usage
Single-family vs. multifamily
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Secondary data:

= Demographics (age, presence of

children, income)
= Home vintage
= Home value

MH. FOX, ABoUT
YoUR HOMEWORK...

I ASSIGNED GUESTIONS
1 THROUGH 20, YET
YOoU oMLY DID QUESTIONS
1, 5, 10, 15 AND 20.

P Y
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1 FIGURED You CoulD
PLOT ™Y RESULTS, FIND
THE BEST-FITTING CURYE,
AND EXTRAPOLATE HOW
I'D Do oN THE oTHERS.




achieving savings potential (with interval

E.g.,-Size,
segment
C_ustomers demographics,
From circuit-level with Whole- cust. engagement.
metering or Building From utility CIS
disaggregation Metering Dat < data and
\EAnd_Use CharaCtel’- Sources.
etering istics and
Data Engageme

nt

Equipmen
t
character-
Istics &
behaviors

From energy audits,
program records,
surveys
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Other approaches for improving targeting through the
use of interval data

= Whole-building load shape segmentation and
opportunity analysis (this presentation)

= HVAC and energy management segmentation
= Track in segment load shapes over time

= “Change Point” analysis to understand customer
behavior / actions outside of programs
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