Projecting Total Energy Use

How Good Are We?

Ben Adams

VP Program Development

MaGrann Associates

MaGrann

..........



Data

Observations
Questions

WAGs
Opportunities?
Not a formal evaluation or peer reviewed study

ssssssssss


Presenter
Presentation Notes
What lessons are there to be learned from programmatic applications of the HERS score and by looking at the usage data for a large sample of rated new homes?
This presentation will look at some observations that we have made, the questions those observations drive, and some guesses as to what may be going on.
We will also consider emerging trends in the consumption characteristics of end uses, the impact of new technologies, and opportunities for providing additional value through the rating. 
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Presenter
Presentation Notes
What do raters do today?
They spend a lot of time and effort doing three things…
Input to the builder on how to build a more efficient home (achieve a lower HERS score)
Verifying how things were done and whether they were done right
Specifications, construction details, checklists, testing
Quantifying the difference
HERS scores (versus what the builder would have done, resale homes, code, competitors, etc.)
Energy savings


HERS scores can be used
to drive performance...

...not just predict it
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Presenter
Presentation Notes
Can builders be motivated to deliver better HERS scores either through competition or incentives or some combination of both?


Tiers + HERS Index

Incentives by Tier, Code & Index

vs. IECC 2006 vs. IECC 2009
Tier 1 Tier 2 Tier 1 . .
ENERGYEfficient ENERGY STAH Tier1 (" Eﬂ HERS Tier 1 Tier 2
HERS Home Home HERS 70-61 $200 $250
85 $1,500 $2,500 - 60-51 $1,100 $1,300
80 $1,750 $2,750 20 ¢ 50-0 $1,500 $1,625
75 $2,000 $3,000
70 $2,250 43,250 75 $500 $1,000
Energy Saving Home 65 $1,500 $2,000
85-81 $440 60 $1,750 $2,250
?ﬁ; :ggg 55 $2,250 $2,750
<50 $3,000 $3,500
60-51 $900
50-0 $1200 I

Multi Single x 75%
Multifamily x 50%
Tier 1 programs require min. ES 2.0 w/TBC
Tier 2 programs require ES 3.0
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Presenter
Presentation Notes
What happens if we try to drive performance through incentives linked to HERS scores?
Tiered variations based on:
 ENERGY STAR (v3) and non v3 tiers
 Code change
 HERS Index 
Note:  These incentives have been reduced over time from the tables shown, during the period covered in the following slide


HERS Distribution by Year
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Presenter
Presentation Notes
HERS scores have been shifting progressively lower
[Aggregate results from 4 programs]


Residential Energy Code Status

EEEEEEN
ol g e v
REREN2E

Was EPR
Jou M
W MP As of January 1, 2015

k3
f I meets or exceeds the 2015 IECC or equivalent (2)
I meets or exceeds the 2012 IECE or equivalent {11)

!& I meets or excesds the 2009 IECC or equivalent [26)

EAN I meets or exceads the 2006 IECC or equivalent {5)

R

= no statewide code or precedes the 2006 [ECC (12)
|

state has adopted a new code to be effective at a later date
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Presenter
Presentation Notes
But as codes go up, maintaining a meaningful differential is getting harder…




US Natural Gas Production 1990-2014

trillion cubse feet

Histary 2012 Projections
40
30
20 Shale gas
Tight gas
10
Lower 48 onshore comventiona
Lower 48 oifshore
Coalbed methane
ﬂ I T I e o T 1
1990 2000 2010 2020 2030 2040

{'_
ei?]) U.S. natural gas production by source in the Reference case, 1990-2040

MaGrann

ssssssssss


Presenter
Presentation Notes
…and the value of savings decreases when fuel prices fall (even if a relatively short term phenomenon).
Rising domestic gas production is lowering the price for both gas supply and electrical generation.


10

MaGrann

ASSOCIATES


Presenter
Presentation Notes
What about the customer?
We can tell them they’ll be more safe and more comfortable in this new home…
But don’t they expect to be safe and comfortable in any new home?  
Explaining how and why this home will be different is difficult.  Hard for sales people to show.




Presenter
Presentation Notes
And no matter what homeowners say about caring for the environment, how much it actually motivates the purchase decision for homes appears less tangible.
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Presenter
Presentation Notes
Here’s something’s that’s tangible – the utility bill comes every month.
Maybe in the end, this is what really matters.  




Presenter
Presentation Notes
But raters have typically been very reluctant to predict energy usage in homes beyond heating and cooling.
Although the software projects an estimate for total energy use, few raters or builders ever use it.
Reflects a lack of confidence beyond the “asset” – trepidation over how the customer will use the home and its systems, what end uses they will put in and how they will use them.
Occupant behavior is feared as an unknowable variable.


How Good Are We
At Projecting
Total Energy Use?
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Presenter
Presentation Notes
So what can programmatic data tell us about how well we are doing?
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Presenter
Presentation Notes
Looking at a sample of approx. 650 homes built in 2012 with 12 months of usage data in 2013…
In aggregate, projected energy use over large numbers of homes appears to be very close to projections.
By fuel or in total dollars.
What happens when we look at individual usage?
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Actual Cost
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Presenter
Presentation Notes
If we map actual vs. projected total cost, we find much more variance at the individual home level.
There are some real outliers here…
But remember, this is a lot of homes – nearly 700 in this sample, so there’s a lot of clustering around the line that’s difficult to discern in a scatter plot
Blue line of perfect agreement added since presentation (higher above/lower below)


Frequency

Variability in REM Total Cost Estimation

140 - 120.00%
120 | o el B Frequency . 100.00%
== Cumulative % (>)
100
- 80.00%
80 - »
2
- 60.00% &
60 - X
----------------------------------------------------------- - 40.00%
40
N B B B B B aN B - 20.00%
0 - - 0.00%

L T
High End of Bin 7
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Presenter
Presentation Notes
In fact, in this sample almost 60% (59%) are below the line (at or less than projected)
and almost 80% (79%) are within 20% over
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S Over / Month % Homes Lower

SO 59%
""""""""""""" &7 7%

$33 79%
"""""""""""" $s0 8%

S67 91%

$83 94%
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Presenter
Presentation Notes
In efficient homes, the variance translates to relatively small $ per month – though still substantial for the outliers
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Actual Usage (CCF)
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Presenter
Presentation Notes
Now if we look by fuel – gas is fairly tightly correlated
Blue line of perfect agreement added since presentation (higher above/lower below)
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Actual vs REM Annual Electricity Usage

y=0.6272x+4252.3
R*=0.1966

5,000 10,000 15,000 20,000 25,000

REM Estimate
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Presenter
Presentation Notes
But electric is much more all over the place.
Intuitively this makes sense: there are simply more “discretionary” electric end uses…
Blue line of perfect agreement added since presentation (higher above/lower below)
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Presenter
Presentation Notes
In part, the variance could be as simple as different heating and cooling usage patterns in mixed and cool climates (CZs 4 & 5)…
Set and forget in winter (gas)
Everyone has their own degree of tolerance for when to turn on the air conditioner and for how long (electric).
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Presenter
Presentation Notes
But the same home can experience very different usage profiles
E.g. family size
And the most significant outliers are likely to result from the addition of new loads
Pool (could be gas heated as well as electric pump usage)
Hot tub
Adding a new space or finishing a previously unfinished space 
Electric car
Outdoor gas uses
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Presenter
Presentation Notes
And then there’s possibly the most difficult to control end-use of all… teenagers
Of course as they leave, usage goes the other way
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What else?
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Potential Correlations

ENERGY STAR version
Builder

Rater

House size (CFA)

HERS score

A/C efficiency

Number of A/Cs
Furnace efficiency
Number of furnaces
Water heater efficiency

Number of DHWs

-0.07
-0.01
0.22
-0.21
-0.05
0.06
0.02
-0.06
0.01
-0.21
-0.07

Pearson’s Coefficient

High: 0.5to 1.0 or -0.5t0 -1.0
Medium: 0.3 to 0.5 or -0.3 to -0.5
Low/None: 0to 0.3 or 0 to -0.3

No correlation

No correlation

Low correlation

Low correlation

No correlation
No correlation
No correlation
No correlation

No correlation

Low correlation

No correlation
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Presenter
Presentation Notes
Prediction of utility costs is not significantly correlated with any key variable 
<0.5 is not statistically significant
So, tangentially, not a good QA indicator (at least in program homes)
But what about if we look at specific builders and their product…?



Variability by Builder
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Presenter
Presentation Notes
Looking for visually apparent cues…
This plot gives an indication of the size and skew of each builder’s range
What’s different about #4, 13 & 14?
>>> Starter homes and affordables... smaller units…
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What about target demographics?
» Affordability

 Down payment; Debt-Income %; PITI+U
e Less $ after purchase?

e Move-in characteristics

» Appliances & other end uses
 Efficiency if not builder supplied? Defaults vs. verified?

* “Occupant intensity”
« Families; seniors; age; etc.
* Smaller homes...
 Validity of “bedrooms +1"?

MaGrann
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Presenter
Presentation Notes
Starter home and affordable buyers may have less $ left over after purchase… and on a monthly basis
Builders often don’t supply appliances in these homes so no program control or verification
>>> Rater assumptions or defaults may be significantly underestimating if buyers are choosing least first cost appliances or bringing from old house
>>> Purchases of all plug loads in these homes may be driven by least first cost = lower efficiency
More interpretation of “affordable”:  If less money available for home purchase, may be buying smaller homes or fewer bedrooms than default # occupants assumes (buying the most home they can afford = higher occupant intensity than households in larger homes)



In any case,
end use predictability
is only going to get
more difficult.

aaaaaaa
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Actual Usage (kWh)
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Presenter
Presentation Notes
(Back to electric being much more all over the place)
Blue line of perfect agreement added since presentation (higher above/lower below)
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Presenter
Presentation Notes
What about lighting and appliances – we hear these are the fastest growing loads…
But actually it may not be that simple


31

Lighting

Min Incandesc UpfereEL Effective
S ent Watts Sdendi Date
Watts
1600 100 72 19-23 1/1/2012
1100 75 53 15-18 1/1/2013
800 60 43 8-13 1/1/2014
450 40 29 6-9 1/1/2014

U Th—

ﬁMaGrann
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Presenter
Presentation Notes
75-80% reduction
(Low end of LED watts may not be Energy Star)
Higher efficiency lighting can have a measurable impact on heating and cooling loads by the way (up for heating; down for cooling)


Refrigerators

1,400 24
E 1,200
§ ’ i \ - 20
= Price Volume
£ 1000 / - == Adjusted Volume
a ¥ - 16 5 (cu. ft.)
v
3 800 ﬂ %
5 ’ £  =—Retail Price
= . 1930 ) Energy Use - 12 2 (20119)
_— tanaar
5 600 /1 lé/ 2
> 2 w=g==Energy Use
£ 1993 Standard / -8 3 (kWh/year)
2 400 2
s 2001 Standard
o
% 200 -4
9]
| =
w
U ] ] ] 1 ] 0
1985 1990 1995 2000 2005 2010 2015
Sources: AHAM (2011) for energy use and volume; authors’ analysis of U.S. Census Bureau Current Industrial Reports data for price; DOE (2011d) for markup.
Better Appliances: An Analysis of Performance,
Features, and Price as Efficiency Has Improved
Joanna Mauer, Andrew delaski, Steven Nadel, Antheny Fryer, and
Rachel Young
May 2013
Report Number A132
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Presenter
Presentation Notes
Approx. >50% reduction 
54W/day < 60W light bulb (on all day)
Usage has gone down even as size has gone up


Dishwashers

3.5 S700
3.0 S600
é 2.5 S500 §
2 S «ili=Retail Price
2.0 S400 — 2011
z /! g (on9)
@ 1994 Standard a
5 15 /7’ $300 = =§==Energy Use
= (kWh/cycle)
? Energy Use /[ &J
< 1.0 $200
2010 Standard
0.5 $100
0.0 . . . . . S0
1985 1990 1995 2000 2005 2010 2015
Sources: AHAM (2011) for energy use and volume; authors’ analysis of U.S. Census Bureau Current Industrial Reports data for price; DOE (2011d) for markup.
Better Appliances: An Analysis of Performance,
Features, and Price as Efficiency Has Improved
Joanna Mauer, Andrew delaski, Steven Nadel, Antheny Fryer, and
Rachel Young
May 2013
Report Number A132 (ﬁ‘
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Presenter
Presentation Notes
Approx. 50% reduction 


Clothes Washers

4.0 $1,000
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Sources: AHAM (2011) for energy use and capacity; authors’ analysis of U.S. Census Bureau Current Industrial Reports for price; DOE (2012¢) for markup.
Better Appliances: An Analysis of Performance,

Features, and Price as Efficiency Has Improved

Joanna Mauer, Andrew delLaski, Steven Nadel, Anthony Fryer, and

Rachel Young
May 2013
Report Number A132 (r__
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Presenter
Presentation Notes
Approx. 75% reduction even as capacity has gone up


15 inches 15 18 65 ——=
17 inches 18 20 75 ——=
19 inches 20 22 80 ——=
20 inches 24 26 90 ——=
21 inches 26 30 100 -—-
22 inches 30 40 110 e
24 inches 40 50 120 ——
30 inches 50 60 ——— 150
32 inches 55 70 ——— 160
37 inches 60 80 ——— 180
42 inches 80 120 —— 220
50 inches 100 150 - 300

http://energyusecalculator.com/electricity lcdleddisplay.htm
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Presenter
Presentation Notes
¼ to 1/3 of CRT usage for equivalent sizes…
So it is possible to have 3 to 4 new TVs and still only use as much as 1 old TV.
Unfortunately, not quite so good a picture over 24”
Low efficiency plasmas being phased out?

http://energyusecalculator.com/electricity_lcdleddisplay.htm
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MELs

Miscellaneous Electric Loads
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Presenter
Presentation Notes
MELs – everything else… getting a lot of attention


2012 Voluntary Agreement for Ongoing Improvement
to the Energy Efficiency of Set-Top Boxes

~\$168-350m

Tier 2 in 2017

https://www.ncta.com/sites/prod/files/VoluntaryAgreementforOngoinglmprovementtotheEnergyEfficiencyofSet-TopBoxes.pdf

37 MaGrann
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Presenter
Presentation Notes
The much maligned DVR – on all the time
Standards are already reducing the consumption of these devices, as well as solid state hard drives…

https://www.ncta.com/sites/prod/files/VoluntaryAgreementforOngoingImprovementtotheEnergyEfficiencyofSet-TopBoxes.pdf
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Presenter
Presentation Notes
What happens when they move to the cloud altogether, as Netflix etc. have done, Comcast hinting at… even more significantly reduced consumption?
Are game stations offsetting some of these gains?
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. Projected AEC of Selected MELs
Historic 1 Projected——>
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Annual Energy Consumption (TWh/yr)
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=

o
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Residential MELs N\, 22%

EIA Analysis and Representation of Miscellaneous Electric Loads in NEMS by Navigant, December 2013
http://lwww.eia.gov/analysis/studies/demand/miscelectric/pdf/miscelectric.pdf
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Presenter
Presentation Notes
In reality, when we look at a basket of 15 end uses… usage is coming down and projected to continue

http://www.eia.gov/analysis/studies/demand/miscelectric/pdf/miscelectric.pdf
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Energy consumption in homes by end uses

quadmtiimm Bty and percent

mspace heating  Mair conditioning  mwater heating

appliances, electronics, and lighting
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Presenter
Presentation Notes
So it may be that we’ve seen the peak in the growth of appliances and MELs since this chart in 2009
EIA is talking about end use saturation
PLUS >>> MELs tend to have shorter lifecycles and are replaced with latest more efficient generation each time
MEANWHILE, the significant reduction in asset usage is sustainable – longest lifecycles (shell and systems)


Figure 1. Averag ~consumption per home and number of

million Btu per housing unit million housing units
150 150

100 \'__+_“— _____-—-—:-—-c-_::" — 100

i
[}
th
[}

0 0
1580 1582 1584 1587 1550 1953 1957 2001 2005 2005

== Ayverage Consumption =+ Mumber Housing Units

)

ource: Residential Energy Consumption Survey. Includes occupied primary housing units onhy.
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Presenter
Presentation Notes
Plus, end uses may be higher but total consumption is decreasing – so that proportion represents less absolute energy
See previous comment on asset usage improved for the long term – we can take credit for our part in driving this



GAME
CHANGERS
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Presenter
Presentation Notes
And if we look further to what’s ahead…


10T

The Internet of Things
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objects

http://blog.smartthings.com/iot101/what-is-the-internet/

MaGrann
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Presenter
Presentation Notes
This is what everyone thinks of.. Your mobile device talking to and controlling everything
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“Smart Fridge”?

MaGrann
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Presenter
Presentation Notes
Or this – find a recipe on your fridge… or make your shopping list on your fridge 
But is this really what’s meant by “smart”?
It will really be smart when RFIDs on every product allow it to know what you have and what you need
And then tell you that while you’re in the grocery store.
In fact, getting smart is really all about bidirectional communication… 


Thermal == 5
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Service : Storage
Provider : ﬁ’" Commercial .
e~ N 7 R

s ]
“j Solar E — -
! . = R T
L - p—
e

L]

-o--'"

r ’ Automation

Im:lustrial

Electric
Vehicle

Solar

\\D\iw Generation

?”uf\@

Harkats : ¢\4_ =

\..-/’ pho o \ l;dl;:triai
: ateway
Appliances /

p’ External Communication Interface
s Internal Communication Interface

N=/,

Sub-Metered
Processes

7

w=== Electrical Interface G"':"'“‘
ateway
St (ESI)

http://www.dreamreport.net/reporting-as-a-service-raas-a-subset-of-software-as-a-service-saas-for-the-internet-of-things-iot/
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Presenter
Presentation Notes
Because if it’s communicating with the cloud, the manufacturer or service company can know when your appliance is going to break – not just when it has broken.
Then shows up at your door with the right part for the right model in hand 
Or you are given the time to choose the best fit, most efficient model before your HVAC system breaks instead of whatever’s in the warehouse or on the truck that day




L™
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Presenter
Presentation Notes
By now we are all familiar with the availability of this device.
It’s simple, it’s easy to use and you can control it from your phone.
It also communicates, potentially providing one of the greatest sources ever for data about how residents actually occupy their homes and use their systems.
Although we shouldn’t assume it will be easy…
>>> Concerns over privacy and hacking will need to be addressed
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Presenter
Presentation Notes
… a game changer not just for consumers.
The proliferation of cheap sensors will mean we can know just how well an installation was performed.
Or how effective a retrofit has been.
Imagine that kind of real time feedback on our HERS modeling.
This is not something to be afraid of.  We need to embrace it and figure out how to take advantage of it in our products and services.
For electric utilities…
Real time pricing 
Management of distributed generation
A critical component of what they see as the “utility of the future”…
One in which they have to contend not just with supplying baseload and peak load,
But wildly varying loads driven by the unpredictability and potential oversupply(!) of distributed generation
BUT from our perspective, will these always-on devices add a new category of vampire loads that undermines the downward trends we discussed earlier? – Perhaps not if they are very small, highly efficient loads, BUT WHY NOT ASSUME YES AND BUILD INTO RATING.
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Conclusions...?
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Projecting Total Energy Usage

 We may be better than we thought
* 80/20 rule does seem to apply

 Variability is real
* And can be significant for the outliers

* But may not be correlated with the asset rating
* Not a “QA"” indicator (at least when robust QA in force)

 New end uses and behavioral factors are key
* Need to be assessed on an individual household basis

* But other demographic forces may also be in play
* “Occupant intensity” needs study

 We should be ready to adjust rating assumptions
— Be proactive to incorporate the game changers

50 "MaGrann
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Other Implications
* Total energy use guarantees

The smart, connected home

New roles and value for raters and ratings
Customized non-asset ratings

New customers

"MaGrann

ssssssssss


Presenter
Presentation Notes
1. Total energy guarantees – confidence in the aggregate (actuarial) but need to know how to address the outliers
2. Smart home – what if we could refine projections over time based on continuous data; Use it to identify or predict failures?
3. What new roles could the rater play in this process – at time of construction and after?; Tie in to builder or homebuyer services?  Let’s not be afraid of a continued relationship with the customer after the sale (builder or rater); *** Potential role for the Rating Registry? ***
4. What if the non-asset portion of the rating were adjusted based on future use?
5. Who else could provide benefit to the customer from the rated energy use information (insurance? service? etc.)




Thank you

Ben Adams

benadams@magrann.com
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