Entergy New Orleans, LLC
1600 Perdido Street 7011208

= Fnter P.O. Box 61000

gy New Orleans, LA 70161000
Tel 5046703680
Fax 5046703615

chicho2@entergy.com

Courtney R. Nicholson
Vice-President Regulatory and Public Affairs

November22, 2021

VIA ELECTRONIC MAIL ONLY
Ms. Lora W. Johnson, CMC, LMMC
Clerk of Council

City Hall - Room1E09

1300 Perdido Street

New Orleans, LA 70112

Re: Filing of the New Orleans TechnicaReference Manual Version 5.0 (Resolutions R
15-140; R18-228; UD-08-02, UD-17-03)

DearMs. Johnson

On April 9, 2015, the Council of the City of New Orleans (“Council”) adopted Resolutibs R

140 that directed Entergy New Orleans, LLC (“ENQO”) to creat®lew Orleans Technical
Reference Manual (“TRM”). On June 21, 2018 the Council adopted Resolui82R8 which
approved the New Orleans TRM Version 1.0 and required updates to the TRM through biannual
meetings. On OctobeB22020 ENO filed the TRM Vaion 4.0. On behalf of ADM Associates,

ENO submits the enclosed original and three copies of the New Orleans Technical Reference
Manual Version 5.0. Should you have any questions regarding this filing, please contact my office
at (504) 6763680.

Thankyou for your assistance with this matter.

Sincerely,
ety 2.prichoton

CourtneyR. Nicholson

Enclosure

cc: Official Service List UD08-02 and UD-17-03 (via electronic mail)



1HZ 2UOHDQV (QHUJ\
7HFKQLFDO 5HIHUHQFH 0ODQXD

1RYHPEHU

SUHSDUHG E\

$'0 $VVRFLDWHYV | C




$FNQRZOHGJHPHQWYV

$'0 $VVRFLDWHV ZRXOG OLNH WR WKDQN WKH SDUWLHV LQYR
2U0HDQV 7THFKQLFDO 5HIHUHQFH O0DQXDO 7KH &LW\ &RXQFLO
DQG (QHUJ\ 6PDUW SURJUDP LPSOHPHQWDWLRQ FRQWUDFWR!
WKLV HIIRUW DQG ZH DSSUHFLDWH WKH RSSRUWXQLW\ WR

LQIRUP WKH FRQWLQXRXV LPSURYHPHQW RI WKH (QHUJ\ 6PDU

IvVIAo P u v§e



7DEOH RI &RQWHQWYV

$

%

LT - B - N - - A R

%
%
%

 QWURGXFWLRQ

$GGLWLRQDO 6HFWLRQV DQG 8SGDWHV %HWZHHQ 750 DQG 750
+LJK ,PSDFW OHDVXUHYV

1HZ 2UOHDQV (0 9 6WXGLHV

L, QFUHPHQWDO &RVWYV

6LPXODWLRQ ORGHOLQJ

"HDWKHU

$SSOLFDWLRQ RI 9DOXHV LQ WKLV 750

JXWXUH 6WXGLHV

(YDOXDWLRQ 3URWRFROV

SURWRFROV QWURGXFWLRQ
(YDOXDWLRQ 3ULQFLSOHY DQG &RQFHSWYV
BURWRFROV IRU ,PSDFW (YDOXDWLRQ RI OHDVXUHYV SURMHFWYV 1

OHDVXUHYV

%
%
%
%
%
%

%

R R R R R W W R R

BURWRFROV IRU &4RQGXFWLQJ 3URFHVY (YDOXDWLRQV

BURWRFROV IRU (YDOXDWLRQ RI 1HZ &RQVWUXFWLRQ 3URMHFWYV
SBURWRFROV IRU (YDOXDWLRQ RI 5SHWURFRPPLVVLRQLQJ B3URMHFWYV
%HKDYLRUDO (YDOXDWLRQ 3URWRFROV

'HPDQG 5HVSRQVH (YDOXDWLRQ 3URWRFROV

BURWRFROV DQG *XLGDQFH IRU (VWDEOLVKLQJ 4XDOLW\ $VVXUDQFI

SURWRFRO DQG *XLGDQFH IRU 8SGDWLQJ WKH 750

SHVLGHQWLDO OHDVXUHYV

$SSOLDQFHV

(1(5*< 67%$55S &ORWKHV :DVKHUV
(1(5*< 67%$5S '"U\HUV

(1(5*< 67%$5S 'LVKZDVKHUV
(1(5*< 67%$5S :DWHU &RROHUV
(1(*5< 67%$5S $LU 3XULILHUV
(1(5*< 67%$55S &HLOLQJ )DQV
$GYDQFHG 3RZHU 6WULSV
(1(5*< 67%$5S '"HKXPLGLILHUV

d

(0]

3H(

}vS vSe



(1(5*< 67%$55 3RRO 3XPSV

(1(5*< 67%$5S SHIULJHUDWRUYV
(1(5*< 67$5S )UHH]HUV

5HIULJHUDWRU DQG )UHH]HU 5HF\FOLQJ
'RPHVWLF +RW :DWHU

:DWHU +HDWHU 5HSODFHPHQW

:DWHU +HDWHU -DFNHWV

:DWHU +HDWHU 3LSH ,QVXODWLRQ

JDXFHW $HUDWRUYV

/IRZ )ORZ 6KRZHUKHDGV

6KRZHUKHDG 7KHUPRVWDWLF 5HVWULFWRU 9DOYHV
7XE 6SRXW 'LYHUWHUV DQG 7KHUPRVWDWLF 5SHVWULFWRU 9DOYHYV |
+9%&

&HQWUDO $LU &RQGLWLRQHU 5HSODFHPHQW
'LQGRZ $LU &RQGLWLRQHU 5HSODFHPHQW
(OHFWURQLFDOO\ & RPPXWDWHG ORWRUV RQ )XUQDFH )DQV
+HDW 3XPS 5HSODFHPHQW

*URXQG 6RXUFH +HDW 3XPS 5HSODFHPHQW
'XFWOHVV +HDW 3XPS

&HQWUDO $LU &RQGLWLRQHU DQG +HDW 3XPS 7XQH 8S
‘XFW 6HDOLQJ

6PDUW 7KHUPRVWDWYV

(QYHORSH OHDVXUHV

$WWLF .QHH :DOO ,QVXODWLRQ

&HLOLQJ ,QVXODWLRQ

:DOO ,QVXODWLRQ

JORRU ,QVXODWLRQ

(1(5*< 67%$5S :LQGRZV 'RRUV DQG 6N\OLJKWYV
(1(5*< 67%$5S /RZ (PLVVLYLW\ 6WRUP :LQGRZV

$LU ,QILOWUDWLRQ

:LQGRZ )LOP

5DGLDQW %DUULHUV

5HVLGHQWLDO /LJKWLQJ

5HVLGHQWLDO /LJKWLQJ (IILFLHQF\

R R R R R R R R QW X R R K R R R W QW R R R R R R W QW QW X R K R R R RO

d o }( }vsS vse



R R R R

&R

(1(5*< 67%$5S 2PQL 'LUHFWLRQDO /('V

(1(5*< 67$5S 'LUHFWLRQDO DQG 6SHFLDOW\ /('V

(1(5*< 67%$5S 2PQL 'LUHFWLRQDO &RPSDFW )OXRUHVFHQW /DPSV &)/
(1(5*< 67$5S 6SHFLDOW\ &RPSDFW )J)OXRUHVFHQW /DPSV &)/V
PPHUFLDO OHDVXUHV

&RPPHUFLDO ORWRUYV

(OHFWURQLFDOO\ &RPPXWDWHG ORWRUV IRU 5HIULJHUDWLRQ DQG -
BUHPLXP (IILFLHQF\ ORWRUV

&RPPHUFLDO :DWHU +HDWLQJ

:DWHU +HDWHU 5HSODFHPHQW

&RPPHUFLDO )DXFHW $HUDWRUV

&RPPHUFLDO /RZ )ORZ 6KRZHUKHDGYV

&RPPHUFLDO :DWHU +HDWHU 3LSH ,QVXODWLRQ

+9%&

3DFNDJHG 7HUPLQDO $& +3 37%$& 37+3 (TXLSPHQW

8QLWDU\ DQG 6SOLW 6\WWHP $& +3 (TXLSPHQW

$LU DQG :DWHU &RROHG &KLOOHUV

&RPPHUFLDO $LU &RQGLWLRQHU DQG +HDW 3XPS 7XQH 8S
*XHVW 5RRP (QHUJ\ ODQDJHPHQW *5(0 &RQWUROV

'"HPDQG &RQWURO 9HQWLODWLRQ

&RPPHUFLDO 6PDUW 7KHUPRVWDWYV

9DULDEOH 6SHHG '"ULYHYV

S5HIULJHUDWLRQ

&RPPHUFLDO 9DULDEOH 5HIULJHUDQW )ORZ 6\VWHPV

'RRU +HDWHU &RQWUROV IRU 5HIULJHUDWRUY DQG J)UHH]JHUV
6ROLG 'RRU 5HIULJHUDWRUY DQG )UHH]HUV

5HIULJHUDWHG &DVH 1LJKW &RYHUV

6WULS &XUWDLQV

=HUR (QHUJ\ 'RRUYV

(YDSRUDWRU )DQ &RQWUROV

%YHYHUDJH DQG 6QDFN ODFKLQH &RQWUROV

&RPPHUFLDO ,FH ODNHUYV

JRRG 6HUYLFH

3H(

}vS vSe



(
(

&RPPHUFLDO *ULGGOHYV
&RQYHFWLRQ 2YHQV

&RPELQDWLRQ 2YHQV

&RPPHUFLDO )U\HUV

&RPPHUFLDO 6WHDP &RRNHUV

/RZ YORZ 3UH 5LQVH 6SUD\ 9DOYHV

'"HPDQG &RQWURO 9HQWLODWLRQ .LWFKHQV
(1(5*< 67$55 +RW )RRG +ROGLQJ &DELQHWYV
(1(5*< 67$55 &RPPHUFLDO 'LVKZDVKHUYV
(1(5*< 67$55 &RPPHUFLDO ,FH ODNHUV
&RPPHUFLDO /LJKWLQJ

&RPPHUFLDO /LIKWLQJ (IILFLHQF\

/LIKWLQJ &RQWUROV

%L /HYHO /LIKWLQJ )L[WXUHV LQ 3DUNLQJ *DUDJHV
/(" 5SHIULJHUDWHG &DVH /LIKWLQJ

/JLIKW (PLWWLQJ 'LRGH /(' 7UDIILF 6LJQDOV
2WKHU OHDVXUHYV
&RPSUHVVHG $LU /HDN 5HSDLU

&RRO 5RRIV

$LU &XUWDLQV

'LQGRZ )LOP

30XJ /IRDG 2FFXSDQF\ 6HQVRUV
$GYDQFHG 3RZHU 6WULSV
&RPSXWHU 3RZHU ODQDJHPHQW

$SSHQGLFHYV

$SSHQGL[ $ ,QSXWV
$SSHQGL[ % ([DPSOHV IRU ([LVWLQJ %DVHOLQH OHWKRGV IRU 6HW\

$GCMXVWPHQWYV

(
(

$SSHQGL[ & 3ULRU ZRUN LQ '5 0 9 OHWKRGV
$SSHQGL[ ' ,QIRUPDWLRQ 6RXUFHY DQG 5HIHUHQFHV

3H(

}vS vSe



/ILVW RI 7TDEOHYV

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

$

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

3DUDPHWHUYV 9DOLGDWHG ZLWK 3ULPDU\ 'DWD &ROOHFWLRQ LC
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&RPSDULVRQ RI 6DYLQJV &RPSRQHQWYV IRU 1& (&0V

&RPPRQ 5&[ OHDVXUHYV

&DWHJRUL]DWLRQ RI 5&[ OHDVXUHV

5&[ ODUNHW %DUULHUV

$GMXVWHG &RQVXPSWLRQ IRU 6FKHGXOHG &RQWURO 9DULDEC
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7DEOH & :DWHU &RROHU &RVW 6XPPDU\

7DEOH & &$'5 : SHTXLUHPHQW
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'"HHPHG 6DYLQJV IRU 5HVLGHQWLDO $36

$36 $VVXPSWLRQV

(1(5*< 67$55 'HKXPLGLILHU 6WDQGDUG

JHGHUDO OLQLPXP 6WDQGDUGYV IRU '"HKXPLGLILHUV

$QQXDO (QHUJ\ 6DYLQJV E\ &DSDFLW\ 5DQJH

$QQXDO (QHUJ\ 6DYLQJV E\ &DSDFLW\ 5DQJH

'"HPDQG 5HGXFWLRQV E\ &DSDFLW\ 5DQJH

9DULDEOH 6SHHG 3RRO 3XPSV * '"HHPHG 6DYLQJV 9DOXHV
OXOWL 6SHHG 3RRO 3XPSV + '"HHPHG 6DYLQJV 9DOXHV
&RQYHQWLRQDO 3RRO 3XPSV $VVXPSWLRQV

(1(5*< 67$55 0OXOWL 6SHHG 3RRO 3XPSV $VVXPSWLRQV
JRUPXODV WR &DOFXODWH WKH (1(5*< 67$53 5HIULJHUDWRU &
5HPDLQLQJ 8VHIXO /LIH 58/ RI 5HSODFHG 5HIULJHUDWRU
(1(5*< 67$55 6SHFLILFDWLRQV

(QHUJ\ 8VDJH 6SHFLILFDWLRQV

'"HHPHG (QHUJ\ 6DYLQJV DQG 'HPDQG 5HGXFWLRQV

5HPDLQLQJ 8VHIXO /LIH 58/ RI 5HSODFHG 5HIULJHUDWRU
6DYLQJV &RHIILFLHQWYV IRU 5HIULJHUDWRU 6DYLQJV

6DYLQJV &RHIILFLHQWYV IRU J)UHH]HU 6DYLQJV

7LWOH G :DWHU +HDWHU 6WDQGDUGYV

7DQN :DWHU +HDWHU 'UDZ 3DWWHUQ

,QVWDQWDQHRXV :DWHU +HDWHU 'UDZ 3DWWHUQ

+HDW 3XPS :DWHU +HDWHU 'UDZ 3DWWHUQ

&DOFXODWHG (OHFWULF 6WRUDJH :DWHU +HDWHU %DVHOLQH
(VWLPDWHG $QQXDO +RW :DWHU 8VH JDO

'"HHPHG N:K 6DYLQJV IRU :DWHU +HDWHU 5HSODFHPHQW
'"HHPHG N: 6DYLQJV IRU :DWHU +HDWHU 5HSODFHPHQW
$YHUDJH $PELHQW 7HPSHUDWXUHV DQG 3% )DFWRUV E\ ,QVWE
+3:4+ SGMXVWPHQW

,QFUHPHQWDO &RVWYV

‘:DWHU +HDWHU -DFNHWV * %DVHOLQH DQG (IILFLHQF\ 6WDQGTL
‘:DWHU +HDWHU -DFNHWV * (OHFWULF +HDWLQJ 'HHPHG 6DYLQ.
‘:DWHU +HDWHU 3LSH ,QVXODWLRQ * %DVHOLQH DQG (IILFLHQF
3LSH :UDS + '"HHPHG 6DYLQJV 3HU /LQHDU )RRW
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J)DXFHW $HUDWRUV + %DVHOLQH DQG (IILFLHQF\ 6WDQGDUGYV
J)DXFHW $HUDWRUV * '"HHPHG 6DYLQJV

(VWLPDWHG $HUDWRU +RW :DWHU 8VDJH 5HGXFWLRQ

OL[HG :DWHU 7THPSHUDWXUH &DOFXODWLRQ

([DPSOH 5HSODFLQJ *30 ZLWK *30 )DXFHW $HUDWRU

,Q 6HUYLFH 5DWHYV

/IRZ )ORZ 6KRZHUKHDG +*+ %DVHOLQH DQG (IILFLHQF\ 6WDQGDUC
(VWLPDWHG 6KRZHUKHDG +RW :DWHU 8VDJH 5HGXFWLRQ
OL[HG :DWHU 7HPSHUDWXUH &DOFXODWLRQ

/IRZ )ORZ 6KRZHUKHDG 5HWURILW '"HHPHG (QHUJ\ 6DYLQJV

,Q 6HUYLFH 5DWHYV

(VWLPDWHG 6KRZHUKHDG +RW :DWHU 8VDJH 5HGXFWLRQ
*DOORQV RI +RW :DWHU 6DYHG SHU <HDU

'"HHPHG 6DYLQJV IRU 759V + 6KRZHUKHDGYV

(VWLPDWHG 6KRZHUKHDG +RW :DWHU 8VDJH 5HGXFWLRQ
:DWHU 6DYLQJV E\ )ORZ 5DWH JDOORQV

'"HHPHG 6DYLQJV IRU 759V + 6KRZHUKHDGYV

&HQWUDO $LU &RQGLWLRQHU = %DVHOLQH DQG (IILFLHQF\ /HY
+LJK (IILFLHQF\ &HQWUDO $& 'HHPHG N:K

+LJK (IILFLHQF\ &HQWUDO $& 'HHPHG N:

+LJK (IILFLHQF\ &HQWUDO $& 5HSODFHPHQW ,QFUHPHQWDO &R
:LQGRZ $LU &RQGLWLRQHU + %DVHOLQH DQG (IILFLHQF\ /HYHO
)XUQDFH )DQ (IILFLHQF\ 9DOXHV

+HDW 3XPS + %DVHOLQH DQG (IILFLHQF\ /HYHOV

'"HHPHG &RROLQJ N:K 6DYLQJV

'"HHPHG &RROLQJ N: 6DYLQJV

'"HHPHG +HDWLQJ N:K 6DYLQJV + 52% 1& +HDW 3XPS %DVHOLQ|
+HDWLQJ N:K 6DYLQJV 52% 1& (OHFWULF 5HVLVWDQFH %DVHC
5HSODFHPHQW ,QFUHPHQWDO &RVWV +3 %DVHOLQH
5HSODFHPHQW ,QFUHPHQWDO &RVWYV (5 %DVHOLQH

+HDW 3XPS + %DVHOLQH DQG (IILFLHQF\ /HYHOV

*HRWKHUPDO +HDW 3XPS '"HHPHG 6DYLQJV

+HDW 3XPS + %DVHOLQH DQG (IILFLHQF\ /HYHOV

'‘XFEWOHVYV 0LQL 6SOLW $YHUDJH 6DYLQJV
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'XFWOHVV O0LQL 6SOLW )X0OO ,QVWDOOHG &RVW

'XFWOHVV O0LQL 6SOLW ,QFUHPHQWDO &RVW

$& 7XQH 8S '"HHPHG 6DYLQJV 6LQJOH )DPLO\ 'ZHOOLQJ

$& 7XQH 8S '"HHPHG 6DYLQJV OXOWLIDPLO\ 'ZHOOLQJ
(IILFLHQF\ /RVV E\ 5HIULJHUDQW &KDUJH /HYHO )L[HG 2ULILF}
(IILFLHQF\ /RVV E\ 5HIULJHUDQW &KDUJH /HYHO 7:9

'XFW 6HDOLQJ 'HHPHG 6DYLQJV 9DOXHV + 6LQJOH )DPLO\

'XFW 6HDOLQJ 'HHPHG 6DYLQJV 9DOXHV + OXOWLIDPLO\
ORGHO 5HVXOWYV DQG $QQXDO 6DYLQJV

$WWLF .QHH :DOO ,QVXODWLRQ * %DVHOLQH DQG (IILFLHQF\ 6
.QHH :DOO ,QVXODWLRQ * 'HHPHG 6DYLQJV 9DOXHV 3HU 5HVLG

+

.QHH :DOO ,QVXODWLRQ + '"HHPHG 6DYLQJV 9DOXHV 3HU 6TXDU
&HLOLQJ ,QVXODWLRQ + %DVHOLQH DQG (IILFLHQF\ 6BWDQGDUC
'"HHPHG 6DYLQJV IRU5 + 3HU 5HVLGHQFH

+

'"HHPHG 6DYLQJV IRU 5 + 3HU 5HVLGHQFH
'"HHPHG 6DYLQJV IRU 5 + 3HU 5HVLGHQFH

+

'"HHPHG 6DYLQJV IRU 5 + 3HU IW

'"HHPHG 6DYLQJV IRU 5 + 3HU IW

'"HHPHG 6DYLQJV IRU 5 + 3HU IW

&RHIILFLHQWY IRU N:K 6DYLQJY &DOFXODWLRQV
&RHIILFLHQWY IRU N: 6DYLQJV &DOFXODWLRQYV

:DOO ,QVXODWLRQ * %DVHOLQH DQG (IILFLHQF\ 6WDQGDUGV

+

'DOO ,QVXODWLRQ * 'HHPHG 6DYLQJV 9DOXHV 3HU 5HVLGHQF!
'DOO ,QVXODWLRQ * 'HHPHG 6DYLQJV 9DOXHV 3HU )W

)ORRU ,QVXODWLRQ + %DVHOLQH DQG (IILFLHQF\ 6WDQGDUGYV
5 )ORRU ,QVXODWLRQ * '"HHPHG 6DYLQJV 9DOXHV 3HU 5HVLC
5 )ORRU ,QVXODWLRQ * '"HHPHG 6DYLQJV 9DOXHV 3HU )W
(1(5*< 67$5S5 (IILFLHQF\ 5HTXLUHPHQWYV IRU 1HZ 2UOHDQV
%DVHOLQH :LQGRZV

(1(5*< 67$55 5HSODFHPHQW IRU 6LQJOH 3DQH :LQGRZ

(1(5*< 67$55 5HSODFHPHQW IRU 'RXEOH 3DQH :LQGRZ
$YHUDJH 6DYLQJV IRU 6LQJOH 3DQH :LQGRZV

$YHUDJH 6DYLQJV IRU 'RXEOH 3DQH :LQGRZV

(1(5*< 67$55 5HSODFHPHQW IRU 'RRUV 2SDTXH

+

+
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7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

RO RO R0 R RO R0 R RO RO R RO QX R RO R R RO QX RO RO QX RO X R RO RO RO R R R R W RO Lo

(1(5*< 67$5S 5HSODFHPHQW IRU 'RRUV " 0 /LWH

(1(5*< 67$5S 5HSODFHPHQW IRU 'RRUV ! 0 /LWH

(1(5*< 67$5S 5HSODFHPHQW IRU 6N\OLJKWYV

(1(5*< 67$5S 5SHTXLUHPHQWYV IRU 6WRUP :LQGRZV 6RXWKHUQ
(1(5*< 67$5S ,QWHULRU 6WRUP :LQGRZ 'HHPHG 6DYLQJV
(1(5*< 67%$5S ([WHULRU 6WRUP :LQGRZ 'HHPHG 6DYLQJV

$LU ,QILOWUDWLRQ * 1 )DFWRU

3UH 5SHWURILW ,QWLOWUDWLRQ &DS &)O

$LU ,QILOWUDWLRQ 5HGXFWLRQ + 'HHPHG 6DYLQJV 9DOXHV 3}
$LU ,QILOWUDWLRQ 5HGXFWLRQ + 'HHPHG 6DYLQJV 9DOXHV 3i
'LQGRZ )LOP £+ %DVHOLQH DQG (IILFLHQF\ 6WDQGDUGYV
'LQGRZ )LOP £ '"HHPHG 6DYLQJYV 9DOXHV 3HU 5HVLGHQFH
':LQGRZ )LOP £ '"HHPHG 6DYLQJV 9DOXHV 3HU )W

SHTXLUHG 6 XEVWDQWLDWLRQ

'"HHPHG 6DYLQJV 9DOXHYV

+RXUV RI 8VH E\ $UHD

/ILIKWLQJ ORGHO &RHIILFLHQWYV

$YHUDJH +RXUV RI 8VH 3HU <HDU

+

+

,Q 6HUYLFH 5DWHYV

( IRY &RROLQJ +HDWLQJ 6DYLQJV

5HVLGHQWLDO /LJKWLQJ (IILFLHQF\ + 6XPPHU 3HDN &RLQFLGF
() IRU &RROLQJ 'HPDQG 6DYLQJV

(1(5*< 67%$5S 2PQL 'LUHFWLRQDO /('V %+ (,6% %DVHOLQHV
(1(5*< 67%$5S 2PQL 'LUHFWLRQDO /('V £+ OHDVXUH /LIH

(1(5*< 67%$5S 2PQLGLUHFWLRQDO /('V + '"HHPHG 6DYLQJV 3HU /
(1(5*< 67%$5S 'LUHFWLRQDO /('V ,QFUHPHQWDO &RVWYV

(1(5*< 67%$5S 'LUHFWLRQDO /('V + 5HIOHFWRU /DPSV %DVHOLQ
%DVHOLQH :DWWDJH E\ /XPHQ 2XWSXW IRU 6SHFLDOW\ /DPSV
%DVHOLQH :DWWDJH E\ /XPHQ 2XWSXW IRU 6SHFLDOW\ /DPSV
(1(5*< 67$5S "LUHFWLRQDO /('V +%DVHOLQH :DWWV IRU (,6% ([
'HHPHG 6DYLQJV IRU (1(5*< 67%$55 'LUHFWLRQDO /('V

(1(5*< 67%$5S 'LUHFWLRQDO /('V ,QFUHPHQWDO &RVWYV IURP
(1(5*< 67%$5S &)/V = (,6% %DVHOLQHYV

(1(5*< 67%$5S &)/V £ OHDVXUH /LIH

+

+

+

+
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7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

R RO R0 R R0 Ro

(1(5*< 67$5S5 &)/V + '"HHPHG 6DYLQJV 3HU /DPS
(1(5*< 67$55 6SHFLDOW\ &)/V %DVHOLQH :DWWV IRU 5HIOHFV
%DVHOLQH :DWWDJH E\ /XPHQ 2XWSXW IRU 6SHFLDOW\ /DPSV
%DVHOLQH :DWWDJH IRU 6SHFLDOW\ (,6$% ([HPSW /DPSV
(1(5*< 67$55 6SHFLDOW\ &)/V + OHDVXUH /LIH
(1(5*< 67$55 6SHFLDOW\ &)/V + '"HHPHG 6DYLQJV 3HU /DPS
'"HHPHG 6DYLQJV E\ )DFLOLW\ 7\SH
&RPPHUFLDO &RLQFLGHQFH )DFWRUV E\ %XLOGLQJ 7\SH
3UHPLXP (IILFLHQF\ ORWRUV * 5HSODFH RQ %XUQRXW %DVHOLQ
3UHPLXP (IILFLHQF\ ORWRUV * (DUO\ 5HWLUHPHQW %DVHOLQH
BUHPLXP (IILFLHQF\ ORWRUV * 2SHUDWLQJ +RXUV /RDG )DFWRU
BUHPLXP (IILFLHQF\ ORWRUV * 2SHUDWLQJ +RXUV /RDG )DFWRU
3UHPLXP (IILFLHQF\ ORWRUV 5HYLHZ RI ORWRU OHDVXUH ,QIRUTF
BUHPLXP (IILFLHQF\ ORWRUV + 5HPDLQLQJ 8VHIXO /LIH '58/ RI 5
5HZRXQG ORWRU (IILFLHQF\ 5GHGXFWLRQ )DFWRUYV
ORWRU ,QFUHPHQWDO &RVW E\ 6L]H
&RPPHUFLDO :DWHU +HDWHUV * :DWHU +HDWHU 3HUIRUPDQFH

+

6PDOO &RPPHUFLDO :DWHU +HDWHUV * 6WDQGDUGY DQG WKHL
'"HHPHG 6DYLQJV (OHFWULF 5HVLVWDQW :DWHU +HDWHUYV
'"HHPHG 6DYLQJYV +HDW 3XPS :DWHU +HDWHUYV

+RW :DWHU 5HTXLUHPHQWY E\ %XLOGLQJ 7\SH DQG 6\VWHP &D*¢
+RW :DWHU 5HTXLUHPHQWY E\ %XLOGLQJ 6L]H

J)DXFHW $HUDWRU 'HHPHG 6DYLQJV # *30
J)DXFHW $HUDWRU '"HHPHG 6DYLQJV = *30
J)DXFHW $HUDWRU '"HHPHG 6DYLQJV = *30

&RPPHUFLDO $HUDWRU 6DYLQJVY 3DUDPHWHUV

IRZ )ORZ 6KRZHUKHDG = %DVHOLQH DQG (IILFLHQF\ 6WDQGDUG
6KRZHUKHDG '"HHPHG 6DYLQJV = *30

6KRZHUKHDG 'HHPHG 6DYLQJV *30

6KRZHUKHDG '"HHPHG 6DYLQJV
6KRZHUV SHU 'D\ SHU 6KRZHUKHDG DQG 'D\V RI 2SHUDWLRQ E
5HGXFWLRQ LQ 'DLO\ +RW :DWHU 8VDJH 09 *3'

3DUDPHWHUV IRU $QQXDO (QHUJ\ DQG 3HDN 'HPDQG 6DYLQJV &
37$& 37+3 (TXLSPHQW * %DVHOLQH (IILFLHQF\ /HYHOV

+

I+

I+

*30

X



7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH 37%$&

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH 37+3

7DEOH (TXLYDOHQW )XOO /RDG +RXUV E\ %XLOGLQJ 7\SH

7DEOH &RPPHUFLDO &RLQFLGHQFH )DFWRUV E\ %XLOGLQJ 7\SH
7DEOH 8QLWDU\ $& +3 (TXLSPHQW = %DVHOLQH (IILFLHQF\ /JHYHOV
7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH $&

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH + +HDW 3XPS

7DEOH (TXLYDOHQW )XOO /RDG +RXUV E\ EXLOGLQJ W\SH

7DEOH &RPPHUFLDO &RLQFLGHQFH )DFWRUV E\ %XLOGLQJ 7\SH
7DEOH 8QLWDU\ $& ,QFUHPHQWDO &RVW

7DEOH &KLOOHUV + %DVHOLQH (IILFLHQF\ /HYHOV IRU &KLOOHG :DWHL
7DEOH '"HHPHG 6DYLQJV + $LU &RROHG &KLOOHUYV

7DEOH '"HHPHG 6DYLQJV + :DWHU &RROHG &KLOOHUV £+ 3RVLWLYH 'LVS
7DEOH '"HHPHG 6DYLQJV + :DWHU &RROHG &KLOOHUV £+ &HQWULIXJIJDO
7DEOH (TXLYDOHQW )XOO /RDG +RXUV E\ %XLOGLQJ W\SH

7DEOH &RPPHUFLDO &RLQFLGHQFH )DFWRUV E\ %XLOGLQJ 7\SH
7DEOH &KLOOHU ,QFUHPHQWDO &RVW

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH + &RPPHUFLDO $& 7XQH XS
7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH + &RPPHUFLDO +HDW 3XPS
7DEOH (INLFLHQF\ /RVV 3HUFHQWDJH E\ 5HIULJHUDQW &KDUJH /HYHO
7DEOH (I"LFLHQF\ /RVV 3HUFHQWDJH E\ 5HIULJHUDQW &KDUJH /HYHO
7DEOH '"HIDXOW $LU &RQGLWLRQHU ((5 SHU 6L]H &DWHJRU\

7DEOH '"HIDXOW +HDW 3XPS ((5 SHU 6L]H &DWHJRU\

7DEOH '"HIDXOW +HDW 3XPS +63) SHU 6L]H &DWHJRU\

7DEOH (TXLYDOHQW )XOO /RDG +RXUV E\ %XLOGLQJ 7\SH

7DEOH &RPPHUFLDO &RLQFLGHQFH )DFWRUV E\ %XLOGLQJ 7\SH
7DEOH 2FFXSDQW "HQVLW\ E\ %XLOGLQJ 7\SH

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH + 37%&

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH 37+3

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH + &HQWUDO $&

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH + 5RRI 7RS 8QLWYV

7DEOH (TXLYDOHQW )XOO /RDG +RXUV E\ %XLOGLQJ 7\SH

7DEOH 6DYLQJV B3HUFHQW E\ %DVHOLQH 7\SH

7DEOH '"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH + &KLOOHU

d o }( }vsS vse



7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

I+

'"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH
'"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH
'"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH
'"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH
OHDVXUH &RVW E\ +RUVHSRZHU

&RQGHQVHU 3XPSV

I+

&RROLQJ 7RZHU )DQV

I+

+RW :DWHU +HDWLQJ 3XP
+9%& )DQV

I+

95) +HDW 3XPS 6\VWHP+ %DVHOLQH (IILFLHQF\ 6WDQGDUGYV
'"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH
'"HHPHG 6DYLQJV E\ %XLOGLQJ 7\SH
OHDVXUH (IILFLHQF\ $VVXPSWLRQV
(TXLYDOHQW )XOO /RDG +RXUV E\ %XLOGLQJ 7\SH
&RPPHUFLDO &RLQFLGHQFH )DFWRUV E\ %XLOGLQJ 7\SH

$QWL 6ZHDW +HDWHU &RQWUROV £+ 6DYLQJV SHU /LQHDU )RRW
6ROLG 'RRU 5HIULJHUDWRUY DQG J)UHH]JHUV
6ROLG 'RRU 5HIULJHUDWRUY DQG )UHH]HUV
6ROLG 'RRU 5HIULJHUDWRUY DQG )UHH]JHUV
6ROLG 'RRU 5HIULJHUDWRUY DQG )UHH]HUV
6ROLG 'RRU 5HIULJHUDWRUY DQG )UHH]HUV
6ROLG 'RRU 5HIULJHUDWRUY DQG )UHH]JHUV ,QFUHPHQWDO &RV

I+

95) $LU &RROHG +HDW 3X

I+

95) :DWHU &RROHG +HDW

I+

(ITLFLHQF\ /HYHO

I+

%DVHOLQH OHDV?

I+

4XDOLI\LQJ OHDV

I+

'"HHPHG 6DYLQJV

I+

5HYLHZ RI OHDVX

9HUWLFDO 6HPL YHUWLFDO 5HIULJHUDWHG &DVH 6DYLQJV
+RUL]IRQWDO 5HIULJHUDWHG &DVH 6DYLQJV

5HIULJHUDWHG &DVH 1LJKW &RYHUV = '"HHPHG 6DYLQJV 9DOXH\
S5HIULJHUDWHG &DVH 1LJKW &RYHUV = '"HHPHG 6DYLQJV 9DOXH\
6WULS &XUWDLQ 8QLYHUVDO ,QSXW $VVXPSWLRQV

6WULS &XUWDLQ ,QSXW $VVXPSWLRQV IRU 6XSHUPDUNHWYV
6WULS &XUWDLQ ,QSXW $VVXPSWLRQV IRU &RQYHQLHQFH 6WRL
6WULS &XUWDLQ ,QSXW $VVXPSWLRQV IRU 5HVWDXUDQWYV
6WULS &XUWDLQ ,QSXW $VVXPSWLRQV IRU 5HIULJHUDWHG :DUF
6WULS &XUWDLQV = '"HHPHG 6DYLQJYV 9DOXHV SHU 6TXDUH )RR
6WULS &XUWDLQV = '"HHPHG 6DYLQJY 9DOXHV SHU GRRU
$VVXPSWLRQV IRU 6DYLQJV &DOFXODWLRQV

=HUR (QHUJ\ 'RRUV £ '"HHPHG 6DYLQJY 9DOXHV SHU GRRU
(YDSRUDWRU )DQ &RQWUROV '"HHPHG 6DYLQJV 9DOXHV
'"HIDXOW &RQQHFWHG /RDG E\ ODFKLQH 7\SH

(QHUJ\ 6DYLQJV )DFWRU E\ ODFKLQH 7\SH
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7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

2FFXSDQF\ EDVHG &RQWUROV * (QHUJ\ DQG 'HPDQG 6DYLQJV E
6FKHGXOH EDVHG &RQWUROV = (QHUJ\ DQG 'HPDQG 6DYLQJV E\
JHGHUDO OLQLPXP 6WDQGDUGV IRU $LU &RROHG %DWFK ,FH 0D
JHGHUDO OLQLPXP 6WDQGDUGV IRU $LU &RROHG &RQWLQXRXYV
(1(5*< 67$5S SHTXLUHPHQWYV IRU $LU &RROHG %DWFK ,FH ODN
(1(5*< 67$5S SHTXLUHPHQWYV IRU $LU &RROHG &RQWLQXRXV ,F
(1(5*< 67$5S &ULWHULD IRU (OHFWULF DQG *DV 6LQJOH DQG '
(QHUJ\ &RQVXPSWLRQ 5HODWHG 3DUDPHWHUV IRU &RPPHUFLD
%DVHOLQH DQG (IILFLHQW $VVXPSWLRQV IRU (OHFWULF *ULGCG
'"HHPHG 6DYLQJV IRU (OHFWULF DQG *DV &RPPHUFLDO *ULGGO
(1(5*< 67$5S &ULWHULD IRU (OHFWULF &RQYHFWLRQ 2YHQV
%DVHOLQH DQG (IILFLHQW $VVXPSWLRQV IRU (OHFWULF &RQYI
'"HHPHG 6DYLQJV (VWLPDWHV IRU (OHFWULF &RQYHFWLRQ 2YH
+LIJK (IILFLHQF\ 5HTXLUHPHQWYV IRU (OHFWULF &RPELQDWLRQ
(QHUJ\ &RQVXPSWLRQ 3DUDPHWHUV IRU &RPPHUFLDO &RPELQI
(1(5*< 67$5S &ULWHULD DQG )67& %DVHOLQH IRU 2SHQ 'HHS 9T
(QHUJ\ &RQVXPSWLRQ 5HODWHG 3DUDPHWHUV IRU &RPPHUFLD
%DVHOLQH DQG (IILFLHQW $VVXPSWLRQV IRU (OHFWULF 6WDQ
'"HHPHG 6DYLQJV SHU )U\HU 9DW

(1(5*< 67$5S &ULWHULD IRU (OHFWULF 6WHDP &RRNHUV

(1(5*< 67$5S &ULWHULD IRU *DV 6WHDP &RRNHUV

(QHUJ\ &RQVXPSWLRQ 5HODWHG 3DUDPHWHUV IRU &RPPHUFLD
'"HHPHG 6DYLQJV $VVXPSWLRQV IRU (OHFWULF 6WHDP &RRNHU
'"HHPHG 6DYLQJV IRU 6WHDP &RRNHUYV

'"HHPHG 6DYLQJV + 'LUHFW ,QVWDOO

'"HHPHG 6DYLQJV £+ SHEDWH 52% 1&

9DULDEOHV IRU WKH '"HHPHG 6DYLQJV $OJRULWKP

%XLOGLQJ 7\SH '"HILQLWLRQV

'DLO\N 2SHUDWLQJ +RXUYV

'"HHPHG 6DYLQJV SHU 5DWHG ([KDXVW N: E\ %XLOGLQJ 7\SH Z

$QQXDO +RXUV RI 2SHUDWLRQ E\ %XLOGLQJ 7\SH
5HJUHVVHG /RDG 6DYLQJV &DOLEUDWHG IRU 12/$%$
OD[LPXP ,GOH (QHUJ\ 5HTXLUHPHQWYV IRU (1(5*< 67%5 4XDOLILF
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7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

+)+& '"HHPHG 6DYLQJV

+)+& 3HDN &RLQFLGHQFH )DFWRUV

(1(5*< 67$5 5HTXLUHPHQWYVY IRU &RPPHUFLDO 'LVKZDVKHUV
'"HIDXOW $VVXPSWLRQV IRU /RZ 7THPSHUDWXUH (OHFWULF DQG
'"HIDXOW $VVXPSWLRQV IRU +LJK 7THPSHUDWXUH (OHFWULF DQ
'"HHPHG 6DYLQJV IRU &RPPHUFLDO 'LVKZDVKHUV

JHGHUDO OLQLPXP 6WDQGDUGV IRU $LU &RROHG %DWFK ,FH OL
JHGHUDO OLQLPXP 6WDQGDUGYV IRU $LU &RROHG &RQWLQXRXV
(1(5*< 67$55 SHTXLUHPHQWY IRU $LU &RROHG %DWFK ,FH ODN}
(1(5*< 67$55 5HTXLUHPHQWY IRU $LU &RROHG &RQWLQXRXV ,F
1HZ OD[LPXP :DWWDJHV IRU *HQHUDO 6HUYLFH ,QFDQGHVFHQW
/JLIKWLQJ (IILFLHQF\ + &XUUHQW )HGHUDO (IILFLHQF\ 6WDQGD!
$GMXVWHG %DVHOLQH :DWWDJHV IRU 7 (TXLSPHQW
(VWLPDWHG 8VHIXO /LIH E\ /DPS 7\SH

7UDQVIHUDELOLW\ RI 'DWD DFURVV *HRJUDSKLF 5HJLRQV
$QQXDO 2SHUDWLQJ +RXUV $2+ DQG &RLQFLGHQFH )DFWRUYV
&RPPHUFLDO &RQGLWLRQHG DQG 5HIULJHUDWHG 6SDFH ,QWHL
7 /LQHDU )OXRUHVFHQW ,QFUHPHQWDO &RVWYV

7 /LQHDU )OXRUHVFHQW ,QFUHPHQWDO &RVWYV
2PQLGLUHFWLRQDO /(' ,QFUHPHQWDO &RVWYV

/(" \QFUHPHQWDO &RVWYV

/LJKWLQJ &RQWUROV + (QHUJ\ 6DYLQJ (VWLPDWHV IRU 2FFXSD
/LJKWLQJ &RQWUROV + (QHUJ\ 6DYLQJ (VWLPDWHYV IRU 'D\OLJK
/JLJKWLQJ &RQWUROV + 3RZHU $GMXVWPHQW )DFWRUV
/JLIJKWLQJ &RQWUROV + ,QFUHPHQWDO &RVWV

(VWLPDWHG 3HUFHQW 7LPH LQ 3/RZ 3RZHU"~ XQRFFXSLHG 6WD
JHGHUDO 6WDQGDUG OD[LPXP 1RPLQDO :DWWDJHV :DWWDJHV
,QFDQGHVFHQW /(' 7UDIILF 6LJQDO )L[WXUH :DWWDJHV
(VWLPDWHG 8VHIXO /LIH E\ OHDVXUH

9DULDEOHV IRU WKH '"HHPHG 6DYLQJV $OJRULWKP

(VWLPDWHG /HDNDJH 5DWH

$LU &RPSUHVVRU (IILFLHQF\ E\ &RQWURO 7\SH

$QQXDO 2SHUDWLQJ +RXUV

' &RROLQJ ZLWK *DV +HDWLQJ

+

+
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&KLOOHU /RRS &RROLQJ : +: %YRLOHU /RRS +HDWLQJ

)DbQ +RUVHSRZHU

$YHUDJH (QWKDOS\ RI 2XWVLGH $LU

$YHUDJH +XPLGLW\

$YHUDJH 2XWGRRU $LU 'XULQJ &RROLQJ 6HDVRQ
,QFUHPHQWDO &RVW E\ 'RRU 6L]H

'LQGRZ )LOP '"HHPHG 6DYLQJV E\ 'LUHFWLRQ DQG +HDWLQJ 7\S
30XJ /IRDG :LWKRXW 2FFXSDQF\ 6HQVRUV * %DVHOLQH 'DWD
30XJ /IRDG 2FFXSDQF\ 6HQVRUV + OLQLPXP 5HTXLUHPHQWYV
30XJ /IRDG 2FFXSDQF\ 6HQVRUV * '"HHPHG 6DYLQJV 9DOXHV
5HYLHZ RI 30XJ /RDG 2FFXSDQF\ 6HQVRU OHDVXUH ,QIRUPDWL
SHULSKHUDO :DWW &RQVXPSWLRQ %UHDNGRZQ

$GYDQFHG 3RZHU 6WULSV * '"HHPHG 6DYLQJV 9DOXHYV
&RPSXWHU 3RZHU ODQDJHPHQW (TXLSPHQW :DWWDJHV
&RPSXWHU 3RZHU ODQDJHPHQW '"HHPHG 6DYLQJV 9DOXHYV

$PELHQW :DWHU ODLQ 7LQ DQG 2XWVLGH $LU 7THPSHUDWXUH

1HZ 2UOHDQV FOLPDWH GDWD
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(VWLPDWHG $QQXDO +RW :DWHU 8VH

5HVLGHQWLDO (QYHORSH OHDVXUHV * BURWRW\SH +RPH &KDUD
,QVXODWLRQ + SBURWRW\SH +RPH &KDUDFWHULVWLFYV

&HLOLQJ ,QVXODWLRQ *+ B3URWRW\SH +RPH &KDUDFWHULVWLFV
:DOO ,QVXODWLRQ *+ 3URWRW\SH +RPH &KDUDFWHULVWLFV
JORRU ,QVXODWLRQ * SBURWRW\SH +RPH &KDUDFWHULVWLFV
$LU ,QILOWUDWLRQ *+ 3URWRW\SH +RPH &KDUDFWHULVWLFV
5DGLDQW %DUULHUV £+ BURWRW\SH +RPH &KDUDFWHULVWLFV
:LQGRZ )LOP + BURWRW\SH +RPH &KDUDFWHULVWLFYV

$PELHQW :DWHU ODLQ 7LQ DQG 2XWVLGH $LU 7THPSHUDWXUH

1HZ 2UOHDQV FOLPDWH GDWD

7DEOH (

'"XFW (IILFLHQF\ ,PSURYHPHQWYV 'XFW ,QVXODWLRQ 6& &RRC

SBURWRW\SH %XLOGLQJ &KDUDFWHULVWLFYV
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&RPPHUFLDO /LIKWLQJ 8SGDWHYV
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7TDEOH ( $6+5%( /ILIKWLQJ 3RZHU "HQVLWLHYVY /3" + %XLOGLQJ $U

7TDEOH ( $6+5%( /[LIKWLQJ 3RZHU '"HQVLWLHV /3' * 6SDFH E\ 6S
7\SHYV

7TDEOH ( $6+53( /ILIKWLQJ 3RZHU '"HQVLWLHV /3" * 6SDFH E\ 6SD
6SHFLILF 6SDFH 7\SHV
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7TDEOH 6WDQGDUG :DWWDJH 7DEOH

(
7DEOH ( ([DPSOHV Rl &XVWRPHU %DVHOLQH OHWKRGRORJLHV
7DEOH ( ([DPSOHV RI %DVHOLQH $GMXVWPHQWYV
7DEOH (

(
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$  OWURGXFWLRQ

$'0 $VVRFLDWHV ,QF $'0 LV FRQWUDFWHG DV WKH 7KLUG 3
2UO0HDQV (QHUJ\ 6PDUW 3URJUDPV DGPLQLVWHUHG E\ (QWHU.

7KLV 7THFKQLFDO 5HIHUHQFH ODQXDO 750 SURYLGHV 8QLW (Q
VDYLQJV" HVWLPDWHYV RI N:K HQHUJ\ VDYLQJV DQG N: GHPCL
1HZ 2UOHDQV (QHUJ\ 6PDUW 3URJUDPV 7KH VHOHFWLRQ RI
750 ZzDV EDVHG RQ

+LVWRULFDO LPSOHPHQWDWLRQ UDWHV RI PHDVXUHV
,GHQWLILFDWLRQ RI PHDVXUHV LQ RWKHU SURJUDPV WKI
6PDUW DQG

$Q DVVHVVPHQW RI ZKHWKHU D PHDVXUH LV DQ DSSURSE
VDYLQJV RU LI LW ZDUUDQWY FXVWRP DQDO\VLV 6RPH Y
YDULDEOH IUHTXHQF\ GULYHV RU 9)'V KDYH EHHQ H[FO.
DUH PRUH DSSURSULDWH IRU FXVWRP DQDO\VLYV

$ $GGLWLRQDO 6HFWLRQV DQG 8SGDWHV %HWZHHQ 750

JRU WKH (QHUJ\ 6PDUW 3RUWIROLR LV LQ SURMHFW \HDU

$00 PHDVXUHV RIIHUHG KDYH 750 VHFWLRQV WR VXSSRUW W
EDVHG LQ SULPDU\ 1HZ 2UOHDQV GDWD FROOHFWLRQ :KLOH
PHDVXUH XSGDWHV WR UHWURILW 1& PHDVXUHV WKH 750 |
(QHUJ\ 6PDUW %HKDYLRUDO DQG 'HPDQG 5HVSRQVH SURJUDP'
750 VHHVY WKH DGGLWLRQV RI SURWRFROV IRU WKH HYDOX|
SURJUDPV OLQRU XSGDWHV WR DFFRXQW IRU FRGH FKDQJHYV
EHHQ SHUIRUPHG

$ 1HZ DQG 5HYLVHG OHDVXUHYV

$ '"HPDQG &RQWURO 9HQWLODWLRQ OHDVXUH ([SL

&RPPHUFLDO 'HPDQG &RQWUROOHG 9HQWLODWLRQ '&9 HQW
RFFXSLHG ]JRQHV LQ D FRPPHUFLDO EXLOGLQJ LQ RUGHU WR
VXSSOLHG WR WKH VSDFH 7KLV PHDVXUH ZDV RULJLQDOO\ D
$& DQG 5RRI 7RS 8QLW +9%$& FRQILIJXUDWLRQV DGGHG WR LW

$ 9DULDEOH 6SHHG 'ULYHV 1HZ OHDVXUH

O9DULDEOH )UHTXHQF\ '"ULYHV 96'V PRGXODWH WKH VSHHG F
QHHG WR UXQ DW IXO0O ORDG 6LQFH WKH SRZHU RI WKH PRYV
VSHHG IRU WKHVH W\SHV RI DSSOLFDWLRQV VLJQLILFDQW HC(
DSSOLHG WR 96'V ZKLFK DUH LQVWDOOHG RQ WKH IROORZLQJ
FRQGHQVHUV FRROLQJ WRZHUV KRW ZDWHU KHDWLQJ DQG +
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$ SURWRFROV

$ %YHKDYLRUDO

SHVLGHQWLDO EHKDYLRU EDVHG %% SURJUDPV XVH VWUDWF
VRFLDO VFLHQFHV WR LQIOXHQFH KRXVHKROG HQHUJ\ FRQVXF
KRXVHKROGV ZLWK IHHGEDFN DERXW WKHLU UHDO WLPH R
UHIUDPLQJ RI FRQVXPSWLRQ LQIRUPDWLRQ LQ GLITHUHQW .
HGXFDWLRQ DQG WLSV UHZDUGLQJ KRXVHKROGV IRU UHGX
KRXVHKROGV WR WKHLU SHHUV DQG HVWDEOLVKLQJ JDPHV

SURJUDPV RIWHQ WDUJHW PXOWLSOH HQHUJ\ HQG XVHV DQG
VDYLQJV RU ERWK

7TKH SURWRFRO LQFOXGHYVY JXLGDQFH IRU

3URJUDP 'HVLJQ
6DPSOH 6HOHFWLRQ DQG &RQWURO *URXS 6HOHFWLRQ
6DYLQJV (VWLPDWLRQ
R $QDO\VLV OHWKRGYV
R 8SOLIW DQG 'RXEOH &RXQWLQJ
R (8/
$ '"HPDQG 5HVSRQVH

'LWK SURSHU SURJUDP DQG 0 9 GHVLIJQ GHPDQG UHVSRQVH F
DQG YHULILDEOH UHVRXUFH LQ UHWDLO DQG ZKROHVDOH PDU
DQG DGPLQLVWUDWRUYV IDFH LV WKDW WUHDWLQJ ORDG DV D
HYDOXDWLRQ SUREOHP KRZ WR DFFXUDWHO\ PHDVXUH WKDYV
LH WKHB3EXW IRU” ORDG 7TKHUH LV QR XQDPELJXRXV LQF
WKH ORDG RWKHUZLVH ZRXOG KDYH EHHQ 7KH JRDO RI 0 9 GH
HYDOXDWLRQ PHWKRGRORJ\ WKDW FDQ SURYLGH WKH EHVW |
RWKHUZLVH EHHQ DSSURSULDWH IRU WKH SURGXFW RU VHUY

OHDVXUHPHQW DQG YHULILFDWLRQ IRU '5 PHDQV WKH GHWHU
TXDQWLWLHYV 7KLV SURWRFRO DGGUHVVHV 0 9 IRU '5 LQ EU

6HWWOHPHQMQJ GHWHUPLQDWLRQ RI WKH GHPDQG U
LQGLYLGXDO SURJUDP RU PDUNHW SDUWLFLSDQWYVY DQ!
SD\PHQWV RU SHQDOWLHY RZHG WR RU IURP HDFK SDUWL

,PSDFW HVWPPDWL® GHWHUPLQDWLRQ RI SURJUDP OH
WKDW KDV EHHQ DFKLHYHG RU LV SURMHFWHG WR EH DF|
YDOXDWLRQ DQG SODQQLQJ
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7KH SURWRFRO DOVR SURYLGHV DQ DGDSWDWLRQ RI WKH
2SHUDWRU ,QF 0,62 %XVLQHVV 3UDFWLFH ODQXDO %30
LQIRUPDWLRQ JXLGHOLQHV EXVLQHVV UXOHV DQG SURFH)\
RSHUDWLRQ DQG DGPLQLVWUDWLRQ RI 0,62 PDUNHWYV SUR
VHUYLFHVY DQG FRPSOLDQFH ZLWK 0,62 VHWWOHPHQWY ELO
VKRXOG (QWHUJ\ 1HZ 2UOHDQV ELG LQWR 0,62

$ +LJK ,PSDFW OHDVXUHYV

,Q WKLV 750 ZH UHIHU WR 3+LJK ,PSDFW OHDVXUHV"™ +,0V OH
LI WKH\ H[FHHG D PLQLPXP RI RI WKH VHFWRU OHYHO VDY
UHVLGHQWLDO FRPSRQHQWYV RI (QHUJ\ 6PDUW ORVW +,0V KD
EDVHG RII SULPDU\ UHVHDUFK FRQGXFWHG E\ WKH 73( DV SD
WKURXJK 3< HYDOXDWLRQ PHDVXUHPHQW DQG YHULILFDWL
DUH QRW +,0V KDYH VDYLQJYV YDOXHV WKDW DUH W\SLFDOO\)
VRXUFHV VXFK DV (1(5*< 67$5S )RRG 6HUYLFH 7HFKQRORJ\ .
RI' (QHUJ\ RU WKH &DOLIRUQLD 'DWDEDVH IRU (QHUJ\ (IILFL]
PHDVXUHVY KDYH EHHQ XSGDWHG WR UHIOHFW 1HZ 2UOHDQV Z

7KH +,0V DUH VXPPDUL]J]HG LQ WKH VXEVHFWLRQV WR IROORZ
$ SHVLGHQWLDO +LJK ,PSDFW OHDVXUHYV

7KH IROORZLQJ OLVW LQFOXGHY DOO PHDVXUHV WKDW SURG
(QHUJ\ 6PDUW JURVV HQHUJ\ VDYLQJV N:K LQ 3<

JLIKWLQJ

'XFW 6HDOLQJ

6HOl LQVWDOO .LWV
,QVXODWLRQ

$LU 6HDOLQJ

7R GDWH WKH (0 9 DFWLYLWLHY KDYH LQFOXGHG SULPDU\ UFH
IRUDOO UHVLGHQWLDO +,0V RWKHU WKDQ FHLOLQJ LQVXODW
LQIRUPHG RI (QHUJ\ 6PDUW 3< UHVLGHQWLDO VDYLQJ
WDUJHWHG IRU SULPDU\ UHVHDUFK LQ 3< 7TKHLU VDYLQJV
SURJUDP UHVXOWYV RQO\ 7KLY OLPLWHG (0 9 VDPSOH VL]H C
(QHUJ\ 6PDUW SDUWLFLSDQWYV I 3< PHDVXUH SDUWLFLSD
HISDQGHG VWXG\ WKH 73( UHFRPPHQGV UHYLVLQJ 6PDUW 7K
EH EDVHG RQ GZHOOLQJ VTXDUH IRRWDJH SRVVLEO\ L(¢
FKDUDFWHULVWLEFV

"E}$ ]v op JvP §Z Z Al}E 0 % E}PE uX
T <18« Jv op E §}E-U +Z}A €2 v o]PZs]vPX

 QWURGXFWLRQ $



$ &RPPHUFLDO ,QGXVWULDO &, +LJK ,PSDFW OHDVXUHYV

7KLV IROORZLQJ OLVW LQFOXGHY DOO PHDVXUHV WKDW SURC(
(QHUJ\ 6PDUW VDYLQJV LQ 3URJUDP <HDU 3<

&XVWRP DQG
3UHVFULSWLYH

$V

ILIKWLQJ DQG
1RQ /LIJKWLQJ

&EXVWRP PHDVXUHY DUH QRW LQFOXGHG LQ WKH 750 DQG UHF
EDVHG RQ WKH ,QWHUQDWLRQDO OHDVXUHPHQW O9HULILFD
PHWHULQJ VWXGLHYVY KDYH QRW EHHQ FRPSOHWHG IRU DOO II
2UOHDQV VSHFLILF SURMHFWY KDYH EHHQ VLJQLILFDQW 7KH
(QHUJ\ 6PDUW 3< & , VDYLQJV

$ 1HZ 2UOHDQV (0 9 6WXGLHV

7KH IROORZLQJ (0 9 VWXGLHY KDYH EHHQ FRPSOHWHG DOOR
GDWD LQWR WKH 750

OHWHULQJ RI UHVLGHQWLDO DLU FRQGLWLRQLQJ UXQWL

GXFW VHDOLQJ

J)LHOG DVVHVVPHQW RI DYHUDJH 6((5 IRU DLU FRQGLWL

SURMHFWYV

%LOOLQJ DQDO\WLV WR VXSSRUW UHGXFWLRQV DFKLHYH

WXQH XSV

OHDVXUHPHQW RI UHVLGHQWLDO GRPHVWLF KRW ZDWHU

LQFRUSRUDWHG LQWR '+: UHSODFHPHQWY DQG ORZ IORZ

OHWHULQJ RI UHVLGHQWLDO OLJKWLQJ UXQ WLPH

OHWHULQJ RI FRPPHUFLDO OLJKWLQJ UXQ WLPH IRU WKH
(GXFDWLRQ

(IWHULRU /LJKWLQJ DOO FRPPHUFLDO

)RRG 3UHSDUDWLRQ

JRRG 6DOHV 1RQ +RXU 6XSHUPDUNHW

JRRG 6HUYLFH )DVW )RRG

JRRG 6HUYLFH 6LW GRZQ 5HVWDXUDQW

+HDOWK &DUH ,Q 3DWLHQW

IRGJLQJ &RPPRQ $UHDV

IRGJLQJ *XHVW 5RRPV

OXOWLIDPLO\ &RPPRQ $UHD

5HOLJLRXV $VVHPEO\ :RUVKLS

A0 0000 OIOIOIOD
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R SHWDLO )UHHVWDQGLQJ DQG
R :DUHKRXVH 1RQ S5SHIULJHUDWHG

7KH GDWD FROOHFWHG IRU WKHVH VWXGLHV LV VXPPDUL]HG |
7DEOH $ SDUDPHWHUY 9DOLGDWHG ZLWK 3ULPDU\ 'DWD «

3DUDPHWHU OHDVXUHV $IIH 9DOXH 6DPSOH GL]H
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7KH IROORZLQJ (0 9 VWXGLHYVY KDYH EHHQ FRPSOHWHG DOOR
GDWD LQWR WKH 750
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OHWHULQJ RI UHVLGHQWLDO DLU FRQGLWLRQLQJ UXQWL
GXFW VHDOLQJ
JLHOG DVVHVVPHQW RI DYHUDJH 6((5 IRU DLU FRQGLWL
SURMHFW DQG
%LOOLQJ DQEDO\WLVY RI HOHFWULF UHVLVWDQW KHDWLQJ |
KHDWLQJ KRXUV

3ULPDU\ GDWD FROOHFWLRQ KDV FRQWLQXHG GXULQJ 3< D
SURJUDP FORVH WKH IROORZLQJ GDWD ZLOO EH DQDO\][HG W
VDYLQJV LQSXWYV

$

%LOOLQJ GDWD IURP KRXVHKROGYV ZKLFK LQVWDOOHG 6F
SURJUDP ZLOO EH DGGHG WR H[LVWLQJ GDWD IURP WKH 6
VDPSOH VL]H ODUJH HQRXJK WR HVWLPDWH N:K VDYLQJ
HQHUJ\ XVH SHU KRPH

I[LIJIKWLQJ PHDVXUHV FRQVWLWXWHG RI HISHFWHG 5
'XULQJ 3< UHVLGHQWLDO 0 9 YLVLWYV OLJKWLQJ RSHUDW
7TKHLU GDWD ZLOO EH XVHG WR IXUWKHU VXSSOHPHQW V
RSHUDWLRQ HVWLPDWH

,QFUHPHQWDO &RVWYV

7KH 750 DOVR SURYLGHY LQFUHPHQWDO FRVW YDOXHV IRU P
GHILQHG XQGHU WZR SRVVLEOH VFHQDULRYV

$

1RUPDO UHSODFHPHOW 1HZ FROVWUXFWLRQ SHSODFH

WKH FRVW SUHPLXP RI HIILFLHQW HTXLSPHQW FRPSDUH
HTXLSPHQW
(DUO\ UHSODFHPHQW WKHVH FRVWYV UHIOHFW WKH IXOO

JRU VRPH PHDVXUHV VXFK DV OLJKWLQJ FRQWUROV WK
PHDVXUH LV DQ DGG RQ WR H[LVWLQJ HTXLSPHQW )RU P
GHILQHG IRU WKH HDUO\ UHSODFHPHQW RI IXQFWLRQLQ
LOQFOXGHV WKH VXEWUDFWLRQ RI WKH QHW SUHVHQW YD
SXUFKDVH

6LPXODWLRQ ORGHOLQJ

7KH vDYLQJV IRU VRPH ZHDWKHU VHQVLWLYH PHDVXUHV Z
PRGHOLQJ 7KH PRGHO VRIWZDUH SODWIRUPV LQFOXGHG DUH

H4XHVW
% (RB®W
(QHUJ\*DXJH 8BGG
(QHUJ\3OXVE
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$ "HDWKHU

O9DULRXV PHDVXUHV LQ WKH 750 UHIHU WR 7\SLFDO OHWHRU
ZHDWKHU GDWD 7KLV GDWD LV SXEOLFO\ DYDLODEOH IURF
IDERUDWRU\ 15(/ 1DWLRQDO 6RODU 5DGLDWLRQ 'DWDEDVH

7KLV GDWD UHIOHFWYV WKH W\SLFDO \HDU RI 1HZ 2UOHDQV Z}
LV WKH FRPPRQ SUDFWLFH IRU SURMHFWLQJ DYHUDJH DQQ
PHDVXUHV ,QSXWV IURP WKH 70< GDWDVHW IRU 1HZ 2UOHDAQ

THPSHUDWXUH

+XPLGLW\

'LQG VSHHG DQG GLUHFWLRQ
&ORXG FRYHU DQG

6RODU UDGLDWLRQ

$ $SSOLFDWLRQ RI 9DOXHV LQ WKLV 750

W LV WKH LQWHQW WR KDYH WKH YDOXHV LQ WKLV 750 SUFR
JURVV HQHUJ\ VDYLQJV N:K DQG GHPDQG UHGXFWLRQ N: }
750 GR QRW DFFRXQW IRU IUHH ULGHUVKLS DV WKDW LV D S
SURJUDP GHOLYHU\ PHFKDQLVP IRU H[DPSOH WKH IUHH ULGI
GLIIHU VLIJQLILFDQWO\ EHWZHHQ UHWDLO PDUNGRZQ LQ WKH .
LQ *UHHQ /LJKW 1HZ 2UOHDQV 7KH PHDVXUHPHQW RI IUHH LU
QHW WR JURVV LV GLVFXVVHG LQ GHWDL® LEQS6EFWERE® % 0C],

7KH YDOXHV LQ WKLV 750 ZLOO EH XVHG WR YHULI\ H[ SRVW
GHPDQG UHGXFWLRQV N: HIFHSW ZKHQ VSHFLILHG RWKHUZI

$ )XWXUH 6WXGLHYV

(DFK PHDVXUH VHFWLRQ LQFOXGHV D GLVFXVVLRQ RI IXWXUF
RI WKLV 750 )RU PDQ\ PHDVXUHV QR VWXGLHV DUH UHFRPPH
LQFOXGH RQO\ XSGDWLQJ ZKHQ FRGHV DQG VWDQGDUGV DIIH
7TKH VXJIJIHVWLRQ RI IXWXUH VWXGLHV LV IRFXVHG RQ DUHDV
SRUWIROLR VXFK DV GXFW VHDOLQJ DQG IRU WKH LGHQWLI
PHDVXUHVY VXFK DV GXFWOHVV PLQL VSOLW +9%$& V\VWHPYV D

7TKH VWXGLHYVY GHWDLOHG DUH VXJJHVWLRQV RQ WKH SDUW RI
DQG IHHGEDFN RQ WKHVH LVVXHV LV ZHOFRPHG DV SDUW RI \

7KH JHQHUDO JXLGHOLQHV WKDW DUH SURYLGHG IRU ZKHQ I
WKRXJK RFFDVLRQDOO\ VXEMHFW WR PRGLILFDWLRQ DV VSH
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OHDVXUHV VKRXOG EH IODJJHG IRU IXUWKHU UHYLHZ LI W
WKH UHVLGHQWLDO RU QRQ UHVLGHQWLDO SRUWIROLR
GHWHUPLQHG ZKHWKHU

: 3uLPDU\ GDWD KDV EHHQ FROOHFWHG LQ (QHU
VXSSRUW WKH GHHPHG VDYLQJV

. 7KH GDWD LV VXIILFLHQWO\ UHFHQW WR VXSSRU

oy , I GDWD FROOHFWLRQ WR VXSSRUW D GHHPHC
HITHFWLYH RU FRVW IHDVLEOH JLYHQ WKH LPS
EXGJHWV IRU (QHUJ\ 6PDUW SURJUDPV

OHDVXUHV WKDW DUH QRW RYHU WKH KLJK LPSDFW WKU
LPSDFW RU PDUNHW DVVHVVPHQW VWXGLHV LI

: 6WDNHKROGHUV WKH &RXQFLO DQG WKHLU $GY
LOQWHUYHQHUV WKH (0 9 FRQWUDFWRU DQG RU |
FRQFOXGH D PHDVXUH LV RI VWUDWHJILF LPSRU'
LPSOHPHQWDWLRQ HITRUWV RU

$ PHDVXUH LV KLJK LPSDFW ZLWKLQ DQ LPSRUWDQW PDU
LQFRPH PXOWLIDPLO\ RU PXQLFLSDO JRYHUQPHQW
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% (YDOXDWLRQ 3URWRFROV

% SURWRFROV ,QWURGXFWLRQ

7KLY VHFWLRQ SURYLGHV SURWRFROV IRU YDULRXV DFWLYL
OHDVXUHPHQW DQG 9HULILFDWLRQ (0 9 IRU WKH (QHUJ\ 6PD
2UO0HDQV LV RITHULQJ WR LWV UHVLGHQWLDO FRPPHUFLDO I

URWRFROV DUH SURYLGHG DV IROORZYV
URWRFRO ZLWK JXLGDQFH IRU VHWWLQJ ULJRU OHYHO D

BURWRFRO IRU (0 9 RI FXVWRP PHDVXUHV

SBURWRFRO DQG PHWKRGV IRU (0 9 IRU PHDVXUHYV WKDW
7THFKQLFDO 5HIHUHQFH ODQXDO EXW ZKRVH VDYLQJV PD\
SUHVFULSWLYH

URWRFRO ZLWK JXLGDQFH IRU QHW WR JURVV HVWLPDW
SURWRFRO ZLWK JXLGDQFH IRU FRQGXFWLQJ SURFHVV HY

3URWRFRO ZLWK JXLGDQFH IRU HVWDEOLVKLQJ TXDOLW\
LPSOHPHQWDWLRQ DQG

URWRFRO ZLWK JXLGDQFH IRU IXWXUH XSGDWLQJ RI 750
% 'HVFULSWLRQ RI WKH (QHUJ\ 6PDUW 3URJUDP

7KURXJK (QHUJ\ 6PDUW (QWHUJ\ 1HZ 2UOHDQV RIIHUV HQHU.
1HZ 2UOHDQV UHVLGHQWY DQG EXVLQHVVHV VDYH HQHUJ\ C
LPSOHPHQWY D FRPSUHKHQVLYH HQHUJ\ HIILFLHQF\ SODQ W
2U0HDQV &LW\ &RXQFLO $Q\ UHVLGHQWLDO FRPPHUFLDO R
HOHFWULF FXVWRPHU LV HOLJLEOH WR SDUWLFLSDWH 3DUW
LQFHQWLYHV IRU HQHUJ\ HIILFLHQF\ DXGLWV XSJUDGHV DQG

(QHUJ\ 6PDUW RIIHULQJV IRU UHVLGHQWLDO FXVWRPHUV LQF!
+RPH 3HUIRUPDQFH ZLWK (1(5*< 67$5S5 3+3Z(6°
5HVLGHQWLDO /LJKWLQJ DQG $SSOLDQFHV
,QFRPH 4XDOLILHG :HDWKHUL]DWLRQ
$& BROXWLRQV
(QHUJ\ 6PDUW OXOWLIDPLO\

(DVI&RRO 5HVLGHQWLDO 'LUHFW /RDG &RQWURO
6FKRRO .LWV (GXFDWLRQ

WE}S} }oeW /VvSE} n §]}v %



*UHHQ /LJKW 1HZ 2UOHDQV
(QHUJ\ 6PDUW 6FRUHFDUG

7KH (QHUJ\ 6PDUW RIIHULQJV IRU FRPPHUFLDO DQG LQGXVWI
IRU SUHVFULSWLYH DQG FXVWRP HQHUJ\ HIILFLHQF\ PHDVXU|
RUJDQL]HG DFFRUGLQJ WR WKH IROORZLQJ FDWHJRULHV

6PDOO &RPPHUFLDO

/IDUJH &RPPHUFLDO DQG ,QGXVWULDO
3XEOLFO\ )XQGHG ,QVWLWXWLRQV
SHWURFRPPLVVLRQLQJ

7KH WA\SHV RI FRPPHUFLDO DQG LQGXVWULDO FXVWRPHUV HO
6PDOO EXVLQHVVHYV

1RQ SURILW RUJDQL]DWLRQV
/IDUJH FRPPHUFLDO IDFLOLWLHYV
,QGXVWULDO IDFLOLWLHYV
:DUHKRXVHV

SDUNLQJ ORWY DQG JDUDJHV
2IILFH EXLOGLQJV

&RPPHUFLDO UHWDLO EXLOGLQJV

6FKRROV
3XEOLFO\ IXQGHG EXLOGLQJV
% 3XUSRVH RI (YDOXDWLRQ

$V GHILQHG E\ WKH $PHULFDQ (YDOXDWLRQ $VVRFLDWLRQ |
SDVVHVVLQJ WKH VWUHQJWKY DQG ZHDNQHVVHV RI SURJUDPV
RUJDQL]DWLRQV WR LPSURYH WKHLU HIIHFWLYHQHVY =~ ,Q W
GHPDQG UHVSRQVH RIITHULQJY WKH UROH RI IXWXUH 3URJUDI

AXDQWLI\ 5RFXCWRW PHDVXUH DQG HVWLPDWH WKH HQHU.
RI DQ RITHULQJ WR GHWHUPLQH KRZ ZHOO LW KDV DFKLHYH
*DLQ 8QGHUVWMWHAIPQADDH ZK\ FHUWDLQ HIITHFWV RFFXUUHG
LGHQWLI\ ZzD\V WR LPSURYH DQG UHILQH FXUUHQW DQG IX)
IXWXUH RITHULQJV 13$3((

J)LIXUH SURYLGHV D YLVXDO UHSUHVHQWDWLRQ RI WKH UF
GXULQJ WKH LPSOHPHQWDWLRQ OLIH F\FOH RI D WA\SLFDO HC

SURWRFROV ,QWURGXFWLRQ



RITHULQJ $V )LIXUH VKRZV 3URJUDP HYDOXDWLRQ VKRXOG
WKDW SURYLGHV LQIRUPDWLRQ UHJDUGLQJ FKDQJHV LQ 3UR
3URJUDP JRDOV DQG REMHFWLYHV RYHU WLPH

JLIXUH % +LJK /HYHO (YDOXDWLRQ $FWLYLWLHV LQ 3UR.

Program Implementation Cycle With High-level Evaluation Activities

Step 1: Program Step 2: Step 3: Preparing
Goal Setting Program Design for Program Launch

Step 4: Program

Implementation
Evaluation Activity = —» Evaluation Activity = —» Evaluation Activity -» Evaluation Activity
Setting evaluation Preliminary Prepare detailed Evaluation data
goals and reporting evaluation plan and evaluation plan— collection, analyses
expectations budget collect baseline and reporting

data as needed (perhaps continuing
after program is
completed)
Feedback for future P Feedback for
programs current programs
6RXUFH 1$3(( PRGLILHG IRU IRUPDWWLQJ
% 3XUSRVH RI (0 9 SBURWRFROV 3UHVHQWHG LQ 7KLV 9ROX

7KH SURWRFROV DUH LQWHQGHG WR SURYLGH D FRPPRQ IUDI
IRU FRQGXFWLQJ FRVW HIIHFWLYH HYDOXDWLRQV RI WKH (C
HITLFLHQF\ DQG GHPDQG UHVSRQVH RIIHULQJV 3URWRFROV
WKDW PXVW EH FROOHFWHG WR FRQGXFW D FRPSUHKHQVLYH
HITHFWLYHQHVV WKH UHFRPPHQGHG IUHTXHQF\ IRU FRQGXF!
DQRG WKH NH\ PHWULFV WKDW PXVW EH UHSRUWHG GXULQJ Wt

SURWRFROV ,QWURGXFWLRQ



% (YDOXDWLRQ 3ULQFLSOHYV DQG &RQFHSWV

(YDOXDWLRQ RI DQ HQHUJ\ HIILFLHQF\ RU GHPDQG UHVSRQVF
ZLWK WZR PDMRU REMHFWLYHV

$ ILUVW REMHFWLYH LV WR TXDQWLI\ DQG YHULI\ VDYLQJV
WKH RITHULQJ 7KLV LV LPSDFW HYDOXDWLRQ

$ VHFRQG REMHFWLYH LV WR FROOHFW DQG DQDO\]H GDWD
GHFLVLRQV DERXW IXWXUH RIITHULQJ LPSOHPHQWDWLRQ 7K

7TDEOH % VXPPDUL]J]HV WKH REMHFWLYHV IRU WKH WZR DVSH
TDEOH % &RPSDULVRQ RI 2ZEMHFWLYHV IRU ,PSDFW DQ¢

7\SH RI (YDOXDWLR 2EMHFWLYH

4XDQWLIN DQG YHULI\ VDYLQJV WKDW FDC
DWWULEXWHG WR WKH SURHUDPTV DFWLY
,PSDFW ZKDW DUH WKH UHVXOWY RUIRXWFRPHV \V
QRW KDYH RFFXUUHG ZLWKRKW WKH LQIC
SURJUDP 7KLV LV DOVR FDOIOHG *QHW LF

(INTLFLHQF\ RI SURJUDP LPSOHPHQWDWLR(
SURFHVVWHY WR GRFXPHQW WKH

HITHFWLYHQHVYV RI VSHFLILF|IDFWLYLWLH"
DQG ZKDW GRHV QRW ZRUN EZKHUH DGGL
UHVRXUFHV FRXOG EH OHYHUDJHG SDUW
VDWLVIDFWLRQ

SURFHVYV

6RXUFH ORGLILHG IURP ((5¢(
([DPSOHV RI FRPPRQ RIITHULQJ HYDOXDWLRQ REMHFWLYHV DU

$VVHVV LPSDFW RI RITHULQJ RQ FXVWRPHU DZDUHQHVYV DQC
DFWLRQV

OHDVXUH FXVWRPHU UHVSRQVH WR 3IROORZ XS RIIHULQJ F
DXGLW SDUWLFLSDQWY WR LPSOHPHQW UHFRPPHQGDWLRQ)

([DPLQH RIIHULQJ DZDUHQHVYVY GHOLYHU\ FKDQQHOV IDFW|
RITHULQJ HITHFWYV DQG FXVWRPHU VDWLVIDFWLRQ OHYHOV

'RFXPHQW HQHUJ\ HIILFLHQF\ DFWLRQV WDNHQ E\ RITHULQJ
WDNHQ E\ QRQ SDUWLFLSDQWYV

(VWLPDWH HQHUJ\ VDYLQJV DFFUXLQJ IURP SDUWLFLSDWLTF
WKH UHSRUWHG HQHUJ\ VDYLQJYV DV UHVXOWYV RI WKH RIIHL

'"HWHUPLQH LI WKHUH KDYH EHHQ DQ\ FKDQJHV LQ WKH EXI
SDUWLFLSDQWY EHWZHHQ 3URJUDP \HDUV

(YDOXDWH WKH HIITHFWLYHQHVYVY RI 3URJUDP PRGLILFDWLRQ
&RPSOHWH D FXVWRPHU VHIPHQWDWLRQ DQDO\VLV RI WKH

(YDOXDWLRQ 3ULQFLSOHY DQG &RQFHSWYV



([SORUH EDUULHUV WR SDUWLFLSDWLRQ LQ 3URJUDP DFWL
IRU LPSURYLQJ WKH SURPRWLRQ DQG WDUJHWLQJ RI H[LVW
NQRZOHGJH DQG VHUYLFHV 6RXUFH ([SDQGHG DQG PRGLIL

% :KDW LV ,PSDFW (YDOXDWLRQ"

,PSDFW HYDOXDWLRQ LV GLUHFWHG DW PHDVXULQJ DQG YHL
DQG GHPDQG N:K N: WKDW UHVXOW IURP PHDVXUHV RU SU]I
HQHUJ\ HIILFLHQF\ RU GHPDQG UHVSRQVH RIIHULQJ 7KHUH
VDYLQJV

*URVV HQHUJ\ RU GHPDQG VDYLQJV LV WKH FKDQJH LQ HQ
WKDW UHVXOWV GLUHFWO\ IURP DFWLRQV WDNHQ E\ SDU
3URJUDP HJ LQVWDOOLQJ HQHUJ\ HIILFLHQW OLJKWL:
FRQGLWLRQV

1HW HQHUJ\ RU GHPDQG VDYLQJV UHIHU WR WKH SRUWLRC
DWWULEXWDEOH WR WKH LQIOXHQFH RI WKH 3URJUDP 7KL\

WKDW DUH D UHVXOW RI RWKHU LQIOXHQFHYV VXFK DV ZHDW
VHOI PRWLYDWLRQ

&RQFHSWXDOO\ WKH UHODWLRQVKLS EHWZHHQ JURVV DQG C
DQG

*URVV 6DYLQJV ,PSDFW  $HRWXBWORMHWHGYE HUJ\ 8VH
1HW 6DYLQJV ,PSDFW $EW¥ BORKHBWHV:HG HUGIN VW P HQW V
ORVW SURJUDP HYDOXDWLRQV VHHN HVWLPDWHY IRU ERWK JU

$ YDULHW\ RI DSSURDFKHV FDQ EH XVHG WR TXDQWLI\ HYV
LOQFOXGLQJ VWDWLVWLFDO FRPSDULVRQV HQJLQHHULQJ HVYV
ELOOLQJ DQDO\VLY 7KH LPSDFW HYDOXDWLRQ DSSURDFK VF
DYDLODEOH EXGJHW WKH WHFKQRORJLHV RU HQHUJ\ HQG XV
SURJUDP WKH OHYHO RI FHUWDLQW\ RI RULJLQDO SURJUDP
HVWLPDWHG VDYLQJY DWWULEXWDEOH WR WKH SURJUDP 1%$3

7KH QHW VDYLQJYV DWWULEXWDEOH WR DQ RIITHULQJ PD\ GLIIH
ULGHUVKLS DQG VSLOORYHU

JUHH ULGHUVKLS LPSDFWV DUH WKH HQHUJ\ VDYLQJV LPSDF
PHDVXUHV WKDW ZRXOG KDYH EHHQ LQVWDOOHG HYHQ ZLW

6SLOORHBIWDLQY WR VHYHUDO HIIHFWV )LUVW SDUWLFLS
SURJUDP WR LQYHVW LQ HQHUJ\ HIILFLHQW PHDVXUHV QRW
QRQ SDUWLFLSDQWY PD\ DGRSW PHDVXUHV SURPRWHG E\ V
WKH SURJUDP EXW GR VR RXWVLGH RI WKH 3URJUDP 2QH \
DGGLWLRQDO HQHUJ\ VDYLQJV WKDW UHVXOW EHFDXVH C(
HITLFLHQF\ WKDQ WKH\ RWKHUZLVH ZRXOG KDYH GXH WR G

(YDOXDWLRQ 3ULQFLSOHY DQG &RQFHSWYV



DFWLRQV RU HTXLSPHQW DYDLODELOLW\ DW WKH WLPH RI S
HQHUJ\ VDYLQJV IURP QRQ SDUWLFLSDQWYV GXH WR SURJUD
RI HQHUJ\ HIILFLHQF\

7KH JRDO RI QHW VDYLQJV DQDO\VLV LV WR LQIHU WKH PDJQL"
HITHFWYV DQG KHQFH WR GHWHUPLQH WKH QHW VDYLQJV LPSD
RU IDFWRUV DUH DSSOLHG WR WKH DGMXVWHG RU YHULILHG
VDYLQJV IRU WKH 3URJUDP

7KHUH DUH VHYHUDO PHWKRGV IRU HVWLPDWLRQ RI SURJU
LQFOXGH

6HOI UHSRUWLQJ VXUYH\V
(QKDQFHG VHOI UHSRUWLQJ VXUYH\V

6WDWLVWLFDO DQDO\VLV RI ELOOLQJ GDWD WKDW FRPSDL
HQHUJ\ DQG GHPDQG SDWWHUQV DQG

BWDWLVWLFDO PRGHOLQJ XVLQJ PXOWL HTXDWLRQ GLVFUI
PRGHOV RI SDUWLFLSDQW DQG QRQ SDUWLFLSDQW SDUWLF|
FRQVXPSWLRQ EHKDYLRU

2WKHU IDFWRUV PLJKW DIIHFW HQHUJ\ DQG GHPDQG OHYHOV
FRQVLGHUHG ZKHQ HYDOXDWLQJ D 3URJUDP %\ DFFRXQWLQJ
WKH FRQWURO RI WKH 3URJUDP LPSOHPHQWHU RU HQG XVHU
WKH WZR WLPH SHULRGV EHIRUH RIITHULQJ ODXQFK DQG DIW
VDPH VHW RI FRQGLWLRQV ([DPSOHV RI DGMXVWPHQW IDFWR

‘HDWKHU FRUUHFWLRQV
&KDQJHV LQ RFFXSDQF\ OHYHOV DQG KRXUV
3URGXFWLRQ OHYHOV
(FRQRPLF FRQGLWLRQV
(QHUJ\ SULFHV
&KDQJLQJ FRGHVY VWDQGDUGY DQG FRPPRQ SUDFWLFH FKD(
 QWHUDFWLRQV ZLWK RWKHU RIITHULQJV DQG
. &KDQJHV LQ KRXVHKROG RU EXLOGLQJ FKDUDFWHULVWLFV
7KHVH IDFWRUV DOO DIIHFW WRWDO HQHUJ\ XVHG DQG HQHL

PHWKRGV IRU LVRODWLQJ WKH LPSDFWV RI WKHVH IDFWRUYV
GHPDQG UHGXFWLRQV WR WKH RIITHULQJ EHLQJ HYDOXDWHG

7KH GHFLVLRQ WR FDOFXODWH JURVV HQHUJ\ VDYLQJV RU Q
SURJUDP REMHFWLYHY DQG DYDLODEOH HYDOXDWLRQ UHVRX

*URVV VDYLQJY DUH FDOFXODWHG ZKHQ DOO WKDW LV QHH
HDFK SURMHFW SDUWLFLSDWLQJ LQ D 3URJUDP 7KH PRVW F

(YDOXDWLRQ 3ULQFLSOHY DQG &RQFHSWYV



LOQYROYLQJ D FRQWUDFWRU FRPSOHWLQJ HQHUJ\ HIILFLHQF
SXUSRVH RI DFKLHYLQJ HQHUJ\ VDYLQJV HJ SHUIRUPDQF

I1HW VDYLQJY DUH FDOFXODWHG ZKHQ RQH ZDQWV WR NQRZ
EHFDXVH RI WKH 3URJUDPTV LQIOXHQFH RQ RITHULQJ SDUW

% :KDW LV B3URFHVV (YDOXDWLRQ"

$V GHILQHG LQ WKH &DOLIRUQLD (YDOXDWLRQ )UDPHZRUN D
DVVHVVPHQW RI DQ HQHUJ\ HIILFLHQF\ SURJUDP IRU WKH SXU:
RSHUDWLRQV DW WKH WLPH RI WKH H[DPLQDWLRQ DQG
LPSURYHPHQWY WKDW FDQ EH PDGH WR WKH SURJUDP WR LCQC
HITHFWLYHQHVV IRU DFTXLULQJ HQHUJ\ UHVRXUFHYV ZKLOH PI
VDWLVIDRBRWRF®VY HYDOXDWLRQ RI D SURJUDP H[DPLQHV WKI
WKH SURJUDP DQG GHWHUPLQHY ZKHWKHU WKH SURJUDP LV F
SURFHVV HYDOXDWLRQ LV WR UHFRPPHQG ZD\V WR LPSURYH .
HITHFWLYHQHVV

([IDPLQLQJ SURJUDP RSHUDWLRQV WKURXJK D SURFHVV HYDO
HQKDQFHPHQWY DQG LPSURYHPHQWY WR DQ 2IIHULQJ WKDW
H[SHGLWHV 2I1IHULQJ GHOLYHU\ LPSURYHV FXVWRPHU VDWL
REMHFWLYHVY 7KH HYDOXDWLRQ FDQ DOVR EH XVHG WR DV
2ITHULQJ LQFHQWLYHY DQG WHFKQRORJ\ UHEDWHYV

O9DULRXV UHVHDUFKDEOH LVVXHV WKDW DUH W\SLFDOO\ DGGL
WKH IROORZLQJ

$VVHVVLQJ WKH HITHFWLYHQHVY RI FXUUHQW RSHUDWLRQV

'"HWHUPLQLQJ FXVWRPHU DZDUHQHVYV RI HQHUJ\ HIILFLHQF'
RI WKH SDUWLFXODU RITHULQJY DQG PHDVXUHYV

&KDUDFWHUL]JLQJ FXVWRPHU GHFLVLRQ PDNLQJ HVSHFLD
SDUWLFLSDWLRQ DQG NH\ PRWLYDWRUV LQFOXGLQJ HQHUJ

$VVHVVLQJ FXVWRPHU VDWLVIDFWLRQ ZLWK WKH SURJUDP
$VVHVVLQJ WUDGH DOO\ VDWLVIDFWLRQ DQG NH\ GULYHUYV
'RFXPHQWLQJ LQWHU UHODWLRQVKLS EHWZHHQ D JLYHQ 211
SHFRPPHQGLQJ DUHDV IRU 3URJUDP LPSURYHPHQW
3URFHVV HYDOXDWLRQ FDQ EH GRQH DV D RQH WLPH DVVHVYV
SHULRGLFDOO\ D SURFHVV HYDOXDWLRQ RI D 3URJUDP FDQ |
RQ LPSURYLQJ ERWK WKH GHVLJQ DQG GHOLYHU\ RI HQHUJ

HYDOXDWLRQ FDQ DOVR SURYLGH IHHGEDFN RQ ZD\V WR VWU
VWUDWHILHYV IRU RSHUDWLRQ RI D S3URJUDP

" 0](JEvV] A ou &]}v &E u A}EIU TiidX

(YDOXDWLRQ 3ULQFLSOHY DQG &RQFHSWYV



SBURFHVV HYDOXDWLRQV PDNH XVH RI YDULRXV W\SHV RI LQIR
GDWD FROOHFWLRQ DFWLYLWLHYV IRU SURFHVV HYDOXDWLRC
RUGHUHG DFFRUGLQJ WR UHODWLYH FRVW |IURP ORZ FRVW W|
RI TXDOLWDWLYH DQG TXDQWLWDWLYH UHVHDUFK PHWKRGV
SURJUDP PDWHULDOV DQG UHFRUGYVY FRQGXFWLQJ LQ GHSWI
LPSOHPHQWHUV DQG VXUYH\V ZLWK NH\ FXVWRPHU DQG WUD

JLIXUH % 7\SHV Rl 'DWD &ROOHFWLRQ $FWLYLWLHV IRU ,P

Types of Data Collection Activities for Process and Impact Evaluations

Records Review of program database Low Cost

Review . . )
Review of marketing materials

Review of secondary materials

Literature Review of secondary materials

Revi . . ) .
eview Review of engineering estimates and approved databases

Review of secondary materials

Focus Groups Small group discussions with customers trade allies, or both
In-depth Program staff

ln_terwews Outside consultants

with key

stakeholders Industry representatives

Surveys Participating customers

Non-participating customers

Surveys of trade allies

Site Visits On-site observation of program operations / customers
On-site verification of equipment operation and/or metering High Cost
6RXUFH 5H\QROGVY -RKQVRQ &XOOHQ DGDSWHG IRU 12/$ 750 9
% :KDW DUH 3*22'" (YDOXDWLRQ 3UDFWLFHV"
1$3(( VXPPDUL]HV ZKDW LW FRQM\GMH BW MNWFRVIEFHHW KK (YD

7KHVH (0 9 EHVW SUDFWLFHV DUH VXPPDUL]J]HG EHORZ WR ¢
HYDOXDWLRQ DFWLYLWLHV FRQGXFWHG IRU WKH (QHUJ\ 6PDU

,QFRUSRUDWH DQ RYHUDOO HYDOXDWLRQ SODQ DQG EXG
EHIJLQQLQJ RI 3URJUDP SODQQLQJ

$GRSW D PRUH LQ GHSWK HYDOXDWLRQ SODQ HDFK 3URJUD
S3ULRULWL]H HYDOXDWLRQ UHVRXUFHV ZKHUH WKH ULVNYV
LPSDFW HYDOXDWLRQ DFWLYLWLHY RQ WKH PRVW XQFHUMW
VDYLQJV 1HZ DQG SLORW SURJUDPV KDYH WKH PRVW XQF
WHFKQRORJLHV

$O0ORZ HYDOXDWLRQ FULWHULD WR YDU\ DFURVYV RIIHULQJ
DQG LQQRYDWLRQ

&RQGXFW RQJRLQJ YHULILFDWLRQ DV SDUW RI WKH SURJUD

(YDOXDWLRQ 3ULQFLSOHY DQG &RQFHSWYV



(VWDEOLVK D SURJUDP WUDFNLQJ V\VWHP WKDW LQFOX
HYDOXDWLRQ

ODWFK HYDOXDWLRQ WHFKQLTXHV WR WKH VLWXDWLRQ U
SUHFLVLRQ UHTXLUHG DQG IHDVLELOLW\

obLQWDLQ VHSDUDWH VWDII IRU HYDOXDWLRQ DQG IRU SU
RXWVLGH UHYLHZ RI HYDOXDWLRQV HJ VWDWH XWLOLW\
LV LPSOHPHQWHG E\ LQWHUQDO XWLOLW\ VWDII ,W LV LPSHF
DFWLYLW\ FRQGXFWHG LQGHSHQGHQWO\ RI SURJUDP RSHULI

(YDOXDWH UHJXODUO\ WR UHILQH RIITHULQJY DV QHHGHG W

(YHQ WKH EHVW HYDOXDWLRQ SUDFWLFHV DUH EDVHG RQ KI
SURYLGH DEVROXWH ILQGLQJV 7KH HQHUJ\ VDYLQJV IURP D
GLUHFWO\ IURP DYDLODEOH HQHUJ\ XVH G WD VE XX\R XRXXE W DEYH
KDSSHQHG LI WKH RITHUWKHUGLBUGRW KHLYRDO RI D JRRG (0 9
LGHQWLI\ WKH EHVW DSSURDFKHV IRU GHWHUPLQLQJ UHDVF
ODUJHO\ EDVHG RQ VXUYH\V ZLWK SURJUDP SDUWLFLSDQWYV
DFWRUV £+ DERXW HYHQWV WKDW ZRXOG KDYH KDSSHQHG LQ !

'LWK DQ\ HYDOXDWLRQ UW ¥\NUDHNL W KOH OHHWWMHIOP BWLRQV DUH LQD
DUH GLIIHUHQW SRLQWV IRU DQ DFFHSWDEOH PDUJLQ RI HU
SURWRFROV PDQDJH WKH ULVN RI LQDFFXUDF\ DQG PLQLPL]F
WKH LQIRUPDWLRQ DQG GDWD SRLQWYV UHTXLUHG WR SURSH
EHVW SRVVLEOH HVWLPDWHV RI HQHUJ\ VDYLQJV

$ VHFRQG PDMRU LVVXH UHJDUGLQJ JRRG (0 9 SUDFWLFHV UH(
WR REWDLQ PHDQLQJIXO UHVXOWY ZKLOH PDQDJLQJ HYDOXD
FRVWY DVVRFLDWHG ZLWK REWDLQLQJ DGGLWLRQDO LQFUHE
SUHFLVH HVWLPDWHYV RI SURJUDP LPSDFWV L H KLIJKHU FH
DVVRFLDWHG ZLWK JDWKHULQJ DQG VWXG\LQJ DGGLWLRQDO

7TKHUHIRUH (0 9 PHWKRGRORJLHVY LQYROYH D VHULHV RI WULI
TXHVWLRQV

4 3:KDW LV WKH FRPSDULVRQ SRLQW"
4 3+RZ JRRG LV JRRG HQRXJK"’

7KH DQVZHUV WR WKHVH TXHVWLRQV DUH EDVHG RQ WKH VL
SURJUDP SRUWIROLR DV LW UHODWHY WR WKH XOWLPDWH HQ

(YDOXDWLRQ 3ULQFLSOHY DQG &RQFHSWYV



% SURWRFROV IRU ,PSDFW (YDOXDWLRQ RI OHDVXUHYV 3U
RI 3UHVFULSWLYH OHDVXUHYV

7KLY FKDSWHU SURYLGHYV JXLGDQFH DQG SURWRFROV SHUWI
IRU PHDVXUHYVY DQG SURMHFWY WKDW DUH QRW LQFOXGHG R
(QHUJ\ 6PDUW SURJUDPV 3URWRFROV DUH SUHVHQWHG DV IR

,PSDFW 3URWRFRO 7LPLQJ Rl ,PSDFW (YDOXDWLRQ $FWLY
,PSDFW 3URWRFRO /[HYHO RI 5LJRU IRU ,PSDFW (YDOXDWL
,PSDFW 3URWRFRO (YDOXDWLRQ RI 6DYLQJV IRU 1RQ SUH

,PSDFW 3URWRFRO (YDOXDWLRQ $SSURDFK IRU & X
,PSDFW 3URWRFRO ,PSDFW (YDOXDWLRQ RI 1RQ 3UHV
6DYLQJV 0D\ %H 7UHDWHG DV 3UHVFULSWLYH
,PSDFW 3URWRFRO ,PSDFW (YDOXDWLRQ RI ,QIRUPDW
,PSDFW 3URWRFRO 1HW WR *URVV $QDO\VLV
% ,PSDFW 3URWRFRO 7LPLQJ RI ,PSDFW (YDOXDWLRQ $F

7KH GHFLVLRQ UHJDUGLQJ WKH DSSURSULDWH WLPH IUDPF
FRPSRQHQWV

:KHQ DQG RYHU ZKDW SHULRG RI WLPH WKH HYDOXDWLRQ H
:KDW LV WKH OHYHO RI GHWDLO RU 3JUDQXODULW\" UHTXLU

% KHQ DQG 2YHU :KDW 3HULRG RI 7LPH (YDOXDW
7TDNH 3ODFH

$ VWDQGDUG HYDOXDWLRQ EHJLQV EHIRUH SURJUDP LPSOHP}
EDVHOLQH GDWD DQG WKHQ FRQWLQXHV IRU VRPH WLPH DIWH
SHUVLVWHQFH RI VDYLQJY DQG RWKHU SURJUDP HOHPHQWYV

7TKH DFWXDO WLPLQJ RI HYDOXDWLRQ HIITRUWYV LQIOXHQFHG E

:KDW ZLOO EH WKH WLPH SHULRG RI DQDO\VHV L H KRZ P|
:LOO SHUVLVWHQFH RI VDYLQJY EH GHWHUPLQHG DQG LI V
:KDW LV WKH WLPLQJ IRU SROLF\ GHFLVLRQV DQG HYDOXDW
:KDW LV WKH QHHG IRU HDUO\ IHHGEDFN IRU SURJUDP LPSC
KHUH LV WKH SURJUDP LQ LWV OLIH F\FOH"

:KDW DUH WKH HYDOXDWLRQ GDWD FROOHFWLRQ WLPH ODJ

:KDW DUH WKH RWKHU UHJXODWRU\ DQG RU PDQDJHPHQW
DGGUHVVHG LQ WKLY HYDOXDWLRQ"

KDW LQIRUPDWLRQ RU GDWD DUH QHHGHG WR XSGDWH VSI
IURP WKH PHDVXUH DQG WR TXDQWLI\ OLIH HVWLPDWHYV"

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



KDW LV WKH WLPLQJ DQG IRUPDW UHTXLUHG IRU WKH UH:
SURJUDP UHSRUW QHHGHG RU DUH PRUH IUHTXHQW UHSRU

,Q JHQHUDO SURJUDP HYDOXDWLRQV DUH FRQGXFWHG ZL
HYDOXDWLRQV DUH XVXDOO\ FRQGXFWHG DW WKH HQG RI WK
DW WKH FRQFOXVLRQ Rl WKH SURJUDP SHULRG ,PSDFW HYDC
RU DW WKH FRQFOXVLRQ RI 3URJUDP <HDUV DQG DQG JHQ
QR PRUH IUHTXHQWO\ WKDQ RQFH HYHU\ WKUHH \HDUV SUR
GHWHUPLQH HQHUJ\ VDYLQJV HVWLPDWHY DQG DGMXVWPHQ\
SURJUDP GHVLJQ 7KH WLPLQJ IRU WKH (0 9 DFWLYLWLHV VK
IRU WKH SURJUDPV WR EH HYDOXDWHG

% :KDW /HYHO RI '"HWDLO RU 3*UDQXODULW\" ,V 5H
(YDOXDWLRQ $QDO\VHV™"

7KLY UHODWHV WR ZKHWKHU PLQXWH KRXUO\ PRQWKO\ V
DQG VDYLQJV UHSRUWLQJ DUH QHFHVVDU\ 7KH JUDQXODU
LQIRUPDWLRQ ZLOO EH XVHG IRU HYDOXDWLRQ SXUSRVHV
RYHUYLHZ RI SURJUDP EHQHILWY ORUH GHWDLOHG GDWD D
HITHFWLYHQHVY DQDO\VWHYV DQG UHVRXUFH SODQQLQJ SXUSRYV

, GHPDQG VvVDYLQJYVY DUH WR EH FDOFXODWHG WKH FKRLFH |
SHDN VXPPHU FRLQFLGHQW SHDN HWF LV UHODWHG WR
HQHUJ\ RU GHPDQG VDYLQJV LW LV LPSRUWDQW WR SURSHU:
ZKDW HTXLSPHQW V\VWHPV RU IDFLOLWLHYV ZLOO EH LQFOXCG
HITHFWV WKH LQWHQGHG VDYLQJVY DQG VHFRQGDU\ HIIHFW?
HITHFWYV DQG DOO GLUHFW DW WKH SURMHFW VLWH DQG L
WKH HYDOXDWLRQ 7KH GHFLVLRQ FRQFHUQV ZKHWKHU VDY
SLHFHV RI HTXLSPHQW )RU H[DPSOH WKH (ERXQGDU\" PD\ LQ
VDYLQJV HVWLPDWHYV WKH HQG XVH V\VWHP H J WKH +9%&
WKH HQWLUH IDFLOLW\ RU WKH HQWLUH HQHUJ\ VXSSO\ DQC

7KH (0 9 SODQ IRU HDFK SURJUDP VKRXOG VWLSXODWH WKH
QHFHVVDU\ WR SURYLGH IRU D UREXVW (0 9 DQDO\VLV RI WK}
WKH VDPSOLQJ VWUDWHJ\ WKDW ZLOO EH XVHG 6DPSOLQJ
DFURVV WKH SURJUDP SRUWIROLR 7KH VDPSOLQJ VWUDWH.
WKHUHIRUH EH IXOO\ GHVFULEHG LQ WKH (0 9 SODQ IRU WKD\

% ,PSDFW 3URWRFRO /HYHO RI 5LJRU IRU ,PSDFW (YDOX

,PSDFW HYDOXDWLRQ RI JURVYV VDYLQJY FDQ EH SHUIRUPHC
GHSHQGLQJ RQ DYDLODEOH HYDOXDWLRQ UHVRXUFHV XQFHU
RI HISHFWHG VDYLQJVY SURJUDP EXGJHW DQG RWKHU FULWH

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



7KH OHYHO RI HIIRUW QHFHVVDU\ WR DVVHVV VDYLQJV LPSDF
DQG GDWD FROOHFWLRQ QHHGY 7KH ,QWHUQDWLRQDO 3HUIR
3URWRFRO ,3093 LV DQ LPSRUWDQW DQG ZLGHO\ XVHG JXL
JXLGHOLQHYV DERXW WKH *OHYHO RI HIIRUW”~ UHTXLUHG WR G
,3093 SUHVHQWY YDULRXV 0 9 RSWLRQV VXPPDUL]J]HG LQ 7DEC

YHULILFDWLRQ PHWKRGY DQG OHYHOV RI

TDEOH %

HITRUW
3093 0 9 2SWLRQV

, 3093 2SWLR

OHDVXUH
HUIRUPDQ
&KDUDFWHU

'‘DWD 5HTXLUHG

2SWLRQQ@JILQHHU
FDOFXODWLRQV
VKRUW WHUP PH
DQG RU KLVWRU

&RQVWDQW SH

DVXUHPHQWYV
LFDO GDWD

XVLQJ VSRW RU "

UIRIPDIQEHG LQVWDOODW L
IDPHSODWH RU VWLSX(
SDUDPHWHUYV

6SRW PHDVXUHPHQWYV
5XQWLPH KRXU PHDVXU

RQ
DDWHG SHUIF

HPHQWYV

2SWLRQQALQHHU
FDOFXODWLRQV
PHWHUHG GDWD

QVWDQW RU
G RUPDQFH

i
X

YDOHDEIQHG LQVWDOODW |
IDPHSODWH RU VWLSX(
SDUDPHWHUYV
(QG XVH PHWHUHG GDW,

RQ
DDWHG SHUIF

D

2SWLR®Q@EDO\VLV
XWLOLW\ PHWHU
PHWHU GDWD X
WHFKQLTXHV IUH
FRPSDULVRQ WR
PXOWLYDULDWH
DQDO\VLV

RDULDEOH SHU
RU VXE

/LQJ

P VLPSOH

UHJUHVVLRQ

IRUPHDWQILAHHG LQVWDOODW L
S8WLOLW\ PHWHUHG RU
GDWD
(QJILQHHULQJ HVWLPDW,
LQSXW LQWR 6$( PRGH(

RQ
HQG XVH PH\

H RI VDYLQJ
D

2SWLR@DOLEUDYV
HQHUJ\ VLPXODW
PRGHOLQJ FDOL
KRXUO\ RU PRQW
ELOOLQJ GDWD I
XVH PHWHULQJ

V[‘2|%ULDEOH SHU

VLRQ
EUDWHG ZLWK
KO\ XWLOLW\
DQG RU HQG

IRUPHDWQIIAHHG LQVWDOODW L
6SRUW PHDVXUHPHQWYV
PRQLWRULQJ DQG RU H
WR SUHSDUH LQSXWV L
S8WLOLW\ ELOOLQJ UHFH
PHWHULQJ RU RWKHU I
PRGHOLQJ

RQ
UXQWLPH K
QG XVH PHW
QWR PRGHO\
RUGYV HQG X
LQGLFHV WR

6RXUFH ,3093 BURWRFROV IRUPDWWHG IRU WKLV GRFX

,Q WKH &DOLIRUQLD (QHUJ\ (IILFLHQF\ (YDOXDWLRQ 3URWREFR
LGHQWLI\ WZR OHYHOV RI ULJRU IRU HYDOXDWLRQ RI JURVYV

%DVLF ULJRU OHYHO ZKLFK LV FRQVLVWHQW ZLWK ,3093 2°¢
&

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



(QKDQFHG ULJRU OHYHO ZKLFK LV FRQVLVWHQW ZLWK ,30
FDVHV 2SWLRQ $

7KH OHYHOV RI ULJRU IRU HYDOXDWLQJ LPSDFWV RI D SURJ
FRUUHVSRQGHQFH EHWZHHQ ,3093 0 9 RSWLRQV DQG OHYHOV
,3093 RSWLRQ VKRXOG EH DSSOLHG WR DVVHVV VDYLQJV IRU |
YRU H[DPSOH /DZUHQFH %HUNHOH\ 1DWLRQDO /DERUDWRU\

LWV OHDVXUHPHQW 9HULILFDWLRQ SRUWDO WKDW DOORZV
,3093 RSWLRQ WKDW LV EHVW VXLWHG WR HYDOXDWLQJ VD
Z533% WIluvAXo oXPlAI]lvd E 7EJA IMRR@BFDQ EH XVHG WR DVV

2SWLRQ DQG FRUUHVSRQGLQJ OHYHO RI ULJRU EDVLF HQI
LQFOXGHG LQ D SURJUDP

7TKH /%1/ DSSOLFDWLRQ ZKLFK LV DGDSWHG IURP ,3093
DSSURSULDWH 0 9 RSWLRQ EDVHG RQ UHVSRQVHV WR TXHVWL
PHDVXUH SURMHFW WKDW V EHLQJ FRQVLGHUHG IRU HYDOX
LOQFOXGH WKH IROORZLQJ

&ODLPHG N:K VDYLQJVY FODLPHG N: UHGXFWLRQV

1XPEHU RI GLITHUHQW PHDVXUHYVY LQ D SURMHFW

1XPEHU RI LQVWDOOHG PHDVXUHYV

'"HVFULSWLRQV RI DQ\ HTXLSPHQW FKDQJHG RU RI QHZ HTXI
, QWHUDFWLYH HIITHFWYV EHWZHHQ PHDVXUHYV

SHUFHQWDJH RI VDYLQJV YV EDVHOLQH

)RU (QHUJ\ 6PDUW SURJUDPV WKHUH DUH SUHVFULSWLYH |
SBUHVFULSWLYH PHDVXUHY DUH H[SOLFLWO\ OLVWHG DV VXFK
PHDVXUHV DUH WKRVH WKDW DUH QRW LQFOXGHG RQ WKH C
(QHUJ\ 6PDUW SURJUDPV :LWKLQ WKH VHW RI QRQ SUHVFUL!
EH PDGH EHWZHHQ FXVWRP PHDVXUHYVY DQG PHDVXUHV Z
PHWKRGV PLIJKW EH XVHG EXW GDWD QHHG WR EH FROOHFW
FDOFXODWLRQ DOJRULWKPV

7KLY GLVWLQFWLRQ LV VKRZQ LQ 7DEOH % JRU BUHVFULSWL
OLVW RI SUHVFULSWLYH PHDVXUHV VDYLQJY DUH GHHPHG

SURYLGHG LQ WKH FXUUHQW 7THFKQLFDO 5HIHUHQFH ODQXDO
1RQ 3UHVFULSWLYH DQG &XVWRP OHDVXUHYV DUH GLVFEFXVV

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



7TDEOH % 6SHFWUXP RI OHDVXUHYV SUHVFULSWLYH

1RQ BUHVFULSW

SUHVFU &XVW
([FOXVLY BULPDU| 8VHG DV, 0D\ EH XVHG
6RXL 6RXL 6RXL DV D 6R
HHPHG 1R XQOHVV FXVWRP
R <HV <HV| PHDVXUH (0 9 SURWRFROV
&DOFXODWLRQ ¥ DUH LOFOXGHG
OL[ RI VLWH
'"HHPHG
SURMHFW|VSHRIQHFR U
Q?Sé@EECVRU1R P0G GHHPHGPLOLPDD 1RQH RU PLQLUPDO
GDWD
gbgUH:x OL[ RI VLWH
6SHFLILF 1R SURMHFW VARBXLEYHO\ RUyy | v o\ RY PRVWOL
DQG GHHPHG PRVWO\
9DULDEQHV RU GDWD
)DFWRUYV
GiRVJSJt&d%? YDYLQIV GHWHUPLQHC
i FOSURMHEW [PHDVXUH

'"HHPHG )XOO\GHHDHGSDUWLDOO\GHHPHG

FLILF DQDO\VHV DQG G
6DYLQIV gyHPHel FDOFXODW R
opoxHy VPYLRQIVYDPQRXARY qyv v oowwaowLql HEWLRQ UHVXOWLQ]J
W VSHFLILF VDYL
SURMHFW| V N
VDYLQJV YDOXHYV

09 2SWLRQV % |& RU''
HJ IRU LQGLYLGXDO
FRPPHUFLDO EXLOGLQJ

o(angRs- '"HHPHG VDY|LQJV 09 ZQ\B&LZRSFgL\j%.RQSWEJRMHFWV RU FRQWURO .

PHWKRGV H J IRU PDVV

PDUNHW UHVLGHQWLDO

SURMHFEWYV

6RXUFH &DUUROO DV DGDSWHG DQG SUHVHQWHG LQ 6(( $SFWLRQ *XLGH IRU 6WDWHYV
7HFKQLFDO 5HIHUHQFH 0DQXDOV IRU
% ,PSDFW 3URWRFRO (YDOXDWLRQ RI 6DYLQJV IRU 1RQ
SURMHFWYV
$V GLVFXVVHG LQ 6HFWLRQ OHYHOV RI ULJRU ZLWK ZKLF

FXVWRP PHDVXUHY DUH DVVHVVHG DUH GHWHUPLQHG GHS|
FKRVHQ IRU WKH DQDO\VLV RI VDYLQJYVY 3URWRFROV SHUWD
SUHVHQWHG LQ WKLV VHFWLRQ ,Q JHQHUDO GRFXPHQWDWLI
ZKDW PHWKRGV RI VDYLQJVY DQDO\WVLV WR XVH DQG VSHF
VRXUFHV IRU WKHVH VSHFLILFDWLRQV 3URWRFROV DUH SUR®

&XVWRP PHDVXUHYV
1RQ SUHVFULSWLYH PHDVXUHV WKDW DUH QRW FXVWRP
OHDVXUHVY SURPRWHG WKURXJK PDVV PDUNHW SURJUDPV

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



% ,PSDFW 3URWRFRO (YDOXDWLRQ $SSURDEFK
OHDVXUHYV

7\SHV Rl PHDVXUHVY WKDW FDQ EH FRQVLGHUHG WR EH & X
SURMHFWYV WKDW VLWH VSHFLILF EXW WKDW DUH FRQVLGHUH
WKH OLVW RI VWDQGDUG PHDVXUHV SURYLGHG LQ WKH 750
PHWHUHG GDWD EXW WKDW UHTXLUH DGGLWLRQDO DVVXPS
VDYLQJYV DV RSSRVHG WR DQ HIDFW PHDVXUHPHQW

ORVW PHDVXUHV LQ WKLV FDWHJRU\ DUH FXVWRP PHDVXUHYV
FRQVWUXFWLRQ VLWXDWLRQV LQ FRPPHUFLDO DQG LQGXVW
FXVWRP PHDVXUHVY DUH PRUH FRPSOH[ PHDVXUHYVY WKDW UHT?
GHWDLOHG FDOFXODWLRQV WR HVWLPDWH HQHUJ\ DQG GHPD
FRPSO\ ZLWK D SUHVFULSWLYH FDOFXODWLRQ DSSURDFK RU I
VDYLQJV DQDO\VLV

%HFDXVH FXVWRP PHDVXUHYVY DUH RIWHQ XQLTXH WKHLU VD
VSHFLILF 0 9 DSSURDFK ZLWK PRUH UHOLDQFH SODFHG RQ
DEDO\WVLVY DQG HQG XVH PHWHULQJ DV PHWKRGV WR HVWL
DSSURDFK LQYROYHYV VHOHFWLQJ D UHSUHVHQWDWLYH VD
WKDW SDUWLFLSDWHG LQ D SURJUDP GHWHUPLQLQJ WKH "
WKH VDPSOH XVXDOO\ E\ XVLQJ RQH RU PRUH RI 0 9 2SWLRQ"
DSSO\LQJ WKH UHVXOWY RI HVWLPDWLQJ WKH VDYLQJV IRU W
HQWLUH SRSXODWLRQ LQ WKH SURJUDP )XUWKHU LQIRU
UHFRPPHQGHG IRU &EXVWRP OHDVXUHV LQ SURYLGHG L«
GHWHUPLQH JURVYV VDYLQJV IRU FXVWRP PHDVXUHYV GHSH:
WKH HQG XVH DIIHFWHG H J OLJKWLQJ +9%& LQGXVWULDO

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



7TDEOH %

6XPPDU\ RI 5HFRPPHQGHG (0 9 OHWKRGYV IRU

&KDUDFWHULV

$SSURDFK

$GGLWLRQDO &R

PPHQWV

3URJUDP 7UDFN

,QLWLDO JURVV HVW
DQG GHPDQG VDYLQ
QHW LPSDFWV DV DS

L@ DVXUH GHVFULSW
DSSOLFDEOH XQLW
FDSDFLWLHYVY EDVHO
LQVWDOOHG HIILFLH
RSHUDWLQJ KRXUV

LEGWHYGRWH R BB O sD
) S G LR WVRIPX 0 IR
SFRFWBRD RU IRU HY
| RAFAL WK VDWW SOLQJ
T & B Q MLIWEIHGY L @ LWH\H
LQH DQG

QFLHV DQG

UDPHWHU'
U TXDOLW
DOXDWLRC
VKDW DUH
(0 9 SODQ

5HFRPPHQGHG 0 9 (

2Q VLWH LQVSHFWLR
2SWLRQ $ RU FRPS
% & ' PHDVXUHPHQW
FHQVXV RU VDPSOH
SDUWLFLSDQWV 6LW
VKRUW WHUP PHWHU
DSSURSULDWH DSSU
&XVWRP PHDVXUHV
$@gh§HHULQJVSUH[
H XVHG WR FD
G\QDPLFV DQG LQWH
KRXUO\ EDVLV 'DWD
IURP (QHUJ\ ODQDJH
6\WWHPV (06 PD\ D(
SURYLGH FRVW HIIHH
LQIRUPDWLRQ DQG V
LQFOXGHG LQ (0 9 S
DYDLODEOH

@W & HW K QSIDRJMWL B RG V
DWWRH RS WIVRIQOR JJIH U
WRBRDGHUV DQG VS
RP ISDRIUBPHQW V

H YLVLWV ZLWK

LQJ LV WKH PRVW
RDFK IRU & ,

$ GHWDLOHG
GVKHHW PRGHO
SWXUH WKH
UDFWLRQV RQ DQ
FROOHFWHG

PHQW

DV R

EWLYH

KRXOG EH

DDQV LI

RIWHQ LQ
V LQWHU"
RW SRZHU

$OWHUQDWLYH 0 ¢

I WKH &XVWRP PHDYV
VLIJQLILFDQW +9$& H
DQG RU FRQWUROV

) VHMKKORDGV LRQ PRGHO
RIIHUV D YLDEOH DO
FDSWXULQJ PHDVXU

YWBMVHQY RO FIBY EH X
TRLGPEHQMWVH WKH PR
FPIOWEUDRQYHBD\ LQFO
LRUHRBEWHLRQWHUYDO
WZHL WQXDWRLPYHH HR'IG X V H
H G\QDPLFV

DQG LQWHUDFWLRQ

VHG WR

GHO 6XFK
XGH ZKRO|
N: UHFRU
PHWHULQ

6RXUFH ORGLILHG IURP WKH 1((3 (0 9 3URWRFROV
(YDOXDWLQJ VDYLQJV LPSDFWYV IRU

FRQGLWLRQV EH

GHILQHG

FXVWRP PHDV

XUHV RU

7KH EDVHOLQH UHIOHFWYV WK

FRQVXPSWLRQ WKDW ZHUH RFFXUULQJ EHIRUH WKH LQVWI
GHILQLWLRQV FRQVLVW RI VLWH VSHFLILF LVVXHVY DQG EURD!

6LWH VSHFLILF LVVXHV LQFOXGH WKH FKDUDFWHULVWLFV
HITLFLHQF\ PHDVXUH LV LPSOHPHQWHG DV ZHOO DV KRZ DQ

RU V\VWHPV DU

H RSHUDWHG

'KHQ GHILQLQJ WKH EDVHOLQ

ZKHUH LQ WKH OLIH F\FOH RI WKH H[LVWLQJ HTXLSPHQW R
LOQVWDOOHG 7KH RSWLRQV DUH

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



(DUO\ UHSORFHFKRIWHQW WKDW KDG QRW UHDFKHG WKH
J)DLOHG HTXLSPHQWZUWEBOIHAHRARAWI\ HIILFLHQW HTXLSPH
1HZ FRQVWUXFWLRQ

JRU HDFK RSWLRQ WKHUH DUH WZR JHQHULF DSSURDFKHV W

SURMHFW 6SHFLIUANB DVKK ISURMHFW VSHFLILF SURFHGXUH
VDPSOH RI WKH SURMHFWY LQ D SURJUDP WKH EDVHOLQH
RU SUDFWLFH WKDW ZRXOG KDYH EHHQ SXUVXHG DW WKt
SURJUDP KDG QRW EHHQ LPSOHPHQWHG )RU HQHUJ\ HIILFL
HVWDEOLVKHG E\

$VVHVVLQJ WKH H[LVWLQJ HTXLSPHQWIV HQHUJ\ FRC
PHDVXUHPHQWY RU KLVWRULFDO GDWD

&RPSOHWLQJ DQ LQYHQWRU\ RI SUH UHWURILW HTXLSPH

&RPSDULQJ WR D FRQWURO JURXSYV HQHUJ\ HTXLSPHQW
RU ZKHQ WKH SURMHFW LV DQ SHDUO\ UHSODFHPHQW ~ L I
IDLOXUH

7KH PRVW ZLGHO\ DFFHSWHG PHWKRG DQG UHFRPPHQGHG
WR GHILQH WKH EDVHOLQH E\ GHWHUPLQLQJ ZKDW WHFKQF
UHSODFHV 7KDW LV WKH EDVHOLQH LV UHODWHG WR D
FRQVXPSWLRQ RU GHPDQG DQG FDUULHG IRUZDUG WR [ XWX

SHUIRUPDQFH 6WDQGRUGN% B \ZGHQWLRUHUPDQFH 6WDQGDUG %D\
D SHUIRUPDQFH VWDQGDUG LV GHYHORSHG WKDW SURYLG]|
DQRG GHPDQG IRU DOO WKH SURMHFWY LQ D SURJUDP 7KF
DFWLYLW\ ZDG@G SWERQA®IY LI LW KDV D 3ORZHU” EDVHOLQH
vwbQGDbDUG EDVHOLQH 3HUIRUPDQFH VWDQGDUGY DUH VRP
EDVHOLQHV" EHFDXVH WKH\ FDQ EH XVHG WR HVWLPDWH ED
DFWLYLWLHV RI WKH VDPH W\SH

8QGHU WKH SHUIRUPDQFH VWDQGDUG SURFHGXUH EDVH
HVWLPDWHG E\ FDOFXODWLQJ DQ DYHUDJH RU EHWWHU W
HITLFLHQF\ IRU D EOHQG RI DOWHUQDWLYH WHFKQRORJLH
XVHG LQ ODUJH VFDOH UHWURILW HDUO\ UHSODFHPHQW S|
EHLQJ UHSODFHG DQG KRZ LW LV RSHUDWHG FDQQRW EH L
EH WKH FDVH IRU HI[DPSOH LQ D UHVLGHQWLDO FRPSDFW
SURJUDP ZKHUH WKH W\SHV RI ODPSV EHLQJ UHSODFHG I
RSHUDWH FDQQRW EH GHWHUPLQHG IRU HDFK KRPH ,QVWH
W\SLFDO FRQGLWLRQV $QRWKHU FRPPRQ XVH RI SHUIRUF
EDVHOLQH DV WKH PLQLPXP HIILFLHQF\ VWDQGDUG IRU D S
ODZ FRGH RU VWDQGDUG LQGXVWU\ SUDFWLFH 7KLV LV F
RU HTXLSPHQW WKDW UHSODFHV IDLOHG HTXLSPHQW 1$3((

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



7KLV DSSURDFK LV HVSHFLDOO\ LPSRUWDQW ZKHQ LW LV
VXFK DV LQ QHZ FRQVWUXFWLRQ SURJUDPV VLQFH QR F
+RZHYHU WKH FRQFHSWV Rl SURMHFW DQG SHUIRUPDQFH
FDQ VWLOO EH XVHG LQ WKHVH FLUFXPVWDQFHV 7KH LC
GHILQLQJ QHZ FRQVWUXFWLRQ EDVHOLQHY DUH EDVHG RQ

6SHFLILFDWLRQV RI EXLOGLQJVY WKDW ZRXOG KDYH EHHQ E
WKH LQIOXHQFH RI WKH SURJUDP DW WKH VSHFLILF VLWH
PLIJKW EH HYDOXDWHG E\ VWDQGDUG SUDFWLFH HYDOX
VSHFLILFDWLRQV WKDW ZHUH SUHSDUHG SULRU WR WKH SU

([LVWLQJ EXLOGLQJ FRGHV DQG RU HTXLSPHQW VWDQGDUG

3HUIRUPDQFH RI HTXLSPHQW EXLOGLQJV HWF LQ D FRPS
QRQ SDUWLFLSDQWYV

%HFDXVH FXVWRP SURMHFWY RU PHDVXUHV DUH XVXDOO\ VL
UHTXLUHG WR FROOHFW DSSURSULDWH LQIRUPDWLRQ WR DG
LQIRUPDWLRQ RQ WKH TXDQWLW\ VL]LQJ VHUYLFLQJ DOQC
UHIULJHUDWLRQ PRWRUV SURFHVV DQG RWKHU HTXLSPHQW
WKH FDSDELOLWLHV Rl FRQWURO V\VWHPV HJ ZKHWKHU FH
FRQWURO PRQLWRULQJ DXWRPDWLRQ SRVVLELOLWLHV DQG

% ,PSDFW 3URWRFRO ,PSDFW (YDOXDWLRQ RI
OHDVXUHV :KRVH 6DYLQJV 0D\ %9H 7UHDWHG DV 3UH'

(QHUJ\ 6PDUW SURJUDPV PD\ LQFOXGH QRQ SUHVFULSWLYH
FXVWRP PHDVXUHV 6DYLQJV IRU WKHVH PHDVXUHY DUH QRW
EH DVVHVVHG XVLQJ VDYLQJV FDOFXODWLRQ DOJRULWKPV Z!
([DPSOHV RI RSHQ YDULDEOHYVY LQFOXGH WKH IROORZLQJ

&DSDFLW\ RI DQ $ & XQLW

&KDQJH LQ FRQQHFWHG ORDG

6TXDUH IRRWDJH RI LQVXODWLRQ

+RXUV RI RSHUDWLRQ RI D IDFLOLW\ RU RI D VSHFLILF HOH|
. +RUVHSRZHU RI D IDQ RU SXPS PRWRU
(VWVHQWLDOO\ WKH VDYLQJV FDOFXODWLRQ DOJRULWKPV F
DOJRULWKPV UHTXLUH FXVWRPHU VSHFLILF LQSXW IRU RSHQ

GHPDQG VDYLQJV LWK FXVWRPHU VSHFLILF LQIRUPDWLRQ >
YDOXHV IRU WKH VDPH PHDVXUH FDQ GLIIHU DFURVV FXVWRP

,QIRUPDWLRQ RQ RSHQ YDULDEOHY FDQ EH FROOHFWHG IURP
YLVLWYV )RU VRPH RSHQ YDULDEOHV D GHIDXOW YDOXH PD\
RSHQ YDULDEOH FDQQRW EH FROOHFWHG )RU H[DPSOH DQ L

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



FDQ EH FRQVLGHUHG WKH GHIDXOW YDOXH IRU LQSXW WR WK
FXVWRPHU VSHFLILF LQIRUPDWLRQ LV QRW DYDLODEOH

6RPH LVVXHV WKDW VKRXOG EH FRQVLGHUHG LQ HYDOXDW
PHDVXUHV LQFOXGH WKH IROORZLQJ

$OJRULWKPV DQG GHILQLWLRQV RI WHUPV VKRXOG EH UHYL
VWDQGDUGY DUH EHLQJ XVHG WR UHDVRQDEO\ HVWLPDWH \
WR HQVXUH WKDW WKH GHHPHG PHWKRGRORJLHV IRU FDOF
DQG FDQ EH LPSOHPHQWHG SUDFWLFDOO\ DQG HIIHFWLYHO

+LJK LPSDFW PHDVXUHV VKRXOG EH LGHQWLILHG IRU LU
PRGLILFDWLRQV

IRZ LPSDFW PHDVXUHV ZLWK XQUHDOLVWLF DQG LQDFFXL
UHYLHZHG 7KLV UHYLHZ FDQ EH GRQH SHULRGLFDOO\ WR D
RQ PDUNHW DGRSWLRQ

JRU QRQUHVLGHQWLDO PHDVXUHV FRQVLGHU HVWDEOLVK
PHDVXUH W\SH LQ WKH 750 DERYH ZKLFK FXVWRPHU VSHFL
IRU RSHQ YDULDEOHV 7KH LOQWHQW RI WKLV LV WR UHGXF
vDYLQJYVY HVWLPDWHYV E\ LQFUHDVLQJ WKH DFFXUDF\ RI SU
HIWUHPHO\ KLJK LPSDFW PHDVXUH LQVWDOODWLRQV

KHQ WR XVH GHIDXOW YDOXHV [HR[UDRSHE HRDERWEOIHQAIVY Q W
FDOFXODWLRQV VKRXOG EH GHWHUPLQHG FRQVLGHULQJ WK
DVVRFLDWHG ZLWK WKH PHDVXUH 'HIDXOW YDOXHV IRU

FXVWRPHU VSHFLILF RU SURJUDP VSHFLILF LQIRUPDWLRQ

REWDLQHG 7KH GHIDXOW YDOXHV DUH DSSURSULDWH IR
PHDVXUHV H J OLIKWLQJ UHWURILWY LQ D VPDOO EXVLQ
VSHFLILF YDOXHYVY DUH DSSURSULDWH IRU KLJK LPSDFW DQ¢
+9%& RU OLJKWLQJ UHWURILWYV LQ XQLYHUVLWLHYVY RU KRVSE
ZKHUH WKRVH W\SHV RI SURMHFWY UHSUHVHQW D VLJQLILF
\HDU

JRU NH\ RSHQ YDULDEOHV ZKHUH GHIDXOW YDOXHV DUH
HYDOXDWLRQV FRPSOHWHG LQ RWKHU MXULVGLFWLRQV

DVVRFLDWLRQV WKH OLWHUDWXUH VXSSRUWLQJ XVH RI W
UHYLHZHG DQG DVVHVVHG 7KLV PD\ LQFOXGH UHYLHZLQJ W
GDWD ZHUH XVHG IRU GHULYLQJ WKH GHIDXOW YDOXHV DQ:
ZKDW SRSXODWLRQV RU WHFKQRORJLHV WKH GHULYHG GHI

%YHFDXVH FXVWRPHU VSHFLILF GDWD IRU RSHQ YDULDEOHYV LC
vDYLQJV WKHUH ZLOO EH D YDULHW\ RI VDYLQJYVY YDOXHV |
VSHFLILF RU SURJUDP VSHFLILF GDWD IRU WKH H[ DQWH DQ
VKRXOG EH XVHG IRU DV PDQ\ RSHQ YDULDEOHYV DV SRVVLE
HVWLPDWHG VDYLQJYV 6LWH VSHFLILF GDWD RU LQIRUPDWLR
LPSRUWDQW YDULDWLRQV LQ RQH RU PRUH LQSXW YDOXHYV
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HTXLSPHQW FDSDFLW\ RSHUDWLQJ KRXUYV &XVWRPHU VSHF
PHDVXUH DSSOLFDWLRQ IRUPV EH FROOHFWHG GXULQJ WKI
WKURXJK VLWH YLVLWYV

7R JXLGH WKH FXVWRPHU VSHFLILF GDWD FROOHFWLRQ PHD
HQG XVH FDWHJRULHYV H J OLJKWLQJ +9%& PRWRUV 9)'V

HVWDEOLVKHG IRU HDFK HQG XVH FDWHJRU\ OHYHO WKDW F
FXVWRPHU VSHFLILF LQIRUPDWLRQ VKRXOG EH XVHG IRU H\
vDYLQJYV ,I D SURMHFW LQYROYHVY PXOWLSOH PHDVXUHV RU
VDPH HQG XVH FDWHJRU\ WKH VDYLQJV IRU DOO WKRVH PHD
JURXSHG WRIJHWKHU WR GHWHUPLQH LI WKH SURMHFW IDOOYV

% ,PSDFW 3URWRFRO ,PSDFW (YDOXDWLRQ RI
,QIRUPDWLRQ %DVHG 3URJUDPYV

7TKURXJK WKH (QHUJ\ 6FRUHFDUG SURJUDP (QWHUJ\ 1HZ 2UOQ
FXVWRPHUV WKDW WKH\ FDQ XVH WR DGMXVW WKHLU XVH RI
LV LOQOWHQGHG WR JLYH JXLGDQFH RQ HYDOXDWLQJ WKH LPSDF
SURJUDPV WKDW PLIJKW EH XVHG WR SURYLGH LQIRUPDWLRQ

7KHUH DUH VHYHUDO HYDOXDWLRQ DSSURDFKHV WKDW FDQ
LPSDFWV RI DQ LQIRUPDWLRQ EDVHG SURJUDP WKDW SURYLC
WKH\ FDQ XVH WR YROXQWDULO\ WDNH DFWLRQV WR DGMXVYV
WKHLU DELOLW\ WR SURGXFH DFFXUDWH DQG UREXVW UHV
GHVFHQGLQJ RUGHU RI GHVLUDELOLW\ %HFDXVH RI GLITHUH(
SUHIHUUHG DSSURDFK 2SWLRQ VKRXOG EH XVHG RQO\ ZKH(
VKRXOG RQO\ EH XVHG ZKHQ ERWK 2SWLRQ DQG 2SWLRQ D

,l DYDLODEOH LQWHUYDO PHWHU GDWD VKRXOG EH XVHG WR
PHWHULQJ LQIUDVWUXFWXUH $0, GDWD LV QRW DYDLODEOH
D VDPSOH RI PHWHUHG KRPHV PD\ EH XVHG

7KH WKUHH RSWLRQV IRU HVWLPDWLRQ RI LPSDFWV IURP L(
IROORZV

2SWLRQ XVHV DQ DQDO\VLV EDVHG RQ DQ H[SHULPHQWDO
XVH RI UDQGRP DVVLJQPHQW VR WKDW WKH UHIHUHQFH
UHSUHVHQWDWLYH FRQWURO JURXXHRIPRVRIERP PRIU WLSH
GHVLJQ VDWLVI\LQJ WKLV FULWHULRQ LV D UDQGRPL]JHG FI
PD\ DOVR EH XVHG $Q HYDOXDWLRQ FRQWUDFWRU FDQ VH
WKHLU SURIHVVLRQDO H[SHULHQFH

3 &}E ] pee]}v }v 8Z & 8]}vo }( E v }u e¢]Pvu vEU « A§ A ESU :XV d} U X ~1iid6*X Z %8 E 6V
D §Z} « WE}i SW D 82} » (J&E 3§ EulvlvP v EPCr ((1]1Vv ¢~ AlvPs (}E& "% 1(] D *uE X '}o vU
> }JE SYEGCX EZ >I17Zr6 8iro6fioiX Z5353% WIIAAAXVE oXP}YAI } «I(Ci6}+8]1006A6TX% (
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2SWLRQ XVHV D FRPSDULVRQ JURXS DQDO\VLV ZKHUH W
SDUWLFLSDWLQJ FXVWRPHUV WKDW DUH VLPLODU WR SD
REVHUYDEOH FKDUDFWHULVWLFVY HJ HOHFWULFLW\ FRQ\
UHIHUHQFH ORDG %HFDXVH WKHUH LV D YDULHW\ RI PDWF
DQ HYDOXDWLRQ FRQWUDFWRU FDQ FKRRVH WKH WHFKQL1
JURXS EDVHG RQ WKHLU SURIHVVLRQDO MXGJPHQW 'LIIH
VKRXOG EH XVHG LQ WKH DQDO\VLVY WR FRQWURO IRU DQ\
PDWFKLQJ

2SWLRQ LV D pZLWKLQ VXEMHFWVY DQDO\VLYV ZKHUH WKH |
FXVWRPHUV LV HVWLPDWHG XVLQJ GDWD RQ WKHLU HQHUJ
SDUWLFLSDWLRQ LQ WKH LQIRUPDWLRQ EDVHG SURJUDP EH

7KH DQDO\VLV IRU DOO WKUHH RSWLRQV FDQ EH DFFRPSOLVI
UHODWHYV HQHUJ\ XVH WR ZHDWKHU FRQGLWLRQV SDUWLFXC
WKDW LQIOXHQFH XVDJH 3DQHO UHJUHVVLRQ PRGHOLQJ LV V

% ,PSDFW 3URWRFRO 1HW WR *URVV $QDO\VLYV

1HW WR *URVV 17* DQDO\VLV LV GLUHFWHG DW TXDQWLI\LC
SURJUDP 7KLV SURWRFRO SUHVHQWY JHQHUDO GHILQLWLRQ
DV SDUW RI D VRXQG 17* DQDO\VLV

7KHUH DUH ILYH DSSURDFKHV FRPPRQO\ XVHG IRU GHWHUPLQ

6HOI SHSRUWLQURBRWBOHIWLFLSDQWY DQG QRQ SDUWLFLSDQ
YHULILFDWLRQ

(QKDQFHG 6HOI 5HSRUWHQ@J USKSRUWHWLQJ VXUYH\V DUH FR
LOQWHUYLHZV DQG LQGHSHQGHQW GRFXPHQWDWLRQ UHYLI
LQFOXGH DQDO\VLV Rl PDUNHW EDVHG VDOHV GDWD

(FRQRPHWULF ®OWW\WRWBGWLFDO PRGHOV DUH XVHG WR FRPSD
SDUWLFLSDQW HQHUJ\ DQG GHPDQG SDWWHUQV 7KHVH PR
DQG RWKHU QRQ SURJUDP UHODWHG IDFWRUV VXFK DV ZHD

'"HHPHG 1HW WR *URQ@ MW 5*BDWIMRNVWLPDWHG XVLQJ LQIRUPDW!|
HYDOXDWLRQ RI VLPLODU SURJUDPV DQG

6WLSXODWHG 1HW WKHWWIESXDWWRRQ RI D QHW WR JURVYV
ZKHQ WKH H[SHQVH RI 17*5 DQDO\VLVY DQG WKH XQFHUWDLQ
VLIQLILFDQW EDUULHUV 18$3(( 8VH RI VWLSXODWHG Y
WKH\ \LHOG UHVXOWY WKDW DUH XQFHUWDLQ DQG RU FRVW
WKH XVDJH RI OLWHUDWXUH UHYLHZV

7TKHVH DSSURDFKHV IRU DVVHVVLQJ WKH HQHUJ\ VDYLQJV DW
RQ GHWHUPLQLQJ 17*5V WKDW KDYH WZR PDLQ FRPSRQHQWYV

1]
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JUHH ULGMHUYKWUS WR SURJUDP SDUWLFLSDQWYV ZKR UHFHLY
KDYH LQVWDOOHG WKH VDPH HIILFLHQF\ PHDVXUH RQ WKHL'
RITHUHG 7KLV LQFOXGHYV SDUWLDO IUHH ULGHUV GHILQHG
ZRXOG KDYH LQVWDOOHG WKH PHDVXUH DQ\ZD\ EXW WKH
LQVWODRROHW FXVWRPHUV ZKR ZRXOG KDYH LQVWDOOHG WK
WKH SURJUDP SHUVXDGHG WKHP WR LQVWDOO PRUH HIIL
HTXLSPHQW )RU WKH SXUSRVHV RI (0 9 DFWLYLWLHV SDL
LOQVWDOOHG WKH HTXLSPHQW ZLWKLQ RQH \HDU ZLOO E
SDUWLFLSDQWYV ZKR ZRXOG KDYH LQVWDOOHG WKH HTXLSP!
FRQVLGHUHG WR EH IUHH ULGHUV WKXV QR SDUWLDO IUHH

JUHH ULGHUVKLS LV WKH VKDUH RI JURVYV SURJUDP VDYLQJ
DFFRXQWHG IRU LQ SURJUDP UHFRUGY DQG WKHQ DGMXVYV
DGRSWLRQ WKH I[UHH ULGHUVKLS UDWH LV EDVHG RQ DFWL
DQ\zD\" L H DFWLRQV WKDW ZHUH QRW LQGXFHG E\ Wk
HITLFLHQF\ SURJUDP FRYHUV D UDQJH RI HQHUJ\ HIILFLHQF
WR PRYH WKH RYHUDOO PDUNHW IRU HQHUJ\ HIILFLHQF\ IR
VRPH SDUWLFLSDQWY ZRXOG KDYH ZDQWHG WR LQVWDOO
SRVVLEO\ D VXEVHW RI WKRVH LQVWDOOHG XQGHU WKH

SDUWLFLSDWHG LQ WKH SURJUDP RU EHHQ LQIOXHQFHG E\

6sLoogMHMUYV WR HQHUJ\ VDYLQJYV WKDW DUH GXH WR WKH
DUH QRW FRXQWHG LQ SURJUDP UHFRUGV )RU H[DPSOH I
HITLFLHQF\ PHDVXUHV LQ RQH RI KLV KHU EXLOGLQJV 7KH)
DQG LOFHQWHG XQGHU D '60 SURJUDP 7KH FXVWRPHU W
VDPH PHDVXUHY DW DQRWKHU VLWH ZKHUH WKHUH LV QR £
WKH SURJUDP KDG DQ LQIOXHQFH RQ WKH PDUNHW EH\RQ(
FXVWRPHUTV ILUVW EXLOGLQJ 6SLOORYHU FDQ EH EURNHQ

SDUWLFLSDQW ,QWHHSQBI® HESW ¥ OHRYHWI\ VDYLQJV IURP DGC
LPSOHPHQWHG E\ SDUWLFLSDQWY DW SDUWLFLSDWLQJ VL'
GLUHFWO\ DWWULEXWDEOH WR WKH LQIOXHQFH RI WKH SUF

SDUWLFLSDQW ([WHHQDABVHILWY RMYGHUJ\ VDYLQJV IURP PHI
SDUWLFLSDQWYV DW QRQ SDUWLFLSDWLQJ VLWHV QRW LQ
DWWULEXWDEOH WR WKH LQIOXHQFH RI WKH SURJUDP

1RQ 3IDUWLFLSDQOMSBENVBOIQRVWHHQHUJ\ VDYLQJV IURP PHDVXI
E\ QRQ SDUWLFLSDWLQJ FXVWRPHUV EXW DUH GLUHFWO\
SURJUDP

6SLOORYHU DGGV WR D SURJUDPTV PHDVXUHG VDYLQJV E\
LOFHQWHG VDYLQJV DQG HIIHFWV WKDW WKH SURJUDP KDV K
WKH GLUHFWO\ LOQFHQWHG RU GLUHFWO\ LQGXFHG SURJUDP F
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7TRWDO VSLOORYHU LV D FRPELQDWLRQ RI VHYHUDO IDFWRUYV
WR EH WDNHQ DW WKH SURMHFW VLWH LWVHOI LQVLGH VSLC
FXVWRPHU RXWVLGH VSLOORYHU (DFK W\SH RI VSLOORYHU
RI WKH HQHUJ\ vDYLQJV FDXVHG E\ WKH SURJUDP EXW QR\
%YHFDXVH D SULPDU\ JRDO RI PRVW '60 SURJUDPV LV WR WUDC
RI VWUDWHJLHYV = LQFOXGLQJ HGXFDWLRQ SURPRWLRQ DQG
RI HQHUJ\ HIILFLHQF\ £+ RQH ZRXOG H[SHFW VSLOORYHU WR R

7KH RYHUDOO 17*5 LV PHDQW WR DFFRXQW IRU ERWK WKH Ql
DQG VSLOORYHU VDYLQJV WKDW UHVXOW |IURP WKH SURJUD
UHFRUGYV KHQ WKH JURVV SURJUDP VDYLQJV PXOWLSOLHYV
HVWLPDWH RI HQHUJ\ VDYLQJY WKDW DUH DWWULEXWDEOH W
QRW KDYH RFFXUUHG ZLWKRXW WKH SURJUDP 7KH EDVLF HT

17~ + )UHH ULGHUVKLS ©6SLOORYHU

7KH XQGHUO\LQJ FRQFHSW LQKHUHQW LQ WKH DSSOLFDWLRQ
FDXVHG E\ WKH SURJUDP VKRXOG EH LQFOXGHG LQ WKH ILQD
WKLV HVWLPDWH VKRXOG LQFOXGH DOO VDYLQJV FDXVHG E\
VDYLQJV VKRXOG DFFRXQW IRU IUHH ULGHUVKLS DQG LQFOXC

% (VWLPDWLQJ )UHH 5LGHUVKLS 6XUYH\ 7HFI

‘DWD WR DVVHVV IUHH ULGHUVKLS VKRXOG EH JDWKHUHG Wk
DVNHG RI HQG XVH FXVWRPHUV DQG WUDGH DOOLHV ZKR SI
ULGHUVKLS FDQ EH HYDOXDWHG E\ DVNLQJ GLUHFW TXHVWL
HVWLPDWHYV RI WKH DSSURSULDWH IUHH ULGHUVKLS UDWH W
VXSSRUWLQJ RU LQIOXHQFLQJ TXHVWLRQV XVHG WR YHULI\
FRQVLVWHQW ZLWK SDUWLFLSDQWVY YLHZV RI WKH SURJUDP{

7KH GLUHFW IUHH ULGHUVKLS TXHVWLRQV DVN UHVSRQGHQW
WKDW ZRXOG KDYH EHHQ LQFRUSRUDWHG DW KLJK HIILFLHQF
DVVLVWDQFH RI WKH SURJUDP 7KH TXHVWLRQV DOVR DVN UH
WKDW WKH\ ZRXOG KDYH LQFRUSRUDWHG PHDVXUHV 3Rl WKH
IRU WKH WHFKQLFDO DQG ILQDQFLDO DVVLVWDQFH RI WKI
UHVSRQGHQWY FRQFHSWXDOL]H DQG FRQYH\ WKHLU YLHZ'
UHVSRQGHQWY WR SURYLGH WKHLU PRVW LQIRUPHG UHVSROQ\
I[JUHH ULGHUVKLS HVWLPDWHYV

7KH 3SURJUDP LQIOXHQFH™ TXHVWLRQV FODULI\ WKH UROH
ILQDQFLDO LQFHQWLYHY DQG WHFKQLFDO DVVLVWDQFH SO
VXSSRUWLQJ LQIRUPDWLRQ RQ IUHH ULGHUVKLS 5HVSRQVHYV
HDFK UHVSRQGHQW DQG XVHG WR LGHQWLI\ ZKHWKHU WKH G
FRQVLVWHQW ZLWK KRZ HDFK UHVSRQGHQW UDWHG WKH 3LQI
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7TKHVH UHVXOWYV ZLOO WKHQ EH FRPSDUHG WR IUHH ULGH!
LOQVSHFWLRQV DXGLWYVY DQG RU HVWLPDWHYV GHULYHG IURP
MXULVGLFWLRQV

% (VWLPDWLQJ 6SLOORYHU 6XUYH\ 7THFKQLT?>

7KH EDVLF PHWKRG IRU DVVHVVLQJ SDUWLFLSDQW LQVLGH D¢
VWHS DSSURDFK WR GHWHUPLQH WKH IROORZLQJ

KHWKHU VSLOORYHUOKHVYN WMWY BDWHNOIXR TXHVWLRQV WKDW
ZKHWKHU WKH UHVSRQGHQW LQFRUSRUDWHG HQHUJ\ HIILFL
QRW UHFRUGHG LQ SURJUDP UHFRUGY 4XHVWLRQV UHODW
SURMHFW VLWH LQVLGH VSLOORYHU DQG WR PHDVXUHYV
RXWVLGH VSLOORYHU

(I WHQW RI WKH KBYBOKHNWLRQV UHTXHVW LQIRUPDWLRC
VKDUH RI SURMHFWY MREV IDFLOLWLHV LQWR ZKLFK DGGL
LOQOVWDOOHG WKHVH TXHVWLRQV DUH QRW DVNHG IRU LQ
VLPSO\ WKH RQH SURMHFW RQ ZKLFK WKH LQWHUYLHZHH IR

$PRXQW RI VDYLQJV SHU VEBKLIDWOHR YN H VSUIRRMHF WV N UHV SR
HVWLPDWH WKH HQHUJ\ VDYLQJY DVVRFLDWHG ZLWK WKH
WKH VDYLQJV IURP WKH SDUWLFLSDWLQJ SURMHFW LWVHOI

7TKH RXWFRPH RI WKHVH LQTXLULHVY LV DQ HVWLPDWH RI WKH
WKDW FDQ EH DWWULEXWHG WR WKH LQIOXHQFH RI WKH SUR.

% 7LPLQJ RI 'DWD &ROOHFWLRQ IRU )UHH 5LG
6SLOORYHU

:KHUH SRVVLEOH D VWDJJHUHG GDWD FROOHFWLRQ DSSUI
LQIRUPDWLRQ LQ VXSSRUW RI 17* DQDO\VLV 7KH UDWLRQD
ULGHUVKLS DQG VSLOORYHU GDWD DUH EHVW FROOHFWHG DV

JUHH ULGHUVKLS GDWD DUH FRQVLGHUHG WR EH PRVW DFF
SRVVLEOH WR WKH SRLQW LQ WLPH ZKHQ WKH SDUWLFLSDV
WR HQVXUH DFFXUDWH SDUWLFLSDQW UHFDOO RI PRWLY
LQIOXHQFH ZKLOH DOVR SURGXFLQJ RWKHU EHQHILWV L
SURJUDP VWDII UHIJDUGLQJ SURJUDP LQIOXHQFH HIITHFWYV

&RQYHUVHO\ VSLOORYHU GDWD DUH FRQVLGHUHG PRVW D
DIWHU WKH SDUWLFLSDWLQJ SURMHFW KDV EHHQ FRPSOHMW
WLPH WR SDVV EHIRUH DVNLQJ SDUWLFLSDQWY DERXW VSLC
KDYH VXIILFLHQW WLPH WR D LQVWDOO WKH LQFHQWHG H
SDUDPHWHUY DQG FRVWY DQG F WKHQ GHFLGH ZKHWKHU
HITLFLHQF\ PHDVXUHV DW WKH SURMHFW VLWH RU VRPH R
SURJUDP VXSSRUW RU ILQDQFLDO LQFHQWLYH -RKQVRQ HV
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% +LHUDUFKLFDO $SSURDFKHV IRU "HWHUPLQ
8SGDWH 17* 9DOXHYV

$ GHFLVLRQ WUHH ZLWK VHYHUDO VWHSV FDQ EH XVHG WR
DWWULEXWLRQ DQDO\VLV 7KH IUDPHZRUN IRU XSGDWLQJ Q
DSSURDFK SUHVHQWHG YLVXDOO\ LQ )LIXUH % (DFK VWHS
IROORZLQJ SDUDJUDSKYV

JLIXUH % 'HFLVLRQ 7UHH IRU 7LPLQJ DQG 6HOHFWLRCQ

Is prior-year Similar . .

primary NTG ) program / Yes Use prior primary
research market i NTG data research
available? conditions?

Does estimated

program savings Conduct primary

support primary research
research?

Is comparable
primary data
from another
regional utility
available?

Use comparable regional
primary data

Conduct literature
review

+DV 17* UHVHDUFK EHHQ FRQGXFWHG RQ WKH VDWRH SURJL
ILUVW VWHS WR GHWHUPLQLQJ ZKHWKHU SULPDU\ 17* UHYV
JLYHQ SURJUDP \HDU LV WR DVVHVV ZKHWKHU SULPDU\ GDW
DUH DYDLODEOH IURP SUSRURGADWDWUH DYDLODEOH LW VI
ZKHWKHU WKH SULRU YDOXHV DUH DSSOLFDEOH LQ WKH F
RYHUDUFKLQJ FRPSRQHQWYV RI WKLV GHFLVLRQ

)LUVW GHWHUPLQH LI WKH FXUUHQW SURJUDP LV VLPLOD
GDWD ZDV FROOHFWHG ,V WKH PL[ RI PHDVXUHV WKH VDP
IRU HDFK PHDVXUH VLPLODU" $UH WKH LQFHQWLYH OH"®
GHOLYHU\ PHWKRG V VLPLODU"

6HFRQG GHWHUPLQH LI WKH PDUNHW FRQGLWLRQV DUH "
WKH SULRU GDWD ZHUH FROOHFWHG +DV WKHUH EHHQ D
FRVW IRU WKH HIILFLHQW PHDVXUHV" +DV WKHUH EHHQ D
RU DYDLODELOLW\ RI WKH HIILFLHQW PHDVXUHV" +DV WK
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WKH PDUNHW VKDUH RI HIILFLHQW PHDVXUHV L H WKH |
WRWDO FRPSDUDEOH VWDQGDUG DQG HIILFLHQF\ PHDYVX
FRGHVY DQG VWDQGDUGYVY WKH VDPH DV ZKHQ WKH SULRU

, I WKH SURJUDP DQG PDUNHW FRQGLWLRQV DUH FRPSDUDEOI
SULRU SULPDU\ 17* UHVHDUFK ZDV FRQGXFWHG WKHVH SU
DSSOLFDEOH WR WKH FXUUHQW SURJUDP \HDU

, ] SULRU \HDU SULPDU\ GDWD DUH QRW DYDLODEOH RU DUH

GXH WR FKDQJHV WR HLWKHU SURJUDMKR W 3R DWKNRDND & RQIGH
GHWHUPLQH ZKHWKHU HVWLPDWHG VDYLQJV IURP WKH SUR
JHQHUDO SURJUDPV WKDW UHSUHVHQW DW OHDVW St
VDYLQJV LQ DQ\ JLYHQ \HDU VKRXOG XVH 17* UDWLRV WKD)
UHVHDUFK IRU WKDW VSHFLILF SURJUDP

,I SULRU \HDU GDWD IRU WKH SURJUDP DUH QRW DYDLO
SURJUDP VDYLQJV GRHV QRW VXSSRUW/EH LHYDRQO XGIDWMIR © RUKC
WKHQ FRQVLGHU LI 17* YDOXHV GHULYHG IURP $UNDQVDV E
DYDLODEOH $ FRPSDUDEOH SURJUDP LV GHILQHG DV RQH V
PDWXULW\ LQFHQWLYH OHYHOV GHOLYHU\ PHFKDQLVP D
YDOXHVY GHULYHG LQ WKH VDPH SURJUDP \HDU ZRXOG EH X
PD\ DOVR EH XVHG LI WKH FRPSDUDELOLW\ FRQGLWLRQV DL

JRU H[LVWLQJ DQG QHZ SURJUDPV WKDW GR QRW PHHW DQ\
$ OLWHUDWXUH UHYLHZ PD\ EH XQGHUWDNHQ WR ORFDWH I
KDV RU KDYH DQ HVWDEOLVKHG 17* YDOXH V 7KLV DSSUF
EH ZHOO GRFXPHQWHG $ SURJUDP PD\ EH LGHQWLILHG DV
FRQGLWLRQV

SURJUDP 6LPRDWXUWW\ LQFHQWLYH OHYHOV GHOLYHU\
W\SHV DUH VLPLODU DQG

ODUNHW 6LPEGABPRILWDSKLF KRXVHKROG DQG EXVLQHVYV
VLPLODU RU DV VLPLODU DV SRVVLEOH WR WKRVH IRU 1

'LWK WKLY KLHUDUFKLFDO DSSURDFK HYDOXDWLRQ UHVRXUF
WKDW FRXOG EHQHILW PRVW IURP SULPDU\ UHVHDUFK WKX"
17* UHVHDUFK HYHU\ \HDU IRU WKH VDPH SURJUDPV +RZHYHL
EHLQJ UHSHDWHG WRR PDQ\ \HDUV DQG EHFRPLQJ SRWHQ\
SURJUDPV WKDW PHHW WKH FRQWULEXWLRQ WR VDYLQJV WK
SULPpbuU\ UHVHDUFK DW OHDVW RQFH GXULQJ HYHU\ WKUHH \H

7KH VWHSYV DORQJ WKLV GHFLVLRQ WUHH VKRXOG EH FOHDUC
SURJUDP HYDOXDWLRQ SODQV

(YDOXDWLRQV XVLQJ WUDGH DOO\ UHVSRQVHYV VKRXOG EH FR
DOOLHVY SOD\ D NH\ UROH LQ WKH LQVWDOODWLRQ GHFLVLRQ
D GLVFXVVLRQ RI WKH UHSUHVHQWDWLRQ IURP WKH WUDGH |
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VXSSOLHG E\ WUDGH DOOLHV LV DSSOLFDEOH HYDOXDWLRQ
KRZ WUDGH DOO\ UHVSRQVHYVY ZLOO EH LQWHJUDWHG ZLWK FX
RYHUDOO SURJUDP DWWULEXWLRQ

$QQXDO (0 9 UHSRUWYV VKRXOG LQFOXGH UREXVW UHSRUWLQJ
DQG ILQGLQJV 7R HQVXUH FRQVLVWHQF\ DQG WUDQVSDUHQ
UHSRUW VKRXOG LQFOXGH WKH IROORZLQJ LQIRUPDWLRQ UH.

6XPPDU\ RI HDFK SURJUDPYRU/HMRPSIAHH D WDEOH FRXOG
SURJUDPV UHFHLYHG XSGDWHG 17* UHVHDUFK YHUVXV WKI
SUHYLRXV YDOXHV GHHPHG YDOXHV RU VHFRQGDU\ UHVHLEL

'LVFXVVLRQ RI UDWLRQDOH IRU XVH RI SUHYQ RX5HISRWWR/D W |
VKRXOG FLWH HYLGHQFH WKDW WKH GHOLYHU\ LQFHQWLYH
XQFKDQJHG

I XQLTXH 17* YDOXHV DUH DVVLIQHG WR GLVWLQFW SUF
FRPSRQHQW VKRXOG EH UHSRUWHG ZLWK JURVV DQG QH)
GLITHUHQW SURJUDP FRPSRQHQWYV H J PHDVXUHV KDYH
IRU HDFK SURJUDP FRPSRQHQW VKRXOG EH SUHVHQWHG LC
YDOXHV

,W LV UHFRPPHQGHG WKDW DQ DSSHQGL[ EH LQFOXGHG 1
DSSURDFK DQG PHWKRGV 7KLV DSSHQGL[ VKRXOG LQFOXGt

+LJK OHYHO GLVFXVVLRQ RI D PHRIKRKGY QMGH PW WEK® &K R X (
WKH RYHUDUFKLQJ 17* DSSURDFK DFURVYV SURJUDPV HVS
DQG ORJLF DUH XVHG DFURVV PXOWLSOH SURJUDPV

'"HWDLOHG GLVFXMVM\WQURIXEBLO@RIXHVWLRQV I1XO0O EDWWHU
&RPSOHWH VXUYH\ EDWWHU\ ORJLF IORZ FKDUWYVY DQG
SURJUDP 17* DSSURDFK VKRXOG EH LQFOXGHG LQ WKH D¢

'LVFXVVLRQ RI SURJUDP VSHFLILFI QARIALFY LQXHDODF K WRHRM I
UHVHDUFK LQFOXGHV FXVWRPL]J]HG ORJLF WKDW LV GLV
LOQFOXGHG LQ WKH PHWKRGV VHFWLRQ WKHQ WKH GLII
UHSRUWHG ZLWKLQ HDFK LQGLYLGXDO SURJUDP VHFWLRC

,PSDFW (YDOXDWLRQ RI 1RQ 3UHVFULSWLYH OHDVXUHYV



% SBURWRFROV IRU &RQGXFWLQJ 3URFHVYV (YDOXDWLRQV

7KLYV SURWRFRO SURYLGHYV JXLGDQFH UHJDUGLQJ VFRSH DQC
SURJUDPYV $ SURFHVV HYDOXDWLRQ LQYROYHV H[DPLQLQJ
SURJUDP DQG GHWHUPLQLQJ ZKHWKHU WKH SURJUDP LV RSH
SURFHVV HYDOXDWLRQ LV WR UHFRPPHQG ZD\V WR LPSURYH .
HITHFWLYHQHVY $ SURFHVV HYDOXDWLRQ IRFXV RQ GHWHULI
SURJUDP GHOLYHU\ LGHQWLI\LQJ RSSRUWXQLWLHV IRU SURJ
SURJUDP PHWULFV LQFOXGLQJ SDUWLFLSDWLRQ UDWHV PI
RSHUDWLRQV

% SURFHVV 3URWRFRO '"HWHUPLQLQJ :KHWKHU WR &RQG
D 3URFHVV (YDOXDWLRQ RI D 3URJUDP

7ZR PDMRU FULWHULD FDQ EH DSSOLHG WR GHWHUPLQH LI D
QHHGHG

7KH ILUVW FULWHULRQ LV WR GHWHUPLQH LI LW LV WLPH IF
7KH VHFRQG FULWHULRQ LV WR GHWHUPLQH LI WKHUH LV D
TDEOH % DGGUHVVHV WKH ILUVW FULWHULRQ VHWWLQJ RX\
LV DSSURSULDWH IRU FRQGXFWLQJ D SURFHVVY HYDOXDWLRQ

TDEOH % '"HWHUPLQLQJ $SSURSULDWH 7LPLQJ WR &RQG)>

1R 3UHYLRXV 3URFHVV,([YDOXRWIIRRQKDY QRW KDG D FRPSUHKHQVLYH S
HYDOXDWLRQ FRQGXFWLQJ D SURFHVV HYDOXDWLRQ VKRXOG EH FRQV

1HZ DQG ,QQRYDWLYH &RP SRURJIQWN KDV QHZ RU LQQRYDWLYH FRPSRQH
QRW EHHQ HYDOXDWHG SUHYLRXVO\ WKHQ D SURFHVV HYDOXDWLRQ V
WKHLU OHYHO RI VXFFHVV LQ WKH FXUUHQW SURJUDP DQG WKKHLU DSS¢

1HZ 9HQGRU RU &RQWUIDURNRDP LV D FRQWLQXLQJ RU RQJRLQJ SURJUD
LPSOHPHQWHG LQ ZKROH RU LQ SDUW E\ D GLIIHUHQW YHQGRU WKDQ
D SURFHVV HYDOXDWLRQ VKRXOG EH FRQVLGHUHG WR GHWHUPLQH LIV
LPSOHPHQWLQJ WKH SURJUDP

,/ DQ\ RI WKHVH FULWHULD DUH PHW LW LV WLPH WR FRQGXFW D SURF

, QRQH Rl WKHVH FULWHULD DUH PHW SURFHHG WR 7DEOH 6WHS
'HFLVLRQ 0ODS

JLIXUH % SURYLGHV D IORZ FKDUW IRU GHWHUPLQLQJ ZKHW
HYDOXDWLRQ RI D SURJUDP

SBURWRFROV 4XDOLW\ $VVXUDQFH 4XDOLW\ &RQWURO



JLIXUH % "HWHUPLQLQJ 7LPLQJ IRU D 3UR

Is this a new
or modified
program?

If any of the criteria
are met, it is time to
conduct a process
evaluation to
provide early
feedback regarding

Has a process
evaluation been
completed in
this funding
cycle?

program activities
Has there been a
changein

program
implementation?

Go to step two

FHVV (YI

6RXUFH $UNDQVDV 750 9HUVLRQ PRGLILHG IRU IRUPDWWLQJ

BURFHVV HYDOXDWLRQV PD\ EH XVHG WR GLDJQRVH DUHDV Z
DV HISHFWHG &RQGLWLRQV WR FRQVLGHU LQ WKLV UHVSHFW

7TDEOH %

'HWHUPLQLQJ $SSURSULDWH &RQGLWLRQV WR &

&ROQGLWLRQV DSSURSULDWH WR FROQGXFWLQJ D SURFHVV HY

DOXDWLRC

,PSDFW 3URBBHGHPWVRIUDP LPSDFWV ORZHU RU VORZHU WK

DQ H[SHFW

,QIRUPDWLRQDO (G XF D W$URH) V& 2 BFNGKFPRMYLHFRQ DO RU LQIRU

PHHWLQJ SURJUDP JRDOV"

UJPDWLRQD

SDUWLFLSDWLRKUHAWRKEIDSPWWLFLSDWLRQ UDWHYV ORZHU H

RU VORZHL

2SHUDWLRQDO &KBOMKIH SHWRIUDPTVY RSHUDWLRQDO RU PO

JHW XS DQG UXQQLQJ RU QRW PHHWLQJ SURJUDP DGPLQLVW

QDJHPHQ
UDWLYH Q

&RVW (IIHFW )W WEKHVSURJUDPYV FRVW HIIHFWLYHQHVV OH

VV WKDQ F

1HIDWLYH )HRGHDIPANLFLSDQWY UHSRUW SUREOHPV ZLWK
VDWLVIDFWLRQ"

WKH SURJ

ODUNHW (JVYHWWN SURJUDP SURGXFLQJ WKH LOWHQGHG PD

UNHW HIIt

,] DQ\ Rl WKH FULWHULD LV PHW D SURFHVV HYDOXDWLRQ LY QHHGHG
DQG FRUUHFW WKHVH RSHUDWLRQDO LVVXHV
,] QRQH RI WKHVH FULWHULD LV PHW LQ HLWKHU 6WHS RU GWHS W K

QHHGHG DW WKLV WLPH

BURWRFROV 4XDOLW\ $VVXUDQFH

4XDOLW\ &RQWURO



| 5H HYDOXDWH WKH QHHG IRU D SURFHVV HYDOXDWLRQ DW W|KH HQG RI

JLIXUH % GHILQHV WKH PHWKRG WR LGHQWLI\LQJ SUREOHPYV
ZDUUDQW D SURFHVV HYDOXDWLRQ

Impact problems:

Savings impacts slower If any of the criteria
than expected? .
are met, consider
conducting a
Educational .
Objectives: Are goals process evaluathn
not being achieved? focusing on
program design,
Participation database tracking,
problems: Are rates .
lower / slower than operations, and
expected? - .
implementation

issues; participant

Operational challenges: Is

the program’s operational inte ractions and

system slow to get up and

e interactions with
the energy provider
Cost-effectiveness: Is and the program

the program less cost-

effective than expected? implementer

Negative feedback: Do
participants report problems /
dissatisfaction?

If none of the criteria are metin
either step one or step two,
Market effects: Is the there is no need for a process

program having the desired evaluation at the time.
market impacts?

Reevaluate the programin the
next program year-end

6RXUFH S$SUNDQVDV 750 9HUVLRQ PRGLILHG IRU IRUPDWWLQJ

JLIXUH % '"HWHUPLQLQJ 1HHG WR &RQGXFW D 3URFH

TKURXJKRXW DQ HYDOXDWLRQ F\FOH OLPLWHG RU IRFXVHG
UHYLHZ RI SURJUDP GDWDEDVH LQWHUYLHZV RI VWDII PD)

SBURWRFROV 4XDOLW\ $VVXUDQFH 4XDOLW\ &RQWURO



SURJUHVV IRU D SURJUDP )LQGLQJV IURP IRFXVHG SURFHVV |
SXUSRVHV

3URYLGH D SURJUHVV UHSRUW IRU HDFK UHFRPPHQGDWLRQ
LQ SUHYLRXVO\ FRQGXFWHG HYDOXDWLRQV )RU HDFK HYDC
VKRXOG LQGLFDWH ZKHWKHU WKH UHFRPPHQGDWLRQ KDV |
UHMHFWHG RU LV VWLOO XQGHU FRQVLGHUDWLRQ ,I W
H[SODQDWLRQ Rl WKH UHDVRQ IRU UHMHFWLRQ VKRXOG EH
XQGHU FRQVLGHUDWLRQ WKHQ DQ H[SODQDWLRQ VKRXOG
WR UHDFK DQ LPSOHPHQWDWLRQ GHFLVLRQ IRU WKDW UHFF

,GHQWLI\ SURJUHVV PDGH WRZDUGY DFKLHYLQJ SURJUDP R
,GHQWLI\ DQ\ LVVXHV WKDW PD\ QHHG WR EH H[SORUHG
HYDOXDWLRQV

% SURFHVV 3URWRFRO 30DQQRLQJ B3URFHVV (YDOXDWLRQ

7KLY SURWRFRO SURYLGHV JXLGDQFH RQ WKH NH\ LVVXHV Wl
SURFHVV HYDOXDWLRQ DFWLYLWLHV $VSHFWV RI SURJUDP R
LGHQWLILHG LQ )LIXUH %

7KUHH WDEOHV DUH SURYLGHG WKDW RXWOLQH WKH NH\ U
DGGUHVVHG LQ D SURFHVV HYDOXDWLRQ

7TDEOH % SURYLGHV D JHQHUDO RXWOLQH RI WKH NH\ HOH
SURFHVV HYDOXDWLRQ SODQ

TDEOH % SURYLGHV PRUH GHWDLOHG LQIRUPDWLRQ UHJDL
WKDW QHHG WR EH DGGUHVVHG LQ D SURFHVV HYDOXDWLR

7TDEOH % LGHQWLILHY WKRVH WRSLF DUHDV WKDW VKR
HYDOXDWLRQV WKRVH DUHDV WKDW VKRXOG EH LQYHV
H[SHULHQFLQJ VSHFLILF RSHUDWLRQDO LVVXHV RU FKDOOH
DSSOLFDEOH WR QHZ SURJUDPV RU SLORW SURJUDPV

SBURWRFROV 4XDOLW\ $VVXUDQFH 4XDOLW\ &RQWURO
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7TDEOH % 6 XJIJHVWHG 6WUXFWXULQJ RI 5SHFRPPHQGDWLRC
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6RXUFH ORGLILHG IURP WKH &% (YDOXDWLRQ 3URWRFROV

DV SUHVHQWHG LQ

BURWRFROV 4XDOLW\ $VVXUDQFH

4XDOLW\ &RQWURO



% SBURWRFROV IRU (YDOXDWLRQ RI 1HZ &RQVWUXFWLRQ 3L

% '"HVFULSWLRQ

7KLY SURWRFRO LV LQWHQGHG WR GHVFULEH WKH UHFRPPH
ZKROH EXLOGLQJ SHUIRUPDQFH RI QHZ FRQVWUXFWLRQ SURI
SURWRFRO IRFXVHV RQ HQHUJ\ FRQVHUYDWLRQ PHDVXUHV |
ZKHUH HYDOXDWRUV FDQ DQDO\]H LPSDFWV XVLQJ EXLOGLQJ
UHTXLUH WKH XVH RI FDOLEUDWHG EXLOGLQJ VLPXODWLRQ\
SHUIRUPDQFH OHDVXUHPHQW DQG 9HWLILFDWLRQ 3URWRFRO

(IDPSOHV RI VXFK PHDVXUHV LQFOXGH /HDGHUVKLS LQ (QH
(" EXLOGLQJ FHUWLILFDWLRQ QRYHO DQG RU HIILFLHQ
FRQGLWLRQLQJ +9%& V\VWHP GHVLJQV DQG H[WHQVLYH EXL(
LW LV EHVW WR HYDOXDWH DQ\ (&0 H[SHFWHG WR VLJQLILFDC
WKH EXLOGLQJ DQG ZLWK VDYLQJV VHQVLWLYHK MW R URHNDR/RRY®D
FODVVLILHVY FRPPHUFLDO QHZ FRQVWUXFWLRQ SURMHFWYV DV

1HZO\ FRQVWUXFWHGKEXGBBLOAVDOQG FRQVWUXFWLRQ RI
VWUXFWXUH RQ D JUHHQILHOG VLWH RU ZKROHVDOH UHS!
WKH JURXQG

$GGLWLRQ H[SDQVLRQ WR H[LMWILOQRDEXW HGWRIDWLRQV W
VWUXFWXUH WKDW UHTXLUHY EXLOGLQJ SHUPLWYV DQG WL

ODMRU UHQRYDWLRQV RU WHQDQW LPSURYBPHOWM RQW [
UHFRQVWUXFWLRQ RU 3JXW UHKDE™ RI DQ H[LVWLQJ VWU)
DQG WULJIJHUV FRPSOLDQFH ZLWK FXUUHQW FRGHYV

(YDOXDWRUV PD\ QHHG WR DSSO\ WKH HYDOXDWLRQ PHW
FRQVWUXFWLRQ SURMHFWYV |IRU VRPH SURMHFWY LQ WKH U
SURMHFWY KDYH PXFK LQ FRPPRQ ZLWK QHZ FRQVWUXFWLR
XQLIRUPO\ IDOO XQGHU WKH QHZ FRQVWUXFWLRQ FDWHJRUI
VKRXOG DVVHVV WKHVH SURMHFWY DFFRUGLQJ WR WKH JXLG|
GHVFULEHG LQ VHSDUDWH SURWRFROV

(YDOXDWLRQ PHDVXUHPHQW DQG YHULILFDWLRQ (0 9 RI
LQYROYHV XQLTXH FKDOOHQJHVY SDUWLFXODUO\ ZKHQ GHILQ
DJUHHG XSRQ EXLOGLQJ HQHUJ\ FRGH RU LQGXVWU\ VWDQGD

6 o Je pee Jv 8Z ¢ 8]}v M }ve] E]JVP Z }uE IveSE JvSe_ }( 8Z /VSE} Y 8]}V Z %S & 8§} §Z] & %
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HYDOXDWRUV XVH WR PHDVXUH HQHUJ\ LPSDFWV IRU QHZ |
EDVHOLQH HTXLSPHQW IRU QHZ FRQVWUXFWLRQ PHDVXUHV G
EH PHDVXUHG RU PRQLWRUHG HYDOXDWRUV WASLFDOO\ HPSQ
QXDQFHV LQYROYHG LQ DSSURSULDWHO\ GHWHUPLQLQJ
HYDOXDWLRQV HISHULHQFHG SURIHVVLRQDOV ZLWK D JR
FROQVWUXFWLRQ SUDFWLFHVY VLPXODWLRQ FRGH OLPLWDWLR(
RYHUVHH WKHVH W\SHV RI SURMHFWYV

JXUWKHU HYDOXDWRUV W\SLFDOO\ DVVHVV QHZ FRQVWUXFWI
RI FRQVWUXFWLRQ 'XULQJ WKLV SHULRG WKHUH LV RIWH
RFFXSDQF\ DQG RSHUDWLRQ EHIRUH WKH PHDVXUHV GHVLJC
UHVXOWY LQ DGGLWLRQDO FKDOOHQJHV IRU HYDOXDWRUV X!
ELOOLQJ RU HQHUJ\ FRQVXPSWLRQ KLVWRU\ WR GHILQH DV E.

% $SSOLFDWLRQ &RQGLWLRQV RI 3URWRFRO

8VH WKH DOJRULWKPV DQG SURWRFROV GHVFULEHG KHUH W
EXLOGLQJ SHUIRUPDQFH (&0V LQVWDOOHG LQ FRPPHUFLDO |
(&0V GR QRW GLUHFWO\ LPSDFW +9$& HQHUJ\ XVH LW LV
PHDVXUHPHQWY DQG HQJLQHHULQJ FDOFXODWLRQV WR HYD
$6+5%( 7KLV LV XVXDOO\ WKH FDVH IRU H[DPSOH ZLW}
ZDWHU UHWKURISWRWRFRO GRHV QRW FRYHU WKH JXLGHOLQH
PRQLWRULQJ DQG YHULILFDWLRQ 09 ULJRU IRU VXFK PHLE
PHDVXUH VSHFLILF SURWRFROV ZLWKLQ WKH 8QLIRUP OHWK
HYDOXDWLRQ JXLGHOLQHV IRU PHDVXUHV WKDW GR QRW UHT

% ,QFHQWLYH 7\SHV

SURJUDP DGPLQLVWUDWRUV W\SLFDOO\ FODVVLI\ QHZ FRQV\
'60 SURJUDP LQFHQWLYHYV DV EHLQJ HLWKHU FRPSRQHQW EI
GHVLIJQ WKH SURJUDP WR RIITHU RQH RU ERWK W\SHV RI LQFH

% &RPSRQHQW %DVHG ,QFHQWLYHV

&RPSRQHQW EDVHG RU 3SUHVFULSWLYH™ LQFHQWLYHV WHQ
DQG HTXLSPHQW ([DPSOHV RI SUHVFULSWLYH LQFHQWLYH
RFFXSDQF\ VHQVRUV PRWRUV DQG VPDOO SDFNDJHG XQLWI
GHWHUPLQH UHEDWH DPRXQWY DQG FODLPHG VDYLQJV HVWL
HVWLPDWBWXDWRUV ZLOO VRPHWLPHY DVVHVV FRPSRQHQW
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PHDVXUH VSHFLILF SURWRFROV XVLQJ SDUWLDO RU FRPSOHW
, 3093 2SWLRQ $ RU 2SWLRQ %

% SHUIRUPDQFH %DVHG ,QFHQWLYHV

3HUIRUPDQFH EDVHG LQFHQWLYHV WHQG WR WDUJHW PR
LPSURYHPHQWY WR WKH RYHUDOO EXLOGLQJ HQHUJ\ SHUIRU
LQFHQWLYHV FDQ

(QFRPSDVV YDULRXV VSHFLILF DERYH FRGH XSJUDGHYV
)XQG GHVLJQ DQDO\VLV HTXLSPHQW DOG RU LQVWDOOTL

$Q H[DPSOH RI D SHUIRUPDQFH EDVHG SURMHFW LV /((' FHU
/((' FHUWLILHG RIWHQ HQFRPSDVV (&0V WKDW UDQJH IURP HQ
HITLFLHQF\ HTXLSPHQW LQVWDOODWLRQV RIWHQ JRLQJ EH)
FRQWUROV DOJRULWKPYV

7KH FRPSOH[ LQWHUDFWLRQV EHWZHHQ WKHVH (&0V FDQ RQC
WKH XVH RI FDOLEUDWHG EXLOGLQJ VLPXODWLRQ PRGHOV

3HUIRUPDQFH EDVHG LQFHQWLYH DPRXQWY DUH W\SLFDOO\ C
HQHUJ\ DQG RU GHPDQG LPSDFWV H J SHU $iQQRRDWW KRXU
VDYLQJV HVWLPDWHY IRU SHUIRUPDQFH EDVHG SURMHFWV D
XVH FXVWRP FDOFXODWLRQV YLD ZKROH EXLOGLQJ VLPXODW
VNLOOHG WHFKQLFDO ODERU LV UHTXLUHG WR VXFFHVVIX
SURJUDPV

% 6DYLQJYV &DOFXODWLRQV

8VH WKH IROORZLQJ DOJRULWKP WR FDOFXODWH HQHUJ\ VDY
1RWH WKDW HYDOXDWRUYV FDQ FDOFXODWH GHPDQG VDYLQJV
VXEVWLWXWLQJ :GHPDQG” IRU S HQHUJ\ XVH ~

(TXDWLRQ
'JANGUEREICINKFABRO@HEANCID K 2K OPKJO P N QPRNGWD A
'KHUH

2NKFABRO@HEANCWOA SBURMHFWHG HQHUJ\ XVH RI EDVHOL(
GHVLIQHG RFFXSDQF\ DQG W\SLF
RSHUDWLQJ FRQGLWLRQV
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2KOPKJOPNQPREGDA (QHUJ\ XVH RI PHDVXUH VA\VWHPV D\
RFFXSDQF\ DQG W\SLFDO EXLOGL
FRQGLWLRQV

$V GHVFULEHG LQOHBIVXWLROHQW DQG 9H WD DFXWDR SURM H
EDVHOLQH HQHUJ\ XVH DQG SRVW FRQVWUXFWLRQ HQHUJ\ XV
PRGHO WKDW LV FDOLEUDWHG WR PRQWKO\ RU KRXUO\ X!
(YDOXDWRUV FDQ XVH IRXU FRPSRQHQWYV WR UHSRUW VDYLQ.

([SHFWHG SODQQHG PHDVXUH VDYLQJV
SHEDWHG PHDVXUH VDYLQJV

1RQ UHEDWHG PHDVXUH VDYLQJV
TRWDO DFKLHYHG VDYLQJV

6HFWLRQ GLVFXVVHV HDFK FRPSRQHQW
% OHDVXUHPHQW DQG 9HULILFDWLRQ 30DQ

% , QWHUQDWLRQDO 3HUIRUPDQFH OHDVXUHPHQW
3URWRFRO 2SWLRQ

7KH SUHIHUUHG DSSURDFK WR FDOFXODWH VDYLQJV IRU 7
FRQVWUXFWLRQ SURMHFWY LV FDOLEUDWHG EXLOGLQJ VLPXC
" ,3093 7TKH UHFRPPHQGHG DSSURDFK UHTXLUHYV VXIILFL
WR WKH SURMHFW WR DOORZ IRU GHWDLOHG RQVLWH GDWD
PRGHOV DQG FDUHIXO FDOLEUDWLRQ 7KH PHWKRG LV OHVV
PRGHO LV DYDLODEOH WR WKH HYDOXDWRU WKRXJK REWL
SUHUHTXLVLWH WR LWV DSSOLFDWLRQ

'"HWHUPLQH WKH DSSURSULDWH PRGHOLQJ VRIWZDUH E\ WKH
HJ +9$& V\VWHP DQG ]J]RQLQJ FRPSOH[LW\ EXLOGLQJ FRQ
(&0V WKHUH LV QR VLQJOH VRIWZDUH FXUUHQWO\ DYDLODE
+9$& VIVWHP W\SHV EXLOGLQJ FRQVWUXFWLRQV DQG (&0V 7
PXOWLSOH WRROV WR HYDOXDWH EXLOGLQJ SHUIRUPDQFH DF

,Q JHQHUDO WKH DSSURSULDWH VRIWZDUH IRU PRGHOLQ.
SHUIRUPDQFH PXVW

&UHDWH RXWSXWV WKDW FRPSO\ ZLWK $PHULFDQ 1D
$16, $6+5%( 6WDQGDU®G

$FFXUDWHO\ VLPXODWH WKH EXLOGLQJTV VIVWHPV DQG F
8VH DQ KRXUO\ RU VXE KRXUO\ WLPE VWHS WR SHUIRUP \

8 EA/] AZ AS YV E PBIrTiil 8 0]eZ + 8§ 5 %E} HE + A o] 3]VP «}(SA E pe 3} Aopu s 8Z Euo
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6LPXODWH EXLOGLQJ SHUIRUPDQFH XVLQJ XVHU GHILQHG

JRU PRUH LQIRUPDWLRQ RQ VSHFLILF UHTXLUHPHQWKHRU VLP
&DOLIRUQLD (YDOXDWISR® )UDPHIBUNS $SSHQGL[ - + 4XDOLV
$VVXUDQFH IRU 6WDWLVWLFDO (QJLQHHULQJ DQG B6HOI 5H¢
 PSDFWY'0$& fo

7KH 8 6 'HSDUWPHQW RI (QHUJ\YfV '2( (QHUJ\ (IILFLHQF\ D
ZHEVLWRIQWDLQV D OLVW RI EXLOGLQJ HQHUJ\ VLPXODWLRQ V
DUH SURSULHWDU\ WKH ZHEVLWH DOVR OLVWV SXEOLF GRP
FRPSDULVRQVY DQG GHVFULSWLRQV RI FRPPRQO\ XVHG VRIW

7KH SUHIHUUHG IXO0 2SWLRQ ' DSSURDFK ZLOO LQ VRPH FDVI
DYDLODELOLW\ RU HYDOXDWLRQ EXGJHWDU\ OLPLWDWLRQV
DUH DFFHSWDEOH EXW WKH IROORZLQJ JXLGHOLQHV VKRXOG

2QVLWH YHULILFDWLRQ DQG UHYLHZ RI DV EXLOW GUDZL(
DYDLODEOH VKRXOG EH SHUIRUPHG WR YHULI\ ZKLFK

DFWXDOO\ LQVWDOOHG DQG DUH IXQFWLRQLQJ

(l DQWH VDYLQJVY FDOFXODWLRQV VKRXOG EH EDVHG LQ D
RI WKH EXLOGLQJ RU RI D EXLOGLQJ WKDW LV UHSUHVHQ
SHVXOWY VKRXOG EH FRPSDUHG ZLWK ELOOLQJ GDWD ZlI
RI WKXPE DQG RU VHFRQGDU\ OLWHUDWXUH WR UHYLHZ

% S9HULILFDWLRQ 3URFHVYV

JLJIXUH GHSLFWV WKH RYHUDOO SURFHVV WR Y&DQLIRDYLDJ
(YDOXDWLRQ )USEBBKZRUN 7KH SURFHVV VWDUWV E\ VSHFLI\LC
FROOHFWLRQ DQG HTXLSPHQW PRQLWRULQJ UHTXLUHPHQWYV
0 9 SODQ VKRXOG VSHFLI\

7KH DSSOLFDEOH YHUVLRQ RI WKH EXLOGLQJ FRGHV DQG HTX
EDVHOLQH RU DSSOLFDEOH pSUDFWLFHY WKDW PD\ GHWHUPL
GHWDLO LQ 6HFWLRQ

7KH DERYH FRGH WHFKQRORJLHYVY SUHVHQW LQ WKH EXLO
7KH VRIWZDUH IRU PRGHOLQJ EXLOGLQJ SHUIRUPDQFH
$SSURSULDWH GDWD IRU FDOLEUDWLQJ WKH VLPXODWLRC(
+RZ WR DGGUHVY PRGHOLQJ XQFHUWDLQWLHYV

$IJDLQVW ZKDW VWDWLVWLFDO LQGLFHY FDOLEUDWLRQ ZI

" &YE (LESZ E }uu v3 EC }v «Jupo 8]}V *}(8A E & <pP]E u vieU -« AZ o THTU /WDsW Tiiiu v /W
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KLOH UHYLHZLQJ WKH HQHUJ\ FRQVXPSWLRQ GDWD FDQ EH X
QHHGY LW LV QRW D SUHUHTXLVLWH WR FUHDWLQJ DQG LPSO
GHYHORSLQJ WKH 09 SODQ HYDOXDWRUV VKRXOG FRQVLGFH
RFFXSLHG EHFDXVH WKDW ZLOO GHWHUPLQH DPRXQW DQG JUI
DYDLODEOH )HZHU PRQWKYV RI FRQVXPSWLRQ GDWD RU WKF
XVXDOO\ PHDQV WKHUH ZLOO EH D JUHDWHU HPSKDVLV RQ PH
&RQYHUVHO\ WKH SUHVHQFH RI D EXLOGLQJ DXWRPDWLRQ \
OLJKWLQJ FRQWURO SDQHOV FROOHFWLYHO\ UHIHUUHG WR
RWKHU GHYLFHV WR FRQWURO DQG RU VWRUH GDWD DERXW
EXLOGLQJ ZLOO DOORZ IRU D OHVVHU GHSHQGHQFH XSRQ XW

JLIXUH % SRDGPDS IRU ,3093 2SWLRQ '

Enter
Option

D path

Go o
consumption
data
treatment
path

Y

Simulation
model
development

{

Uncertainty Model
analysis calibration

Consumption
data treatment

Go to
uncertamty
roadmap
path

Y
Mé&V plan Analysis

and QC

Y Y
Site data Data
treatment warehouse

Go 1o data
warchouse
path

% ‘DWD 5HTXLUHPHQWY DQG &&ROOHFWLRQ OH

'DWD FROOHFWHG GXULQJ WKLV VWHS LQFOXGHV DOO RI W
FDOLEUDWH WKH EXLOGLQJ VLPXODWLRQ PRGHO 'XH WR WKH
SURMHFW LW LV LPSUDFWLFDO WR SUHVFULEH D FRPSUHHI
HYDOXDWRUV VKRXOG FROOHFW RQ VLWH ,QVWHDG XVH WKF
SRLQWY DQG PLQLPL]H WKH XQFHUWDLQW\ LQ WKH ILQDO FD
VSHFLILF SDUDPHWHUV UHIHU WR WKG®HWGIUIRYP SOHRWR/R&X/W
3URWRFROV IRU LQVWUXFWLRQV UHJDUGLQJ WKH PHWKRGV

SURWRFROV 1HZ &RQVWUXFWLRQ



7TKH GDWD XVHG WR GHILQH EXLOGLQJ VLPXODWLRQ PRGHOV
VRXUFHV )XUWKHUPRUH WKHVH GDWD FDQ EH VWDWLF RU G'

BWDWLF GDWHKHWL@WW HVVHQWLDOO\ FRQVWDQW YDOXEF
SURSHUWLHV RI WKH HTXLSPHQW DQG WKH EXLOGLQJ

RSHUDWLRQDO UDQJH FRQWURO®GLQDPSRH VE RL OGN W LHFT
SRLQWV DUH ZLQGRZ JOD]LQJ PRWRU HIILFLHQFLHV DQGC
'"\QDPLF GDW®WVH DUH WLPH GHSHQGHQW YDULDEOHV WK
HTXLSPHQW RSHUDWLRQV 7KHVH GDWD FDSWXUH WKH ElI
HJ ZHDWKHU PRWRU ORDGLQJ DQG EXLOGLQJ RFFXS
EXLOGLQJYV HQHUJ\ XVH FKDUDFWHULVWLFV '\QDPLF GI
GLIILFXOW WR FROOHFW UHSUHVHQW WKH JUHDWHVW

VLPXODWLRQ

, 3093 2SWLRQ ' ,3093 DOORZV XVH RI VWLSXODWHG GDW
PLQLPLIHQXWAEHU RI WKHVH LQSXWV DV WKH\ UHSUHVHQW
WKHUHIRUH DGGLWLRQDO XQFHUWDLQW\ LQ WKH PRGHO ¢
UHYLHZHG UHVHDUFK HQJLQHHULQJ UHIHUHQFHYV VLPXODWL
VSHFLILFDWLRQV DQG RU VXUYH\ LQIRUPDWLRQ IURP RQ V
DUFKLWHFWXUDO GUDZLQJY DQG YLVXDO LQVSHFWLRQ RI QDI

7KH IROORZLQJ DUH FRQYHQLHQW FDWHJRULHV RI LPSRUWD
$6+5%5(

ILIJKWLQJ VA\VWHPYV

30XJ ORDGV

+9$& V\VWHPYV

%XLOGLQJ HQYHORSH DQG WKHUPDO PDVV
%XLOGLQJ RFFXSDQWYV

2WKHU PDMRU HQHU3\ XVLQJ ORDGV

$QRWKHU LPSRUWDQW HOHPHQW RI WKH GDWD FROOHFWLRQ
WR GHILQH EHKDYLRUDO DQG G\QDPLF DVSHFWV RI D EXLO
SURWRFRO WKH WHUP VXEPHWHULQJ HQFRPSDVVHV ERWK
HTXLSPHQW E\ HYDOXDWLRQ SHUVRQQHO DQG FROOHFWLQJ
VIVWHPV DOVR NQRZQ DV WUHQG GDWD ZKHQ DYDLODEOH (
WKH FROOHFWHG GDWD LV XQNQRZQ VXEPHWHUHG GDWD |
VFKHGXOHYV HJ OLJKWLQJ DQG YHQWLODWLRQ DQG FDOLE!
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7KH GHJUHH RI VXEPHWHULQJ UHTXLUHG LV ODUJHO\ GHSHQG
RI WKH IDFLOLW\TV HQHUJ\ FRQVXPSWLRQ KLVWRU\ 7KH IRC
UHSUHVHQW WKH PLQLPXP DPRXQW RI GDWD FROOHFWHG |
$GGLWLRQDO VXEPHWHULQJ PDFHEMSQHFHFRWYMNWURORVFHKUPINYV D
SRLQWV 3HUIRUP DGGLWLRQDO VXEPHWH WBMH \DXAF £ XCEDIW /Y \U
LQIRUP PRGHO LQSXWYV UDWKHU WKDQ WR IXQFWLRQ DV D FD:

% 6XEPHWHULQJ :LWK ORQWKO\ %LOOV

'KHQ RQO\ D PRQWKO\ XWLOLW\ ELOOLQJ KLVWRU\ LV DYDL!
VXEPHWHU ERWK +9$%$&IDQGVERMGINXQRY OLIJKWLQJ IL[WXUHV ¢
XQLTXH RU FRQVLGHUDEOH HTXLSPHQW ORDGYVY HJ GDWD F

'KHQ PRQLWRULQJ XQLWDU\ +9%$& HTXLSPHQW LVRODWH WKH
E\ FRPSUHVVRUV 7KLV HQVXUHV HYDOXDWRUV FDQ XVH WKtE
WLPH RI XVH DQG PDJQLWXGH RI IDQ SRZHU

, I GXH WR VLWH RU EXGIJHW OLPLWDWLRQV WKH HOHFWULF
V\VWHP DV D ZKROH XVH PRWRU QDPHSODWH LQIRUPDWLRQ
ORFDO ZHDWKHU GDWD WR GLVDJJUHJDWH WKH IDQ DQG FRP¢

$OWHUQDWLYHO\ XVH RQH WLPH SRZHU PHDVXUHPHQWYV WR
RSHUDWLRQ PRGH &RPELQH WKHVH PHDVXUHPHQWYV ZLWK W
VSHQW LQ HDFK RSHUDWLRQ PRGH DQG WKHUHE\ GHWHUPLC

% 6XEPHWHULQJ :LWK +RXUO\ %LOOV

+RXUO\ RU VXE KRXUO\ HQHUJ\ FRQVXPSWLRQ KLVWRULHV F
PRGHO FDOLEUDWLRQ WKDQ PRQWKO\ XVDJH DORQH :KLOH

VXEPHWHULQJ UHTXLUHPHQWY LW GRHV QRW HOLPLQDWH

VFKHGXOHYV DV WKH\ DUH LPSRUWDQW IRU GLVDJJUHJIJDWLQ
GHVFULEHG IRU PRQWKO\ ELOOLQJ GDWD FRQVLGHU VXEP
IHDWXUHV H J SRRO KHDWLQJ DQG VSDFH FRROLQJ HTXLS
WHFKQRORJ\ ORDGV LI SRVVLEOH JLYHQ HYDOXDWLRQ EXGJF

% 6LPXODWLRQ ORGHO "HYHORSPHQW

, W LV LPSRUWDQW WR PRGHO VHYHUDO LWHUDWLRQV RI WKH
WKH YDULRXV DVSHFWYV RI WKH VDYLQJV IRU QHZ FRQVWUXFV
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SURFHVV ZKLFK HQWDLOV WKUHH YHUVLRQV RI
EDVHOLQH EXLOGLQJ LQFOXGLQJ

$V EXLOW SK\VLFDO

$V EXLOW GHVLJQ

$V EXLOW H[SHFWHG GHVLJQ
:KROH EXLOGLQJ UHIHUHQFH
OHDVXUH EXLOGLQJ UHIHUHQFH

7TDEOH GRHV QRW LQFOXGH LQWHUPHGLDWH PRGHOLQJ R
PRGHOLQJ FDQ EH XVHG WR GLVDJJUHJDWH LQGLYLGXDO PHD"
, ] PHDVXUH OHYHO VD®BRGIWKNWHIRDMWMWHYQWHUPHGLDWH PRGH
UHTXLUHG ZRUN ZLWK WKH JRYHUQLQJ MXULVGLFWLRQ IRU "
DSSURSULDWH KLHUDUFK\ WR JRYHUQ WKH RUGHU LQ ZKLFK
PHDVXUH VDYLQJY DVVHVVHG

WKH DV EXL

7TDEOH % /ILVW RI PRGHOV XVHG WR VLPXODWH VDYL
Model N d
Model P:rpeo . eame Sk Model Description
Model and simulate, as found during site visit.
As-Built Physical Use the occupancy and building operation, as reflected in billed

To calibrate simulations
and assess uncertainty

energy history and submetered data.

Simulate using actual local weather observations matching the
consumption history period.

Base on as-built physical model.

Use full design occupancy and expected typical building

As-Built Design schedules.
2 To estimate typical usage  Use construction and equipment efficiencies, as found during site
at full occupancy visits.
Simulate using normalized weather data (e.qg., typical
meteorological year [TMY] datasets).”
T i Base on as-built design model.
s-Built Expected Design \ : e
. Ti aetipiote diferorie :;J::egjl.l:l ;:Isesugn occupancy and expected typical building
between original and as- ) : : F
built models Use assumed constructions and equipment efficiencies.
Simulate using normalized weather data (e.g., TMY datasets).
Base on as-built design model.
Use full design occupancy and expected typical buildin
Whole-Building Reference schedules. > pancy P typ g
Tc im: i )
« E%:.,s: e 38vings of L19 Apply baseline requirements defined by reference codes or
standards.
Simulate using normalized weather data (e.g., TMY).
Base on whole-building reference model.
B Use full design occupancy and expected typical building
gefasure Building schedules.
eference - .
5 To isolate savings claimed :tzfllga?::elme requirements defined by reference codes or
by the participant i

Include ECMs not incentivized by DSM program.
Simulate using normalized weather data (e.g., TMY).

“Note the TMY are referenced here as an example series of normalized weather data. When incorporating TMY
weather data, use TMY3 weather data when available. While TMY weather represents a common standard, review
the reporting needs of the project, as other normalized weather datasets may be more appropriate (e.g. Weather year
for Energy Calculations [WYEC] or California Thermal Zones [CTZ]).
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%HJLQ WKH GHYHORSPHQW Rl WKH PRGHO E\ JHQHUDWLQJ D |

DQG LV RSHUDWLQJ GXULQJ WKH VLWH YLVLW2DQG DV UHIOHF

8VH WKLV LQLWLDO PRGHO WKH DV EXLOW SK\WLFDO PRGHO

DYDLODEOH SK\VLFDO GDWD 7KLV HQVXUHV HYDOXDWRUV |

SUHGLFWLYH FDSDFLW\ $ GHVDDLEN® \ELREOXSAVRRIQVRIIW&BAYV R

RI WKLV SURWRFRO KRZHYHU IRU GHWDLOHG FDOLEUDWLRQ
LQ $6+5%$( *XLGHOLQH $6+5%(

2QFH FDOLEUDWHG XVH WKH DV EXLOW SK\VLFDO PRGHO WR
ZKLFK VKRXOG UHIOHFW WKH EXLOGLQJ DW IXOO GHVLJQ RF
H[SHFWHG W\SLFDO VFKHGXOHV 7KH RQO\ GLIIHUHQFHV EH\
RFFXSDQF\ RSHUDWLRQDO VFKHGXOHV DQG DQ\ PRGHOLQJ J
RU VWDQGDUGYV XVHG WR GHILQH EDVHOLQH SHUIRUPDQFH )F
RFFXSDQF\ WKHUH PD\ EH YHU\ OLWWOH GLIIHUHQFH EHWZH

DQG * LQ $6+5%$( 6WDQGDUG $6+5%( IRU |
PRGHOLQJ UHTXLUHPHQWY VSHFLILHG E\ FRGHV DQG VWDQGD

7KHQ XVH WKH DV EXLOW GHVLJQ PRGHO WR JHQHUDWH WK
‘KLOH WKLV PRGHO VLPXODWHY WKH EXLOGLQJYV RSHUDWLR:
LQFOXGHV FODLPHG DVVXPSWLRQV UHJDUGLQJ HQYHORSH
HIILFLHQFLHV 5HYLHZ WKH PRGHO IRU GLVFUHSDQFLHV EHW
SK\WLFDO EXLOGLQJ LI QR GLVFUHSDQFLHV H[LVW WKLV PF
GHVLJQ

$IWHU GHYHORSLQJ DV EXLOW PRGHOV HYDOXDWRUV FDQ P|
ZKLFK UHVXOWV LQ WKH ZKROH EXLOGLQJ UHIHUHQFH PRGH(
DSSURSULDWH FRGHV DQG VWDQGDUGVY XVHG WR GHILQH EDV
EXLOW GHVLJQ PRGHO 7KH 0 9 SODQ VKRXOG LGHQWLI\ VXFK
7KH IROORZL QW DWHFONLIQR & R Q \VAIGHXYWHRQQGGLWLRQDO FRQV
EDVHOLQH VHOHFWLRQ 6LPLODU WR WKH DV EXLOW GHVLJC
PRGHO VKRXOG UHIOHFW WKH EXLOGLQJYV RSHUDWLRQ DFFR|
ZKLOH XVLQJ HTXLSPHQW DQG FRQVWUXFWLRQ WKDW PLQLPC
RU VWDQGDUG

)LQDOO\ VWDUW ZLWK WKH ZKROH EXLOGLQJ UHIHUHQFH PR
UHIHUHQFH PRGHO2WKLVY PRGHO ZLOO LQFOXGH (&0V QRW LQ
LV OLNHO\ DOO WKH LPSOHPHQWHG (&0V DUH LQFOXGHG L«
LQFHQWLYHYVY WKHUHIRUH ERWK WKH EDVHOLQH PRGHOV PD\
RIWHQ DUH DSSOLHG IRU GXULQJ WKH EXLOGLQJfV GHVLJQ
DERYH FRGH HTXLSPHQW RU FRQVWUXFWLRQ PD\ EH LPSOHPH
ILQDO LQFHQWLYH
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% %DVHOLQH &RQVLGHUDWLRQV

'HILQLQJ EDVHOLQH EXLOGLQJ SK\VLFDO FKDUDFWHULVWLFV
WKH PRVW LPSRUWDQW DQG GLIILFXOW WDVNV LQ HYDOXDW
7KLV LV IRU VHYHUDO UHDVRQV $V QRWHG QHZ FRQVWUXF\
EDVHOLQH WR REVHUYH PHDVXUH RU GRFXPHQW 5DWKHU H
SK\SRWKHWLFDOOSSWROGRARDRWBQUHWDWLRQ RI WKH DSSOLFDE
VWDQGDUGY W LV W\SLFDOO\ FRPSOLFDWHG WR HVWDEOLVK
RYHUODSSLQJ VFRSH RI IHGHUDO VWDWH DQG ORFDO FRGHYV
D EXLOGLQJ HQHUJ\ HIILFLHQF\ VWDQGDUG VHSDUDWH IURP
HYDOXDWRUV GHWHUPLQH EDVHOLQH EXLOGLQJ FKDUDFWH
UHTXLUHPHQWY E\ ORFDOO\ DGRSWHG EXLOGLQJ HQHUJ\ FRG}H
D PRUH ULJRURXV DERYH FRGH EDVHOLQH PD\ EHWWHU UHIC
LQGXVWU\ VWDQGDUG SUDFWLFHV 7KXV LQ DGGLWLRQ WR D
EHWZHHQ IHGHUDO VWDWH DQG ORFDO VWDQGDUGV HYDOXI
JXLGHOLQHYV ZKLFK RIWHQ VERGHI\VWWHRWHF\WRDQRWKHU
VSHFLILFDWLRQV RU VWDWHZLGH HYDOXDWLRQ IUDPHZRUNYV
UHVSRQVLELOLW\ RI WKH ORFDO EXLOGLQJ RIILFLDOV 7KH (O
LV XVXDOO\ FDUULHG RXW E\ XWLOLW\ RU RWKHU SURJUDP
FRPPLVVLRQ :KHUHDV WKH SXEOLF XWLOLWLHV FRPPLVVLEF
UHVSRQVLELOLW\ IRU WKH FRGHVY DQG VWDQGDUGYV WKH\ RIV
DV WKH JRYHUQLQJ GRFXPHQW UHJDUGOHVV RI WKH GHJUHH
WKH ORFDO OHYHO

,Q JHQHUDO WKH EDVHOLQH PXVW VDWLVI\ WKH IROORZLQJ F

, W PXVW DSSURSULDWHO\ UHIOHFW KRZ D FRQWHPSRUDU
EXLOW LQ WKH SURJUDPYV DEVHQFH

(YDOXDWRUV PXVW ULJRURXVO\ GHILQH LW ZLWK VXIILF
FRQGLWLRQV IRU HDFK LQGLYLGXDO (&0 DQG IRU WKH EX
(YDOXDWRUV PXVW GHYHORS LW ZLWK VXIILFLHQW FO
UHSHDWDEOH

7KH %&%$3 2&($1 ZHEVLWH KWWS HQHUJ\FRGHVRFHDQ RUJ
LGHQWLI\LQJ ORFDOO\ DGRSWHG HQHUJ\ FRGHYVY DQG VWDQGD
ZKROH EXLOGLQJ RU FRPPHUFLDO QHZ FRQVWUXFWLRQ SURM

% &DOFXODWLQJ 6DYLQJV
7R FDOFXODWH VDYLQJVY DSSO\ VLPXODWLRQ RXWSXWV IURP
IRUPXODY GHVFULEHG LQ 6HFWLRQ ,Q DOO FDVHV H[FHS)
>} 00C }%$& ulo JvP '} « AJoo (Jv P@E}ee « AJvPe }( vV A }JVveSEQN 8]}V % EIPE ueX KvoC }ve]
VIv% ESE] ]% v& plo JvPe AZ v % E(}EuU]JVP v 8r8}rPE}ee v 0Ce]eX Kv v} 0o /&£ %S8]}v ] AZ v 3§
« o]v U JE JvP 8} v JAr} «8v & ~(JE &£ u%o U ~,Z ~§v E i68XirtiiieX
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SRVWFRQVWUXFWLRQ HQHUJ\ XVH DQG WKH SURMHFWHG ED\
ZHDWKHU GDWD 70<

$V GLVFXVVHG LQ 6HFWLRQ WKHUH DUH IRXU FRPSRQHQW\
VDYLQJV GHILQHG LQ 7DEOH DQG VKRZQ LQ )LJXUH "HW H L
VDYLQJV YDOXHV LQ WKH FRQWH[W RI 0 9 REMHFWLYHYV

7TDEOH % &RPSDULVRQ RI 6DYLQJV &4RPSRQHQWYV IR

Savings

Model

Component Subtraction Description
E’;ﬁf: i Energy savings expected by the building designers and/or the DSM program
Savi application (also known as the project’s planned energy savings).
ngs
Evaluated (or realized) energy savings for incentivized ECMs, often
Rebated determined by an independent third-party evaluator. Calculate these savings
Measure 5-2 by subtracting the difference in simulated energy use of the as-built design
Savings from the measure building reference (the result is also known as the project’s
ex post savings).
Energy savings resulting from ECMs implemented in the final building
Nonrebated design, but not rebated by the DSM program. Calculate these savings by
Measure 4-5 subtracting the difference in simulated energy use of the measure building
Savings reference from the whole-building reference (the result is also known as the
spillover savings).
Evaluated (or realized) energy savings for all implemented ECMs, whether
rebated or nol. These are often determined using an independent third-party
Total Achieved 4-2 evalualor, and calculated by subtracting the difference in simulated energy
Savings use of the as-built design from the whole-building reference. Some DSM

programs report this (rather than rebated measure savings) as the project's
&x post savings.
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JLIXUH % ,OOXVWUDWLRQ RI VDYLQJY FRPSRQHQWYV

Actual
Weather TMY Weather
[}
: Non Rebated
; Measure savings
i Total
E Achieved
} Savings Rebated Expected
: Measure Measure
E v Savings Savings
i
:
:
. 2 3 5 4

;
;
]

As-Built As -Built As-Built Measure Whole

Physical Design Expected Building Building

Design Reference Reference
% 4AXDQWLI\ DQG /RFDWH ORGHOLQJ 8QFHUWDLQW

'XH WR WKH FRPSOH[ VHW RI SK\VLFDO WKHUPRG\QDPLF DQG
LW LV GLIILFXOW WR IXOO\ FKDUDFWHUL]H WKH XQFHUWDLC
VWDWLVWLFDO DQG DQDO\WLFDO WRROV $GGLWLRQDOO\ S
DOORWWHG IRU 0 9 DFWLYLWLHV IUHTXHQWO\ UHVXOW LQ T
VDYLQJV E\ UHSRUWLQJ XQFHUWDLQW® HQJW KR @PWRGSAMVR BDIOL
4AXDQWLI\ FDOLEUDWLRQ XQFHUWDLQW\ XVLQJ WKH QRUPDO
FRHIILFLHQW Rl YDULDWLRQ Rl WKH URRW3PHBY® VTXMRUH H
$6+5%$( *XLGHOLQH $6+$( SURYLGHV GHWDLOHG C
FDOFXODWLRQV DQG WKHLU DSSOLFDWLRQV

'"HWHUPLQH FDOLEUDWLRQ XQFHUWDLQW\ E\ FRPSDULQJ RX'
SK\WVLFDO PRGHO ZLWK WKH IDFLOLW\YfV FRQVXPSWLRQ KL
XQFHUWDLQW\ WDUJHWYV IRU PRQWKO\ DQG KRXUO\ FRQVXP:

8 dZ o« 3A} «8§ 8]*3] ou spE u vie % E}A] V ee eeu v3 }(3Z AE]V §A v 8Z e<Jupo § vV ou e
v EPC us v o 3E] Uuv X dZ]e % E}8} }o }ve] Ee u} o]vP pv ES JvsC %S 0 AZ v §Z]e A C
Jvd o i
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Table 3. Acceptable Tolerances for Uncertainty in Calibrated Building Simulations

Resolution of Energy

. : NMBE Tolerance CVRSME Tolerance
Consumption History
Monthly +5% +15%

Hourly +10% +30%

$V QHZO\ FRQVWUXFWHG EXLOGLQJV KDYH D VKRUW HQHUJ\ |
WR FRQVLGHU KRZ PDQ\ PRQWKO\ REVHUYDWLRQV DUH UHTX
PRGHO 7KH DPRXQW RI FRQVXPSWLRQ KLVWRU\ UHTXLUHG IF
W\SH DQG RFFXSDQF\ %XLOGLQJV ZLWK OLWWCH &HDR/RUMD O
UDPS XS SHULRGV PD\ QHHG DV OLWWOH DV WKUHH RU IRX
DVVXPLQJ EXLOGLQJ RFFXSDQF\ DQG XVDJH DUH ZHOO GHILQ!
LQ WKLV FDWHJRU\ LQFOXGH JURFHU\ VWRUHV UHVWDXUDQW

&RQYHUVHO\ EXLOGLQJV WKDW H[SHULHQFH VLJQLILFDQW VI
RFFXSLHG IRU HIWHQGHG SHULRGV PD\ UHTXLUH D FRPSOHW
KLVWRU\ EHIRUH PRGHOHUV FDQ GHWHUPLQH D UHOLDEOH
RFFXSDQF\ DQG XVDJH PXVW EH ZHOO GHILQHG DQG VWDEOH
FDOLEUDWLRQ 7\SLFDO EXLOGLQJV RI WKLV W\SH LQFOXGH
DQG HQFORVHG

ODQGDWLQJ GHILQLWLYH UHTXLUHPHQWY IRU WKH PLQLPXP (
VXIILFLHQWO\ FDOLEUDWH D VLPXODWLRQ ZRXOG XQGXO\ F
LPSUDFWLFDO OLPLWDWLRQV RQ (0 9 HITRUWV +RZHYHU WKL
DV JXLGHOLQHYV

2EVHUYDWLRQV VKRXOG VXIILFLHQWO\ FKDUDFWHUL]H D |
FDQ HIWUDSRODWH UHOLDEOH DQQXDO HQHUJ\ XVH YDOX
2EVHUYDWLRQV VKRXOG VXIILFLHQWO\ GHVFULEH H[SHFW
RSHUDWLRQV

%XLOGLQJ RFFXSDQF\ DQG RSHUDWLQJ FRQGLWLRQV P
REVHUYDWLRQV

%XLOGLQJ RFFXSDQF\ DQG RSHUDWLQJ FRQGLWLRQV PXYV
RI REVHUYDWLRQV XVHG IRU FDOLEUDWLRQ

KLOH 10%( DQG &9560( PD\ SURYH XVHIXO LQ GHVFULELQJ XQ
LV LPSRUWDQW WR PLQLPL]H WKH XQFHUWDLQW\ LQ WKH VLF
FRPSOHWHO\ FDSWXUH XQFHUWDLQW\ LQ WKH LQSXWYV

i 08Z}uPZ v EPC p- C.,s *CeSus VA ECS+ *}vooCUepZpusP Pv Eo00C }EE 035+ A o0o0A
eJupo 3]}v u} o Vv ep((] ] v80C AESE %}0 § eu Z ¢ o}v 0]8C ~AZ v sJupo & uc]vP 3Z %o %o E } % E]
Joo } e« EA 3$]}ve & <p]E 8§} o] & § plo JvPe Z AJvP ,s pe 8Z § ]+ }ulv 8 CA 82 EX
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$00 VRIWZDUH SDFNDJHV DFFHSWDEOH IRU XVH LQ 2SWLR
VLIQLILFDQW QXPEHU RI SK\VLFDO SDUDPHWHUV EHIRUH VLP
WKHVH SDUDPHWHUY KDYH GHIDXOW VHWWLQJY LQ WKH VRIW.
EDVH WKH SDUDPHWHU LQSXWV RQ H[SHULHQFH RU VWDQGDU

$Q\ SDUDPHWHU QRW GLUHFWO\ EDVHG RQ D SK\VLFDO EXLO
GHJUHH RI IUHHGRP IRU FDOLEUDWLQJ WKH PRGH®O %9\JDLQVW
YDU\LQJ WKHVH SDUDPHWHUVY WKH PRGHOHU FDQ FDOLEUDWI
WDUJHWYV LQ PXOWLSOH ZD\V DOWKRXJK IRU YHU\ GLITHUHQV

IDFN RI D XQLTXH FDOLEUDWLRQ SRLQW FDQ FDXVH PLVOHDG
JXUWKHUPRUH WKH UHVXOWDQW FDOLEUDWLRQV UHVSRQ((
SDUDPHWHUV ZKLFK FDQ OHDG WR VLJQLILFDQWO\ GLYHUJH
YHU\ LPSRUWDQW PRGHOHUV PLQLPDGGCFRO\LBPFFWRBQLXRK FV
FDOLEUDWLRQ IRU WKH FRUUHFW UHDVRQV ORGHOHUV VKR X(
WR UHGXFH 10%( RU &9560(

7KH IROORZLQJ JXLGHOLQHYV PLQLPL]JH XQFHUWDLQW\ LQ WKH

([SHULHQFHG VLPXODWRUV RU PRGHOHUV GLUHFWO\ V
VLPXODWRU PXVW SHUIRUP WKH PRGHOLQJ

ORGHOHUV PXVW GRFXPHQW HDFK VLPXODWLRQ SURFHVYV
PRGHO LWV RXWSXWV DQG LWV DVVXPSWLRQYV
6LPXODWRUV DQG DXGLWRUV VKRXOG GHWHUPLQH WKH
SDUDPHWHUYV DQG FRQILUP WKHLU DSSURSULDWHQHVYV
6LPXODWHG HTXLSPHQW HJ +9%$& FRLOV FKLOOHUV S)
ILQDO VLPIXODWLRQV

6LPXODWRUV VKRXOG LGHQWLI\ WKH SDUDPHWHUV WR ZK
VHQVIWLYH

,Q DGGLWLRQ WR TXDQWLI\LQJ 10%( DQG &9560( HUURUV P
VHQVLWLYLW\ RI ILQDO VDYLQJV WR YDULDWLRQV LQ NH\ PRC
VXFK SDUDPHWHUV LQFOXGLQJ WKHLU HIITHFWV RQ VLPXODW!|
LQ WKHLU YDOXHV ZLWK FDOLEUDWLRQ XQFHUWDLQW\

fo Z % €& u s E upes JveSE v C %ZCe] 00C E o0]*38] & vP }( A op X

6tZ v «% ]1(] § @& puv AJo o U psire]ilvP v Z 0% (po ]Jv. & Eu]Vv]VP %% E}% E] § }o %o

(JE ]v]3] 0 <u]%u v§ «]1]vPX Kv <U]%ou vE ]l « Z A v 3§ Eul]v U ]Jv%pus 3Z u ]JE 30CX K(38 vU
e 0]v <pu]%u vEU ¢ §Z u euE ¢ Ju% & plo JvP 0} eX /vep Z U o0 po 3 v }IA E-]l E 8]} ()
e o]v eJupo S]}v

0 QUESZ E ]* puee]}v @ P E JvP ¢ ve]8]A]EC v 0Ce]e }( *Jupo 8]}V % E u § €+ ( 00° }ude] 3Z]+ Z %

§}%] U » "%]%0 EU &]+Z EU ~ +] $0}A 16060X
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% 6DPSOH '"HVLJQ
8VH VDPSOLQJ XQGHU WKH IROORZLQJ FRQGLWLRQV

‘KHQ SHUIRUPLQJ VXEPHWHULQJ RQ EXLOGLQJ HTXLSPHQ
'KHQ SHUIRUPLQJ D GHWDLOHG VXUYH\ RI DQ HQWLUH EX

(YDOXDWRUV GHWHUPLQH WKH VSHFLILF WDUJHWYV IRU VDPSC(
WKH FRQWH[W RI WKH HYDOXDWLRQ )RU GHWDLOHG LQIRUPI
FDOFXODWLQJ BEHHWDULRODE & WPKHHW KRG 3URMHFWY{V &KDSYV
'HVLIJQ &URVYV &XWWLQJ SURWRFRO

% 6DPSOLQJ IRU 6 XEPHWHULQJ

3HUIRUP VXEPHWHULQJ WR FROOHFW LQIRUPDWLRQ UHJDUGL
ORQLWRUHG V\VWHPV LQFOXGH OLJKWLQJ YHQWLODWLRQ OI
+9$& |JRQH WHPSHUDWXUHV *HQHUDOO\ LW LV DFFHSWDEOH
&9 RI IRU PRVW VXEPHWHULQJ KRZHYHU ZKLOH PDQ\ RI \
RI WKH RYHUDOO EXLOGLQJ W\SH VLJQLILFDQW YDULDWLRQ
VSDFH ZLWKLQ D IDFLOLW\ 7KHUHIRUH LQWHUYLHZ VLWH S
GLIIHUHQFHV DQG WKH PDJQLWXGH RI VXFK GLIIHUHQFHV Z
VDPSOH GHVLJQ $FFRXQW IRU YDULDWLRQV LQ RSHUDWLQJ V
D ODUJHU &9 RU E\ VWUDWLI\LQJ XQLTXH XVDJH JURXSV 6H
OHWHULQJ &URVV &XWWLQJ 3URWRFROV IRU DGGLWLRQDO FR
HTXLSPHQW

% ([DPSOH ORQLWRULQJ WKH /LIKWLQJ 6FKH
6WRU\ 2IILFH %XLOGLQJ

$ WZR VWRU\ FRPPHUFLDO RIILFH EXLOGLQJ UHFHLYHV D ZKF
[((" FHUWLILFDWLRQ )RU WKH FHUWLILFDWLRQ SURFHVV D
HYDOXDWRUV GHYHORS OLJKWLQJ ORDGY DQG VFKHGXOHV 'X
WKH VDPH WHQDQW RFFXSLHV ERWK IORRUV DQG WKH EXLO!

S P 7KH HYDOXDWRUY DOVR LGHQWLI\ WZR XQLTXH OLJK'

X (QFORVHG RIILFHVY DUH ORFDWHG RQ WKH EXLOGLQJYV S|
2SHQ RIILFH VSDFH LV ORFDWHG LQ WKH EXLOGLQJTV FR

$V WKH HYDOXDWRUV LGHQWLILHG WZR GLVWLQFW XVDJH SD\
WR FDSWXUH WKH YDULDELOLW\ ZLWKLQ WKH VFKHGXOHV IRU

x $V WKH RSHQ RIILFH VSDFH LV ORFDWHG LQ WKH EXLOG
RSHUDWH FRQWLQXRXVO\ GXULQJ WKH EXLOGLQJYV RSH
FRPPRQO\ VKDUHG E\ DOO ZRUNVSDFHV LQ WKH EXLOGLQ
LV MXVWLILHG DQG PD\ SURYH FRQVHUYDWLYH LQ GHW
PRQLWRU
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X /LIKWLQJ IL[WXUHV ORFDWHG LQ HQFORVHG RIILFH VSDFI
PRUH XVDJH YDULDWLRQ GXH WR H[DJJHUDWHG EHKDYLRL
WKH HQFORVHG RIILFH VSDFH IL[WXUHV UHFHLYH DGGLWL
WKHUHE\ UHGXFLQJ WKH QHHG IRU LQWHULRU OLJKWLQJ «
FDQ EH H[DJJHUDWHG RU GLPLQLVKHG GHSHQGLQJ RQ
DVSHFWV ZHDWKHU DQG WLPHV RI \HDU 6XFK DGGLWLR
D KLJKHU DVVXPHG &9 DQG DGGLWLRQDO PRQLWRULQJ SF

% 6DPSOLQJ IRU %XLOGLQJ 6 XUYH\V
7KH RQ VLWH GDWD FROOHFWLRQ HQFRPSDVVHV D GHWDLOHC

JLIKWLQJ IL[WXUHYV

30XJ ORDGV

+9$& HTXLSPHQW DQG FRQWUROV
(OHYDWRU DQG DX[LOLDU\ HTXLSPHQW
JHQHVWUDWLRQ

(QYHORSH FRQVWUXFWLRQV

JRU PDQ\ EXLOGLQJV VXUYH\RUV FDQ SHUIRUP D FRPSOHWI
PRQLWRULQJ HTXLSPHQW ZLWKLQ D VLQJOH GD\ +RZHYHU C
RINLFH EXLOGLQJV KRWHO FDVLQRYV DQG KRVSLWDOV S
FRPSOH[LWLHVY WKDW PDNH LW LPSUDFWLFDO DQG RIWHQ LP!
ZDON WKURXJK ,Q WKHVH FDVHV LW LV SHUPLVVLEOH W
UHSUHVHQWDWLYH VDPSOH RI EXLOGLQJ DUHDV DQG H[WUDS
EXLOGLQJ (YDOXDWRUV FDQ DSSO\ WKH ILQGLQJV WR LQGL"
HIDFW VDPSOH GHVLJQ GHSHQGV RQ WKH IDFLOLW\ GHVLJQ
DV DFFHVV WR VSDFH

% ([DPSOH 2Q 6LWH $XGLW RI D +LJK 5LVH 21

$ VWRU\ KLJK ULVH FRPPHUFLDO EXLOGLQJ ORFDWHG LQ
UHFHLYHV D ZKROH EXLOGLQJ SHUIRUPDQFH UHEDWH 9DULF
IORRU DQG YDULRXV WHQDQWY XVH WKH UHPDLQLQJ IORRU"
6WDWHYV '"HSDUWPHQW RI $JULFXOWXUH RIILFH (YDOXDWRUYV
EXLOG D '"2( PRGHO KRZHYHU WKH EXLOGLQJ RZQHU ZLOO F
DFFHVV WR WKH EXLOGLQJ IRU D VLQJOH GD\

7TKH EXLOGLQJ LV WRR ODUJH WR FRQGXFW D WKRURXJK ZDOV
H[SHFWHG DW OHDVW RQH WHQDQW ZLOO KDYH DUHDV ZLWKL
QRW EH DOORZHG WR DFFHVV 7KHUHIRUH HYDOXDWRUV ZLC
IORRUVY DQG VSDFH W\SHV (YDOXDWRUV VKRXOG DXGLW H
FKDUDFWHUL]H LOQWHUQDO ORDGY DQG XVDJH SDWWHUQV IRL
ZKROH 7KH H[DFW QXPEHU RI IORRUV YLVLWHG ZLOO GHSHQ
WKH KRPRJHQHLW\ EHWZHHQ VSDFHV IORRUV 7KH HYDOXDWR
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,GHQWLI\ XQLTXH RSHUDWLQJ FRQGLWLRQV VXFK DV RFEFX
GHQVLW\ DQG VFKHGXOHYVY DQG HTXLSPHQW SRZHU GHQVLW

Xx ,GHQWLI\ FXUUHQWO\ YDFDQW DUHDV RU IORRUYV
X ,QWHUYLHZ IDFLOLW\ VWDII WR
R ,GHQWLI\ GLIIHUHQFHV LQ VSDFH WHPSHUDWXUHV R
HDFK WHQDQW
R '"HWHUPLQH YDULDWLRQV LQ EXLOGLQJ RFFXSDQF\ |
VLQFH LWV RSHQLQJ
X $XGLW DOO FHQWUDO SODQW HTXLSPHQW
Xx 6DPSOH DLU GLVWULEXWLRQ V\VWHP HTXLSPHQW XVLQJ '
S8QLIRUP OHWKR @ KIURWHFEW JW6DPSOH 'HVLJQ &URVV &XWW

% SURJUDP (YDOXDWLRQ (OHPHQWYV

7TKHVH HOHPHQWY GLIITHUHQWLDWH HYDOXDWLRQV RI QHZ FF
RWKHU SURJUDPV

(YDOXDWRUV QHHG VLIJQLILFDQWO\ PRUH UHVRXUFHV WR
EDVHOLQH

(YDOXDWRUYV KDYH D OLPLWHG VHOHFWLRQ RI PHWKRGV |
%XLOGLQJYVY UDUHO\ RSHUDWH DW D 3VWHDG\ VWDWH" DW

:KLOH WKLV LV QRW D FRPSUHKHQVLYH OLVW LW VSHFLILH\
FRQVLGHU LQ GHYHORSLQJ DQ HYDOXDWLRQ SODQ2SDUWLFXC
IRU GHILQLQJ DQG MXVWLI\LQJ WKH EDVHOLQHYVY XVHG WR GH)

&RPPRQO\ DSSOLHG FRGHV VXFK DV $6+5%( SURYLGH PXO
EXW OHDYH URRP IRU ORFDO MXULVGLFWLRQV WR PDLQWDL
HYDOXDWRUV VKRXOG ZRUN ZLWK ORFDO MXULVGLFWLRQV
PDQDJHUVY DQG RYHUVLJKW DIJHQFLHVY WR LGHQWLI\ WKH PRV\
JXUWKHU ORFDO MXULVGLFWLRQV PD\ DGRSW DQ XSGDWHG E
D SURJUDP VR WKH HYDOXDWRU PD\ KDYH WR GHYHORS EDVFH
IRU D JLYHQ SURJUDP \HDU

*LYHQ WKH OLPLWHG LQIRUPDWLRQ DYDLODEOH WR DVVHVV Q
EXLOBLPYODWLRQV LV RIWHQ WKH RQO\ RSWLRQ IRU GHWHU
SODQQLQJ HQVXUHV

(YDOXDWRUV GHYHORS GHWDLOHG 0 9 SODQV HDFK SURM
7TKH HYDOXDWLRQ DOORZV VXIILFLHQW WLPH WR SHUIRUP

(YDOXDWRUV RIWHQ FROOHFW DGGLWLRQDO LQIRUPDWLRQ >
GDWD DQDO\VLV $V WKLV LQIRUPDWLRQ LV LPSRUWDQW IRU |
DOORW VXIILFLHQW WLPH IRU D WKRURXJK DQDO\VLV RI DOO

SURWRFROV 1HZ &RQVWUXFWLRQ



JRU SURJUDPV RITHULQJ LQFHQWLYHVY HYDOXDWRUV XVXDOO
SHUIRUPDQFH GXULQJ WKH ILUVW IHZ \HDUV RI WKHLU RSHL
VIVWHPVY DQG FRQWUROV W\SLFDO®QGHEXLOB LW IR XEDOHV KRS
JURZLQJ RFFXSDQF\ UDWHYV

(YDOXDWRUV VKRXOG DOVR NHHS LQ PLQG WKDW RZQHUV R
GLIIHUHQWO\ WKDQ DV RULJLQDOO\ GHVLJQHG 7KXV WKH V¢
WKH RULJLQDOO\ SHUPLWWHG EXLOGLQJ GUDZLQJV PD\ QRW
HQHUJ\ XVH RU HQHUJ\ VDYLQJV 7KLV SURWRFRO VWURQJO\
WKHVH DQG RWKHU VXFK IDFWRUV ZKHBXPDOWLEUD WQ Q X PR G
VDYLQJV

W dE}u 0o +Z2}}8]vP ]* (}EuU 00C }v S§ZE}uPZ Juulee]}v]vP % E} <oV Z}A A EU v}§ o0 uJo JvPe &
( ]ol8] U ( ]o]S5C u v P uvsS upeS ] o]v plo]vP }vSE}o+X
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% SURWRFROV IRU (YDOXDWLRQ RI 5SHWURFRPPLVVLRQLQJ

% OHDVXUH '"HVFULSWLRQ

SHWURFRPPLVVLRQLQJ 5&[ LV D VIVWHPDWLF SURFHVV IRU F
H[LVWLQJ EXLOGLQJV ,W VSHFLILFDOO\ IRFXVHV RQ LPSUF
HTXLSPHQW HJ KHDWLQJ YHQWLODWLRQ DQG DLU FRQGLW
DQG W\SLFDOO\ GRHV QRW LQYROYH HTXLSPHQW UHSODFHPH
5&[ FDQ DFKLHYH HQHUJ\ VDYLQJV UDQJLQJ IURP  WR ZL
\HDUV RU OHVV 7KRUQH

7TKH PHWKRG SUHVHQWHG LQ WKLV SURWRFRO SURYLGHV GLI
IRU HDFK PHDVXUHYTV VSHFLILF FKDUDFWHULVWLFV DQG K
VDYLQJYVY YHULILFDWLRQ DSSURDFK

$ VWXG\ FRQGXFWHG RQ EHKDOI RI /I DZUHQFH %HUNHOH\ 1DV
IURP XWLOLWLHV RSHUDWLQJ 5&[ SURJUDPV DFURVV WKH 8
5&[ SURMHFWY DQG PRUH WKDQ 5&[ PHDVXUHV 3(&,
VXPPDU\ RI WKH PRVW FRPPRQ 5&[ PHDVXUHV KLJKOLJKWL
UHSUHVHQW WKH PDMRULW\ RI WKH DQDO\]JHG SURMHFW VDYL

TDEOH % &RPPRQ 5&[ OHDVXUHYV
W E vs P J(d}s o

Z £ D pE A Alvpe
Z Al }v83E}o * <p v 779
Z u <u]%u vE o]l ing
K%3Jull [Es] viu]l @& i19
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$V VKRZQ LQ 7DEOH % 3(&, 5&[ PHDVXUHV YDU\ GH

HTXLSPHQW DQG FRQWURO PHFKDQLVPV LQWURGXFHG RU RS
PHDVXUHV FRQWURO +9%$& HTXLSPHQW DFFRUGLQJ WR D SU
PHDVXUHV LQWURGXFH RXWGRRU DLU WHPSHUDWXUH 2%$7 Gl
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7TDEOH % &DWHJRUL]DWLRQ RI 5&[ OHDVXUHV

}vSE}o <u]%u vS dC %o
D Z v]eu 'S ]E -] S >]PZs]vP
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7KH FODVVLF 5&[ SURFHVV KHOSV LGHQWLI\ LPSOHPHQW |
EXLOGLQJ V\VWHPV DQG RSHUDWLRQV YLD WKH IROORZLQJ IL

30DQQL/ELY SKDVH LQYROYHV VFUHHQLQJ EXLOGLQJV W
SURYLGH D JRRG ILW IRU 5&[ E\ DVVHVVLQJ LQGLFDWRU
FRQGLWLRQ EXLOGLQJ HQHUJ\ SHUIRUPDQFH DQG VL]H
,GHDOO\ IDFLOLWLHV VKRXOG KDYH DQ H[LVWLQJ EXLOGL
ZRUNLQJ RUGHU DV ZHOO DV +9$& HTXLSPHQW WKDW LV
IDFLOLW\ ZLWKRXW D %$6 FDQ LQVWDOO WKH V\WWHP |
EHFRPH DQ +9%$& FRQWUROV DQG FRPPLVVLRQLQJ SURMHF
'KHQ D IDFLOLW\TV +9$& HTXLSPHQW QHDUV WKH HQG RI L
PD\ QRW EH DSSURSULDWH EHFDXVH FRQWURO PHDVXUH
UHSODFHG HTXLSPHQW

,QYHVWLJDRHLRQYHVWLJIJDWLRQ SKDVH LQYROYHV DQDO\]L
UHYLHZLQJ EXLOGLQJ GRFXPHQWDWLRQ SHUIRUPLQJ GLD
WHVWY LQWHUYLHZLQJ VWDII LGHQWLI\LQJ D OLVW RI
HVWLPDWLQJ VDYLQJV DQG FRVWVY (YDOXDWRUV VKRXO
PHDVXUHV WKDW PHHW SURJUDP HOLJLELOLW\ JXLGHOLC
RSHUDWLRQ DQG PDLQWHQDQFH 2 0 DFWLYLWLHV DW W}
,PSOHPHQWDKRHLROSOHPHQWDWLRQ SKDVH LQYROYHV SUL
PHDVXUHVY DQG GHYHORSLQJ DQ LPSOHPHQWDWLRQ SOD!
DQG WHVWLQJ WR HQVXUH SURSHU RSHUDWLRQ ,PSOHP]
DSSURDFK DV WKH HYDOXDWRU PD\ QHHG WR GHWHUPL
WKURXJK VHYHUDO VWDJHV RI PRGLILFDWLRQ DQG DVVlI
EXLOGLQJ HTXLSPHQW FRQWLQXHV WR RSHUDWH SURSH!
FRPIRUW 7\SLFDOO\ HYDOXDWRUV ZLOO UHYLHZ D IDFLO
5&[ PHDVXUHV RSHUDWH

7XUQRYMHWH WXUQRYHU SKDVH LQYROYHV XSGDWLQJ EXL
VIVWHP RSHUDWLRQ PDQXDOV GHYHORSLQJ DQG SUHVH
EXLOGLQJ RSHUDWRUV RQ SURSHU 2 0

SURWRFROV 5HWURFRPPLVVLRQLQJ



SHUVLVWHKHFBHUVLVWHQFH SKDVH LQYROYHYVY PRQLWRULC
RYHU WLPH FRQWLQXDOO\ LPSOHPHQWLQJ SHUVLVWHQF
PHDVXUHV RU HQKDQFLQJ 2 0 SURFHGXUHV WR VXVWDL(
RQJRLQJ FKDQJHV 'HSHQGLQJ RQ WKH DYDLODELOLW\ R
SURJUDP VWDNHKROGHUV PD\ QRW DOZD\V DFWLYHO\ VXS

% $SSOLFDWLRQ &RQGLWLRQV RI 3URWRFRO

7KH 5&[ SURJUDP GHVLJQ LQFOXGHYV DFWLYLWLHYV LQWHQGHC
EDUULHUVY DV OLVWHG LQ 7DEOH %

7TDEOH % 5&[ ODUNHW %DUULHUYV
D &l § » Pu vs EE] & K %0 %0} ESUV]S
AU %o %00 Cr1] S}EEY SvwP] o A u%o0 ¢ }(hev AHES I]JvP %0]0}S§
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,GHDOO\ HQHUJ\ HIILFLHQF\ SURJUDPV RYHUFRPH WKHVH ELC
WKDW DGGUHVYVY DYDLODEOH RSSRUWXQLWLHYV 5HWURFRPPLV
DOO RI WKH IROORZLQJ DFWLYLWLHYV

3LORW SURNMRBWNMP DGPLQLVWUDWRUV VRPHWLPHV 11X
GHPRQVWUDWH WKH EHQHILWYV RI 5&[ WR HQG XVHUV LQ
FDQ YHULI\ SLORW VDYLQJV XVLQJ WKH PHWKRGV SUHVH
WKHRU\ WKHVH VDYLQJVY ZLOO DWWUDFW SDUWLFLSDQW

7TUDLQBQRJIJUDP DGPLQLVWUDWRUY VRPHWLPHYV IXQG RU (
SURYLGHUV ,Q VRPH MXULVGLFWLRQV VHUYLFH SURYLC
VHUYLFHVY WR WKHLU FXVWRPHU EDVH 7KXV WR GHYHO
SURJUDP DGPLQLVWUDWRUYV PLJKW RIITHU WUDLQLQJ WR \
FRPPRQ SUDFWLFH 5&[ LQYHVWLIJDWLRQ DQG LPSOHPL}
SURYLGHUV PD\ DOVR UHTXLUH WUDLQLQJ RQ KRZ WR VH

(GXFDWBBRJUDP DGPLQLVWUDWRUYV VRPHWLPHY GHYHORE
KROG HYHQWYV RU ZRUNVKRSV IRU HQG XVHUV 3ULRU WR
5&[ DFWLYLWLHYV LQ WKHLU IDFLOLWLHV EXLOGLQJ PDQD
WR XQGHUVWDQG WKH EXVLQHVV FDVH IRU 5&[ '"HWDLC

SURWRFROV 5HWURFRPPLVVLRQLQJ



SURMHFW VDYLQJYVY DUH DQ H[DPSOH RI HGXFDWLRQ WR
IDFLOLWDWH WKLV GHFLVLRQ PDNLQJ SURFHVYV

, QFHQWBYRYUDP DGPLQLVWUDWRUV RIWHQ SURYLGH LQF}
LQYHVWLIJDWLRQ LPSOHPHQWDWLRQ DQG SHUVLVWHQFH
IRU 5&[ PHDVXUHV LV W\SLFDOO\ ORZ HQG XVHUV RIWHQ
WKHP WR PRYH IRUZD GQFIVOKVSYRW RPWDOVR HQFRXUDJF
XQGHUWDNH SURMHFWY VRRQHU2RU ZLWK D JUHDWHU VFR
PDUNHW LQWHUYHQWLRQ

7KLV SURWRFRO SURYLGHY VWUXFWXUHG PHWKRGV IRU GHW
WKH LPSOHPHQWDWLRQ RI 5&[ PHDVXUHYV 7KH DSSURDFKHV (
RQ KRZ WR YHULI\ VDYLQJY FRQVLVWHQWO\ IURP SLORW S
LPSOHPHQWHG E\ SURJUDP SDUWLFLSDQWY W GRHV QRW L
WUDLQLQJ RU WKURXJK PDUNHW WUDQVIRUPDWLRQ DFWLYLW

% 6DYLQJYV &DOFXODWLRQV

6SHFLILF VDYLQJYV FRPOBRXOPPWDRAYHY LQKHUHQWO\ YDU\ GXt
SRVVLEOH 5&[ PHDVXUHYV ZKLFK FDQ GLIIHU E\ W\SH RI HTXI
7KLV VHFWLRQ SUHVHQWY D KLJK OHYHO JURVV HQHUJ\ VDYL
5&[ PHDVXUHV 6HFAWMWXQYHPHQW DQG 9HULQFDX\GHR\WQ GHW DL
GLUHFWLRQV IRU FDOFXODWLQJ VDYLQJV IRU VSHFLILF PHDV.

8VH WKH IROORZLQJ JHQHUDO HTXDWLRQ (92 WR GHWHU]
(TXDWLRQ

'JANGEFREJCO
L:$=OAHEANCGUALKNRPRAINEK&N CU
GA4KQPERAFQOPIAUIRODNKQRBFQOPIAJPO

:KHUH
'JANGEFEREJICAOUVW \HDU HQHUJ\ FRQVXPSWLRQ VDYLQJV
$=OAHEREICODUHLPSOHPHQWDWLRQ FRQVXPSWLRQ
4AALKNPRANEK-REICORVWLPSOHPHQWDWLRQ FRQVXPSWLRQ

AKQPE@NF QOPIABREMXVWPHQWY PDGH WR DFFRXQW IRU
LOQGHSHQGHQW YDULDEOHYVY YDULDEOHYV

FRQVXPSWLRAQ ,| DSSOLFDEOH QRUPDOL
At % E}PE ue U G Ju%elte % v 05C E §Z € 8Z v v ]v Vv3]A X &}E /& u%o U J( % ES] 1% vse (
ES ]V % C | §ZE& «Z}o ] vs](] ME]JVP 8Z JvA «8]P 3]}v %Z « U 8Z C u G v}3§ o]P] o (}E& 5z
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SIrPE}esU % | }v] v ( 8}E+U JE }e3r (( S]A v e

SURWRFROV 5HWURFRPPLVVLRQLQJ



PHWHRURORJLFDO AHDWKROU<GDWD DV ZF
RWKHU VLJQLILFDQW LQGHSHQGHQW YDUL
SURGXFWLRQ GDWD

OKINKQRBFQOPIASBOIXVWPHQWY PDGH WR DFFRXQW IRU S
QRW H[SHFWHG WR FKDQJH GXULQJ WK
SHULRG $FFRXQW IRU WKHVH SDUDPHYV
DQGNKLYV FKDQJH LQIOXHQFHV WKH Ut
HQHUJ\ XVH HJ FKDQJHV WR D IDFL
HQYHORSH GXULQJ LPSOHPHQWDWLRQ |
PHDVXUH (YDOXDWRUV RQO\ QHHG
QRQURXWLQH DGMXVWPHQWYV LI YHULI
2SWLRQ & RI WKH ,QWHUQDWLRQDC
OHDVXUHPHQW DQG 9HULILFDWLRQ 3URY

'"HWHUPLQLQJ 5&[ GHPDQG VDYLQJV LV QRW D VWUDLJKWI
FRQVXPSWLRQ VDYLQJV XQOLNH OLIJKWLQJ UHWURILWYV Z
HVWDEOLVKHG ORDG VDYLQJV SURILOHV WR FRQVXPSWLRQ V
VDYLQJV SURILOHYVY YDU\ GHSHQGLQJ RQ WKH W\SH RI PHDVXU
RI WKHVH PHDVXUHV I DSSOLFDEOH HYDOXDWRUV VKRXOG
PHDVXUH E\ PHDVXWHJEBIVMDWH WKHVH SURILOHV DQG WKHC
FRLOQFLGHQFH IDFWRUV WR GHWHUPLQH FRLQFLGHQW SHDN G

% OHDVXUHPHQW DQG 9HULILFDWLRQ 30DQ

7KLY VHFWLRQ RXWOLQHV WKH UHFRPPHQGHG DSSURDFKHV V
DQG SURYLGHV GLUHFWLRQV RQ KRZ WR XVH WKH DSSURDFKF

OHDVXUHPHQW DQG YHULILFDWLRQ 09 PHWKRG

'‘DWD FROOHFWLRQ

,(QWHUDFWLYH HIITHFWYV

6SHFLILF VDYLQJY HTXDWLRQV

SHIJUHVVLRQ PRGHO GLUHFWLRQ

'"HHPHG VSUHDGVKHHW WRRO IXQFWLRQDOLW\ UHTXLUHPI

" A op 8§}Ee «Z}po pe 3Z u}e3 E VS 8C%] o u § }E}O}P] o C E &+ 3X e« }(:vp EC T1idU §Z
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% OHDVXUHPHQW DQG 9HULILFDWLRQ OHWKRG

7TKHUH LV D VWUXFWXUHG PHWKRG IRU GHWHUPLQLQJ WKH PF
5&[ HQHUJ\ VDYLQJV 7KLV PHWKRG EDODQFHV WKH QHHG

HVWLPDWHYVY ZLWK WKH QHHG WR NHHS 09 FRVWV LQ FKHF
DQWLFLSDWHG HQHUJ\ VDYLQJV 'HSHQGLQJ RQ ZKLFK PHDV?>
DSSURDFKHV WR HVWLPDWLQJ WKH VDYLQJY DUH DSSURSULD
DUH

2SWLRQ $25HWURILW ,VRODWLRQ .H\ 3DUDPHWHU OHDVXI
2SWLRQ %25HWURILW ,VRODWLRQ $00O 3DUDPHWHU OHDV
2SWLRQ &2:KROH )DFLOLW\

2SWLRQ '2&4DOLEUDWHG 6LPXODWLRQ

OHDVXUHPHQW LV LQKHUHQW ZLWK PRVW 5&[ SURMHFWYV EHFD
PRGLILFDWLRQV PDGH WKURXJK D IDFLOLW\TV %$6 $V PHQ\
LWHUDWLYH SURFHVV RIWHQ OHYHUDJHV PHWHUHG GDWD

WKURXJKRXW WKH SURFHVVY 7KHUHIRUH LQ PDQ\ FDVHV D U
WR 2SWLRQ $ RU 2SWLRQ % RI WKH ,3093 SURYHV PRVW ORJ
ZKHUH 2SWLRQ & 2SWLRQ ' RU HYHQ D GHHPHG D&FYRD FK P
roOSUHVHQWY D GHFLVLRQ IORZ FKDUW IRU GHWHUPLQLQJ WK

X X X X
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Do savings
Are project-level fluctuate seasonally or ¥
= claimed savings large Yes annually? €3
pmJECt LEVB_I refative to random or ANDIOR ——= Option C
Claimed Savings unexplained energy Are there significant
variations? interactive effects that are
difficult to estimate?
Nao No
Are some parameters
known with a high degree s
g inty?
g[e_as.ur;sl_e\_rel ofceAt:qaénty_ | S Opion A
aimea savings
g Can other parameters be |
measured cost effectively?|
No |
W
Can all parameters Yes
be measured cost > Option B
effectively?
1
No v
Are measure-level v
claimed savings = . ;
> 75,000 kWh R
or 5,000 therms?
No
¥
Deemed

JLIXUH % 5&[ DSSURDFK GHFLVLRQ IORZ FKDUYV

7KH GHFLVLRQ IORZ FKDUW DFFRXQWYV IRU IDFWRUV VXFK DV
DQG WKH PHDVXUHPHQWYV FRVW HIIHFWLYHQHVYV %HJLQ WK
OHYHO VDYLQJV

2SWLR@wWH D ZKROH IDFLOLW\ DSSURDFK2?2DGKHULQJ ZLWK
LIl HVWLPDWHG SURMHFW OHYHO VDYLQJYV DUH ODUJH FRP
HQHUJ\ YDULDWLRQV WKDW RFFXDQ@GVLW KB ZIKGRIO/H | ODXA-LVDX_I
D VHDVRQDO RU DQQXDO F\FOH HJ VDYLQJV WKDW 10X
DSSURDFK LV OLNHO\ WKH PRVW FRVW HIIHFWLYH DSSU

1 dC%] 00C * AJvPes +Z}po A& 119 }(8Z +o0]v v EPC (JE % E3] po E u § E ~ XPXU o0 §E]
« AJvPe (B}u 8Z +0]v & AZ Vv 3EZ & %}ES]VP % E]} ]|+ +Z}ES E 3Z v §A} ¢ E- ~ sK TiifeX
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ZKROH IDFLOLW\ DSSURDFK LV UHODWLYHO\ LQH[SHQVLY}
ELOOLQJ GDWD IRU WKH DQDO\VLV 7KH GRZQVLGH RI W
FDQQRW SHUIRUP YHULILFDWLRQ XQWLO DIWHU FROOHFV
SHULRG GDWD DQG PRQLWRULQJ DQG GRFXPHQWLQJ DQ\
IDFWRRYHU WKH FRXUVH RI WKH PHDVXUHPHQW SHULRC
FRQVLVWHQW PRQWK WR PRQWK 2SWLRQ & PD\ SURYLG
PHDVXUHV FDXVH FRPSOH[ VLJQLILFDQW LQWHUDFWLYH
DUH E\ QDWXUH GLIILFXOW WR HVWLPDWH DFFXUDWHO
ODUJH UHODWLYH WR GLUHFW PHDVXUH VDYLQJV HYD
ZKROH IDFLOLW\ DSSURDFK WR PHDVXUH LPSDFWV DFFXU
FRROLQJ HQHUJ\ UHVXOWLQJ IURP VFKHGXOH FKDQJHYV
FRQWURO PRGLILFDWLRQV KDYH DOVR EHHQ XQGHUWDNH
VIVWHPV LV DQ H[DPSOH RI D FRPSOH[ VLJQLILFDQW L

2SWLRQ &
I 2SWLRQ & LV UXOHG RXW FRQVLGHU SHUIRUPLQJ YHULILFD
2SWLRQ $ ,I| PHDVXUHV LQYROYH VRPH SDUDPHWHUV N

FHUWDLQW\ DQG RWKHU SDUDPHWHUVY FDQ EH PHDVXUH(
LVRODWLRQ DSSURDFK DGKHULQJ WR 2SWLRQ $ RI WKH !
FDQ FROOHFW PHWHUHG GDWD GLUHFWO\ IURP WKH IDFLC
DGG FRQWURO SRLQWV WR WKH %%$6 HLWKHU DV SDUW
VSHFLILFDOO\ IRU 0 9 SXUSRVHV :KHUH WKH %%$6 FDQQRMW
WHPSRUDU\ PHWHUV WR FROOHFW GDWD SURYLGHG WKD
2SWLRQ % ,I D JLYHQ PHDVXUHTV SDUDPHWHUYV DUH XQ
FRVW HIIHFWLYHO\ XVH D UHWURILW LVRODWLRQ DSSU
, 3093 $JDLQ FROOHFW PHWHUHG GDWD VLPLODU WR 2S
RU E\ XVLQJ WHPSRUDU\ PHWHUYV

2SWLRQ ' )RU PHDVXUHV ZKHUH LW LV SURKLELWLYH WR
XVH D FDOLEUDWHG VLPXODWLRQ DSSURDFK DGKHULQ.
8QGHUWDNH FDOLEUDWLRQV LQ WZR ZD\V FDOLEUD\
EDVHOLQH RU UHSRUWLQJ FRQVXPSWLRQ GDWD DQG F
YLD WKH %$6 IURQW HQG V\WWHP ZKHQ SRVVLEOH
'"HHPHG )LQDOO\ LI D PHDVXUKH DQ @ H&/IVWHWW OR 7R A B RD
VPDOO HYDOXDWRUV FDQ GHHP VDYLQJV UDWKHU WKDQ
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IRU FRPPRQ PHDVXUHV ZLWK VDYLQJVY OHVV WKDQ

W K HU RB\( &, 8VH D VSUHDGVKHHW WRRO WR FDOFX
WR IXQFWLRQDOLW\ UHTXLUHPHQWY SUHVHQWHG ODWHU
% '‘DWD &ROOHFWLRQ

'"HSHQGLQJ RQ WKH DSSURDFK IROORZHG WKHVH 0 9 HOHF
FRQVLGHUDWLRQ

7KH PHDVXUHPHQW ERXQGDU\

7KH PHDVXUHPHQW SHULRG DQG IUHTXHQF\

7KH IXQFWLRQDOLW\ RI PHDVXUHPHQW HTXLSPHQW EHLQ.
7KH VDYLQJV XQFHUWDLQW\

% OHDVXUHPHQW %RXQGDU\

JRU PHDVXUHVY HYDOXDWRUV DVVHVV XVLQJ 2SWLRQ $ RU 2S
HIWHUQDO WR WKH %$6 LW ZLOO EH LPSRUWDQW WR GHILC
GHWHUPLQLQJ ERXQGDULHV2WKH ORFDWLRQ DQG QXPEHU RI
FRQVLGHU WKH SURMHFWIV FRPSOH[LW\ DQG H[SHFWHG VDYL

KLOH D QDUURZ ERXQGDU\ VLPSOLILHY GDWD PHDVXUH
HTXLSPHQW YDULDEOHYV GULYLQJ HQHUJ\ XVH RXWVLGHE
HITHFWV VWLOO QHHG WR EH FRQVLGHUHG

$ ZLGH ERXQGDU\ ZLOO PLQLPL]JH LQWHUDFWLYH HIIHFW
VI\VWHPV RI HTXLSPHQW OLNH FKLOOHG ZDWHU SODQWYV
Dv 0 9 FRVWY PD\ DOVR LQFUHDVH LW LV LPSRUWDQW V
VDYLQJV MXVWLI\ WKH LQFUHDVHG 0 9 FRVWYV

% OHDVXUHPHQW 3HULRG DQG )UHTXHQF\

JRU DOO PHDVXUHV DVVHVVHG ZLWK 2SWLRQ $ RU 2SWLRQ ¢
PHWULFV

7KH PHDVXUHPHQW SHULRG WKH OHQJWK RI WKH EDVHOL
7KH PHDVXUHPHQW IUHTXHQF\ KRZ UHJXODUO\ WR WDN
PHDVXUHPHQW SHULRG

$v D JHQHUDO UXOH FKRRVH WKH PHDVXUHPHQW SHULRG
RSHUDWLQJ PRGH )RU H[DPSOH LI WKHUH LV D FRQWURO P
FROOHFW GDWD RYHU WKH ZLQWHU DQG VKRXOGHU VHDVRQV

&KRRVH WKH PHDVXUHPHQW IUHTXHQF\ E\ DVVHVVLQJ WKH W\

6SRW PHDVXUHPHQW )RU FRQVWDQW ORDGV PHDVXUH .
WZR RU PRUH LOQWHUYDOV  6KRUW WHUP PHDVXUHPHQW
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E\ LQGHSHQGHQW YDULDEOHV H J +9%& HTXLSPHQW LQI
WHUP FRQVXPSWLRQ PHDVXUHPHQWY RYHU WKH IXOOHV\
YDULDEOH FRQGLWLRQV JLYHQ 0 9 SURMHAW VRRWW PIVQ G
HISHFWHG WR KDYH QRQOLQHDU GHSHQGHQFH VXFK DV LC
HFRQRPL]JHUV PHDVXUHPHQWY VKRXOG LQFRUSRUDWH V
WKH IXOO EUHDGWK RI FRQGLWLRQV

&RQWLQXRXV PHDVXUHPHQW )RU YDULDEOH ORDGV F
FRQWLQXRXVO\ RU DW DSSURSULDWH GLVFUHWH LQWHL
SHULRG

6HH 6HFWLERSHFLILF 6DYLQJIRXBWURBGWLRQ UHJDUGLQJ PHDV)
DQG IUHTXHQF\ IRU VSHFLILF PHDVXUH W\SHV

% OHDVXUHPHQW (TXLSPHQW
KHQ PHWHUV H[WHUQDO WR WKH %$6 DUH UHTXLUHG" IROORZ

6LIH WKH PHWHU IRU WKH UDQJH RI YDOXHV H[SHFWHG P
6HOHFW WKH PHWHU UHSHDWDELOLW\ DQG DFFXUDF\ WKI
Rl WKH GDWD

, QVWDOO WKH PHWHU DV UHFRPPHQGHG E\ WKH PDQXIDF\
&DOLEUDWH WKH PHWHU EHIRUH LW JRHV LQWR WKH IL

UHFRPPHQGHG E\ WKH PDQXIDFWXUHU , I SRVVLEOH
UHFRPPHQGHG FDOLEUDWLRQ LQWHUYDO WKDW LV ORQJF
SHULRG

I %%$6 GDWD LV XVHG HYDOXDWRUV VKRXOG H[HUFLVH GXH «
%%$6 ZzDV ODVW FDOLEUDWHG DQG E\ FKHFNLQJ WKH DFFXUDF\

% 6DYLQJY 8QFHUWDLQW\

, I SRVVLEOH TXDQWLI\ WKH DF&XOUDG\ IR SPAHDRPWXIURDE G BRUDG X
SURSDJDWLRQ DQDO\VLV WR GHWHUPLQH RYHUDOO LPSDFWYV

% , QWHUDFWLYH (IITHFWYV

JRU SURMHFWY IROORZLQJ 2SWLRQ $ 2SWLRQ % RU GHHPHG
LQWHUDFWLYH HIIHFWV LI WKH\ DUH VLJQLILFDQW )RU H[DPS
XQLW VXSSO\ IDQ VFKHGXOH QRW RQO\ ZLOO GLUHFW IDQ °
FRROLQJ DQG KHDWLQJ HQHUJ\ VDYLQJV PD\ EH UHDOL]JHG G
YHQWLODWLRQ DLU VXSSOLHG WR WKH VSDFH (VWLPDWH L
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DSSO\ WKH DSSURSULDWH HQJLQHHULQJ SULQFLSOHV ,GHDO
WKH VDPH IXQFWLRQDOLW\ UHTXLUHPHQWY GLVFXVVHG LQ 6H
WRRO WR FRQGXFW WKHVH DQDO\VHV :KHQ LQWHUDFWLYH H
PHDVXUH WKHP UDWKHU WKDQ DSSO\ HQJLQHHULQJ HVWLPD
GLVFXVVHG LQ WKH SDUDJUDSK DERYH DQ HYDOXDWRU FDC
GHWHUPLQH WKH FRROLQJ ORDG UHGXFWLRQ

, QWHUDFWLYH HIIHFWV IRU SURMHFWY EHLQJ YHULILHG XVL
LQFOXGHG LQ IDFLOLW\ OHYHO VDYLQJV HVWLPDWHYV

% 6SHFLILF 6DYLQJV (TXDWLRQV

.| IROORZLQJ 2SWLRQ $ RU 2SWLRQ % YHULI\ VDYLQJV XVL
PHDVXUHYV FKDUDFWHULVWLFV2VSHFLILFDOO\ ZKHWKHU VDY
YDULDEOHV VXFK DV 2$7 DQG WKH FRQWURO PHFKDQLVP IRL

&|PpE VK®ZV WKH WKUHH FDWHJRULHV RI VDYLQJV HTXDWLI
IROORZLQJ WKH IORZ FKDUW

d‘:ﬁﬁg;‘;‘fg < No Scheduled Control/
—_—
P Constant Savings

independent variables?

Yes

Is the Scheduled
control mechanism ———
scheduled or variable?

Scheduled Control/
Variable Savings

Verge Variable Control/

Variable Savings

JLIXUH % 6DYLQJY HTXDWLRQ FDWHJRULHYV

% 6FKHGXOHG &RQWURO &RQVWDQW 6DYLQJ

7KLV VDYLQJY HTXDWLRQ FDWHJRU\ HQFRPSDVVHV VFKHGXOH
QRW LQIOXHQFHG E\ LQGHSHQGHQW YDULDEOHV VXFK DV =
VWUDLIJKWIRUZDUG HTXDWLRQ FDWHJRU\
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ILIJIKWLQJ VFKHGXOH RSWLPL]DWLRQ LV DQ H[DPSOH RI D PH
HTXDWLRQ FDWHJRU\ ,Q WKLV H[DPSOH OLJKWLQJ LV WXL
VFKHGXOHG FRQWURO DQG FRQVWDQW VDYLQJV LYIDFKLHY

(TXDWLRQ
5PA@ QPbXK@PSKREJICSGOAHEANCB4ALKNP EJC2ANEK@

:KHUH
5PA@ QPbXK@PNSKREJICPLUVW \HDU HQHUJ\ FRQVXPSWLRQ VL

IURP D VFKHGXOHG FRQWURO PHDVXU
VDYLQJV

$=OAHEANCU +56pvHOLMERQWUROOHG
AALKNRPRANEKRMANCU +56HsrulvINBROWUROOHG

$QG
* 45 0l HQQXDO RSHUDWLQJ KRXUV GXULQJ WKH EDVHO

NQRZQ ZLWK D KLJK GHJUHH RI FHUWDLQW
PHDVXUHPHQWY IRU WKH GXUDWLRQ RI HDFK HJL

*455224c0a$QQXDO RSHUDWLQJ KRXUV GXULQJ WKH UHSRU'
PHDVXUHPHQWY IRU WKH GXUDWLRQ RI HDFK QH

G ®ascaankoOHFWULF GHPDQG FRQWUROOHG E\ VFKHGXOLQ.
LV QRW NQRZQ ZLWK D KLJK GHJUHH RI FH
PHDVXUHPHQWY GXULQJ WKH EDVHOLQH RU UHS

% 6FKHGXOHG &RQWURO 9DULDEOH 6DYLQJV

7KLV VDYLQJV HTXDWLRQ FDWHJRU\ HQFRPSDVVHV VFKHC
HTXLSPHQW LQIOXHQFHG E\ LQGHSHQGHQW YDULDEOHV V
WHPSHUDWXUH RSWLPL]DWLRQ SURYLGHYVY DQ H[DPSOH RI D F
HTXDWLRQ FDWHJRU\ ,Q WKLV H[DPSOH WKH KHDWLQJ VSDF
DFFRUGLQJ WR D VFKHGXOH GXULQJ XQRFFXSLHG KRXUV VF
DFKLHYHG ZLOO YDU\ GHSHQGLQJ RQ 2%$7 YDULDEOH VDYLQJ

JROORZLQJ (TXDWLRQOLVWYV WKH ILYH VWHS SURFHVV IRU G
EDVHOLQH DQG UHSRUWLQJ SHULRG HQHUJ\ FRQVXPSWLRQ
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(TXDWLRQ

5PA@ QPXK@PSKNE=5+HREJCO
L$=OAHEANCB#@FQGRA®NRPANEK&NCU

KHUH

5PA@ QPIK@PSKNE=5>+HREJICQAUVW \HDU HQHUJ\ FRQVXPSWLRQ VI
IURP D VFKHGXOHG FRQWURO PHDVX
VDYLQJV

#@QFQGROAHEANCLU
Aot 0o xdnam & @F=0 AHEKAO QI LB &K J s
DQG GHWHUPLQHG WKURXJK WKH IL
OLVWHG LQ 7DEOH %

#@FQARA @N PPRANE K&N CLU
Ao 860 0 x g e # @FA L KN PREANEXK G0 O Q I LB EKed e
DQG GHWHUPLQHG WKURXJK WKH ILYH VW
7DEOH %
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7TDEOH % $GMXVWHG &RQVXPSWLRQ IRU 6FKHGXOHG &RQW

Step Details

Take short-term measurements at representative load levels for the
affected equipment for each schedule type.

; : Take coincident measurements of the independent variable(s).
Develop baseline/reporting

regression model(s) by

measuring equipment Do a regression analysis to determine the relationship between
operation and independent independent variables and equipment load. This relationship should be
variables. expressed in terms of an equation (baseline/reporting period model).

Note: if there are schedules for occupied and unoccupied times during
the reporting period, evaluators will need two regression models, one for
each set of data.

Develop bin data tables presenting the following data (one table for each
schedule type):

Independent Variable | Load Annual Hours
DEVE'EP a bin operating Create approximately Calculate the g
profile” by normalized 10 bins over the normalized load by 0

measured data to
estimate hours of
operation within each
bin or base this on TMY

independent variable data. normalized independent | applying the
variable data range (if baseline/reporting
the equipment’s energy | period regression

consumption varies model to the data and the equipment
depending on weather, | midpoint of each :
use TMY data). Kin. operating schedule.

Calculate the ) )
baseline/reporting period Adjusted Consumption

consumption at each load bin Load, Schedule Type = LoadScheduEﬂ Type X Annual HrSScheﬂule Type
for each schedule type.

Sumn the consumption savings
across bins for each schedule
typel All Load Binsg poduie Type

Adj Consumption, sad schedute Type

Sum the consumption savings Adj Consumptiongapsguie Type
across schedule types.

All Schedule Types

* Alternatively, if the independent variable is OAT, evaluators can develop an hourly profile over the full operating
schedule of the atfected equipment.

% 9DULDEOH &RQWURO 9DULDEOH 6DYLQJV

7KLV VDYLQJVY HTXDWLRQ FDWHJRU\ HQFRPSDVVHV YDULDEOH
LQIOXHQFHG E\ LQGHSHQGHQW YDULDEOHV VXFK DV 2%$7 ,Q
WHPSHUDWXUH VHW SRLQW UHVHW VWUDWHJ\ VHUYHV DV DQ
WKLV VDYLQJV HTXDWLRQ FDWHJRU\ ,Q WKLV H[DPSOH WKH
SRLQW LV GHWHUPLQHG GHSHQGLQJ RQ 2$7 YDULDEOH FRQV
YDU\ GHSHQGLQJ RQ 2$7 YDULDEOH VDYLQJV
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JROORZLQJ (TXDWLRQ 7TDEOH % OLVWV WKH IRXU VWHS SLU
EDVHOLQH DQG UHSRUWLQJ SHULRG HQHUJ\ FRQVXPSWLRQ

(TXDWLRQ

8=NE=2%KAPBKNE=5>+HEJCO
LA@QFQCGRPRAMAHEANCB#@FQGARAK®NPANEKANCU

KHUH

8=NE=2%KAPSKNE=5>+HREJCQLUVW \HDU HQHUJ\ FRQVXPSWL
UHVXOWLQJ IURP D YDULDEOH FR
ZLWK YDULDEOH VDYLQJV

#@FQGRPAMAHEANQUAga0xas# @F=OAHEKAOQILREKI DQG
GHWHUPLQHG WKURXJK WKH ILYH VWH
7DEOH %

#@FQGRAG®NPRAINE KA&N CU
Roriaoxoat @FALKN PPRNEKKI OQILREKJ
DQG GHWHUPLQHG WKURXJK WKH ILYH |
LQ 7TDEOH %
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7TDEOH % $GMXVWHG &RQVXPSWLRQ IRU 9DULDEOH &RQW

Step Details

Take short-term measurements at representative load levels for the affected
equipment for each schedule type.

Develop baseline/
reporting regression
model(s) by measuring | Take coincident measurements of the independent variable(s).
equipment operation
and independent

viadiahles. Do a regression analysis to determine the relationship between independent

variables and equipment load. This relationship should be expre