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On measuring efficiency in the U.S. buildings sector, | will share--
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 How EIA’s history helps us conduct our data program (authorities)
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» Updates to the program methods (transformation), and
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 Future directions for the program (innovation)
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Short names for major surveys in EIA’s consumption data program
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“RECS” is the Residential Energy Consumption Survey
‘RECS” & 0.z a iR 7% &

“CBECS” is the Commercial Buildings Energy Consumption Survey
“CBECS” & & iRl 7t &

*“MECS” is the Manufacturing Energy Consumption Survey
‘MECS” &_41:3 1I' 5t iR /ﬁ I A

“RTECS” is the Residential Transportation Energy Consumption Survey
“‘RTECS” = 2l s hif 3% &
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Energy consumption survey data are widely used
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They are the basis for —
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Source: U.S. EIA Annual Energy Outlook 2018, https://www.eia.gov/outlooks/aeo/pdf/AEOQ2018.pdf
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https://www.eia.gov/outlooks/aeo/pdf/AEO2018.pdf

Consumption is growing slower than floorspace and building counts
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Large buildings use more than their population’s share of energy
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Size of buildings in
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= Over 500,000
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Large buildings over 100,000
square feet are —
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e just 2% of the building
stock
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* 35% of the total
floorspace,
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* and 41% of consumption
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The role of EIA’s history In the
consumption data program
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EI1A’s authorities strengthen how consumption surveys are conducted
SR L F R w4 Sk AR R A eni i

» As aresult of being formed during the 1970s energy crisis, EIAs authorities are
stronger and more independent than other U.S. statistical agencies
w1970 SRR B A 2 iR L, i a4 v B EEE A ea R <
fo g 2 =

» EIA conducts the household and buildings surveys on a voluntary basis, but energy
utilities are required to provide energy records for sampled buildings
NIRRT AFEEFREIE RS A RVA, R R TP TR R R R
R e

» Strong privacy laws for statistical collections are important to our survey respondents
and help us access, use, and protect non-EIA sources of data used for statistical
purposes
Bk A LB B IR A A N S AR X AF LR, H AN G R H R
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A few key dates in EIA’s history
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1973-74 Arab Oil Embargo 3 9 % jd iz

1974 The Federal Energy Administration (FEA) begins gathering energy production and
supply data from other government agencies
PERG RE R (FEA) 24z 8 8 gofippetndig R 2 7 frik 48

1976 The U.S. Congress passes the Energy Conservation and Production Act that

establishes the FEA Office of Energy Information and Analysis
FEE4EG T e b A A2k 2 kE T RNRELE A OF

Apr 18,1977 President Carter gives his “Moral Equivalent of War” speech on the energy crisis
+ #HE ‘;i;].};é‘; R s A 4 9t e"Moral Equivalent of War” i 2

Aug 4, 1977 President signs the Department of Energy Organization Act, which establishes EIA as
the federal authority on energy statistics and analysis
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The DOE law includes strong provisions for independence
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““The Administrato
of any other officer or employee of the Department in connection
with the collection or analysis of any information] nor shall the
Administrator be required, prior to publication, to obtain the ap-
proval of any other officer or employee of the United States with
respect to the substance of any statistical or forecasting technical
reports which he has prepared in accordance with law.’’?

'Department of Energy Organization Act, Public Law 95-91, August 4,
1977, Sec. 205(a)(2).

Hogan, 1978
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Strong U.S. statistical privacy laws protect respondents, data, and access
Bt ENE E DU R R R R, A s B
The “Confidential Information Protection and Statistical Efficiency Act” lets us--
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» Be directly involved in all stages of the study design
ERABFT T MK
* Make finer data linkages to energy use, for example, link the best, nearest daily

weather data to sampled buildings
Rio s p X T4 b RS R ApAER, Uoa IR U oandiB ARl

» Have access to monthly energy bills so we can be full stewards of quality from sample
design, collection, editing, estimation to modeling
FOUEREE D R IR E o PRI T o AR T, T, B R o fileh
2o PR A

* Engage in data sharing through strict confidentiality agreements
g ROERP A BLEE X

Read more about “CIPSEA” here: https://www.eia.gov/cipsea/cipsea.pdf
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演示者
演示文稿备注
U.S. has decentralized statistical agencies; so the laws to protect the data were variable, and had holes.

CIPSEA closed that gap.  Data collected for statistical purposes can only be used for statistical purposes.  Only respondents can wave their right of privacy.

This is very important to the US public; companies.  And it’s important other agencies we want data from or to share with.

Statisticians must be increasingly diligent and sophisticated in the methods used to protect the data. John Abowd’s work…

More collaboration across agencies, more data sharing and transparency
Health and Human Services (HHS) conducts an evaluation of the Low Income Home Energy Assistance Program (LIHEAP) using the full RECS dataset, who is served or missed. 
DOE research labs more precisely examine price elasticities, appliance standards, and building codes
Census Bureau improves imputation models for missing energy expenditures in its American Housing Survey; the Labor Department has better estimates of energy expenditures in the consumer price index
Stronger long-term energy demand projections in a dynamic market
More data access for EIA economists to develop a better reference case for future demand
Better side cases for new technologies, standards, regulations and legislation


https://www.eia.gov/cipsea/cipsea.pdf

Updates to EIA’s consumption
data program
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Recent updates to the consumption data program include the following:
SR AR e R BATL AT dE TR R

 How we sample, design, collect, and estimate building energy characteristics
and consumption
Ao fe b HE K T B o B b i R R

 How we model demand for energy end uses and by fuels, and
AN de i fohrad i R G R fopfl g K Uz

 How we contract, manage, and monitor large, complex data projects
Aindeie B2, § e A A E 4 R on p
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Sampling requires “complex” methods _
REZRE 270 2 Samping Units.

(PSUs) - counties or
groups of counties

* RECS and CBECS use “area frame” sampling
methods to control costs and stratification to improve
precision
RECS §= CBECS # * "3 # & # 7R3 2 kipd|= &
fol B B AR

» CBECS requires multiple frames: area-based (typical

buildings) and list-based (large unique buildings) > Seloct
CBECS Z& % f RH Kk £7 &4 (L AEHF) segments | (Al
folkh = 714 (A AR FEHF) A i
* RECS uses a “postal frame” for most of its sample now /_\
RECS I e % 304 f£h 3018 % “BRpc [ 147 —ﬂ \
EIA sampling methods are evolving; some are ahead of ‘D ) )
the field i /| 3. Select
oG AR D ART G BAT LT SR A buildings
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Consumption Data Program schedule: FY2018-2021

Jan Feb Mar Apr May Jun Jul
CBECS
2018

Project planning

Aug

Sep

(o)

Eileen M. O’Brien, Beijing, China,
May 25, 2018

* = project start

Nov
” N\
N—___

Oct
FY18

Dec

> Project
planning




» Task Order Schedule for the CBECS only ‘

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

CBEC 2. Develop Sample Frame Methods

‘m 2018

3. Create Sample Frame (field lister recruitment, training & listing)

Residential
submeter

‘i

2 cont.) Develop Sample Frame Methods |
‘m ( ) & & 4. Produce Sample 7. Process CBECS
Dat
5. Prepare for Data Collection (methods, CAPIl/web instrument, interviewer training) @
I Opt. 1: EXTEND 6. Collect QB_E_S__uﬁd_'ngQ_t____ e | Opt. 2: EXTEND Collection
N L. Option 4: Conduct NonresponseBias Study _ _
4 Sample 5 Training T
(7 cont.) Process CBECS Data 9. Create Energy Supplier Frames 12. Manage & Process Energy Supplier (ESS) Data

8. Develop Weights and Variance Estimation
P 9 10. Prepare for ESS collection

(7 cont.) Process data

(8 cont.) Wgts & Var
‘m | (Opt. 4 cont.) Conduct Nonresponse Bias Study I

11. Collect Energy Supplier data (ESS) Opt 3: EXTEND ESS Collection

(12 cont.) Manage & process ESS data

CBECS
2018
END
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演示者
演示文稿备注
I share this slide just to show the variety of activities that occur within a ONE consumption survey cycle, here the 2018 Commercial Buildings Energy Consumption Survey (CBECS). 

While we’re running the CBECS, we’re conducting a residential submetering project and planning the next RECS.
These are the most expensive projects EIA runs so, we manage them according to project management best practices.
The actual project schedule is managed in MS-Projects, is about 20+ pages long. WE update it weekly, and meet monthly with the principal managers to  make updates.
The Senior executives are briefed through a Project Management Office template/update on a quarterly basis



Recent updates have cut labor hours and costs; neutral on quality
ﬁxfrmi Tbﬁﬁl)j?ﬁjaﬁlﬁ«frg\,d\.l;}%riﬂ

Sector Unit of Sample frame, new methods | Mode of data End use
analysis collection methods

Residential Primary home Since 2005, only field-list units in Since 1997, With 2015 RECS,
area segments with ‘bad’ coverage CAPI/CATI. engineering-based
on U.S. postal address frame. Use In 2015, mix of models were used

augmented postal list for most of modes: CAPI, mail, jto calibrate energy
sample frame. and web. bills to end uses

Commercial Buildings PLANNED 2018: Since 1995, CAPI Since the 2003
only field-list area segments with and/or CATI. CBECS,

poor coverage relatlve to traditional, §In 2018, will allow engineering-based

eld-list method self-completion by models calibrated
use GIS methods for most of frame. | §secure web form. to annualized
energy bills.
Industry Manufacturing  Business registry of the U.S. Since 2006, Direct response or
establishments  Census Bureau majority by web. derived form.

CAPI = computer assisted personal interview; CATI=Computer Assisted Telephone Interview; and web is a standardized online version of the
survey questionnaire offered to a respondent via a mail or in-person invitation

Eileen M. O'Brien, Beijing, China,
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演示者
演示文稿备注
We’ve changed sampling and data collection methods for both the RECS and CBECS largely because we needed to update to best practices, but also to manage risks of non-completion and cost overruns. 

How have we modernized our modes of data collection?
MECS offered a web questionnaire as early as 2006. 
For the 2015 RECS, we ran a series of pilots using only web/mail collection methods and comparing them with our benchmark program, which used CAPI. This worked so well we completed our 2015 RECS benchmark study using web/mail as a nonresponse follow-up method. On time, on budget. 
CBECS is the last to offer a web questionnaire. Web will only be offered after an initial visit to the site to confirm the building perimeter and to orient and recruit an appropriate respondent.

Our sample frame and sampling methods have been modernized to use proven, cheaper methods where it makes statistical sense to do so.
Most household surveys in the U.S. now sample from an augmented postal frame—much cheaper than using traditional field listing methods to build a sample frame. Where the sample frame has poorer coverage—mostly in rural areas—we will continue to conduct field listing activities. 




“Virtual listing” methods are being tested for CBECS 2018
CBECS 20181+ #i2 (FiR5&7m 5 £ 77 &

CBECS Virtual Listing System it [PRODUCTION | Emily Burkharet |Lister = Logout
 Listing Block 2007 in Tract 1 in Segment 201-01

More information about
CBECS sampling
methods can be found
here:

§ % X7 CBECS # - /2
i LT Ay T
https://www.eia.gov/consu
mption/commercial/2012-
cbecs-building-

sampling.php
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演示者
演示文稿备注
Here is what’s underway for the 2018 CBECS:  
First, let me say that there is no comprehensive list or collection of lists of commercial buildings in the U.S.. We have to build our own frame. If we do that badly, there is no benchmark against which to correct any bias or error, unlike household surveys that can benchmark to censuses.
In past rounds, we used two methods to construct our commercial building sample:  1) field listing every building in selected area segments and 2) augmenting them with lists of large and/or energy intensive or public buildings. This helps us control the probabilities of selection of unique buildings and manage their contribution to sampling variance, i.e. ‘noise’. These special lists include hospitals, airports, universities, government buildings and so on.

What’s new for 2018 CBECS is that we will rely mostly on GIS methods to build our massive area sample frame. 
BUT FIRST we will test the assumption that the “Virtual” GIS-assisted frame is of good quality compared to traditional field listing methods. Right now we are conducting both Virtual and On The Ground field listing on 50 area segments around the country so we can evaluate the quality of the new GIS frame method. 
If the Virtual method is good enough—and it might be better than field listing—we’ll save a lot of money. 
If successful, this would also make this methodology accessible to any city, county, state, country with these means. We will certainly share our findings along the way, with some early results to be shared at the Joint Statistical Meetings in Vancouver, British Columbia, Canada this coming August.
Early work in this area was led by Katie Lewis at EIA. See her work listed on reference slide. 


https://www.eia.gov/consumption/commercial/2012-cbecs-building-sampling.php

RECS tested web & mail against traditional in-person collection
a4 siehig a4 G, RECSIEE 1 K T Jodl % 3 3Nz & #c48

Sample and ‘ Household Processing *
Survey Design collection
Collect Billing
2015 RECS benchmark in person cOFiEZ?;dfion
12015# G2 s R Ti’ AL AR Expenditrl:res:& End Uses
2014 2015 2016 2017

National * “Cities” Pilot *
Pretest* “Bills”

Research pilots in web & paper . _
, e oo National Collect Bills
€ * kT o< B Y R R Pilot
Consumption,

7‘,{: results Expenditures & End Uses
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Web and mail collection was timelier cheaper, and of equal quality.
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What’s new for the 2018 CBECS?
20187 A Ga i) i d B AT @

* Modernization of survey processes Il it it Gv} § 18

— Listing, screening, case management 2= 4~ % &, jaik, &k i+ g 1L

» Option for web completion (self-administered) of the building questionnaire
CHTrERTERRSN AR (FAF)

1979 1983 [ 1986 [ 1989 1992 1995 [ 1999 [ 2003 | 2007 | 2012 | 2018
Paper and pencil X X X

(PAPI)

%355\

Telephone (CATI) X X X
® iAFf-,113 ;\'.

In-person (CAPI) X X X X X
&4 & 255

Web X
:ER 1]3 ;\1
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RECS End-use modeling methods now begin with engineering components
TR CEE DL S =N = RS s ER S D & e D
Stage 1: Household respondents report housing characteristics and usage behavior (voluntary)
Mifl: e > FR 2 asfFipfer * 74 (g L)
Stage 2: Energy Suppliers provide consumption data for sampled units (response is mandatory)
B2 R = B i ) 4 (v & AR 1Ea)
Stage 3: Produce individual end-use estimates using engineering-based models
MBS ie * 1 RT3l kel j %80 7

Stage 4: To obtain the final end-use estimates for each housing unit, calibrate the engineering result to agree
with the annualized energy supplier amount

MEA: Y ERNRAEEF BRI B G, 28 s %2807

7656 1193 3160 1668 + Total Engineering Estimate
[ A E T4 B G st ) AR
@ E J Yeng = 20221 kWh
Calibrate the engineering model estimates so that the final total is equal to the Billing Data Total
billing total (27084 kWh) EERrALEr PR EE
TERAIEHA G B R LR T EApRE LR (27084) Yiun = 27084 kWh
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Future directions for data collection
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EIA has conducted 13 RECS and 10 CBECS
EFEaRINRELF A3 AL R YA
102 ez e Jmy 7% &

sample size e RECS e CBECS
20,000 ‘
15,000

10,000 .’ ‘
LA Iabbe Y
5,000 9 ° @ ~a

0 CIPSEA era
1975 1980 1985 1990 1995 2000 2005 2010 2015 2018
survey reference year

11 surveys/11 =t 8 surveys/8 =t 5-6 surveys/5-6 =t
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® Consumption surveys are also complex and expensive, and they run against a
relatively flat budget profile.
SRR ARE LD B, At T A

Budget of the USEIA (£ E & L ¥ E) .« Costs have risen to

mil dols US/F » % = achieve the same or
250 less success
msm real budget (2007=base)SCfRFIE  ===nominal budget/{g i ~AT % A , XD
200 & L] e
150 * Survey costs are rising
faster than agency
100 bUdgetS
R h A AR R T
50 Ao g
0 * Budgets are flat in real

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 economic terms
WME ALY R
budget fiscal year (Oct-Sep) '
MEH LA ER(L Y BIEEL ) S e

Source/ 7 # % /7 :OMB, Statistical Programs of the United States Government # A]7¢ 3 12 fo77 5 4

, Ffpiht 3 A&
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演示者
演示文稿备注
Double check mon/year assumption for real and nominal. Recalculate inflation factor.


The typical consumption survey cycle is about 4 years
CEI SN ) R T L I

I,.-

Timeline of EIA’'s 2015 Residential Energy Consumption Survey

Reference year

survey household energy
actions survey prep data bills data
collection collection
data . end-use
data £55i ol

characteristics: summary tables and detailed data

data ¢ 0 0

releases

consumption and expenditures: summary tables and detailed data

Eileen M. O'Brien, Beijing, China,
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(another view)
G SE R Bb/}/%l‘ﬁ'llﬂ% A 54 4 &

Household Energy Statistical results
Survey Supplier 2
=
Survey u’
e 'l'
Monthly (

consumption &

expenditures + energy characteristics

(housing & equipment)
+ usage behavior

+ demographics

q-*ﬂ--rm"'l_ \/
Non survey
+ Data + consumption &
Rental Weather data - expenditures
Agent i

Survey Census & climate Modeled results

geography
+ energy end uses by fuel J

NS—
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Response rates in voluntary federal surveys are trending down
KL‘,IVJ.U:,» /,37;%?']‘}%}@.)%,,\ "L‘K{}:

95% " |

Current Population
Survey/sipt A ¢ &

90 % s N :“"T".’":_’,-": """""""""""""""""""""""""""""""""""""""""""""""""" /

85% - "" """""""" """"""""""""""""" e T ‘

Immunizations? National Health

BO K s e T e N N Interview Survey/ ¥ &)

E Rt BN 4

O/ el R AN N
5% » ~ /N Medjcare Current Beneﬂcnary
- ) : undey/sipt F % E-fa F A
R R e
Medical Expenditure Panel
65 % Survey/ 7 75 & 1154 &
: 1997 1998 1999 2000 2001 2002 2003 2007 2008 2009 2010 2m 2012 013

1995 2005 2015

Czajka, J., & Beyler, A. (2016, July 15). Declining Response Rates in Federal Surveys: Trends and Implications (Working paper)
TEZRIR G B f F AT R e fiep (A KR e e )
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The principal threats to complex, periodic studies are timeliness and relevance. We don’t produce
useful results fast enough.

T M E 'Z]‘ G AT A& e AR 0 nE p i dedp X, T4 32§ ddE cnpd jd vt
S A S AL 8

cep 12 2015 RECS/£ E % it hij % % &

2 Sample and Household Household
Survey Design data collection Processing * Characteristics
h R e e Pk AR
2015 2016 2017 2018

Jan 16 Survey Design

0 AR ER Billing Records Collection

BRI G R B

Consumption and & modelcd FHE *
Expenditures

At 5&"}{#,;{ I foje ;x;#/ﬂﬁ. =g
‘\‘ » éﬂ7 4 l—l]
Y= results/ % # /}J P ’ff'x .y
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We’re testing passive measurement technologies for end uses
A f PR R R R iR B AR

» So-called “NILMs” (Non-Intrusive Load Monitoring) are being evaluated for —
I AsFG ZEiE s ﬁ ";‘_’",_ T H K-
— Energy Efficiency, Demand Response, Measurement & Verification, Energy Audits, Appliance Diagnostics, Cost of

Service, etc.
forn s o F Rep R0 RIEACRIE LR 0 K § AR RS R AR o

» Research is being run by consultants, non-profits, academics, and a few utilities
Frd Rgad o Agfley s F4fr- ko F AP a0
— Almost all extant work has been circuit-level metering, and not NILM methods
SR N IR TR=r 2y ;'rs{e BARSA A2 r f il EHER
— Whole-Premise monitoring considered to be NILM by some but still requires home visit as well as a disaggregation

algorithm
BoARZEE O fdE R B ARAGA A A FE AR, v RGP A IR AR L

* Residential sub-metering can be challenging logistically
BRAAELGEHS 6T LG PR
— Complex stages: Planning, DeS|gn, Recruitment, Installation, Data Collection
E b Bt AR 28 &K Sk
— Expensive— costs thousands per housing unit, but more, timelier data is possible
S - E 4 SRECGREE NS E A w5, {2 kBTG T e

Eileen M. O’Brien, Beijing, China,
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EIA’s has three goals for this pilot study of energy end uses
FERAE LF IR REERRALFT I 2P

Compare usage patterns between NILM device and respondent’s self report, (e.g., number of clothes
washer cycles
WRCE B R R G BB R g AR R i (Blde o SRR Y B k)

Compare usage characteristics (e.g., self-reported versus observed water temperature for a clothes
washer or heated drying for a dishwasher)
VAR B (Do R R A RiReRp 3R IRIE & R perean T ik o)

Compare actual consumption by end use to the RECS 2015 model results
IR AR AR B 2010E B B R R

We’ll prioritize the research in three tiers in preparation for the 2020 RECS
ML B P RAFY F 5 2020# ch e R oY ARGE S 10T

Refrigerators, Dishwashers, Clothes Washers, Dryers, Cooking, Air Conditioning, Space Heating,

Water Heating

Computers, Televisions, Home Entertainment
Lighting, Rare End Uses, Residual

Eileen M. O’Brien, Beijing, China,
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Some lessons learned over 40 years of consumption studies
A0 E i Rof R AL P R - % e

« Start with good sample frames; tradeoff the value of covering the ‘whole’
population; define subpopulations sensibly—taxonomies matter.
MO G 2 e RERE BT R PR RV T -
EFEREER o

* Innovate strategically—run pilots, measure and adjust strategies.
BIRTEGNZ 5 (TR G 0 FR o B o

» Use surveys where respondents report well; augment, impute, and model
elsewhere.
@ Xy H 4R gy HiH B Ay fa2T foz il o

» Engage stakeholders before, during, and after data collection
LA R LT, 20 fer B flE R L,

Eileen M. O'Brien, Beijing, China,
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Technical references $ = 5k 7 ¥

Recent modeling efforts

e Comparisons of Calibration Methods for the RECS Engineering End-Use Estimates — Shaofen Grace Deng, U.S. Energy
Information Administration ; Greg Lawson , U.S. Energy Information Administration ; Chrishelle Lawrence, U.S. Energy
Information Administration. Presented at the Joint Statistical Meetings, Baltimore (2017, July 31).

e Deriving Estimates for the Energy Consumption of U.S. Residential Space Conditioning Using Seasonal Datasets —William
Lawson, U.S. Energy Information Administration (EIA). Presented at the Joint Statistical Meetings, Baltimore (2017, Aug 3).

Related technical documentation for CBECS and RECS

» Residential Energy Consumption Survey (RECS) 2015 Technical Documentation Summary, U.S. EIA, May 2017.

e 2015 RECS Square Footage Documentation Summary, U.S. EIA, October 2017.

« 2012 CBECS Methodology

» Lewis, Katie, “Exploratory Research on the Use of Google Earth to Create a Sampling Frame of Buildings,” U.S. Energy
Information Administration, 2013 Federal Committee on Statistical Methodology (FCSM) Research Conference, Washington
D.C. November 4-6, 2013.

//;"ﬂ Eileen M. O’'Brien, Beijing, China,
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演示者
演示文稿备注
Here are some new reference materials you may find useful or interesting to your programs.

https://ww2.amstat.org/meetings/jsm/2017/onlineprogram/AbstractDetails.cfm?abstractid=322915
https://ww2.amstat.org/meetings/jsm/2017/onlineprogram/AbstractDetails.cfm?abstractid=323111
https://www.eia.gov/consumption/residential/reports/2015/methodology/pdf/methodology_report.pdf
https://www.eia.gov/consumption/residential/reports/2015/squarefootage/pdf/2015_recs_squarefootage.pdf
https://www.eia.gov/consumption/commercial/data/2012/index.php?view=methodology

Coming soon—RECS 2015 results!
201602 s i) o A %% Tl s # |




Analysis of the 2015 RECS shows the sample is representative Good!

20156 =2 s Ry

3% 5000

4000

RER P

3000

Heating degree days:

Average Heating Degree Days (HDD),
TiaReg R P 4k,
RECS and Monthly Energy Review (MER)
Eza ki gt afon izt P &

\
\
—RECS
—MER
2001 2005 2009 2015
year

Eileen M. O’Brien, Beijing, China,
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Characteristics that correlate
with energy consumption are
representative (Example:
Heating Degree Days)
LEawwhj#£plr By i
g ()4 ﬁn»g; %)
The process that annualized
consumption was verified
multiple times
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演示者
演示文稿备注
- When we first reviewed gaps between our RECS and sector totals, we conducted analysis to understand how well our sample of households was performing.  Was it representative of the population? Perhaps our respondents were disproportionately apartment dwellers or low income or from less energy-intensive climates (for example, too many from energy efficient California homes or in milder climates?).  The answer is no.  We conducted “nonresponse bias analysis”, which showed that many of the characteristics that are correlated with consumption, such as HDD, indeed are representative of the population. This graph is one example.

- We also thoroughly reviewed our processes and verified each step of the consumption annualization process. 

- It is also important to know that our estimates of end use are not dependent on estimates of total consumption.


= Improved models = more end uses from the 2015 RECS
i A A]=2010# A2 Ry gt A0 S ER

e 2015 RECS results will include many more end uses, mostly for electricity, some for
other fuels.

20156 2 Rl AV ANER SR Sk AR AR E R 4 o B v

 End uses are still the result of modeled not measured results, however...
B ARk, 2 AR sk o e AL

The 2015 models include two major improvements:
201587 ¢ $£ 8 1 F & 2xi
1) The models are now engineering-based. We use data from energy studies that had
objective measures of end uses to inform engineering parameters
T A A E 3 fet AR AN kRS Y ddE S EE B S
@ TR R kB 1 ARA A
2) Models use more energy characteristics information from the RECS Household Survey
AR Az R R ARV EY L TR L

Eileen M. O'Brien, Beijing, China,
cia)
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演示者
演示文稿备注
These methodology changes may impact the comparability of RECS 2015 end use estimates to prior rounds of RECS, aka “break in series”
There are always some definitional and operational differences between RECS and sector-level fuel totals 



End-use estimation methodology improvements
ZE R E D E e

Al -t
2009 2015
Nonlinear Regression #£ % /4 w7 4 Engineering Models z #¢ #7/
Statistical models rely on including unknown Engineering models rely on approaches and
parameters and finding their least square values parameter values as can be found in published
) S HCAER & 7 A AoA dofoi ko] 2 % studies
Modellng WL e IARBAER G e S 2T P PR
ﬁ;_‘il - Models depend on billing data totals % #xiE
' FoA BT Rk E B e B -> No reliance on billing data totals
I TR § S T A
Simple Normalization & & 77474 i* Minimum Variance Estimation #& -/ = £ 5+
Modeled sums of end uses are calibratedto. | 28 B0 S TR T8 SO RRE L e e
meet billing data totals by proration . D e 0 R 4
R Bkt AP G o R BRI K B R EPH R MR RS S RS
Calibration N - AR Pk it
“ FETREA - The most uncertain estimates tend to get the
’f’i 7:A - Every estimate is multiplied by the same I ( i 9
value = /4 it g o dn b e argest corrections
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More information on submetering research
3 XL R EFY N S

Eileen M. O’Brien, Beijing, China,
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Residential end use shares, 1993 and 2009

Energy consumption in homes by end uses
guadrillion Btu and percent

1583

mspace heating  mair conditioning  mwater heating  wappliances, electronics, and lighting

Source: U.S. Energy Information Administration, Residential Energy Consumption Survey.
Note: Amounts represent the energy consumption in occupied primary housing units.

Source: Today in Energy, March 7, 2013

Presenter name, Presentation location,

Presentation date


https://www.eia.gov/todayinenergy/detail.php?id=10271&src=%E2%80%B9%20Consumption%20%20%20%20%20%20Residential%20Energy%20Consumption%20Survey%20(RECS)-f4

Goals of EIA Submetering Project

SR LT A AN P P b

Simultaneous collection of characteristics and consumption data through use of whole home
submetering technology
CIEVIRT S IO M- o S o5 - = e Ao (A ) B S 72

Validation of current RECS end-use models
FEIE Y WA R ?‘r N R T

Collect data on more and smaller end uses (“miscellaneous” end uses)

Tefk L 2o P and g % cndedp ("R T Gk At i)

Evaluate potential for submetering collection on a national basis

PR ArEFEFPEESRNE R T

Collect data on new, emerging energy-using products in the home in “real time”
“TET T B RS AT hfE i P R4

Develop capacity to collect, process, and store large amounts of “real time” data
2R, v L R T B i

Eileen M. O'Brien, Beijing, China,

May 25, 2018



Traditionally, EIA had produced statistical estimates of end-uses

B iR AR Bk R F RS

» Knowing the annual total energy consumption for a specific fuel, decompose the number into the
end uses that use that fuel, for example, space heating, air conditioning, water heating, and so on.

TR hE R R R, s AR R B S R bl e, 5O

7}\' 4y ‘fc 5 o
Total Electricity
10,000 kWh ~
Space Heatlng Other End Uses

1,900 kWh l 2,100 kWh
\\ 1

Refrigeration
Water Heating 1,200 kWh
3,200 kWh t

[

Air conditioning

1, 600 kWh

Eileen M. O’Brien, Beijing, China,

May 25, 2018



Published end uses by fuel are comprised of many subcomponents
DR B R F 53 INA

2009 Modeled 2009 Published 2015 Modeled 2015 Published
Fuel %L 2009 #h1dc 20092 % # 2015 #hudc 2015 2 # #%
Electricity = # 52 5 85 ?
Natural Gas % #A 1 13 3 18 ?
Propane f *z 12 3 16 ?
Fuel Oil %4 6 3 7 ?

Eileen M. O’Brien, Beijing, China,
cia)

May 25, 2018
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Submetering Technology Landscape — Established Technologies

bt Fe FAR B - R AR
Plug Ioad Outlet Monitor:

e Circuit-level Monitor:
v BB AL R

PP

Eileen M. O'Brien, Beijing, China,

May 25, 2018

Appliances plug into small monitor. The monitor
plugs into wall outlet.

CEEA UL TR AR R,

End use is measured and recorded as electricity
passes through the monitoring device.
e 4l a’f’“’v\wﬂi P2 s B % R

E5y R /ﬁ

Monitor is mounted near or inside a breaker panel.
WALEL AW B G FgITE PR

This technology uses current transformers and
line voltage to measure power and energy use for
multiple electrical circuits

L AR T R B oS BkPE S

e e b & ’ff'}ib M l?f * o



Submetering Technology Landscape — Innovative Technology

BERFERGE L - L]FTHR

Whole-house Monitor with Load Disaggregation Algorithms:

2R A RE
neurio
neurio

3

o1 -Rat -

Eileen M. O’Brien, Beijing, China,

May 25, 2018

Monitor is mounted near or within a breaker
panel, and uses current transformers and
measured line voltage to determine power
and energy consumption at the electrical
mains.

EALRE R AR B TSP N R
RS R B o€ SRt Bkt 4 F
Benr Fioi £ 4L o

Electrical pattern detection algorithms are

used to identify electrical signatures of

specific appliances and other loads.
RGN B TRt Bcd
i zﬁ e TG o




Proposed Timeline — residential submetering

EN P A - A A L E
Oct 2017 — April 2018 — EIA partners with US Energy Department’s Pacific National Lab, selects technology,

recruits households

R LE L EEE RIS DA R &, R 2 F fUe
. Apr 2018 — Begin installation on 8 homes (Small Pilot)

% F8) Fde ()R E)

. Sept 2018 — Begin installation on additional 80 homes (Large Pilot)

T A 80 4 e (< AR D)

* Nov 2018 — Begln evaluation of “Tier One” end uses
S4B YR - BT ek %R R

« May 2019 — Complete one full year of submeter data collection
A - A 4R ENE

* Jan 2020 — Update household questionnaire for RECS 2020
L #7 2020 Az de ki) § ot A DRIET %

*  Sept 2020 — Potentially include submeter data collection in RECS 2020
T e 4E 2020 xR YA Y s A E Ak

 Jan 2021 — Apply results to RECS 2020 end use models
B E e 72020 A2 R oY Ak R A

A~ Eileen M. O’Brien, Beijing, China,
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Proposed Timeline — residential submetering

EN R £ - Az A&t

—

* Oct 2017 — April 2018 — EIA partners with US Energy
Department’s Pacific National Lab, selects technology,
recruits households

RERERESREREFE A FEFRLINESF,
N 2 E

* Apr 2018 — Begin installation on 8 homes (Small Pilot)

» Sept 2018 — Begin installation on additional 80 homes
(Large Pilot)

* Nov 2018 — Begin evaluation of “Tier One” end uses

* May 2019 — Complete one full year of submeter data
collection

FrIR% 38 e ( /vl )
FHALREEIMYIBONSREE ( AZLiA )
FaiHE S —EX HREERER
SER—IR DR BERIEE

» Jan 2020 — Update household questionnaire for RECS
2020

* Sept 2020 — Potentially include submeter data collection in
RECS 2020

» Jan 2021 — Apply results to RECS 2020 end use models

Eileen M. O'Brien, Beijing, China,

May 25, 2018
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Quadrennial RECS + rotating panel of submetered homes.
Add 500 submetered homes each year; keep In panel 5 years.

Submetering RECS RECS RECS
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

2020 (2028) 500 500 500 500 500
2021 (2029) 500 500 500 500 500 500
2022 (... ) 500 500 500 500 500

2023 500 500 500 500 500

2024 500 500 500 500 500

2025 500 500 500 500 500
2026 500 500 500 500
2027 500 500 500

Total 500 1,000 1,500 2,500

RECS 25,000
(50 states) !

——

2,500 2,500 2,500 2,500 2,500

Presenter name, Presentation location,

Cl a’ Presentation date



Transformation of “RTECS”

residential transportation energy consumption survey

Pr e@ﬁi’er name, Presentation location
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Measurement goal

» To reinstate a residential transportation data program to inform transportation
programs and policy at a National and Regional Level

Data to collect

e Transportation data — vehicle miles traveled, vehicle type, miles per gallon (rural, interstate, on
road, in-use), count of vehicle(s) on the road, number of vehicles sold, and the number of
alternative fuel vehicles.

* Energy related data — type of fuel consumed, type of fuel sold, price of fuel, inventory of fuel,
alternative fuel locations, and energy consumed by Kw/h (AFV)

 Household or demographic data — population of the capture area, employment makeup (number
of employed and unemployed), income, household size, how many children, age, sex and location
(zip code) of participants of the study.




Consideration of using “data loggers” to passively collect data

* Methodology — new data collection method, but commercially available

» Cost — high relative to basic survey methods

» Data velocity, volume, - Could be as frequent as we want

» Positive — Minimal burden to household respondents

* Negative— Household acceptance, concerns about privacy or being “tracked”

« Value — High. “Big data” could offer high volume, timely data to make
regular even real-time updates to transportation models

. | Eileen M. O'Brien, Beijing, China,
cia)

May 25, 2018



Tracking travel — what is this?

Great Fall
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Sensor Data Availability

» To the right, is a network of sensors within the I-
495 Beltway for Washington D.C.

» These sensors capture everything from speed
to volume on the corridor in which they are
located.

» For our purposes, we want to capture speed for
an area, here “The Beltway”.

* From the speed collected, we want to make a
network model of what a typical scenario would
look like (Rush Hour, 15 Minute time Period,
Holiday, etc)




Visualization of Sensor Data into Speed Data
O VST NG

» Develop a ‘speed model’ within an area

» Apply other data sets to estimate daily
commuter and vacationer share within area

» For given time frames, combine key
metrics such as vehicle miles traveled,
speed, congestion, fuel pricing, other data
to derive consumption and expenditures

° Goal: deve|0p a “real time” data Spq.eéd: Current speed of_tﬁe segment in MPH
. G H s d is ab 30MPH
dashboard of typical travel for a local area, Tt Specd s between 25MPH and SOMPH
Wlth modeled estlmates of energy Red: Speed is between 15MPH and 25MPH

Dark Red: Speed is below 15MPH

consumption and expenditures
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