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The United States has around 7,700 operating power plants1 that generate electricity from a 
variety of primary energy sources; 707,000 miles of high-voltage transmission lines;2 more 
than 1 million rooftop solar installations;3 55,800 substations;4 6.5 million miles of local 
distribution lines;5 and 3,354 distribution utilities6 delivering electricity to 148.6 million 
customers. The total amount of money paid by end users end for electricity in 2015 was 
about $400 billion.7 This drives an $18.6 trillion U.S. gross domestic product and significantly 
influences global economic activity totaling roughly $80 trillion.8
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Figure 1.1. Regions Used in This Study10
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There is a distinction between baseload generation and the characteristics of generation 
hjgna\af_ j]daYZd] xZYk]dgY\y hgo]j- ?Yk]dgY\ ak Y l]je mk]\ lg \]k[jaZ] _]f]jYlagf l`Yl ^Yddk 
at the bottom of the economic dispatch stack, meaning [those power plants] are the most 
economical to run. Coal and nuclear resources, by design, are designed for low cost O&M 
[operation and maintenance] Yf\ [gflafmgmk gh]jYlagf WuX 

However, it is not the economics nor the fuel type that make these resources 
attractive from a reliability perspective. Rather, these conventional steam-driven 
generation resources have#low forced and maintenance outage hours traditionally 
and have low exposure to fuel supply chain issues1#P`]j]^gj]+ xZYk]dgY\y 
generation is not a requirement; however, having a portion of a resource fleet with 
high reliability characteristics, such as low forced and maintenance outage rates and 
low exposure to fuel supply chain issues, is one of the most fundamental necessities 
of a reliable BPS. These chara[l]jakla[k ]fkmj] l`Yl xZYk]dgY\y _]f]jYlagf ak egj] 
resilient to disruptions112#
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Figure 1.2. Schematic of Typical Daily Load Curve Showing Base Load.0
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fc_r#p_rcq1d#Nmpc#pcaclrjw/#asqrmkcp0npmtgbcb#bck_lb#pcqnmlqc#gq#fcjngle#rm#kccr#nc_i#bck_lb1#

Bl_jwqgq#gl#Tcargml#6#qfmuq#rf_r#k_lw#md#rfc#nmucp#nj_lrq#rf_r#pcrgpcb#`cruccl#5335#_lb#5349#ucpc#

sqcb#dmp#`_qcjm_b#eclcp_rgml#gl#rfc#n_qr/#`sr#ucpc#lm#jmlecp#mncp_rgle#gl#rf_r#pmjc#_r#rfc#rgkc#md#

pcrgpckclr#bsc#rm#af_lecq#gl#cjcarpgagrw#k_picr#bwl_kgaq1#Xgrf#rfc#qsqr_glcb#bpmn#gl#l_rsp_j#e_q#npgacq/#

dmp#cv_knjc/#l_rsp_j#e_q0dgpcb#amk`glcb0awajc#+OHDD,#nj_lrq#_pc#asppclrjw#_#jcqq#amqrjw#qmspac#md#

`_qcjm_b#eclcp_rgml#rf_l#am_j#mp#lsajc_p#nmucp#gl#k_lw#pcegmlq#md#rfc#amslrpw1##

WSF#pcqmspacq#qsaf#_q#uglb#_lb#qmj_p#_pc#`cegllgle#rm#qcptc#kmpc#md#kglgksk#jm_b/#_j`cgr#_r#t_pg_`jc#mp#

glrcpkgrrclr#msrnsr#jctcjq1e#Ufc#npmjgdcp_rgml#md#rfcqc#qmspacq#f_q#_jqm#jcb#epgb#mncp_rmpq#gl#qmkc#

pcegmlq#rm#nj_ac#_l#glapc_qgle#npckgsk#ml#djcvg`jc#eclcp_rgml#pcqmspacq#+c1e1/#OHDD#slgrq,#rf_r#a_l#fcjn#

`_j_lac#WSF#t_pg_`gjgrw#`w#kccrgle#`_qc#jm_b#_lb#glrcpkcbg_rc#jm_b/#`mrf#md#ufgaf#_pc#_ddcarcb#`w#_#

d#"@@LQAFKD SL &*"^ eIc_r#p_rc#gq#mlc#kc_qspc#md#rfc#cddgagclaw#md#_#eclcp_rmp#mp#nmucp#nj_lr#rf_r#amltcprq#_#dscj#glrm#fc_r#_lb#

glrm#cjcarpgagrw1#Ufc#fc_r#p_rc#gq#rfc#_kmslr#md#clcpew#sqcb#`w#_l#cjcarpga_j#eclcp_rmp#mp#nmucp#nj_lr#rm#eclcp_rc#mlc#igjmu_rr0

fmsp#+iXf,#md#cjcarpgagrwaf frrnq>22uuu1cg_1emt2rmmjq2d_oq2d_o1nfnAgb@43;)r@61##

e#Gmp#rfc#nspnmqcq#md#rfgq#qrsbw/#uglb#_lb#qmj_p#_pc#pcdcppcb#rm#_q#WSF1#Ucpkq#qsaf#_q#eKLK0AFRO=S@E=?IBf#=KA eFKSBQJFSSBKSf 

k_w#_jqm#_nnjw#rm#rfcqc#rcaflmjmegcq/#`sr#dmp#amlqgqrclaw/#rfgq#qrsbw#sqcq#rfc#rcpk#t_pg_`jc1#Jl#amlrp_qr/#qmkc#pclcu_`jcq#_pc#

bgqn_raf_`jcjrf_r#gq/#qmspacq#rf_r#a_l#npmtgbc#nmucp#rm#rfc#epgb#ugrfgl#qs`0fmspjw#rgkc#qa_jcq#rm#k_raf#bck_lb#bspgle#_lw#570

fmsp#ncpgmb1#Egqn_raf_`jc#pclcu_`jcq#glajsbc#qmspacq#qsaf#_q#`gmdscjq/#ecmrfcpk_j/#_lb#fwbpmnmucp#+ugrf#rfc#a_tc_r#ml#

fwbpmnmucp#rf_r#gr#k_w#mljw#`c#qc_qml_jjw#bgqn_raf_`jc#gl#qmkc#a_qcq,1#
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af_legle#lcr#jm_b#npmdgjc1f#Ufcqc#d_armpq/#_kmle#mrfcpq/#f_tc#amjjcargtcjw#jcqqclcb#rfc#gkkcbg_rc#lccb#

dmp#rp_bgrgml_j#`_qcjm_b#pcqmspacq#gl#acpr_gl#pcegmlq/#`sr#qrgjj#qnc_i#rm#rfc#lccb#dmp#`_qcjm_b#eclcp_rgml1#

<RSVZVZT#F^RYN`a^R#GR`V^RYRZ`#

UEB AF@SFLK=QX ABCFKFSFLK LC OQBJ=STQB FR eE=OOBKFKD b LQ OBQCLQJBA ?BCLQB SEB OQLOBQ^ TRT=I LQ 

FKSBKABA SFJBaf47#5EB %BO=QSJBKS ALBR KLS E=UB =K LCCF@F=I ABCFKFSFLK CLQ SEB SBQJ eOQBJ=STQB 

QBSFQBJBKSfg#ugrf#pcqncar#rm#nmucp#nj_lrq/#_q#rfc#rcpk#gq#fgefjw#qs`hcargtc1#Ccjmu#_pc#qmkc#md#rfc#

npct_gjgle#tgcunmglrq#_lb#_qqmag_rcb#kc_lgleq>##

% Qmucp#nj_lr#cleglccpq#k_w#rfgli#_#nmucp#nj_lr#pcrgpcb#npck_rspcjw#gd#gr#f_q#lmr#wcr#psl#rm#rfc

clb#md#grq#lmkgl_j#bcqgel#jgdc#+dmp#glqr_lac/#_nnpmvgk_rcjw#73#wc_pq#dmp#nmqr04=;3#am_j#nj_lrq,#mp

rfpmsef#rfc#rcpk#md#pc_qml_`jc#nj_lr#jgdc#cvrclqgml#kmbgdga_rgmlq1

% Bl#SUP2JTP#mp#pcjg_`gjgrw#mpe_lgx_rgml#k_w#rfgli#_#nmucp#nj_lr#pcrgpckclr#gq#npck_rspc#gd#grq

amlrglscb#mncp_rgml#gq#qrgjj#pcosgpcb#rm#bcjgtcp#Fqqclrg_j#Scjg_`gjgrw#Tcptgacq#+FST,h#gl#rf_r#jma_rgml

+FK VEF@E @=RB SEB LOBQ=SLQ J=X ABI=X QBSFQBJBKS ?X ABRFDK=SFKD FS = eQBIF=?FIFSX0ksqr0QTKf

pcqmspac,1

% B#nmjgawk_icp#mp#jcegqj_rmp#k_w#rfgli#_#nmucp#nj_lr#f_q#`ccl#dmpacb#rm#pcrgpc#npck_rspcjw#gd#rfc

nj_lr#bcjgtcpq#`clcdgrq#rf_r#rfc#qr_rc#mp#qmagcrw#t_jscq/#qsaf#_q#ckgqqgmlq0dpcc#clcpew/#jma_j#hm`q/

mp#k_glr_glgle#jma_j#eclcp_rgml1

% B#k_wmp#mp#cknjmwcc#k_w#rfgli#_#nmucp#nj_lr#gq#pcrgpgle#npck_rspcjw#gd#rfc#pcrgpckclr#a_sqcq

f_pkq#rm#rfc#amkkslgrw#_lb#rfc#glbgtgbs_jq#ufm#umpi#rfcpc1

% B#kcpaf_lr#amkncrgrmp#rf_r#`sgjr#mp#_aosgpcb#_#nmucp#nj_lr#k_w#rfgli#grq#nj_lr#f_q#`ccl#dmpacb

rm#pcrgpc#npck_rspcjw#gd#rfc#kcpaf_lr#f_q#lmr#`ccl#_`jc#rm#pcamtcp#grq#gltcqrkclr#gl#rfc#nj_lr

rfpmsef#q_jcq#md#clcpew#_lb#a_n_agrw#mp#rfpmsef#mrfcp#pctclsc#qrpc_kq1

% B#tcprga_jjw#glrcep_rcb#srgjgrw#cvcasrgtc#k_w#rfgli#_#nmucp#nj_lr#f_q#`ccl#dmpacb#rm#pcrgpc

npck_rspcjw#gd#rfc#srgjgrw#f_q#lmr#wcr#dsjjw#pcamtcpcb#grq#p_rc0`_qcb#a_ngr_j#gltcqrkclr#gl#rfc

nj_lr#_lb#grq#pcrspl#ml#rf_r#p_rc#`_qc1

% Osajc_p#mp#fwbpmcjcarpga#nj_lr#mulcpq#_lb#pcesj_rmpq#k_w#rfgli#_#nmucp#nj_lr#f_q#pcrgpcb

npck_rspcjw#gd#gr#f_q#lmr#wcr#psl#rfpmsef#rfc#dsjj#rcpk#md#grq#mncp_rgle#jgaclqc#_lb2mp#jgaclqc

cvrclqgml1#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,#fwbpm#jgaclqcq#psl#dmp#sn#rm#83#wc_pq

ugrf#nmrclrg_j#pc_srfmpgx_rgmlq#md#63i83#wc_pq/#_lb#Osajc_p#Scesj_rmpw#Dmkkgqqgml#+OSD,

lsajc_p#mncp_rgle#jgaclqcq#psl#dmp#73#wc_pq#ugrf#nmrclrg_j#530wc_p#cvrclqgmlq1

% Fjcarpgagrw#camlmkgqrq#k_w#rfgli#_#nmucp#nj_lr#pcrgpcb#f_q#npck_rspcjw#gd#rfc#nj_lr#u_q#qrgjj#_`jc

rm#qcjj#cjcarpgagrw#amkncrgrgtcjw#_e_glqr#mrfcp#clcpew#qmspacq#`sr#u_q#pcosgpcb#rm#ajmqc#bsc#rm

nmjgaw#bgpcargtcq1#Pl#rfc#mrfcp#f_lb/#camlmkgqrq#k_w#_jqm#rfgli#_#nmucp#nj_lr#pcrgpcb

f#e/BS IL=Af#gq#rfc#glqr_lr_lcmsq#bgddcpclac#`cruccl#rmr_j#asqrmkcp#cjcarpgagrw#bck_lb#+jm_b,#_lb#WSF#eclcp_rgml1#

g#RFS#415j5L;HM@ILGCHA NB? /;NCIH[M &F?=NLC=CNS 4SMN?GY 5B? 4?=IH> *HMN;FFG?HN I@ NB? 2jVYgZcc^Va#BcZg\n#OZk^Zljbgqasqqcb#

eOQBJ=STQB KT@IB=Q QBSFQBJBKSRf ?TS AFA KLS BWOIF@FSIX ABCFKB SEB SBQJa 'LQ BW=JOIB^ FK $E=OSBQ �^ O=DB ~�^ SEB QBOLQS KLSBR`#

e8EBK =K=IXYFKD SEB FJO=@SR LC \^RYN`a^R#ZaPXRN^#^R`V^RYRZ`_#ml#nmucp#eclcp_rgml#gl#rfc#qr_rc/#_#qr_rc#md#Jjjglmgq#pcnmpr#

amlqgbcpcb#_#qacl_pgm#gl#ufgaf#<3#ncpaclr#md#rfc#pcnj_ackclr#eclcp_rgml#u_q#am_j1#Prfcp#_l_jwqgq#amlajsbcq#rf_r#pmsefjw##

;8#ncpaclr#md#rfc#_r0pgqi#lsajc_p#eclcp_rgml#l_rgmlugbc#umsjb#`c#pcnj_acb#ugrf#dmqqgj#eclcp_rgml/#j_pecjw#nmucpcb#ugrf#l_rsp_j#

D=Raf nKLSBR LJFSSBA^ BJOE=RFR =AABAo  #

h#Tcc#Tcargml#71414#dmp#_#bgqasqqgml#md#FST1#
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npck_rspcjw#gd#rfc#nj_lr#npmtgbcb#sl0npgacb#`clcdgrq#rm#qmagcrw#rf_r/#gd#npgacb/#umsjb#f_tc#k_bc#

rfc#nj_lr#npmdgr_`jc1#

% B#jmle0rcpk#nj_llcp#_lb#pgqi#k_l_ecp#k_w#rfgli#_#nmucp#nj_lr#f_q#pcrgpcb#npck_rspcjw#gd#gr#

mddcpcb#t_js_`jc#bgtcpqgrw/#pcjg_`gjgrw/#pcqgjgclac/#_lb#mnrgml_jgrw#`clcdgrq#rf_r#_pc#lmr#wcr#dsjjw#

pcamelgxcb/#t_jscb/#_lb2mp#amknclq_rcb1#

F_af#md#rfcqc#tgcunmglrq#pcnpcqclrq#_#t_jgb#ncpqncargtc/#n_prgasj_pjw#rfmqc#md#epgb#mncp_rmpq#_lb#mrfcp#

glqrgrsrgmlq#pcqnmlqg`jc#dmp#pcjg_`gjgrw1#Xfgjc#qr_icfmjbcpq#k_w#k_glr_gl#rf_r#_#nmucp#nj_lr#f_q#`ccl#

dmpacb#rm#pcrgpc#npck_rspcjw#`_qcb#ml#mlc#mp#kmpc#md#rfc#amlqgbcp_rgmlq#_`mtc/#rfc#pcqsjrq#md#rfgq#qrsbw#

qfmu#rf_r#qmkc#m`qcptcb#nmucp#nj_lr#pcrgpckclrq#ucpc#_nnpmnpg_rc#_lb#amlqgqrclr#ugrf#k_picrq#_q#

rfcw#_pc#asppclrjw#dslargmlgle1#Jl#mrfcp#umpbq/#lmr#ctcpw#nmucp#nj_lr#pcrgpckclr#gq#a_sqc#dmp#_j_pk1#

Imuctcp/#OFSD#gq#amlacplcb#ugrf#rfc#rpclb#md#pcrgpckclrq#_q#gr#pcj_rcq#rm#pcjg_`gjgrw#_lb#pcqgjgclac1#OFSD#

upmrc#gl#pcqnmlqc#rm#rfc#Bnpgj#47#kckm>#

As conventional resources prematurely retire, sufficient amounts of essential reliability 
services, such as frequency and voltage support, ramping capability, etc., must be replaced 
based on the configuration and needs of the system148#\cknf_qgq#_bbcb]#

Hgtcl#rfc#bgddgasjrw#gl#_qqgelgle#_#qglejc#bcdglgrgml#rm#npck_rspc#pcrgpckclr/#_q#ucjj#_q#rfc#qs`hcargtc#

l_rspc#md#qsaf#_#bcdglgrgml/#rfgq#qrsbw#bmcq#lmr#_rrcknr#rm#bcrcpkglc#ufcrfcp#_lw#heZX^[^X#nmucp#nj_lr#

pcrgpckclrq#f_tc#`ccl#npck_rspc1#Jlqrc_b/#rfgq#qrsbw#_qqcqqcq#rfc#t_pgmsq#d_armpq#rf_r#amlrpg`src#rm#

nmucp#nj_lr#pcrgpckclr#igZcYh1#

I[\VP_#9Re[ZQ#`UR#HP[\R#[S#IUV_#H`aQe#

Ufgq#qrsbw#bmcq#lmr#bgpcarjw#_bbpcqq#qctcp_j#rmngaq#dmp#rfc#dmjjmugle#pc_qmlq>#

' ;eOR^_RPa^V`e#gq#_#apgrga_j#amknmlclr#rm#clqspgle#rfc#pcjg_`jc#_lb#pcqgjgclr#mncp_rgml#md#rfc#

O=SFLKdR clcpew#gldp_qrpsarspc1#Fvgqrgle#_lb#ckcpegle#aw`cpqcaspgrw#rfpc_rq#a_l#_ddcar#_lw#_qncar#

md#rfc#cjcarpga#qcarmp/#p_legle#dpmk#nmucp#nj_lrq/#rm#rp_lqkgqqgml#_lb#bgqrpg`srgml#qwqrckq/#rm#

asqrmkcpq#_lb#clb0sqc#bctgacq1#Ufc#Ecack`cp#5348#_rr_ai#ml#rfc#Vip_glg_l#cjcarpgagrw#qwqrck#

_lb#rfc#5345#Tf_kmml#tgpsq#r_pecrgle#rfc#clcpew#qcarmp#gl#T_sbg#Bp_`g_/#dmp#cv_knjc/#ucpc#

u_ic0sn#a_jjq149
####

EPF#r_icq#rfcqc#rfpc_rq#qcpgmsqjw#_lb#gq#bcqgel_rcb#_q#rfc#Gcbcp_j#HLUBQKJBKSdR IB=A 4B@SLQ0

Tncagdga#Beclaw#dmp#aw`cpqcaspgrw#dmp#rfc#clcpew#qcarmp/#ufgaf#clr_gjq#qsnnmprgle#rfc#aw`cp#

npmrcargml#md#rfc#O=SFLKdR @QFSF@=I BKBQDX FKCQ=RSQT@STQBai#Imuctcp/#ufgjc#aw`cpqcaspgrw#gq#_#

qgelgdga_lr#amlacpl#_lb#rmn#npgmpgrw/#gr#gq#lmr#_bbpcqqcb#gl#rfgq#pcnmpr#`ca_sqc#gr#gq#rfc#qs`hcar#md#

_l#snamkgle#hmglr#pcnmpr#`cruccl#EPF#_lb#rfc#Ecn_prkclr#md#Imkcj_lb#Tcaspgrw#`cgle#

npcn_pcb#gl#pcqnmlqc#rm#Fvcasrgtc#Ppbcp#Om1#46<33/#PigZc\i]Zc^c\#i]Z#@nWZghZXjg^in#d[#CZYZgVa#

KZildg`h#VcY#@g^i^XVa#Fc[gVhigjXijgZ1#

' 8XN_WN#NZQ#@NcNVV>#Xfgjc#rfc#`pm_b#rpclbq#bgqasqqcb#gl#rfgq#pcnmpr#_nnjw#gl#Bj_qi_#_lb#I_u_gg#_q#

ucjj#_q#rfc#jLVBQ �� RS=SBR^ J=KX LC SEFR RSTAXdR B@LKLJF@ L?RBQU=SFLKR AL KLS AFQB@SIX =OOIX SL 

rfc#nmucp#nj_lrq#gl#rfc#I_u_gg#_lb#Bj_qi_#nmucp#qwqrckq/#_q#rfcw#_pc#lmr#j_pec/#glrcpamllcarcb#

clcpew#k_picrq/#_lb#srgjgrw#qwqrck#mncp_rmpq#gl#rfc#qr_rcq#d_ac#slgosc#mncp_rgml_j#_lb#dscj#

qsnnjw#af_gl#amlqgbcp_rgmlq1##

###########################################################

i#'LQ JLQB FKCLQJ=SFLK^ UFRFS %0&dR VB?RFSB LK SEB %BO=QSJBKSdR @X?BQ =@SFUFSFBR` frrnq>22uuu1clcpew1emt2l_rgml_j0qcaspgrw0

q_dcrw2aw`cpqcaspgrw1##
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Ufc#I_u_gg#_lb#Bj_qi_#nmucp#qwqrckq#_pc#pckmrc/#tcprga_jjw#glrcep_rcb#qwqrckq#ugrf#nj_lr#qgxcq#

rf_r#rclb#rm#d_jj#`cjmu#rfc#qgxc#qapcclq#sqcb#gl#rfgq#qrsbw1#Ufc#_tcp_ec#eclcp_rgle#slgr#qgxcq#gl#

I_u_gg#_lb#Bj_qi_#_pc#4<#NX#_lb#8#NX/#pcqncargtcjw/#amkn_pcb#rm#_l#_tcp_ec#slgr#qgxc#md#;3#

NX#gl#rfc#jmucp#7<#qr_rcq14;#Cca_sqc#lcgrfcp#qr_rc#gq#glrcpamllcarcb#ugrf#_lw#md#rfc#k_hmp#V1T1#

glrcpamllcargmlq/#mp#rm#_lw#rp_lqkgqqgml#mp#bgqrpg`srgml#lcrumpi#gl#D_l_b_/#srgjgrgcq#gl#`mrf#

qr_rcq#ksqr#qcjd0qsnnjw#_jj#FST1j#Bq#_#pcqsjr/#srgjgrgcq#gl#rfcqc#gqmj_rcb#qwqrckq#kgefr#amlqgbcp#

bgddcpclr#n_p_kcrcpq#dmp#pcjg_`gjgrw#gl#rfcgp#qwqrck#nj_llgle#amkn_pcb#rm#srgjgrgcq#gl#rfc#

amlrgesmsq#Vlgrcb#Tr_rcq/#ufm#a_l#m`r_gl#pcjg_`gjgrw#qcptgacq#_lb#npmbsarq#gl#pc_j#rgkc#rfpmsef#

k_picrq#_lb#`gj_rcp_j#rp_lq_argmlq14<#Ufcgp#cvncpgclacq/#fmuctcp/#k_w#gldmpk#rfc#cddmprq#md#

srgjgrgcq#gl#rfc#amlrgesmsq#V1T1#qccigle#rm#`crrcp#k_l_ec#psp_j#qwqrckq#_lb#cddcargtcjw#glrcep_rc#

WSF#_lb#kgapmepgbq1

' ?R[`UR^YNX)#OV[YN__)#NZQ#P[YOVZRQ#URN`#NZQ#\[cR^#nj_lrq#_pc#mdrcl#mncp_rcb#_q#`_qcjm_b

nj_lrq/#mncp_rgle#_r#_#pcj_rgtcjw#qr_`jc#jctcj#mtcp#_#jmle#ncpgmb#md#rgkc1#Imuctcp/#`ca_sqc#rfcqc

rwncq#md#nj_lrq#_pc#lmr#_q#npct_jclr#mp#ugbcqnpc_b#_q#e_q/#am_j/#_lb#lsajc_p#nj_lrq/#rfgq#qrsbw#bgb

lmr#ncpdmpk#bcr_gjcb#_l_jwqcq#md#rpclbq#_lb#ajmqspcq#dmp#rfcqc#rcaflmjmegcq1

j#Jl#5347/#_l#glrcprgc#rm#rfc#Xcqrcpl#Jlrcpamllcargml#md#Cpgrgqf#Dmjsk`g_#u_q#npmnmqcb#rm#rfc#Bj_qi_#Flcpew#Bsrfmpgrw#gl#mpbcp#

rm#`pgle#nmucp#rm#Bj_qi_1#Imuctcp/#_q#md#5349/#lm#dsprfcp#umpi#ml#rfc#npmhcar#f_b#`ccl#amknjcrcb#bsc#rm#camlmkga#pc_qmlq1#

frrn>22clcpew0_j_qi_1ugigbmr1amk2p_gj`cjr1##
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2 Findings of This Study  
Ufgq#qrsbw#gbclrgdgcb#qctcp_j#apgrga_j#gqqscq#aclrp_j#rm#npmrcargle#rfc#jmle0rcpk#pcjg_`gjgrw#md#rfc#cjcarpga#

epgb#gl#_aampb_lac#ugrf#rfc#Bnpgj#47#kckm/#ufgaf#_qicb#qr_dd#rm#cvnjmpc>#

.( IUR#Rb[Xa`V[Z#[S#cU[XR_NXR#RXRP`^VPV`e#YN^WR`_)#VZPXaQVZT#`UR#Rd`RZ`#`[#cUVPU#>RQR^NX#\[XVPe#

VZ`R^bRZ`V[Z_#NZQ#`UR#PUNZTVZT#ZN`a^R#[S#`UR#RXRP`^VPV`e#SaRX#YVd#N^R#PUNXXRZTVZT#`UR#[^VTVZNX#\[XVPe#

N__aY\`V[Z_#`UN`#_UN\RQ#`UR#P^RN`V[Z#[S#`U[_R#YN^WR`_+#

Xfgjc#aclrp_jjw0mpe_lgxcb#k_picrq#f_tc#_afgctcb#pcjg_`jc#ufmjcq_jc#cjcarpgagrw#bcjgtcpw#ugrf#

camlmkga#cddgagclagcq#gl#rfcgp#qfmpr0rcpk#mncp_rgmlq/#af_legle#agpaskqr_lacq#f_tc#af_jjclecb#`mrf#

aclrp_jjw0mpe_lgxcb#_lb/#rm#_#jcqqcp#cvrclr/#tcprga_jjw0glrcep_rcb#k_picrq1k#

' Um#b_rc/#ufmjcq_jc#k_picrq#f_tc#ugrfqrmmb#_#lsk`cp#md#qrpcqqcq1#Xfgjc#k_picrq#f_tc#ctmjtcb#

qglac#rfcgp#glrpmbsargml/#rfcw#_pc#asppclrjw#dslargmlgle#_q#bcqgelcbjrm#clqspc#pcjg_`gjgrw#_lb#

kglgkgxc#rfc#qfmpr0rcpk#amqrq#md#ufmjcq_jc#cjcarpgagrwjbcqngrc#npcqqspcq#dpmk#dj_r#bck_lb#

epmurf/#Gcbcp_j#_lb#qr_rc#nmjgaw#glrcptclrgmlq/#_lb#rfc#k_qqgtc#camlmkga#qfgdr#gl#rfc#pcj_rgtc#

camlmkgaq#md#l_rsp_j#e_q#amkn_pcb#rm#mrfcp#dscjq1#Ufc#pcqsjrgle#jmu#_tcp_ec#ufmjcq_jc#clcpew#

npgacq/#ufgjc#`clcdgag_j#dmp#`swcpq#md#ufmjcq_jc#cjcarpgagrw/#pcnpcqclr#_#apgrga_j#hslarspc#dmp#k_lw#

cvgqrgle#`_qcjm_b#eclcp_rgml#pcqmspacq#_lb#rfcgp#pmjc#gl#npcqcptgle#pcjg_`gjgrw#_lb#pcqgjgclac1l#

' N_picr#bcqgelq#k_w#`c#gl_bcos_rc#egtcl#nmrclrg_j#dsrspc#af_jjclecq1#WSFjugrf#lc_p0xcpm#

k_pegl_j#amqrq#_lb#gd#_r#fgef#nclcrp_rgmlqjugjj#jmucp#ufmjcq_jc#clcpew#npgacq#glbcnclbclr#md#

cddcarq#md#rfc#asppclr#jmu#l_rsp_j#e_q#npgacq1#Ufgq#umsjb#nsr#_bbgrgml_j#camlmkga#npcqqspc#ml#

pctclscq#dmp#rp_bgrgml_j#`_qcjm_b#+_q#ucjj#_q#lml0`_qcjm_b,#pcqmspacq/#pcosgpgle#a_pcdsj#

amlqgbcp_rgml#md#amlrglscb#k_picr#ctmjsrgmlq1#

' N_picrq#lccb#dsprfcp#qrsbw#_lb#pcdmpk#rm#_bbpcqq#dsrspc#qcptgacq#cqqclrg_j#rm#epgb#pcjg_`gjgrw#

_lb#pcqgjgclac.#Twqrck#mncp_rmpq#_pc#umpigle#rmu_pb#pcamelgxgle/#bcdglgle/#_lb#amknclq_rgle#

dmp#pcqmspac#_rrpg`srcq#rf_r#clf_lac#pcjg_`gjgrw#_lb#pcqgjgclac#+ml#`mrf#rfc#qsnnjw#_lb#bck_lb#

qgbc,1#Imuctcp/#dsprfcp#cddmprq#qfmsjb#pcdjcar#rfc#speclr#lccb#dmp#ajc_p#bcdglgrgmlq#md#pcjg_`gjgrw0#

_lb#pcqgjgclac0clf_lagle#_rrpg`srcq#_lb#qfmsjb#osgaijw#cqr_`jgqf#rfc#k_picr#kc_lq#rm#t_jsc#mp#

rfc#pcesj_rmpw#kc_lq#rm#npmtgbc#rfck1##

Ftmjtgle#k_picr#amlbgrgmlq#_lb#rfc#lccb#rm#_aamkkmb_rc#WSF#f_tc#jcb#rm#rfc#glapc_qcb#djcvg`jc#

mncp_rgml#md#eclcp_rgml#_lb#mrfcp#epgb#pcqmspacq1#Tmkc#eclcp_rgml#rcaflmjmegcq#mpgegl_jjw#bcqgelcb#

rm#mncp_rc#_q#`_qcjm_b#ucpc#lmr#glrclbcb#rm#mncp_rc#djcvg`jw/#=KA FK KT@IB=Q OLVBQdR @=RB/#bm#lmr#

f_tc#_#pcesj_rmpw#pcegkc#rf_r#_jjmuq#rfck#rm#bm#qm1#

###########################################################

k#Ufgq#qrsbw#_jqm#pcdcpq#rm#tcprga_jjw#glrcep_rcb#k_picrq#_q#`gj_rcp_j#k_picrq1#

l#'LQJBQ '&3$ $LJJFRRFLKBQ 5LKX $I=QH RTJJ=QFYBR SLA=XdR @E=KDFKD ABJ=KAR LK @BKSQ=IIX0LQD=KFYBA J=QHBSR` eBddmpb_`jc#

nmucp#u_q#rfc#em_j#ufcl#k_picrq#ucpc#apc_rcb1#Ufc#asppclr#k_picrq#_pc#qrgjj#npmaspgle#_ddmpb_`jc#nmucp/#`sr#k_lw#qr_rc#

ns`jga#nmjgaw#k_icpq#lm#jLKDBQ RBB SE=S =R SEB LKIX DL=I nbo LSEBQ OT?IF@ OLIF@X DL=IR nFK@ITABbo FK@BKSFKD FK0qr_rc#hm`q/#

OQLJLSFKD cDQBBKd BKBQDX  LQ LSEBQ OLIFSF@=IIX C=ULQBA QBRLTQ@BR^ OQBRBQUFKD @=Q?LK0dpcc#pcqmspacq/#_lb#pcr_glgle#qs`qr_lrg_j#r_v#

pctclscq#rm#qr_SB =KA IL@=I DLUBQKJBKSaf $I=QH DLBR LK SL R=X^ en.=QHBSRo VBQB KBUBQ ABRFDKBA CLQ GL? @QB=SFLK^ S=W 

OQBRBQU=SFLK^ OLIFSF@=IIX OLOTI=Q DBKBQ=SFLK^ LQ =KXSEFKD LSEBQ SE=K QBIF=?IB^ =CCLQA=?IB BIB@SQF@FSXaf 

frrn>22uuu1u`ij_u1amk2snjm_bq2dgjc2Bprgajcq0(53Ocuq2534;(53_prgajcq(53ns`jga_rgmlq2N_picr(53Jbclrgrw(53Dpgqgq(53Ggl

_j(53+;04704;,1nbd1#
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' Hclcp_rgml#dpmk#WSF#a_l#af_lec#ugbcjw#mtcp#rfc#amspqc#md#_#qglejc#b_w/#ufgaf#pcosgpcq

bgqn_raf_`jc#nmucp#nj_lrq#rm#`c#mncp_rcb#kmpc#lgk`jw1#Bbbgrgml_jjw/#gl#qmkc#_pc_q#md#rfc

amslrpw/#rfcpc#k_w#`c#mtcp0eclcp_rgml#dpmk#WSF#_r#qmkc#nmglrq#gl#_#b_w/#ufgaf#bpgtcq#npgacq#rm

_jkmqr#xcpm#wcr#pcosgpcq#osgai0p_kngle#_qqcrq#ufcl#WSF#qs`qgbcq1#U_icl#rmecrfcp/#rfcqc#rpclbq

f_tc#nj_acb#_#npckgsk#ml#djcvg`jc#msrnsr#p_rfcp#rf_l#rfc#qrc_bw#msrnsr#md#rp_bgrgml_j#`_qcjm_b

nmucp#nj_lrq1#Ufgq#djcvg`gjgrw#gq#eclcp_jjw#npmtgbcb#`w#eclcp_rgml#pcqmspacq1#Imuctcp/#lml0

eclcp_rgml#qmspacq#md#djcvg`gjgrwjqsaf#_q#djcvg`jc#bck_lb/#glapc_qcb#rp_lqkgqqgml/#_lb#clcpew

qrmp_ec#rcaflmjmegcqj_pc#`cgle#cvnjmpcb#_q#u_wq#rm#clf_lac#qwqrck#djcvg`gjgrw1

Tmagcrw#nj_acq#t_jsc#ml#_rrpg`srcq#md#cjcarpgagrw#npmtgqgml#`cwmlb#rfmqc#amknclq_rcb#`w#rfc#asppclr#

bcqgel#md#rfc#ufmjcq_jc#k_picr1##

' Bkcpga_lq#_lb#rfcgp#cjcarcb#pcnpcqclr_rgtcq#t_jsc#rfc#t_pgmsq#`clcdgrq#qncagdga#nmucp#nj_lrq

mddcp/#qsaf#_q#hm`q/#amkkslgrw#camlmkga#bctcjmnkclr/#jmu#ckgqqgmlq/#jma_j#r_v#n_wkclrq/

pcqgjgclac/#clcpew#qcaspgrw/#mp#rfc#l_rgml_j#qcaspgrw#`clcdgrq#_qqmag_rcb#ugrf#_#lsajc_p#glbsqrpg_j

`_qc1#Nmqr#md#rfcqc#`clcdgrq#_pc#lmr#pcamelgxcb#mp#amknclq_rcb#`w#ufmjcq_jc#cjcarpgagrw

k_picrq/#_lb#rfgq#f_q#egtcl#pgqc#rm#_#t_pgcrw#md#qr_rc#_lb#npgt_rc#cddmprq#rf_r#glajsbc#iccngle

mncl#mp#qfsrrgle#bmul#cqr_`jgqfcb#`_qcjm_b#eclcp_rmpq#_lb#glaclrgtgxgle#WSF#eclcp_rgml1

/( LUR`UR^#cU[XR_NXR#RZR^Te#NZQ#PN\NPV`e#YN^WR`_#N^R#NQR]aN`RXe#P[Y\RZ_N`VZT#N``^VOa`R_#_aPU#N_

[Z_V`R#SaRX#_a\\Xe#NZQ#[`UR^#SNP`[^_#`UN`#_`^RZT`URZ#T^VQ#^R_VXVRZPR#NZQ)#VS#Z[`)#`UR#Rd`RZ`#`[#cUVPU

`UV_#P[aXQ#NSSRP`#T^VQ#^RXVNOVXV`e#NZQ#^R_VXVRZPR#VZ#`UR#Sa`a^R+

N_picrq#pcamelgxc#_lb#amknclq_rc#pcjg_`gjgrw/#_lb#ksqr#ctmjtc#rm#amlrglsc#rm#amknclq_rc

pcjg_`gjgrw/#`sr#kmpc#umpi#gq#lccbcb#rm#_bbpcqq#pcqgjgclac1

' Scjg_`jc#_lb#_ddmpb_`jc#cjcarpgagrw#gq#cqqclrg_j#rm#rfc#kmbcpl#camlmkw/#glajsbgle#rfc

k_lsd_arspgle/#qcptgacq/#=KA CFK=K@F=I RB@SLQRa /&3$dR kmqr#pcaclr#_lls_j#PiViZ#d[#OZa^VW^a^in

pcnmpr#amlajsbcq#rf_r#bspgle#5349/#SEB e?TIH OLVBQ RXRSBJ QBIF=?FIFSX QBJ=FKBA VFSEFK#bcdglcb

OBQCLQJ=K@B L?GB@SFUBR SL OQLUFAB =K "ABPT=SB -BUBI LC 3BIF=?FIFSX l"-3mafm#OFSD#pc_afcb#rfc

q_kc#amlajsqgml#dmp#5346i53481#Imuctcp/#gl#_#N_w#534;#jcrrcp#rm#rfc#Tcapcr_pw#md#Flcpew/#OFSD

npcqqcb#rfc#gknmpr_lac#md#pcjg_`gjgrw#gqqscq#rf_r#pcosgpc#_rrclrgml/#glajsbgle#k_glr_glgle#FST#_q

amltclrgml_j#eclcp_rgml#pcrgpcq#_lb#clqspgle#djcvg`gjgrw#_lb#qsddgagclr#rp_lqkgqqgml#rm

qsnnjckclr#_lb#mddqcr#WSF14=#Ufcqc#gqqscq#_pc#glbga_rgtc#md#rfc#rcaflmjmega_j#_lb#glqrgrsrgml_j

af_lecq#rf_r#_pc#lmu#_ddcargle#rfc#cjcarpgagrw#qcarmp/#_lb#bc_jgle#ugrf#rfcqc#gqqscq#ugjj#pcosgpc

KBV IBUBIR LC @LLQAFK=SFLK =KA @LII=?LQ=SFLK =JLKD SEB RB@SLQdR J=KX @LKRSFSTBK@FBRa#Qpcqclrjw/

CQT#pcjg_`gjgrw#gq#_bcos_rc#bcqngrc#rfc#pcrgpckclr#md#_#nmprgml#md#`_qcjm_b#a_n_agrw#_lb#slgosc

pcegml_j#fspbjcq#nmqcb#`w#rfc#af_legle#pcqmspac#kgv1

' Gscj#_qqsp_lac#gq#_#epmugle#amlqgbcp_rgml#dmp#rfc#cjcarpgagrw#qwqrck1#N_glr_glgle#mlqgrc#dscj

pcqmspacq#gq#mlc#u_w#rm#gknpmtc#dscj#_qqsp_lac/#`sr#kmqr#eclcp_rgml#rcaflmjmegcq#f_tc

cvncpgclacb#dscj#bcjgtcp_`gjgrw#af_jjclecq#gl#rfc#n_qr1#Xfgjc#am_j#d_agjgrgcq#rwnga_jjw#qrmpc#clmsef

m OFSD#bcdglcq#BMS#_q#eSEB RS=SB SE=S SEB ABRFDK^ OI=KKFKD^ =KA LOBQ=SFLK LC SEB #TIH &IB@SQF@ 4XRSBJ l#&4m VFII =@EFBUB VEBK 

SEB nCFUBo IFRSBA 3BIF=?FIFSX 1BQCLQJ=K@B 0?GB@SFUBR =QB JBSaf 5EBRB L?GB@SFUBR =QB ABS=FIBA =S 

frrn>22uuu1lcpa1amk2n_2Tr_lb2Scqmspacq2Emaskclrq2Bbcos_rc^Mctcj^md^Scjg_`gjgrw^Ecdglgrgml^+Jldmpk_rgml_j^Ggjgle,1nbd1#
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dscj#mlqgrc#rm#j_qr#dmp#63#b_wq#mp#kmpc/#cvrpckc#amjb#a_l#jc_b#rm#dpmxcl#dscj#qrmaingjcq#_lb#

bgqpsnrgml#gl#rp_gl#bcjgtcpgcq1#O_rsp_j#e_q#gq#bcjgtcpcb#`w#ngncjglc#_q#lccbcb1#Ufc#OFSD#jcrrcp#rm#

EPF#cknf_qgxcb#clqspgle#l_rsp_j#e_q#dscj#qsnnjw#_lb#kgrge_rgle#bcjgtcpw#tsjlcp_`gjgrgcq1#

D_n_agrw#af_jjclecq#ml#cvgqrgle#ngncjglcq#amk`glcb#ugrf#rfc#bgddgasjrw#gl#qmkc#_pc_q#md#qgrgle#_lb#

amlqrpsargle#lcu#l_rsp_j#e_q#ngncjglcq/#_jmle#ugrf#amkncrgle#sqcq#dmp#l_rsp_j#e_q#qsaf#_q#dmp#

fmkc#fc_rgle/#f_tc#apc_rcb#qsnnjw#amlqrp_glrq#gl#rfc#n_qr1#Tsnnjw#amlqrp_glrq#a_l#apc_rc#

glapc_qcb#npgac#pgqi#_lb/#gl#cvrpckc#a_qcq/#amsjb#gkn_ar#pcjg_`gjgrw1n#

' Scaclr#qctcpc#uc_rfcp#ctclrq#f_tc#bckmlqrp_rcb#rfc#lccb#rm#gknpmtc#qwqrck#pcqgjgclac1#Ufc#

p_lec#md#nmrclrg_j#bgqpsnrgtc#ctclrq#gq#`pm_b/#_lb#rfc#qwqrck#lccbq#rm#`c#bcqgelcb#rm#f_lbjc#

fgef0gkn_ar/#jmu#npm`_`gjgrw#ctclrq1#Ufgq#k_icq#gr#tcpw#af_jjclegle#rm#bctcjmn#amqr0cddcargtc#

npmep_kq#rm#gknpmtc#pcqgjgclac#_r#rfc#pcegml_j/#qr_rc/#mp#srgjgrw#jctcjq1#Qj_llgle/#np_argac/#_lb#

ammpbgl_rgml#ml#_l#_jj0f_x_pbq#`_qgq#_lb#f_tgle#_#kgv#md#pcqmspacq#_lb#dscjq#_t_gj_`jc#ufcl#_#

k_hmp#bgqrsp`_lac#maaspq#_pc#`mrf#cqqclrg_j#rm#d_qr#pcqnmlqc1#Xmpi#qrgjj#pck_glq#rm#gbclrgdw#

d_agjgrgcq#rf_r#kcpgr#f_pbclgle?#qr_ec#ncpgmbga#cvcpagqcq#_lb#bpgjjq#qm#rf_r#emtcplkclr_j#_eclagcq#

_lb#srgjgrgcq#_pc#npcn_pcb#dmp#ckcpeclagcq?#_lb#clqspc#rf_r#ufmjcq_jc#cjcarpgagrw#k_picrq#_pc#

bcqgelcb#rm#pcamelgxc#_lb#glaclrgtgxc#gltcqrkclrq#rf_r#umsjb#_afgctc#mp#clf_lac#pcqgjgclac0

pcj_rcb#m`hcargtcq1#

' Tgelgdga_lr#npmepcqq#gq#_jpc_bw#`cgle#k_bc#rm#slbcpqr_lb#uf_r#gq#lccbcb#rm#k_glr_gl#nmucp#

qwqrck#pcjg_`gjgrw#slbcp#af_legle#k_picr#amlbgrgmlq/#`sr#kmpc#umpi#gq#lccbcb#rm#slbcpqr_lb#

uf_r#a_l#`c#bmlc#rm#k_glr_gl#pcqgjgclac#gl#_#t_pgcrw#md#amlbgrgmlq#_q#rfc#epgb#af_lecq#mtcp#rfc#

amkgle#wc_pq1#Gsprfcp/#jmu#l_rsp_j#e_q#npgacq#_pc#bpgtgle#epc_rcp#sqc#md#l_rsp_j#e_q#dmp#cjcarpgagrw#

eclcp_rgml/#ufgaf#f_q#k_bc#cvnmqspc#rm#l_rsp_j#e_q#npgac#pgqi#pcj_rcb#rm#_t_gj_`gjgrw#_#epmugle#

amlacpl#gl#qctcp_j#pcegmlq1#Ufcpc#_pc#rp_bcmddq#`cruccl#ksjrgnjc#bcqgp_`jc#_rrpg`srcq#md#rfc#epgb1#

Gmp#cv_knjc/#ugrfgl#nmucp#qwqrckq/#gr#k_w#`c#rfc#a_qc#rf_r#_#kmpc#pcjg_`jc#_lb#pcqgjgclr#qwqrck#

gq#kmpc#amqrjw#rf_l#rfc#jc_qr0amqr#qwqrck#rf_r#_#aclrp_jjw0mpe_lgxcb#ufmjcq_jc#k_picr#gq#

glrclbcb#rm#bcjgtcp1#Tgkgj_pjw/#nmjgagcq#rf_r#qcci#rm#bcjgtcp#kmpc#hm`q/#pcbsac#nmjjsrgml/#mp#pcbsac#

pgqi#k_w#pcosgpc#kmpc#sndpmlr#gltcqrkclr#_r#_l#glgrg_jjw#fgefcp#amqr#rm#qmagcrw#_q#_#ufmjc#rf_l#_#

jc_qr0amqr#qwqrck1#Jr#gq#gknmpr_lr#rf_r#nmjgawk_icpq#f_tc#_#ajc_p#slbcpqr_lbgle#md#rfc#rpsc#amqrq#

_lb#`clcdgrq#md#qcptgacq#rm#rfc#epgb/#_q#ucjj#_q#_l#slbcpqr_lbgle#md#rfc#rp_bcmddq#`cruccl#

bcqgp_`jc#_rrpg`srcq#jgic#pcjg_`gjgrw/#djcvg`gjgrw/#_lb#_ddmpb_`gjgrw1## #

###########################################################

n#Jlbccb/#JTP0OF#f_q#pcnc_rcbjw#cvnpcqqcb#rf_r#pcjg_`gjgrw#_lb#pcqgjgclac#amlacplq#_pc#lmr#`cgle#_bcos_rcjw#_bbpcqqcb#`w#rfc#

Ocu#Flej_lb#pcegml#ml#l_rsp_j#e_q1#
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0( IUR#Rd`RZ`#`[#cUVPU#P[Z`VZaRQ#^RTaXN`[^e#Oa^QRZ_)#N_#cRXX#N_#YNZQN`R_#NZQ#`Nd#NZQ#_aO_VQe

\[XVPVR_)#N^R#^R_\[Z_VOXR#S[^#S[^PVZT#`UR#\^RYN`a^R#^R`V^RYRZ`#[S#ON_RX[NQ#\[cR^#\XNZ`_+

Ufc#pcaclr#_lb#slnpcacbclrcb#pgqc#md#l_rsp_j#e_q#_q#_#rmn#cjcarpgagrw#eclcp_rgml#pcqmspac/#rfc#glapc_qc#

gl#WSF#nclcrp_rgml/#rfc#dj_rrclgle#md#cjcarpgagrw#bck_lb#epmurf/#_lb#_#fmqr#md#nmjgaw#gqqscqjpcesj_rgmlq/#

k_lb_rcq/#_lb#qs`qgbgcq#_r#rfc#qr_rc#_lb#Gcbcp_j#jctcjqjf_tc#lce_rgtcjw#gkn_arcb#rp_bgrgml_j#`_qcjm_b#

eclcp_rgml/#n_prgasj_pjw#am_j#_lb#lsajc_p#nmucp#nj_lrq1##

Ccruccl#5335#_lb#5349/#465/333#NX#md#eclcp_rgml#a_n_agrw#pcrgpcbjpcnpcqclrgle#_`msr#48#ncpaclr#md#

rfc#rmr_j#5335#glqr_jjcb#`_qcj_lb#6=3/833#NX#md#lcu#a_n_agrw#u_q#_bbcb1#Xfgjc#nmucp#nj_lrq#pcrgpc#

dmp#_#t_pgcrw#md#pc_qmlq/#qctcp_j#d_armpq#f_tc#amlrpg`srcb#rm#pcaclr#pcrgpckclrq#_lb#amlrglsgle#npcqqspc#

dmp#_bbgrgml_j#pcrgpckclrq1#

Ufc#`geecqr#amlrpg`srmp#rm#am_j#_lb#lsajc_p#nj_lr#pcrgpckclrq#f_q#`ccl#rfc#_bt_lr_ecb#camlmkgaq#

md#l_rsp_j#e_q0dgpcb#eclcp_rgml.##

' Mmu0amqr/#_`slb_lr#l_rsp_j#e_q#_lb#rfc#bctcjmnkclr#md#fgefjw0cddgagclr#OHDD#nj_lrq#pcqsjrcb#gl

_#lcu#`_qcjm_b#amkncrgrmp#rm#rfc#cvgqrgle#am_j/#lsajc_p/#_lb#fwbpmcjcarpga#nj_lrq1#Jl#5349/

l_rsp_j#e_q#u_q#rfc#j_pecqr#qmspac#md#cjcarpgagrw#eclcp_rgml#gl#rfc#Vlgrcb#Tr_rcqjmtcpr_igle#am_j

dmp#rfc#dgpqr#rgkc#qglac#b_r_#amjjcargml#`ce_l153#Ufc#glapc_qcb#sqc#md#l_rsp_j#e_q#gl#rfc#cjcarpga

qcarmp#f_q#pcqsjrcb#gl#qsqr_glcb#jmu#ufmjcq_jc#k_picr#npgacq#rf_r#pcbsac#rfc#npmdgr_`gjgrw#md

mrfcp#eclcp_rgml#pcqmspacq#gknmpr_lr#rm#rfc#epgb1#Ufc#d_ar#rf_r#lcu/#fgef0cddgagclaw#l_rsp_j#e_q

nj_lrq#a_l#`c#`sgjr#pcj_rgtcjw#osgaijw/#amkn_pcb#rm#am_j#_lb#lsajc_p#nmucp/#_jqm#fcjncb#rm#epmu

e_q0dgpcb#eclcp_rgml1#Qpmbsargml#amqrq#md#am_j#_lb#lsajc_p#nj_lrq#pck_glcb#qmkcuf_r#dj_r/#ufgjc

rfc#lcu#_lb#cvgqrgle/#kmpc#djcvg`jc/#_lb#pcj_rgtcjw#jmucp0mncp_rgle#amqr#l_rsp_j#e_q#nj_lrq#bpmtc

bmul#ufmjcq_jc#k_picr#npgacq#rm#rfc#nmglr#rf_r#qmkc#dmpkcpjw#npmdgr_`jc#lsajc_p#_lb#am_j

d_agjgrgcq#`ce_l#mncp_rgle#_r#_#jmqq1#Ufc#bctcjmnkclr#md#_`slb_lr/#bmkcqrga#l_rsp_j#e_q#k_bc

nmqqg`jc#`w#rfc#qf_jc#pctmjsrgml#_jqm#f_q#npmbsacb#qgelgdga_lr#t_jsc#dmp#amlqskcpq#_lb#rfc

camlmkw#mtcp_jj1

Blmrfcp#d_armp#amlrpg`srgle#rm#rfc#pcrgpckclr#md#nmucp#nj_lrq#gq#jmu#epmurf#gl#cjcarpgagrw#bck_lb1#

' Hpmurf#md#rmr_j#cjcarpgagrw#sqc#f_q#qjmucb#dpmk#_tcp_egle#518#ncpaclr#_lls_jjw#gl#rfc#j_rc#4==3q/

rm#_tcp_egle#413#ncpaclr#_lls_jjw#dpmk#5333#rm#533</#rm#pck_glgle#pmsefjw#dj_r#qglac#rfcl154

Df_lecq#gl#cjcarpgagrw#bck_lbjn_prgasj_pjw#rfc#_nn_pclr#bcamsnjgle#md#camlmkga#msrnsr#_lb

cjcarpgagrw#bck_lbjf_tc#`ccl#bpgtcl#gl#n_pr#`w#clcpew#cddgagclaw#nmjgagcq1#Ufc#amk`gl_rgml#md

qjmu#epmurf#gl#cjcarpgagrw#bck_lb#_lb#rfc#6=3/833#NX#md#a_n_agrw#_bbgrgmlq#dpmk#5335#rm#5349

k_bc#qgelgdga_lr#_kmslrq#md#mjbcp/#fgefcp0amqr#a_n_agrw#pcbslb_lr1

Egqn_raf#md#WSF#f_q#lce_rgtcjw#gkn_arcb#rfc#camlmkgaq#md#`_qcjm_b#nj_lrq1#

' Tglac#533;/#rfc#amlrpg`srgml#rm#rmr_j#eclcp_rgml#dpmk#uglb#_lb#qmj_p#f_q#epmul#osgaijw/

_aacjcp_rcb#`w#emtcplkclr#nmjgagcq#_lb#k_lb_rcq1#Tr_rc#pclcu_`jc#nmprdmjgm#qr_lb_pbq#+SQT,
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O=KBI AFR@TRRFLK =S SEB '&3$ .=X ~|}� SB@EKF@=I @LKCBQBK@B^ SEB OEQ=RB eRT?RFAFBR ?BDBS RT?RFAFBRf V=R TRBAa#
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Figure 3.2. Net Generation Capacity Additions and Retirementst23

#
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Currently, the changing electricity sector is causing the closure of many coal and nuclear 
plants in a shift from recent trends. From 2000 through 2009, power plant retirements were 
dominated by natural gas steam turbines. Over the past 6 years (2010v2015), power plant 
retirements were dominated by coal plants (37 GW), which accounted for over 52 percent of 
recently retired power plant capacity. Over the next 5 years (between 2016 and 2020), 34.4 
GW of summer capacity is planned to be retired, and 79 percent of this planned retirement 
capacity are coal and natural gas plants (49 percent and 30 percent, respectively). The next 
largest set of planned retirements are nuclear plants (15 percent)158#
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Figure 3.3. Retirements of Coal, Natural Gas, Nuclear, and Other Generating Units, 2002g202226
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Figure 3.4. Retirements by Date, Location, Ownership, and Capacity27
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Figure 3.5. Operating Generation Capacity, Additions, Retirements, and Announced Retirements 
by Region for All Generation Types, January 2002gDecember 202229
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3.1 Coal Plant Retirements 
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Between 2002 and 2016, 531 coal generating units representing approximately 59,000 MW of generation 
capacity retired from the U.S. generation fleet. 
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Figure 3.8. U.S. Utility-Scale Coal-Fired Electric Generating Capacity Additions by Coal Type and 
Initial Operating Year39 40
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Table 3-1. Direct Employment and Income in Industries Related to Electric Power Supply, 201649

Industry Sector/Subsector Jobs Percent Related to 
Electricity Industry 

Average Annual 
Income 

Electric power generation 191,000 100% $113,000 

Electric power transmission and 
distribution

292,000 100% $99,000 

Electric power total 483,000 100% $104,000 

Coal mining 55,000 ~80% $82,000 

Oil and gas extraction 377,000 ~35% of gas, ~1% of oil $118,000 

Mining and extraction total 432,000 Unknown $113,000 

w#Jlajsbcq#qsnnmprgle#Omprf#Bkcpga_l#Jlbsqrpw#Dj_qqgdga_rgml#Twqrck#+OBJDT,#glbsqrpw#a_rcempgcq1#

x#Jlajsbcq#qsnnmprgle#OBJDT#glbsqrpw#a_rcempgcq1#
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Coal Plant Closure Considerations50

In September 2016, Ed Malley of Power Magazine noted: 

The primary recent drivers of coal plant retirement announcements include low natural gas prices 
and new environmental regulationswespecially the Mercury and Air Toxics Standards (MATS), 
Clean Water Act Section 316(b), and the Coal Combustion Residuals rule. Other contributing factors 
include more competitive markets and a variety of regional and state-level policies involving 
renewables and carbon pricing. 

Most of the power plants being closed today were built in the 1940s to 1960s, before the Clean Air 
Act was passed in 1970. Many have minimal air pollution controls, use once-through cooling water, 
and sluice wet coal ash to ponds. Scrubbers, closed-loop cooling, and dry ash handling are current 
requirements, or will be phased in over the next few years. Because much of the older capacity 
tends to be smaller units less than 300 megawatts (MW), which are not economical to retrofit, they 
are therefore retired. Many closures coincided with the MATS deadlines in 2015 and 2016, at a time 
when natural gas prices were at historic lows. 

Now that the MATS deadlines have passed, additional companies are announcing closures, 
including Dynegy (5,000 MW) and DTE Energy (2,100 MW). Economics, renewable energy 
mandates, and reduced demand for electricity are driving these additional closures. 

Power plant closure activity began on the East and West Coasts in oil-fired plants because of the 
high cost of fuel. Closures are now occurring in the coal belts, the Upper Midwest, and the 
Southeast. There are even some coal-fired plant closures in Western states. 

3.2 Natural Gas Plant Retirements 
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_apmqq#rfc#jmucp#7<#qr_rcq/#_lb#_pc#amlaclrp_rcb#_pmslb#k_hmp#nmnsj_rgml#aclrcpq/#_q#qfmul#gl#Ggespc#

61=1##

Baampbgle#rm#FJB>#

In 2016, natural gas-fired generators accounted for 42% of the operating electricity 
generating capacity in the United States. Natural gas provided 34% of total electricity 
generation in 2016, surpassing coal to become the leading generation source. The increase 
in natural gas generation since 2005 is primarily a result of the continued cost-
competitiveness of natural gas relative to coal.51#
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Figure 3.10. Capacity Additions of U.S. Utility-Scale Natural Gas-Fired Electricity Generation by 
Technology Type and Initial Operating Year53
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Figure 3.11. Natural Gas Fleet Capacity Factors54
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Figure 3.13. Location of the Existing Nuclear Fleet61
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While the environmental and reliability impacts of the [nuclear plant] closures are well-
understood, what many don't realize is that these closures also pose long-term risks to our 
national security. As the nuclear power industry declines, it discourages the development of 
our most important anti-proliferation asset: a bunch of smart nuclear scientists and 
]f_af]]jku-P`] dgkk g^ ]ph]jlak] ^jge Y \][dafaf_ \ge]kla[ fuclear workforce makes it hard 
for Americans to conduct the inspections that help keep the world safe from nuclear 
weapons.67
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' There is an industrywide systemic economic and financial challenge to operating nuclear
power plants in centrally organized markets;

' Given the confluence of market factors in combination with market structure in centrally
organized markets, a significant number of operating nuclear plants have negative cash
flow positions today;

' Given current trends, these market factors are unlikely to change significantly over the
next five years;

' Retirement of nuclear plants before their operating licenses expire is caused primarily by
lower revenues as opposed to higher operating costs, as wholesale electricity prices
have precipitously fallen over the last several years;

' The magnitude of the gap between operating revenues and operating costs is in the
range of $5v$15 per megawatt-hour (MWh). For a 1,000 MW nuclear unit, approximately
every $5/MWh of gap represents about $40 million in annual negative cash flow;

' Without action to enhance revenue (e.g., New York ZEC payments), more nuclear plants
will face retirements before the end of their operating license in the future.71
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Figure 3.14. Location of Nuclear Power Plant Retirements: Closed, Announced, and Averted73

#

Bq#qfmul#gl#U_`jc#605/#_lmrfcp#cgefr#pc_armpq#pcnpcqclrgle#;/49;#NX#md#lsajc_p#a_n_agrw#+;15#ncpaclr#md#

V1T1#lsajc_p#a_n_agrw#_lb#319#ncpaclr#md#rmr_j#V1T1#eclcp_rgle#a_n_agrw;7,#f_tc#_llmslacb#pcrgpckclr#

nj_lq#qglac#53491#Ufgq#bmcq#lmr#glajsbc#qctcl#pc_armpq#rf_r#_tcprcb#c_pjw#pcrgpckclr#rfpmsef#qr_rc#

_argml1#



31 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

Table 3-2. Nuclear Plant Retirements, Announced Closures, and Plants Averted by State Action75
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Figure 3.15. Nuclear Plant Retirements Compared to NRC Plant Operating License Terms84 85 86
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3.4 Hydropower Retirements and Repowering 
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Figure 3.16. Hydropower Plants in the United States by Capacity and Average Annual Runoff94
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Figure 3.17. Conventional and Shale Natural Gas Production, 2007g2016104
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Figure 3.18. Wholesale Day-Ahead Electricity Prices vs. Henry Hub Natural Gas Price (Monthly 
Average)106
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Figure 3.19. Total Annual U.S. Natural Gas Generation, 1950g2016110
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Figure 3.20. Heat Rates for Coal, Nuclear, and Natural Gas, 2002g2016117

3.6 Environmental Regulations 
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Table 3-4. Major Environmental Regulations Related to Coal, Natural Gas, and Nuclear Generation 

Name Year 
Finalizedff

Year (s) 
Implemented 

Authorizing 
Statutegg

Major Provisions Generation 
Sources 
Affected 

Cooling Water 

Intake Rule.//

2001 
(Phase 1), 
2003 
(revised 
Phase 1), 
2014 
(Phase II)  

Phase II: 
2014v2018456

Clean Water 
Act  

' Promulgated under 316(b) of the Clean 
Water Act. New sources regulated under 
Phase I and existing sources regulated 
under Phase II. 

' States consider requirements for power 
plants on a case-by-case basis.124

' Requires controls to reduce mortality to 
fish and other aquatic organisms. 

Coal 
Gas 
Nuclear 

Cross-State Air 
Pollution 
Rule125

2011 Phase 1: 2015 
Phase 2: 2017 

Clean Air Act ' The Cross-State Air Pollution Rule 
replaced the Clean Air Interstate Rule 
starting on January 1, 2015, and requires 
states to reduce power plant emissions of 
SO2 and NOx that contribute to ozone 
emissions and fine particle pollution in 
other states.459

Coal 
Gas 

Steam Electric 
Effluent 
Limitations 

Guidelines./4

1974; 
policy 
updates in 
1977, 
1978, 
1980, 
1982, and 
2015 

1982; 2015 
update is 
stayed while 
EPA reviews 
rule 

40 CFR 423 ' Established limitations on the discharge of 
toxic and other chemical pollutants and 
thermal discharges from existing and new 
steam electric power plants, as well as 
pretreatment standards. 

' The 2015 update sets the first Federal 
limits on levels of toxic metals that can be 
discharged. 

Coal 
Gas 

New Source 
Reviewhh

1980; 
policy 
updates in 
1996 and 
2002 

1980; 2002 
updates under 
court 
challenge 

Clean Air Act ' Affects stationary sources of air pollutants. 
Requires that a new or modified power 
plant obtain a pre-construction permit to 
ensure, among other things, that modern 
pollution control equipment is installed. 

' Requirements differ depending on whether 
or not the plant is located in an area that 

Coal 
Gas 

###########################################################
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meets the requirements under the National 
Ambient Air Quality Standards. 

Mercury and Air 
Toxics 

Standards./5

2012 2015v2016 Clean Air Act ' Establishes emissions limits for mercury,
arsenic, acid gases, and other toxic
pollutants from coal- and oil-fired power

plants.45=

' Utilities had until April 2015 to comply with
the standards with many plants receiving a
1-year extension.

Coal 

Coal 
Combustion 
Residuals 
Rule130

2015 2015-2018ii Resource 
Conservation 
and 
Recovery Act 

' Addresses groundwater contamination
risks from coal combustion residuals (i.e.,
x[gYd Yk`y) \akhgkYd af mfdaf]\ dYf\^addk Yf\
surface impoundments by establishing
national standards for disposal.

Coal 

Regional Haze 
Rule 

1999; 
policy 
revisions 
in 2017 

Revised state 
plans due in 
2021 

Clean Air Act ' Requires states to develop long-term
strategies, including enforceable measures
to improve visibility in 156 national parks
and wilderness areas.

' Aims at returning visibility to natural
conditions by 2064.

Coal 

Carbon 
Pollution 
Standards and 
Clean Power 

Plan.0.

2015 Under EPA 
review 

Clean Air Act ' Carbon Pollution Standards established
CO2 emission standards for new fossil fuel-
fired generators under Clean Air Act
section 111(b).

' The Clean Power Plan, promulgated under
section 111(d) of the Clean Air Act,
establishes CO2 emission standards for
existing power plants.

Coal 
Gas 
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Figure 3.21. PJM Merit-Order Dispatch: Various Control Technologies133

#

This figure shows power plants separated by technology type for LGI+ af xe]jal gj\]jy+ a-]-+ ZYk]\ gf l`]aj 
marginal cost of generation, in the year 2012. The vertical lines represent various levels of load. The 
diamonds represent marginal costs (sum of fuel and variable operating and maintenance costs) for one 
subcritical pulverized coal plant with no control technology and that same plant with variations of two 
select pollution control technologies that reduce acid gas pollution. In principal, all the plants left of a 
vertical line operate at the level of demand represented by that line. (In reality, transmission constraints 
and reliability considerations can change that significantly.)  

As a plant moves to the right on the curve it will tend to operate less due to the increase in marginal cost. 
Control technologies key: dry FGD = dry flue gas desulfurization; three types of DSI (hydrated lime, trona, 
and sodium bicarbonate) = dry sorbent injection.  Another control technology not shown that is used to 
reduce acid gas emissions is wet flue gas desulfurization. Technology key: Renew = other renewables 
not including hydropower or wind power; Water = hydropower; LOil = light oil-fired power plants; HOil = 
heavy oil-fired power plants; Nuc = nuclear power.  
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3.6.1 Coal Plants and Environmental Regulation 
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Figure 3.22. Changes in U.S. Coal Capacity, December 2014gApril 2016141
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As applied to existing power plants and refineries, EPA concludes that the NSR program has 
impeded or resulted in the cancellation of projects which would maintain and improve 
reliability, efficiency and safety of existing energy capacity. Such discouragement results in 
lost capacity, as well as lost opportunities to improve energy efficiency and reduce air 
pollution.145
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Figure 3.23. Average Coal Plant Capacity Factors, 2008g2014148

Coal plant capacity factors generally fell from 2008 through 2014, with plants that retired in 2014 
operating at much lower capacity factors than all coal plants. 
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Figure 3.24. Projected and Actual Coal Retirements, 2008g2018151

#

Fewer coal plants retired in 2015v2016 than projected. 

3.6.2 Natural Gas Plants and Environmental Regulation 
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3.6.3 Nuclear Plants and Environmental Regulation 
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3.7 Growing VRE Deployment 

Xglb#_lb#qmj_p#QWjamjjcargtcjw/#WSFjf_tc#amlqrgrsrcb#rfc#t_qr#k_hmpgrw#md#rfc#WSF#bcnjmwcb#gl#pcaclr#

wc_pq1#Xglb#dgpqr#qspn_qqcb#4#ncpaclr#md#rmr_j#V1T1#eclcp_rgml#gl#533</#ufgjc#rmr_j#qmj_p#eclcp_rgml#

pc_afcb#rf_r#rfpcqfmjb#gl#53481ii#Ggespc#6158#qfmuq#rpclbq#gl#nclcrp_rgmlj_q#_#ncpaclr_ec#md#rmr_j#

eclcp_rgmljdmp#uglb/#qmj_p/#fwbpmcjcarpga/#ecmrfcpk_j/#_lb#`gmk_qq#nmucp#nj_lrq#gl#rfc#Vlgrcb#Tr_rcq#

qglac#53341#Umr_j#clb0sqc#bck_lb#qcptcb#`w#uglb#eclcp_rgml#rpgnjcb#dpmk#418#ncpaclr#gl#533<#rm#718#

ncpaclr#gl#53461#Umr_j#pclcu_`jc#eclcp_rgml#f_q#lmu#cvaccbcb#47#ncpaclr#md#rfc#V1T1#rmr_j/#ugrf#fwbpm#

_lb#uglb#amknpgqgle#rfc#j_pecqr#amknmlclrq1##

ii#Xfgjc#_lls_j#t_pg_rgml#gl#u_rcp#_t_gj_`gjgrw#_ddcarq#amltclrgml_j#fwbpmcjcarpga#msrnsr#dpmk#wc_p#rm#wc_p/#fwbpm#eclcp_jjw#f_q#

`ccl#amlqgqrclr#`cruccl#9#ncpaclr#_lb#<#ncpaclr#md#rmr_j#eclcp_rgml#qglac#53341#

frrnq>22uuu1cg_1emt2rmr_jclcpew2b_r_2kmlrfjw2nbd2qca;^91nbd1#



48 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

Figure 3.25. VRE Generation by Fuel as Percentage of Total U.S. Generation, 2002g2016163
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Figure 3.26. Cumulative U.S. Utility-Scale Wind and Hydroelectric Generation Capacity, 1915g
December 2016166

3.7.1 Technology and Policy Drivers for Deployment 
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Figure 3.27. Relationship between the PTC and Annual Wind Capacity Additions 
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Figure 3.28. VRE Penetration as a Percentage of 2016 Generation versus Retired Capacity since 
2010 as a Percentage of Non-VRE Capacity176

While concerns exist about the impact of widespread deployment of renewable energy on the retirement 
of coal and nuclear power plants, the data do not suggest a correlation. 
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Table 3-5. Fiscal Year 2013 Electricity Production Subsidies and Support177
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3.8 Flattening Electricity Demand 
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Figure 3.29. Gross Domestic Product and Net Electricity Production, Historical (1950g2016) and 
Projected (2017g2027)184 185 186 187
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Figure 3.30. Estimated U.S. Energy Savings from Structural Changes in the Economy and Energy 
Efficiency, 1980g2016189 190

The U.S. economy has made significant progress in improving the value of goods and services produced 
per unit input of energy, through both energy efficiency and structural changes to the U.S. economy.  

Ggespc#6164#qfmuq#kmpc#`pm_bjw#rfc#gkn_ar#md#rfcqc#af_lecq#ml#rfc#FJB*q#Blls_j#Flcpew#Psrjmmi#+BFP,#

Scdcpclac#a_qc#cjcarpgagrw#q_jcq#dmpca_qr#dmp#t_pgmsq#wc_pq1#F_af#BFP#dmpca_qr#gq#k_bc#_qqskgle#rf_r#j_uq#

_lb#pcesj_rgmlq#gl#cddcar#_r#rfc#rgkc#md#rfc#npmhcargml#ugjj#amlrglsc#slaf_lecb#rfpmsef#rfc#npmhcargml#

ncpgmb/#sljcqq#qafcbsjcb#clb#b_rcq#dmp#rfmqc#j_uq#_lb#pcesj_rgmlq#_pc#ugrfgl#rf_r#ncpgmb1#Ufc#m`hcargtc#

FR SL OQLUFAB = e?TRFKBRR0_q0sqs_j#a_qc?f KL =RRTJOSFLKq#_`msr#lcu#nmjgagcq#_pc#glajsbcb1#Ptcp#rfc#n_qr#

qctcp_j#bca_bcq/#lcu#Gcbcp_j#_lb#qr_rc#nmjgagcq/#k_picr#dmpacq/#_lb#`pm_bcp#camlmkga#d_armpq#f_tc#

amlrpg`srcb#rm#jmucpgle#jctcjq#md#cjcarpgagrw#amlqsknrgml#amkn_pcb#rm#uf_r#u_q#cvncarcb#rm#maasp#gl#

_`qclac#md#_lw#lcu#nmjgaw/#_q#qfmul#`w#rfc#amkn_pgqml#md#fgqrmpga_j#Scdcpclac#a_qc#npmhcargmlq#rm#

_ars_j#V1T1#cjcarpgagrw#q_jcq#+qfmul#_q#bmrrcb#jglcq#gl#Ggespc#6164,1#



56 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

Figure 3.31. EIA Annual Electricity Sales 2000g2016 (terawatt-hours) and AEO Reference Case 
Electricity Sales Projections 2017g2030191

#

A changing policy and market environment since 2000 has made it challenging to accurately forecast 
electricity demand. TWh is terawatt-hours. 
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Currently, about 90 percent of residential, 60 percent of commercial, and 30 percent of 
industrial energy consumption are used in appliances and equipment that are subject to 
Federal minimum efficiency standards implemented, and periodically updated, by the 
Department of Energy. Between 2009 and 2030, these cost-effective standards are projected 
to save consumers more than $545 billion in utility costs, reduce energy consumption by 
40.8 quads, and reduce carbon dioxide emissions by over 2.26 billion metric tons.192
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Figure 3.33. Modeled Projections for Natural Gas Price, Electricity Sales, and VRE Generation from 
EIA AEO 2017 (No Clean Power Plan Scenario)194

#

VRE generation includes wind, utility-scale PV, and distributed PV. MCf is million cubic feet 
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`gmjk Yf\ l`mk ^al l`] ljY\alagfYd fglagf g^ xZYk]dgY\-y Specifically, due to low energy prices 
and the overall efficiency of the units, combined cycle natural gas units are dispatched as 
baseload with coal units more often being cycled and thus dispatched in what has 
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FJB#qr_dd#_l_jwxcb#OHDD#slgr#bgqn_raf#rpclbq#mtcp#rgkc/#dpmk#4==<#rm#534914=9#OHDD#nj_lr#mncp_rgml#

ajmqcjw#dmjjmuq#l_rsp_j#e_q#npgacqjufcl#npgacq#ucpc#fgef#gl#rfc#kgb05333q/#rfc#lsk`cp#md#OHDD#qr_prq#

+ufcl#rfc#nj_lr#emcq#dpmk#xcpm#msrnsr#glrm#npmbsargml,#glapc_qcb#_q#rfc#a_n_agrw#d_armp#bcapc_qcb/#

amldgpkgle#rf_r#rfcqc#nj_lrq#ucpc#sqcb#kmpc#gl#jm_b0dmjjmugle#kmbc#p_rfcp#rf_l#`_qcjm_b0mncp_rgml#

kmbc1#D_n_agrw#d_armp#f_q#`ccl#pgqgle#qrc_bgjw#_lb#qr_prq#f_tc#d_jjcl#qglac#_`msr#5343/#glbga_rgle#rf_r#

OHDD#slgrq#_pc#`cgle#sqcb#gl#kmpc#fmspq#_r#fgefcp#a_n_agrw#d_armpqjg1c1/#gl#`_qcjm_b0rwnc#mncp_rgml#

+qcc#Ggespc#6167,1#



59 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

Figure 3.34. NGCC Capacity Factors and Number of Starts, 1998g2016 

Decreased starts and increased capacity factors indicate that NGCC plants are increasingly used for 
baseload-type operation. 
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4 Reliability and Resilience 
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Figure 4.1. System Operation Time Scales215

#

Planning to maintain system reliability depends on managing (potentially) multiple events in varying time 
scales. 
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As a common thread in each of our Reliability Assessments, the most pressing reliability 
issues in North America are:  

' As conventional resources prematurely retire, sufficient amounts of essential 
reliability services, such as frequency and voltage support, ramping capability, etc., 
must be replaced based on the configuration and needs of the system. 

' Resource flexibility is needed to supplement and offset the variable characteristics of 
solar and wind generation. 

' Higher reliance on natural gas exposes electric generation to fuel supply and delivery 
vulnerabilities, particularly during extreme weather conditions. Maintaining fuel 
diversity and security provides best assurance for resilience. Premature retirements 
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of fuel secure baseload generating stations reduces resilience to fuel supply 
disruptions. 

' Because the system was designed with large, central-station generation as the
primary source of electricity, significant amounts of new transmission may be needed
to support renewable resources located far from load centers.216
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4.1 Assessing Challenges to Reliability 
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NERC: How the Changing Resource Mix Affects Reliability229

The North American BPS is designed to be a highly reliable, robust, and resilient system. The system is 
interconnected, and the integrated networks work together to maintain reliability through both wide-area 
interregional planning and coordinated system operations. The adequacy of the system is maintained by 
having the right combination and amount of resources and transmission to deal with unexpected facility 
outages or extreme weather events that increase system demand. Operating reliability is maintained in 
real time through highly coordinated operator actions across many operating companies. The system is 
also planned as many as 15 years in advance by performing highly detailed, complex, and data-intensive 
power system simulations.  

The resource mix of the BPS is changing in fundamental ways. Variable energy resources, especially 
wind and solar, are rapidly expanding and capturing the majority share of new capacity additions. 
Conventional generation (such as coal and nuclear) are retiring and have become economically 
marginalized. The balancing resource tends to be natural gas, as environmental rules and commodity 
economics tend to make oil-fired generation uneconomic. Developing hydroelectric resources, a major 
energy source in some parts of the country (such as the West), is extremely challenging. The confluence 
of the changing resource mix can fundamentally impact reliability in two major ways:  

1. A balancing authority responsible for managing the balance of demand and resources through unit 
commitment. Forecasting may become capacity deficient and unable to serve firm load. Resources 
may not be available when needed, particularly those that have not secured onsite fuel. In that 
instance, manual load shedding may be required to maintain reliability.  

2. Large, unanticipated voltage or frequency deviations during a disturbance, which can lead to 
uncontrolled, cascading instability. With no mass, moving parts, or inertia, increasing amounts of 
inverter-based resources (such as solar photovoltaic) present new risks to reliability, such as 
managing faster fault-clearing times, reduced oscillation dampening, and unexpected inverter 
action.  

The rapid changes occurring in the generation resource mix and technologies are altering the operational 
characteristics of the grid and will challenge system planners and operators to maintain reliability. More 
specifically:  

' Impact of Premature Retirements: Conventional units, such as coal plants, provide frequency 
support services as a function of their large spinning generators and governor-control settings, 
along with reactive support for voltage control. Power system operators use these services to plan 
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and operate reliably under a variety of system conditions, generally without the concern of having 
too few of these services available. Coal-fired and nuclear generation have the added benefits of 
high availability rates, low forced outages, and secured onsite fuel. Many months of onsite fuel 
allow these units to operate in a manner independent of supply chain disruptions.  

' Replacement Resource Capability and Characteristics: As the generation resource mix evolves, the
reliability of the electric grid depends on the operating characteristics of the replacement resources.
Natural gas-fired units, variable generation, storage, and other resources can provide similar
reliability services. However, as a practical matter, costs, market rules, or regulatory requirements
(or lack thereof) can affect whether these resources are equipped and available to provide reliability
services. To ensure reliability, new generator and load resources must maintain the balance
between load and generation, especially during ramping periods. In addition, in some jurisdictions,
substantial amounts of generation are fgo Z]af_ Y\\]\ xZ]`af\ l`] e]l]jy (]-_-+ jgg^ lgh kgdYj),
and these resources are invisible to system operators.
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Figure 4.2. Five-Year Average Reserve Margins across Different Regions (2018g2022)231

#

All regions have reserve margins above resource adequacy targets. 
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Figure 4.3. Historical Solar On-Peak Capacity Factors in ERCOT232

As increased solar penetration in ERCOT shifts the net peak load further into the evening, its net on-peak 
capacity factor diminishes. 
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In December 2016, DOE articulated four cofkgda\Yl]\ xjmd]ky l`Yl emkl Z] eYaflYaf]\ lg ]fYZd] j]daYZd] 
operation. These include the following: 

1. Power generation and transmission capacity must be sufficient to meet peak demand for

electricity.

The power grid must have sufficient capacity available to meet the demand for electricity. Because there 

are uncertainties in forecasting demand and the potential for generation and transmission outages, the total 

amount of capacity must exceed the expected level of demand by a given fraction, termed the reserve 

margin, often about 15 percent. 

2. Power systems must have adequate flexibility to address variability and uncertainty in

demand (load) and generation resources.

The level of demand changes throughout the day and from season to season. This, and the addition of 

variable generation such as wind and solar, places a premium on having flexible generation capacity that 

can change its level of output to account for changes in demand and the amount of generation from variable 

resources (such as when the wind stops blowing or the sun goes down). 

3. Power systems must be able to maintain steady frequency.
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The power system uses what is called alternating current (AC), where the electricity reverses direction 60 

times per second (60 hertz (Hz)). If this frequency of oscillation were to deviate significantly from 60 Hz, it 

could damage machines and electronics. Any mismatch between the supply and demand of electricity can 

cause this sort of deviation, and several mechanisms operating at different timescales are used to maintain 

a steady frequency. 

4. Power systems must be able to maintain voltage within an acceptable range. 

In addition to maintaining a steady frequency, the electric grid must also deliver electricity at a given voltage. 

This voltage varies throughout the power grid, with transformers used to change voltages. Maintaining the 

[gjj][l ngdlY_] j]imaj]k l`] eYfY_]e]fl g^ xj]Y[lan] hgo]j,y o`a[` ak Y hjgh]jlq g^ >@ ]d][lja[alq l`Yl 

allows power to flow. If the levels of reactive power are too high or too low, the voltage level can change, 

potentially even collapsing catastrophically.

#
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Until recently, new generators have generally added significant energy capability along with 
the capacity they provide. With the advent of newer energy limited technologies replacing 
older ones (e.g., with emerging larger penetrations of variable generation), an assumption of 
energy adequacy cannot be made simply on the basis of capacity adequacy. Future-looking 
detailed probabilistic assessments of resource adequacy (energy, capacity and operability), 
transmission adequacy and congestion are increasingly becoming an essential requirement, 
consistent with the growing penetration of variable generation, and in the changing non-
renewable supply mix environment.234

4.1.1 Essential Reliability Services 
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Each Interconnection is actually a large machine, as every generator within the island is 
pulling in tandem with the others to supply electricity to all customers. This occurs as the 
rotation of electric generating units, nearly all in (steady-klYl]) kqf[`jgfake- P`] xkh]]\y (g^ 
rotation) of the Interconnection is frequency, measured in cycles per second or Hertz (Hz). If 
the total Interconnection generation exceeds customer demand, frequency increases beyond 
the target value, typically 60 Hz, until energy balance is achieved. Conversely, if there is a 
temporary generation deficiency, frequency declines until balance is again restored at a point 
below the scheduled frequency.235

OFSD#dsprfcp#cvn_lbq#ml#rfc#rum#k_gl#rwncq#md#dpcosclaw#amlrpmj/#Qpgk_pw#_lb#Tcamlb_pw>#

' Primary frequency control (immediate) comes from automatic generator governor response, 
load response, and other devices based on local (device-level) frequency-sensing control 
systems. In general, frequency response refers to the initial actions provided by the 
autonomous devices within an interconnection to arrest and stabilize frequency deviations, 
typically from the unexpected sudden loss of a generator or load. Primary frequency control 
is quick and automatic; it is not driven by any centralized control system, and it begins 
seconds after a system frequency event. Response to a frequency event can be provided by 
various sources, including generation resources, loads, and storage devices. 

' Secondary frequency control (seconds to minutes) and tertiary frequency control (ten 
minutes and longer) -- Secondary and tertiary control are the centralized, coordinated control 
of generation, demand response, and storage resources, and these controls are performed 
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Zq l`] kqkl]e gh]jYlgj{k ]f]j_q eYfY_]e]fl kqkl]e gn]j eafml]k lg `gmjk lg ZYdYf[] 
generation and load.236
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Ramping v Ramping is relat]\ lg ^j]im]f[q+ Zml egj] af Yf xgh]jYlagfk Yk mkmYdy k]fk] 
rather than after an event. Changes in the amount of non-dispatchable resources, system 
constraints, load behaviors, and the generation mix can impact the ramp rates needed to 
keep the system in balance.  

Voltage v Voltage must be controlled to protect the system and move power where it is 
needed. This control tends to be more local in nature, such as at individual transmission 
substations, in sub-areas of lower-voltage transmission nodes and the distribution system. 
Ensuring sufficient voltage [gfljgd Yf\ xkla^^f]kky g^ l`] kqkl]e ak aehgjlYfl Zgl` ^gj fgjeYd 
operations and for events impacting normal operations (i.e., disturbances).237
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Lgo]j ljYfk^]jj]\ Ydgf_ ljYfkeakkagf daf]k [gfkaklk g^ Zgl` xj]Ydy hgo]j Yf\ xj]Y[lan]y 
power. The real power is the energy that is capable of performing work in electrical devices 
including industrial equipment, refrigerators, or toasters. Reactive power is needed to 
maintain the voltage as well as electric and magnetic fields in AC equipment, which includes 
air conditioners, motors, transmission lines, and other devices. Together, real power and 
reactive power comprise apparent power, which is measured in units of Volt-Amperes or kilo 
Volt-Amperes - kVA.  

Reactive power cannot be transmitted as far as real power and instead must be replenished 
locally. Moreover, a deficit in reactive power causes voltage to drop. This is seen when the 
lights dim as an electric motor starts. While reactive power consumed by facilities or devices 
tends to cause the voltage to drop, it can also be produced or injected into the system to 
af[j]Yk] ngdlY_] af o`Yl ak g^l]f j]^]jj]\ lg Yk xngdlY_] kmhhgjl-y P`ak ak Y[[gehdak`]\ af Y 
variety of ways, including by adjusting the reactive power output of generators or by 
activating capacitor banks or other power electronic equipment. If reactive power is not 
supplied promptly and in sufficient quantity, voltages decline, and in extreme cases a 
xngdlY_] [gddYhk]y eYq j]kmdl-56<
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We therefore conclude that improvements in technology, and the corresponding declining 
costs for newly interconnecting wind generators to provide reactive power, make it unjust, 
unreasonable and unduly discriminatory and preferential to exempt such non-synchronous 
generators from the reactive power requirement when other types of generators are not 
exempt. Further, requiring all newly interconnecting non-synchronous generators to design 
their Generating Facilities to maintain the required power factor range ensures they are 
subject to comparable requirements as other generators.239
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'&3$dR OQFJ=QX CQBPTBK@X QBROLKRB /LSF@B LC 1QLOLRBA#Ssjck_igle#npmnmqcq#rm#pcosgpc#lcu#j_pec#_lb#

qk_jj#eclcp_rmpq#rm#glqr_jj/#k_glr_gl#_lb#mncp_rc#cosgnkclr#a_n_`jc#md#npmtgbgle#npgk_pw#dpcosclaw#

pcqnmlqc#_q#_#amlbgrgml#md#glrcpamllcargml1573#
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' Frequency-Responsive Reserve: On-line generation with headroom that has been tested 
Yf\ n]ja^a]\ lg Z] [YhYZd] g^ hjgna\af_ \jggh WuX Ff egkl [Yk]k+ gfdq hgjlagfk g^ Y+ Z Yf\ [ af 
[Figure 4.4] qualify as Frequency Responsive Reserve.  

' Nonspinning Reserve: Operating Reserve capable of serving demand or Interruptible 
Demand that can be removed from the system, within 10 minutes. (This is c in [Figure 4.4])  

' Operating Reserve: That capability above firm system demand required to provide for 
regulation, load forecasting error, equipment forced and scheduled outages, and local area 
protection. (This is a+b+c+d+e in [Figure 4.4]). 

' Regulating Reserve: An amount of spinning reserve responsive to Automatic Generation 
@gfljgd+ o`a[` ak km^^a[a]fl lg hjgna\] fgjeYd j]_mdYlaf_ eYj_af- (P`ak ak xYy af WFigure 4.4])  

' Replacement Reserve: (This is d+e in [Figure 4.4]). NOTE: Each NERC Region sets times 
for reserve restoration, typically in the 30v90 minute range. The default contingency reserve 
restoration period is 90 minutes after the disturbance recovery period.  

' Spinning Reserve: Unloaded, synchronized, resource, deployable in 10 minutes. (This is b 
in [Figure 4.4]). 241

Figure 4.4. NERC Definitions of Reserves Used to Provide ERS242

#
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Figure 4.5. System Frequency after a Grid Event (Top) and How Frequency Control Mechanisms 
Work to Restore Frequency (Bottom)243

System operators have a number of levels of frequency control to manage a significant grid event. 
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Some generators, including all current nuclear generators, most wind turbines in North 
America, as well as many new natural gas turbines do not provide governor response. Other 
generators, which may be capable of providing governor response, are sometimes operated 
in ways that prevent them from providing that response. For example, a generator operated 
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at its maximum capability cannot provide upward primary frequency control because it has 
no head room. Finally, some generators have additional controls [u] that override the 
sustained delivery of governor response.244
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To meet the needs of the future Bulk Power System, maintaining sufficient ERS will include a 
mix of market approaches, technology enhancements, and reliability rules or other regulatory 
rule changes.  While the solution sets will likely be different in various regions, it may be 
necessary for regulators to make appropriate adjustments to market rules and reliability 
standards that will ensure reliable operation of the BPS.245
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4.1.2 Inertia and Inertial Response 
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Due to electro-mechanical coupling, a generator's rotating mass provides kinetic energy to 
the grid (or absorbs it from the grid) in case of a frequency deviation to arrest frequency 
change and stabilize the electric system. The contribution of inertia is an inherent and crucial 
feature of rotating synchronous generators.247 #
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A key difference between wind inertia and fast frequency response from other resources 
(batteries, PV, flywheels) is that wind turbines do not need to be pre-curtailed in order to 
provide synthetic inertial response. Wind inertia extracts some of the kinetic energy from the 
spinning rotor and uses it to provide increased power output within seconds.57<
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4.1.3 Energy Storage 
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' Cost competitive energy storage technologywAchievement of this goal requires attention
to factors such as life-cycle cost and performance (round-trip efficiency, energy density,
cycle life, capacity fade, etc.) for energy storage technology as deployed. It is expected
that early deployments will be in high value applications, but long term success requires
further cost reductions and the ability to monetize revenues for all grid services that
storage provides.

' Validated reliability and safetyw Validation of the safety, reliability, and performance of
energy storage is essential for user confidence.

' Equitable regulatory environmentw Value propositions for supply-side grid storage
depend on reducing institutional and regulatory hurdles to levels comparable with those
of other grid resources.bbb 251
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' Industry acceptancewindustry adoption requires manufacturers to have confidence that 
storage will deploy as expected, and deliver as predicted and promised.252
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Table 4-1. How Various Energy Storage Options Can Deliver Grid-Level Applications253
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4.1.4 Transmission 
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Figure 4.6. EEI Historical and Project Transmission Investment (Nominal Dollars)270

##

Prudent and well planned transmission can reduce total system costs by reducing localized congestion 
that sometimes leads to high wholesale electricity prices at transmission-constrained nodes. 
Transmission investments in future years could increase as utilities and system operators seek to mitigate 
reliability impacts of plant closures and bring new generation to load centers. 

4.1.5 System Requirements to Meet Higher Levels of VRE on the Grid 
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Figure 4.8 Wind Energy Share of Electric Generation by State, 2016278
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Table 4-2. Characteristics of VRE, Grid Integration Challenges, and Mitigation Options279

Wind & Solar 
Characteristics 

Potential Grid Integration 
Challenges 

Mitigation Options 

Variability Generator output can 
vary as underlying 
resource fluctuates. 

In many power systems, sufficient flexibility exists to 
integrate additional variability, but this flexibility may 
not be fully accessible without changes to power 
system operations or other institutional factors (e.g., 
increased ramping of generation and improved 
coordination across markets and balancing areas) 
(Lew et al. 2013).  

Uncertainty Generation cannot be 
predicted with perfect 
accuracy (day-ahead, day 
of).  

Integration of advanced renewable supply forecasting 
into dispatch and market operations has reduced 
uncertainties, improved scheduling of other resources 
to reduce reserves and fuel consumption, and 
enabled VRE to participate as dispatchable resources 
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(IEA 2014; Lew et al. 2011). Examples: Xcel Energy, 
U.S. RTOs/ISOs (Porter et al. 2012).  

Location
specificity 

Generation is more 
economical where 
highest-quality resources 
are available. 

Competitive Renewable Energy Zones in Texas are 
an example of an approach to quickly develop 
generation and transmission in coordination (18.5 GW 
and 3,600 miles were completed nine years after 
Competitive Renewable Energy Zones legislation was 
signed) to access wind resources in remote parts of 
the state.  

Non-
synchronous 
generation  

Generators provide 
voltage support and 
frequency control in a 
different manner than 
traditional resources. 

Grid code requirements are evolving in response to 
technological advances and anticipation of high VRE 
penetration levels. For example, ERCOT, which is a 
small interconnection and more vulnerable to 
frequency excursions, now requires wind generators 
to provide inertial response, which helps keep a 
system stable in the initial moments after a 
disturbance (Bird, Cochran, and Wang 2014).  

Low capacity 
factor  

Availability of the 
underlying energy 
resource limits the run- 
time of the plant. 

Capacity payments or markets, potentially tied to 
performance, could ensure sufficient cost recovery. 
The potential for stranded assets is not unique to VRE 
and can occur whenever generation with lower 
marginal costs is added to the system. For example, 
low natural gas prices have reduced the market 
competitiveness of nuclear plants, contributing to 
recent retirements (Wernau and Richards 2014).  
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[W]ill benefit if the rest of the electricity system is flexible v able to respond to shifts in 
demand and VRE availability. VRE impacts and system costs will be driven lower as power 
systems transform to manage the unique characteristics that VRE resources introduce. 
Power systems that resist change as VRE penetrations increase will experience greater 
challenges in maintaining reliability and managing costs.280
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Figure 4.9. Ways To Integrate VRE, Arrayed by Type of Intervention and Cost (2014)281
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[T]here are significant benefits from the geographic diversity of wind generating facilities and 
the size of the MISO operating footprint. The large number of individual turbines and plants, 
spread across a large geographic area with dimensions in the hundreds of miles, results in 
statistical smoothing of production changes driven by local meteorological effects. Large 
changes in aggregate production are driven by large-scale meteorological phenomena such 
as weather fronts, and occur over longer timescales from many tens of minutes to several 
hours.286

4.1.6 Impact of VRE on Net Load 
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Generation operators, including VERs [Variable Energy Resources], must coordinate with 
their host Balancing Authority (BA) to ensure that their output continuously matches load. 
Generation is adjusted throughout the day to meet scheduled output and is made available 
to regulate moment variations intra-hour. For VERs when the wind drops off or clouds pass 
over a solar array, less energy may be produced than scheduled (over-scheduled/under-
produced), and additional resources must be brought on-line to make up the difference. 
There is a cost associated to these added generation resources. Similarly, if VERs are 
producing more than what was scheduled, or if electrical demand is less than anticipated, 
other resources must be backed down to ensure resources and load are balanced. Not all 
generation is capable of responding. Traditional generation, like coal, is not capable of 
reacting quickly to changing needs and takes hours or days to reach full operating potential. 
Gas turbines can react fairly quickly, but only if the plants are not already producing at full 
rated generating capacity. Hydro generation, while being an ideal resource to help with VER 
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integration, is generally scheduled to meet reservoir requirements or provide for downstream 
water demands, including fish, wildlife, and other environmental mitigation requirements.289
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Figure 4.10. CAISO Load, Net Load, and Wind and Solar Output on Example Weekdays during 
2014290
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CAISO data show the effect of VRE on net load (total customer load minus wind and solar output) during 
representative days in the spring, summer, and fall. As the amount of VRE generation increases, daily net 
load decreases, and the impacts on net load become more acute in shoulder months. 
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What the Duck Curve Tells Us About Managing a Green Grid292

Figure 4.11. The CAISO Duck Curve 

P`] ]d][lja[ _ja\ Yf\ l`] j]imaj]e]flk lg eYfY_] al Yj] [`Yf_af_u P`] FOK [j]Yted future 
scenarios of net load curves to illustrate these changing conditions. Net load is the difference 
between forecasted load and expected electricity production from variable generation resources. In 
certain times of the year, these curves produce a zZ]ddq{ Yhh]YjYf[] af l`] ea\-afternoon that quickly 
jYehk mh lg hjg\m[] Yf xYj[`y kaeadYj lg l`] f][c g^ Y \m[c w `]f[] l`] af\mkljq egfac]j g^ zP`] 
Duck Chart.{
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' Short-steep ramps v when the ISO must bring on or shut down generation resources to meet an
increasing or decreasing electricity demand quickly, over a short period of time;

' Oversupply risk v when more electricity is supplied than is needed to satisfy real-time electricity
requirements; and

' Decreased frequency response v when less resources are operating and available to
YmlgeYla[Yddq Y\bmkl ]d][lja[alq hjg\m[lagf lg eYaflYaf _ja\ j]daYZadalq-y

WuX To ensure reliability under changing grid conditions, the ISO needs resources with ramping 
flexibility and the ability to start and stop multiple times per day WuX Addressing concerns about 
frequency response capabilities in times of low load and high renewable generation may require 
operating renewable generators such that they can increase power with automated frequency 
response capability.  
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Figure 4.12. Demand and Net Demand Shapes at Different Distributed Energy Resource 
Penetration Levels293
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Figure 4.13. Mapping Reliability Attributes Against Resourcesiii 301
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Ancillary Services in Centrally-Organized Markets302

u WBXY[` FOK Ydkg gh]jYl]k Ym[lagf eYjc]lk ^gj khaffaf_+ fgf-spinning reserves, and regulation with
uniform clearing prices, with additional performance payments for regulation. (ERCOT, however, does not 
offer performance payments). Table 2 [Figure 4.14 on the following page] presents some of the terminology 
and characteristics. The hourly requirements for these services are set based on reliability standards and 
operational requirements that vary by ISO. The market designs generally co-optimize energy and reserves. 
Although ancillary service market designs can be complicated, the level of procurement typically only 
comprises less than 2% of total market volume. Ancillary service pricing is also used to signal short-term 
supply shortages. Because procurement of these ancillary services is allowed to be deficient before load is 
curtailed, the failure to procure sufficient reserves is often a first indicator of supply shortage. Hence, the 
ISOs include administrative scarcity prices in the market designs. Such pricing allows ancillary service 
priceswalong with energy prices, when opportunity costs are includedwto increase during shortages to 
levels more consistent with the value of lost load than the energy market offer caps. These scarcity prices 
are established differently in each ISO.  

There are a number of recent initiatives to modify the ancillary service markets. CAISO and MISO have 
recently implemented types of ramping reserves, intended to increase the ramping range from committed 
resources available during real-time energy dispatch. Some ISOs, notably ERCOT, have also begun to 
develop designs for frequency-responsive and inertial response reserve markets.  

Two ancillary serviceswvoltage support/reactive power and black start servicesware not yet considered to 
have the appropriate characteristics for competitive markets and are thus compensated through cost-based 
rates.  

Figure 4.14 Selected Ancillary Service Market Design Characteristics 

Continued on next page 
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Figure 4.15. Ancillary Service Products Exchanged in the Centrally Organized Markets, Listed by 
RTO/ISO and Category of Ancillary Service  

Note: (xDAMy = day-ahead market; RTM = real-time market) 
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diffusion by providing reliable and dispatchable back-up capacity to hedge against variability 
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4.2 Diversity, Fuel Assurance, and Onsite Storage 
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4.2.1 Fuel Diversity 
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Figure 4.16. Generation Mix and Various Economic and Policy Drivers Since 1949, Including 
Diversity Index309
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Figure 4.17. Changes in U.S. Capacity (Top) and Generation (Bottom) Mix over Time (Left to Right: 
2002, 2009, 2016)310

#

The grid was, on average, more diverse in 2016 than in 2002 in terms of both capacity and generation. 
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Risk, Reliability, and Fuel Diversity311

In a summary of the policy implications of the impacts of fuel diversity on risk and reliability, Devin Hartman 
of the R Street Institute states that: 

Policymakers and regulators should recognize that fuel diversity is a poor proxy for valid policy 
objectives, like risk management and reliability. Specifically, a high level of fuel diversity does not 
necessarily mean that an electricity system manages risk efficiently or meets reliability needs. 
Conversely, policies or market-design changes intended to increase fuel diversity will not necessarily 
improve risk management or reliability.  

Fuel neutrality is essential for both monopoly-utility resource planning and competitive markets to 
manage risk and achieve reliability efficiently. Interventions to promote specific fuel typeswsuch as 
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bailouts for coal and nuclear or mandates and subsidies for renewableswskew investment risk and 
can undermine incentives for reliability-enhancing behavior (e.g., a public intervention to finance 
pipeline expansion removes incentives for the private sector to invest in fuel security). Fuel-specific 
subsidies and mandates replace individual choice with collective choice. This one-size-fits-all 
YhhjgY[` lg jakc eala_Ylagf a_fgj]k nYjaYf[]k af af\ana\mYdk{ jakc lgd]jYf[]k+ j]kmdlk af `a_`-cost risk 
mitigation, and creates perverse incentives for market participants by transferring risk and costs from 
the private to the public sector.  

For regulators, attempts to achieve fuel diversity in market designs explicitly would likely result in 
inefficient and potentially discriminatory practices that are inconsistent with the Federal Power Act. 
The reliable performance of power generators varies across and within fuel types and changes with 
fluctuating conditions. This renders any attempt to value fuel diversity very complex. It would require 
extensive administrative judgment, expanding the potential for government failure. Ultimately, the 
central aim of market design should remain to procure specific reliability attributes at the least cost.  

4.2.2 Fuel Assurance and Onsite Storage 

G&3$ TRBR SEB SBQJ CTBI =RRTQ=K@B SL JB=K = DBKBQ=SLQdR =@@BRR SL RTCCF@FBKS CTBI RTOOIFBR SEQLTDE 

k_picrq#mp#`gj_rcp_j#amlrp_arq#+_lb#rfc#bcepcc#rm#ufgaf#rfmqc#_pp_leckclrq#_pc#dgpk,1#Pl#rfc#SUP2JTP#

jctcj/#dscj#_qqsp_lac#pcdcpq#rm#rfc#pcegml_j#pcqmspac#nmpSCLIFLdR =?FIFSX SL =@@BRR RTCCF@FBKS CTBI SL JBBS 

qwqrck#lccbq#_lb#k_glr_gl#pcjg_`gjgrw1645#646#

/&3$dR ~|}� PiViZ#d[#OZa^VW^a^in#QBOLQS FABKSFCFBA eI=@H LC CTBIf _kmle#rfc#rmn#rcl#a_sqcq#md#dmpacb#

msr_ecq#dmp#5347#_lb#53481647#Xfgjc#j_ai#md#dscj#gq#_#pcj_rgtcjw#gldpcosclr#a_sqc#md#eclcp_rmp#msr_ecq/#gr#

a_l#qrgjj#f_tc#k_hmp#pcncpasqqgmlq#ufcl#gr#bmcq#maasp#`ca_sqc#qwqrck#dscj#qsnnjw#af_gl#bgqpsnrgmlq#a_l#

gkn_ar#k_lw#eclcp_rmpq#bspgle#_#qglejc#ugbcqnpc_b#dscj#qfmpr_ec#ctclr1#Osajc_p#_lb#am_j#nj_lrq#

rwnga_jjw#f_tc#_bt_lr_ecq#_qqmag_rcb#ugrf#mlqgrc#dscj#qrmp_ec#amkn_pcb#rm#l_rsp_j#e_q1#Xfgjc#f_tgle#dscj#

mlqgrc#pcbsacq#rfc#pgqi#rf_r#_#eclcp_rmp#ugjj#`c#sl_`jc#rm#mncp_rc#ufcl#lccbcb/#ctcpw#rwnc#md#dscj#_lb#

nmucp#eclcp_rgml#qmspac#f_q#ilmul#tsjlcp_`gjgrgcq#rf_r#a_l#amknpmkgqc#grq#_`gjgrw#rm#ncpdmpk#pcjg_`jw1##

W_js_rgml#mp#pcesj_rgml#md#mlqgrc#dscj#qrmp_ec#t_pgcq#_@QLRR SEB /=SFLKdR LQD=KFYBA J=QHBSR1#Plqgrc#dscj#

qsnnjgcq#a_l#`c#pcosgpcb/#glaclrgtgxcb/#mp#lmr#amknclq_rcbjbcnclbgle#ml#rfc#SUP2JTP#gl#oscqrgml1#Gmp#

cv_knjc/#qmkc#bs_j0dscj#eclcp_rmpq#gl#rfc#Ocu#Zmpi#Dgrw#pcegml#+OZJTP#[mlc#K,#_pc#pcosgpcb#slbcp#jma_j#

pcjg_`gjgrw#psjcq#rm#k_glr_gl#mlqgrc#dscj#rm#npmrcar#_e_glqr#rfc#jmqq#md#e_q#qsnnjgcq1648#Tctcp_j#k_picrq#f_tc#

_jqm#_rrcknrcb#rm#glaclrgtgxc#dgpk#_lb#mlqgrc#dscj#qsnnjgcq#`w#_bbgle#ncpdmpk_lac#pcosgpckclrq#rm#rfcgp#

a_n_agrw#k_picrq1#Jl#QKN#_lb#JTP0OF/#rfcqc#pcosgpckclrq#ucpc#_bmnrcb#_drcp#eclcp_rmp#

slbcpncpdmpk_lac#maasppcb#bspgle#qctcp_j#glqr_lacq#md#qwqrck#qrpcqq#`cruccl#5343#_lb#53471iii#Ufc#

glaclrgtcq#gl#rfcqc#k_picrq#_pc#bcqgelcb#rm#pcu_pb#mp#ncl_jgxc#eclcp_rmpq#`_qcb#snml#fmu#rfcw#

pcqnmlb#rm#rfc#qwqrck#mncp_rmp#bspgle#ncpdmpk_lac#ctclrq1##

Baampbgle#rm#Hmpbml#t_l#Xcjgc/#Qpcqgbclr#_lb#DFP#md#JTP0OF>#

We currently have a precarious operating situation in the winter time and we're worried about 
it becoming mfkmklYafYZd] Z]qgf\ 1/08u The reality is that we're really operating with a 
very slim operating margin during the winter time that may not cover these large 
contingencies that worry us.316
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Growing reliance on natural gas continues to raise reliability concerns regarding the ability of 
both gas and electric infrastructures to maintain the BPS reliability at acceptable levels. 
Many efforts have focused on the gas-electric interface and yet, insufficient progress has 
been made reconciling the planning approaches and operating practices (scheduling 
situation awareness, information sharing) between these two inter-linked sectors. Planning 
approaches, operational coordination, and regulatory partnerships are needed to assure fuel 
deliverability, availability, security (physical and cyber), and resilience to potential 
disruptions. Unfortunately, an approach not obvious in electricity markets today.318
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[u] areas with a growing reliance on natural gas-fired generation are increasingly vulnerable 
to issues related to gas supply unavailability. Common-mode, single contingency-type 
disruptions to fuel supply and deliverability in areas with a high penetration of natural gas-
fired generation are reducing resource adequacy and potentially introducing localized risks to 
reliability. Not only can impacts to BPS reliability occur during the gas-load peaking winter 
season, but they can also manifest during the summer season when electric demand is high 
and natural gas facilities are out of service, which can lower the operational capacity and 
flow of the pipeline system.320
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Figure 4.18. Natural Gas Storage Facilities322

The United States has over 400 natural gas storage facilities; the majority are depleted natural gas fields 
used for storage, with salt domes concentrated in the Southeast and aquifer storage concentrated in 
Illinois and Indiana.#
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Table 4-3. Dependence on Imported Just-in-Time Energy for Electricity323

#
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Analysis performed after the leak identified 17 nearby electric generators with a combined 
output of over 9,800 MW that relied on Aliso Canyon for fuel supply. Some of these 
generators are required for local reliability; however, without supply from Aliso Canyon, low 
pressure in gas pipelines could stop the flow of gas to the generators, leaving them unable to 
operate.324 The loss of Aliso Canyon gas storage field highlights the risk to the power grid 
from failures in the pipeline infrastructure. Electric market and regulatory changes in 
California resulting from this event include: expedited procurement of electric storage 
resources, enhanced gas-electric coordination, expanded demand response program and a 
constraint in the electric market that reflects gas limitations.325
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Examine and review the natural gas supply issues encountered during the event. Industry 
should also work with gas suppliers, markets, and regulators to quickly identify issues with 
natural gas supply and transportation so that appropriate actions can be developed and 
implemented to allow generators to be able to secure firm supply and transportation at a 
reasonable rate.326
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Figure 4.19. Coal Stocks and Days of Burn, January 2010gMay 2017332

While bituminous coal stockpiles in tons have been slightly lower than historic averages in recent months, 
these stocks are expected to last relatively longer than historic average (measured in days of burn) due to 
lower capacity factors and expected lower fuel consumption in coal plants. Subbituminous coal stocks 
(not pictured) have increased in recent months relative to historic averages both in terms of tons and days 
of burn. 
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Figure 4.20. Electricity Generation Changes from 2013 to 2014 by Fuel Type 

Competition for natural gas between residential heating and power production caused a rise in natural 
gas prices in the early months of 2014. The high gas prices coupled with onsite coal storage led to a 
sharp increase in coal electricity production in those months compared to the winter of 2013. 
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4.3 High-Risk Events and System Resilience 
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4.4 Enhancing Reliability and Resilience 
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' The expected near-term resource portfolio is among the highest-performing portfolios and is
well equipped to provide the generator reliability attributes.

' As the potential future resource mix moves in the direction of less coal and nuclear
generation, generator reliability attributes of frequency response, reactive capability and fuel
assurance decrease, but flexibility and ramping attributes increase.

' A marked decrease in operational reliability was observed for portfolios with significantly
increased amounts of wind and solar capacity (compared to the expected near-term
resource portfolio), suggesting de facto performance-based upper bounds on the percent of
system capacity from these resource types. Additionally, most portfolios with solar unforced
capacity shares of 20 percent or greater were classified infeasible because they resulted in
LOLE criterion violations at night. Nevertheless, PJM could maintain reliability with
unprecedented levels of wind and solar resources, assuming a portfolio of other resources
that provides a sufficient amount of reliability services.

' Portfolios composed of up to 86 percent natural gas-fired resources maintained operational
reliability. Thus, this analysis did not identify an upper bound for natural gas. However,
additional risks, such as gas deliverability during polar vortex-type conditions and
uncertainties associated with economics and public policy, were not fully captured in this
analysis. Risks with respect to natural gas may lie not in capability to provide the generator
reliability attributes but rather in these other uncertainties.

' More diverse portfolios are not necessarily more reliable; rather, there are resource blends
between the most diverse and least diverse portfolios which provide the most generator
reliability attributes.349 [original footnotes omitted]
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Only 34 of the 98 portfolios which were classified as desirable were resilient when subjected 
to a polar vortex event. This sensitivity specifically captured the increased risk of natural gas 
delivery under extremely cold and high load conditions. The polar vortex sensitivity highlights 
the importance of resilience, which is not captured by the generator reliability attributes that 
were considered in this study.350

EPF/#OFSD/#_lb#glbsqrpw#qr_icfmjbcpq#npcn_pc#dmp#_#t_pgcrw#md#nmrclrg_j#rfpc_rq/#glajsbgle#fgef0gkn_ar/#

jmu0dpcosclaw#ctclrq/#rm#gknpmtc#pcqgjgclac#_lb#pcamtcpw1#Qj_llgle/#np_argac/#_lb#ammpbgl_rgml#ml#_l#_jj0

f_x_pbq#`_qgq#_pc#_q#gknmpr_lr#dmp#gknpmtgle#pcqgjgclac#_q#f_tgle#_#kgv#md#pcqmspacq#_lb#dscjq#_t_gj_`jc#

ufcl#_#k_hmp#epgb#bgqrsp`_lac#maaspq1#B#bgtcpqc#pcqmspac#nmprdmjgm#amsjb#amknjckclr#ufmjcq_jc#k_picr#

npmbsarq#rf_r#pcamelgxc#_lb#amknclq_rc#npmtgbcpq#dmp#rfc#t_jsc#md#FST#ml#_#rcaflmjmew0lcsrp_j#`_qgq1#

kkk#Ufc#QKN#qrsbw#_qqskcb#dgpk#e_q#qsnnjw#amlrp_arq#dmp#l_rsp_j#e_q0dgpcb#eclcp_rmpq1#



100 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

%0&dR (QFA .LABQKFY=SFLK *KFSF=SFUB +HNJ,#umpiq#rm#`crrcp#slbcpqr_lb#uf_r#pcqgjgclac#kc_lq#dmp#rfc#

nmucp#qwqrck#_lb#fmu#rm#kc_qspc#_lb#_afgctc#gr1#

Up_lqkgqqgml#nj_llgle#_jqm#qsnnmprq#epgb#pcjg_`gjgrw#_lb#pcqgjgclac#rfpmsef#glrcpamllcargle#bgtcpqc#

pcqmspacq/#_lb#gr#maaspq#_r#_#t_pgcrw#md#jctcjqjp_legle#dpmk#glbgtgbs_j#srgjgrw#qwqrck#qrsbgcq#rm#pcegml_j#

_lb#glrcpamllcargml0ugbc#qrsbgcq1#Jl#533=/#EPF#gqqscb#_#qcpgcq#md#ep_lrq#rm#qsnnmpr#glrcpamllcargml0

ugbc#rp_lqkgqqgml#nj_llgle1#Jl#5344/#GFSD#gqqscb#Ppbcp#Om1#4333/#ufgaf#+_kmle#mrfcp#pcosgpckclrq,#

k_lb_rcq#pcegml_j#rp_lqkgqqgml#nj_llgle#_lb#glrcppcegml_j#ammpbgl_rgml1#Bq#lmrcb#gl#_#pcaclr#qrsbw#dmp#

rfc#XJSFT#epmsn>#

The analytical approaches applied to interregional [transmission] planning should look 
Z]qgf\ xZYk] [Yk]ky gj xZmkaf]kk-as-mkmYd [Yk]ky Yf\ ]phda[aldq [gfka\]j Y ZjgY\]j jYf_] g^ 
plausible market conditions, system contingencies, and public policy environments to capture 
the short- and long-term flexibility benefits and insurance value that a more robust 
interregional transmission infrastructure can offer in terms of shielding customers from high-
cost outcomes. 

u o] j][gee]f\ l`Yl km[` ^mlmj]k Z] ]nYdmYl]\ lg a\]fla^q ljYfkeakkagf hjgb][lk l`Yl 
address current needs but also provide the insurance and flexibility value to mitigate high-
cost outcomes across a range of uncertain but not implausible futures.351

Hgtcl#rfc#k_lw#npm`jckq#rf_r#a_l#_ddcar#bgddcpclr#eclcp_rgml#_lb#dscj#rwncq/#qwqrck0ugbc#pcjg_`gjgrw#_lb#

pcqgjgclac#a_l#`c#qsnnmprcb#`w#_#bgtcpqc#nmprdmjgm#md#eclcp_rgml#pcqmspacq#rf_r#jgkgr#mtcp0bcnclbclac#

ml#_lw#qglejc#dscj#mp#rcaflmjmew#rwnc/#njsq#bck_lb0qgbc#pcqmspacq#rf_r#pcbsac#mtcp_jj#bck_lb#_lb#

`crrcp#npmrcar#asqrmkcpq#gl#rfc#ctclr#md#_#ugbcqnpc_b#cvrpckc#ctclr1#

4.5 Reliability and Resilience Looking Forward 
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lcsrp_j#`_qgq1##Nmpc#umpi#gq#lccbcb#rm#bcdglc/#os_lrgdw/#_lb#t_jsc#pcqgjgclac?#T_lbg_#O_rgml_j#

M_`mp_rmpgcq#f_q#k_bc#cddmprq#rm#bm#qm/#_q#qfmul#gl#Ggespc#71541#
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Figure 4.21) GMZPUM CM`U[ZMX AMN[^M`[^UQ_j FQ_UXUQZOQ 6ZMXe_U_ E^[OQ__352
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5 Wholesale Electricity Markets  
Ufc#ufmjcq_jc#cjcarpgagrw#k_picr#gqqscq#msrjglcb#gl#rfc#Bnpgj#47#kckm#_pc#aclrp_j#rm#rfc#dsrspc#md#V1T1#

cjcarpgagrw#k_picrq#_lb#nmjgaw1#Br#rfc#q_kc#rgkc/#rfcw#_pc#rfc#qs`hcar#md#glrclqc#bc`_rc#_kmle#

qr_icfmjbcpq#ugrf#bgddcpgle#pcegml_j#_lb#camlmkga#glrcpcqrq1#Omrgle#rfc#ugbc#p_lec#md#mnglgml#ml#rfcqc#

gqqscq/#EPF#qr_dd#mddcp#rfpcc#eclcp_j#dglbgleq>##

4, Df_legle#agpaskqr_lacq#_pc#af_jjclegle#aclrp_jjw0mpe_lgxcb#ufmjcq_jc#k_picrq1#Gj_r#bck_lb#

epmurf/#Gcbcp_j#_lb#qr_rc#nmjgaw#glrcptclrgmlq/#_lb#rfc#k_qqgtc#camlmkga#qfgdr#gl#rfc#pcj_rgtc#

camlmkgaq#md#l_rsp_j#e_q#amkn_pcb#rm#mrfcp#dscjq#_pc#apc_rgle#qrpcqqcq#ml#ufmjcq_jc#cjcarpgagrw#

k_picrq1#Ufc#aclrp_jjw0mpe_lgxcb#k_picrq#_pc#qsaacqqdsjjw#_afgctgle#pcjg_`jc#_lb#camlmkga_jjw#

cddgagclr#bcjgtcpw#md#ufmjcq_jc#cjcarpgagrw#gl#rfcgp#qfmpr0rcpk#mncp_rgmlq/#`sr#rfc#af_legle#

agpaskqr_lacq#nmprclb#nmrclrg_j#jmle0rcpk#npm`jckq#dmp#aclrp_jjw0mpe_lgxcb#_lb/#rm#_#jcqqcp#cvrclr/#

`gj_rcp_j#k_picrq1##

5, Ocu#rcaflmjmegcq#ugrf#tcpw#jmu#k_pegl_j#amqrq/#g1c1#WSF/#pcbsac#ufmjcq_jc#npgacq/#glbcnclbclr#mdj

_lb#gl#_bbgrgml#rmjrfc#cddcarq#md#jmu#l_rsp_j#e_q#npgacq1#Um#rfc#cvrclr#rf_r#_bbgrgml_j#bctcjmnkclr#

md#qsaf#pcqmspacq#gq#bpgtcl#`w#qs`qgbgcq#_lb#k_lb_rcq/#rfcgp#npgac#qsnnpcqqgtc#cddcar#kgefr#nj_ac#

slbsc#camlmkga#npcqqspc#ml#pctclscq#dmp#rp_bgrgml_j#`_qcjm_b#+_q#ucjj#_q#lml0`_qcjm_b,#pcqmspacq#

_lb#amsjb#pcosgpc#af_lecq#gl#k_picr#bcqgel1686#687#688###

6, N_picrq#lccb#dsprfcp#umpi#rm#_bbpcqq#epgb#pcqgjgclac1#N_picr#kcaf_lgqkq#_pc#bcqgelcb#rm#

glaclrgtgxc#glbgtgbs_j#pcqmspacq#p_rfcp#rf_l#bctcjmn#`_j_lacb#nmprdmjgmq1#Twqrck#mncp_rmpq#_pc#

umpigle#rmu_pb#pcamelgxgle/#bcdglgle/#_lb#amknclq_rgle#dmp#pcjg_`gjgrw0#_lb#pcqgjgclac0clf_lagle#

pcqmspac#_rrpg`srcq#+ml#`mrf#rfc#qsnnjw#_lb#bck_lb#qgbc,/#`sr#kmpc#umpi#ksqr#`c#bmlc1##

V1T1#k_picr#qrpsarspcq#t_pw#ugbcjw/#`sr#bcqngrc#qs`qr_lrg_j#bgddcpclacq#`cruccl#k_picrq/#qmkc#n_rrcplq#

ckcpec#_lb#_pc#umprf#_bbpcqqgle#gl#pcqnmlqc#rm#rfc#Bnpgj#47#kckm1#

5.1 Evolution of U.S. Wholesale Electricity Markets 

Vlrgj#rfc#4=;3q/#gltcqrmp0mulcb#cjcarpga#srgjgrgcq#ucpc#tcprga_jjw#glrcep_rcb#+g1c1/#npmtgbcb#eclcp_rgml/#

rp_lqkgqqgml/#_lb#bgqrpg`srgml#md#cjcarpgagrw#rm#rfcgp#asqrmkcpq#_r#pcesj_rcb#p_rcq#_lb#ugrf#

_bkglgqrp_rgtcjw#bcrcpkglcb#npmdgrq,1#5EFR @LK@BOS V=R ILLRBIX QBCBQQBA SL =R SEB eQBDTI=SLQX 
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amkn_ar1flll##Jlrcpqncpqcb#ugrf#WJFVq#ucpcj_lb#qrgjj#_pcjmtcp#6/533#ammncp_rgtcjw#mulcb#cjcarpga#

srgjgrgcq1mmm#689##

Jl#rfc#4=53q/#nmjgawk_icpq#_aacnrcb#rfc#gbc_#rf_r#lml0srgjgrw#amkn_lgcq#kgefr#`c#_`jc#rm#eclcp_rc#

cjcarpgagrw#_r#cos_j#mp#jmucp#amqr#rf_l#WJFVq/#rm#rfc#`clcdgr#md#cjcarpgagrw#amlqskcpq168;#Jl#4=;</#Dmlepcqq#

n_qqcb#rfc#Qs`jga#Vrgjgrw#Scesj_rmpw#Qmjgagcq#Bar#+QVSQB,/#ufgaf#glrpmbsacb#amkncrgrgml#rm#rfc#WJFV#

kmbcj#_lb#qcr#rfc#qr_ec#dmp#j_rcp#pcesj_rmpw#pcdmpk#md#rfc#cjcarpgagrw#glbsqrpw168<#Br#rfc#rgkc/#QVSQB#u_q#

I=QDBIX =K BCCLQS SL @TQ? SEB BIB@SQF@FSX FKATRSQXdR QBIF=K@B LK EFDE0amqr#l_rsp_j#e_q#_lb#mgj1nnn#QVSQB#

OQLUFABA CLQ eFK@QB=RBA @LKRBQU=SFLK LC BIB@SQF@ BKBQDX^ FK@QB=RBA BCCF@FBK@X FK SEB TRB LC C=@FIFSFBR =KA 

pcqmspacq#`w#cjcarpga#srgjgrgcq/#_lb#cosgr_?IB QBS=FI Q=SBR CLQ BIB@SQF@ @LKRTJBQRaf#68=#Jr#_jqm#k_bc#

bctcjmngle#lcu#eclcp_rgml#pcqmspacq#c_qgcpjqncagdga_jjw#pclcu_`jc#clcpew#_lb#ameclcp_rgml#

d_agjgrgcq1693#

Ufc#Flcpew#Qmjgaw#Bar#md#4==5#=IILVBA '&3$ SL =OOQLUB eBWBJOS VELIBR=IB DBKBQ=SLQR^f TRFKD =KX Cscj#

_lb#_lw#eclcp_rgml#rcaflmjmew/#rm#em#glrm#rfc#eclcp_rgml#`sqglcqq#_lb#qcjj#cjcarpgagrw#_r#amkncrgrgtc#

npgacq1#Ufc#_ar#_jqm#_srfmpgxcb#GFSD#rm#mpbcp#rp_lqkgqqgml#mulcpq#rm#npmtgbc#rp_lqkgqqgml#qcptgac1694#

Bjqm#gl#4==5/#Dmlepcqq#cl_arcb#rfc#QUD#rm#glaclrgtgxc#WSF#clcpew#npmbsargml/#ufgaf#Dmlepcqq#f_q#

cvrclbcb#_lb#kmbgdgcb#qctcp_j#rgkcq#qglac1695#

Jl#4==9/#GFSD#pcosgpcb#rp_lqkgqqgml#mulcpq#slbcp#grq#hspgqbgargml#rm#npmtgbc#mncl0_aacqq#rp_lqkgqqgml#

rm#rfc#glrcpqr_rc#rp_lqkgqqgml#epgb#rfpmsef#grq#j_lbk_pi#Ppbcp#Om1#<<<1#Pncl#_aacqq#kc_lq#af_pegle#_jj#

qgkgj_pjw#qgrs_rcb#n_prgcq#rfc#q_kc#p_rc#+glajsbgle/#gd#_nnjga_`jc/#uf_r#rfc#srgjgrw#umsjb#af_pec#grqcjd#rm#

sqc#grq#rp_lqkgqqgml#d_agjgrgcq,#_lb#npmtgbgle#qcptgac#rm#_jj#qgkgj_pjw#qgrs_rcb#n_prgcq#slbcp#rfc#q_kc#rcpkq#

_lb#amlbgrgmlq1696#Ufgq#_argml#`w#GFSD#epc_rjw#_qqgqrcb#rfc#bctcjmnkclr#md#amkncrgrgml#_kmle#

ufmjcq_jc#nmucp#npmbsacpq#`ca_sqc#gr#kc_lr#rf_r#srgjgrgcq#umsjb#dglb#gr#bgddgasjr#rm#jgkgr#_aacqq#rm#rfcgp#

rp_lqkgqqgml#d_agjgrgcq#_q#_#kc_lq#md#npmrcargle#rfcgp#eclcp_rgml#_qqcrq#dpmk#amkncrgrmpq1#GFSD#Ppbcp#

Om1#5333#+gqqscb#gl#Ecack`cp#4===,#npmkmrcb#tmjslr_pw#n_prgagn_rgml#gl#SUP2JTPq#`w#dsprfcp#aj_pgdwgle#

`mrf#lcacqq_pw#af_p_arcpgqrgaq#md#SUP2JTPq#_lb#`clcdgrq#md#qsaf#n_prgagn_rgml1697##

Ccruccl#4==<#_lb#5339/#56#qr_rcq#k_bc#af_lecq#rm#pcosgpc#rfcgp#WJFVq#rm#bgtcqr#qmkc#mp#_jj#md#rfcgp#

eclcp_rgle#_qqcrq#_lb#rfsq#_jjmu#amkncrgrgml1698#Egtcqrgrspc#u_q#nspqscb#kmqr#_eepcqqgtcjw#`w#rfc#

qr_rcq#ugrf#fgef#pcr_gj#cjcarpgagrw#npgacq#+kmqr#md#Ocu#Flej_lb/#Ocu#Zmpi/#rfc#Ngb0Brj_lrga#qr_rcq/#_lb#

lll#e5EB cRS=SB QBDTI=SLQX @LJO=@Sd BULIUBA =R = @LK@BOS cSL @E=Q=@SBQFYB SEB RBS LC JTST=I QFDESR^ L?IFD=SFLKR^ =KA ?BKBCFSR SE=S 

BWFRS ?BSVBBK SEB TSFIFSX =KA RL@FBSXad *S FR KLS = ?FKAFKD =DQBBJBKSa 6KABQ SEFR c@LJO=@S^d = TSFIFSX SXOF@=IIX FR DFUBK BW@jsqgtc#

_aacqq#rm#_#bcqgel_rcbjmp#dp_lafgqcbjqcptgac#rcppgrmpw#_lb#a_l#pcamtcp#grq#npsbclr#amqrq#+_q#bcrcpkglcb#`w#rfc#pcesj_rmp,#njsq#

_#pc_qml_`jc#p_rc#md#pcrspl#ml#grq#gltcqrkclrq1#Jl#pcrspl/#rfc#srgjgrw#ksqr#dsjdgjj#grq#qcptgac#m`jge_rgml#md#npmtgbgle#slgtcpq_j#

_aacqq#qcptgac#ugrfgl#grq#rcppgrmpw1#frrnq>22uuu1clcpew1emt2qgrcq2npmb2dgjcq2534;2352d672Bnnclbgv00

Fjcarpgagrw(53Twqrck(53Ptcptgcu1nbd##

mmm#Nmqr#ns`jga#nmucp#srgjgrgcq#_pc#bgqrpg`srgml0mljw?#fmuctcp/#qmkc#_pc#tcprga_jjw#glrcep_rcb1#Egqrpg`srgml0mljw#ammncp_rgtcq#

rwnga_jjw#nspaf_qc#_jj#mp#qmkc#md#rfcgp#cjcarpgagrw#_r#rfc#ufmjcq_jc#jctcj#dpmk#eclcp_rgml#_lb#rp_lqkgqqgml#ammncp_rgtc#srgjgrgcq1#

nnn#Bjqm#gl#4=;</#rfc#1LVBQ 1I=KS =KA *KATRSQF=I 'TBI 6RB "@S OQLEF?FSBA el}m SEB TRB LC K=STQ=I D=R LQ OBSQLIBTJ =R =nKo BKBQDX 

qmspac#gl#_lw#lcu#cjcarpga#nmucp#nj_lr?#_lb#+5,#amlqrpsargml#md#_lw#lcu#cjcarpga#nmucp#nj_lr#ugrfmsr#rfc#a_n_`gjgrw#rm#sqc#am_j#

mp#_lw#_jrcpl_rc#dscI =R = OQFJ=QX BKBQDX RLTQ@Baf frrnq>22uuu1amlepcqq1emt2`gjj2=8rf0amlepcqq2fmsqc0`gjj28479##

5EB 'TBI 6RB "@S V=R JLRSIX QBOB=IBA FK }���^ VEF@E eRBS SEB RS=DB CLQ = AQ=J=SF@ FK@QB=qc#gl#rfc#sqc#md#l_rsp_j#e_q#dmp#cjcarpga#

DBKBQ=SFLK =KA FKATRSQF=I OQL@BRRFKDaf frrnq>22uuu1cg_1emt2mgj^e_q2l_rsp_j^e_q2_l_jwqgq^ns`jga_rgmlq2lek_hmpjce2pcnc_j1frkj#
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`gj_rcp_j#k_picrq/#ufgjc#rfmqc#rf_r#f_tc#_pc#a_jjcb#aclrp_jjw0mpe_lgxcb#k_picrq1#Ufcqc#pcegmlq#_pc#qfmul#

gl#Ggespc#815/#ugrf#SUP2JTPq#j_`cjcb#_lb#amjmpcb/#_lb#`gj_rcp_j#k_picrq#bcngarcb#gl#ep_w1##

Figure 5.2. The Seven RTOs or ISOs in the United Statesrrr 368

There are currently seven centrally-organized markets operating across the United States. 

Ufc#bgtcpqgrw#md#_nnpm_afcq#rm#k_picr#mpe_lgx_rgml#_lb#pcqmspac#_bcos_aw#a_l#`c#tgqs_jgxcb#_jmle#_#

qncarpsk/#_q#qfmul#gl#Ggespc#816jdpmk#WJFVq#ugrf#kglgk_j#k_picr#mpe_lgx_rgml#ml#mlc#clb/#rm#dsjjw#

pcqrpsarspcb#k_picrq#ugrfmsr#dmpk_j#pcqmspac#_bcos_aw#pcosgpckclrq#ml#rfc#mrfcp1#Ccruccl#tcprga_jjw#

glrcep_rcb#_lb#clcpew0mljw#pcegmlq/#rfcpc#_pc#bgtcpqc#_nnpm_afcq#rm#_jjma_rgle#rfc#dgl_lag_j#pgqi#md#

eclcp_rgml#gltcqrkclr#_lb#rfc#pcqnmlqg`gjgrw#rm#npmtgbc#pcqmspac#_bcos_aw1#

ppp#N_n#pcbp_ul#dpmk#'&3$dR#Ecack`cp#5349#uc`qgrc1#
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Figure 5.3. States and Regions along the Spectrum from Traditional to Fully Restructured Electric 
Markets369

#

Jl#rfc#Tmsrfc_qr#_lb#Xcqr/#`gj_rcp_j#k_picrq#_pc#bmkgl_rcb#`w#WJFVq#rf_r#mncp_rc#slbcp#_#pcesj_rcb#

amqr0md0qcptgac#kmbcj1#Tr_rcq#gl#rfcqc#pcegmlq#pcr_gl#qrpmle#amlrpmj#mtcp#cjcarpga#srgjgrw#pcqmspac#

bcagqgmlq#_lb#mtcpqcc#pcqmspac#_bcos_aw/#_lb#rfcw#amlqgbcp#lml0k_picr#d_armpq#gl#rfcgp#mtcpqgefr#md#

srgjgrw#bcagqgmlq#rfpmsef#_#srgjgrXdR JSQ#npmacqq1#Plac#_nnpmtcb#`w#qr_rc#pcesj_rmpq/#p_rcn_wcpq#es_p_lrcc#

rfc#amqr#pcamtcpw#md#WJFV#eclcp_rgml#gltcqrkclrq#rfpmsef#pcr_gj#p_rcq#+mp#kcpaf_lr#eclcp_rmpq#rfpmsef#

jmle0rcpk#QQBq#ugrf#srgjgrgcq,1#Ufsq/#rfc#dgl_lag_j#tg_`gjgrw#md#rfcqc#eclcp_rmpq#gq#lmr#gkkcbg_rcjw#

cvnmqcb#rm#rfc#q_kc#npgac#tmj_rgjgrw#rf_r#eclcp_rmpq#d_ac#gl#k_picr0mpgclrcb#pcegmlq1#Imuctcp/#lcu#

pcqmspac#bcagqgmlq#gl#WJFV#pcegmlq#_pc#`cegllgle#rm#_aamslr#dmp#jmu#l_rsp_j#e_q#npgacq/#jmu#jm_b#epmurf/#

_lb#xcpm0k_pegl_j#amqr#eclcp_rgml1qqq#

Qs`jga#nmucp#_lb#psp_j#ammncp_rgtc#srgjgrgcq#_jqm#f_tc#_#qgelgdga_lr#npcqclac#gl#qmkc#pcegmlq1#Vrgjgrw#_qqcr#

mulcpqfgn#kmbcjq#a_l#t_pw#dpmk#tcprga_jjw#glrcep_rcb#rm#bgqrpg`srgml0mljw1#Ncpaf_lr#eclcp_rmpq#_jqm#

mncp_rc#ugrfgl#rfcqc#pcegmlq/#`sr#kmqr#cjcarpgagrw#gq#npmbsacb#_lb#bcjgtcpcb#`w#rfc#glrcep_rcb#srgjgrgcq/#

ugrf#kglgk_j#_bbgrgml_j#qnmr#rp_lq_argmlq16;3##

Jl#aclrp_jjw0mpe_lgxcb#k_picrq/#eclcp_rmpq#mddcp#cjcarpgagrw#`gbq#ml#_#b_w0_fc_b#_lb#pc_j0rgkc#`_qgq1#Ufc#

SUP2JTP#rfcl#nmmjq#rfcqc#`gbq#glrm#_#qglejc#qsnnjw#asptc#_lb#a_jasj_rcq#rfc#ajc_pgle#npgac#rf_r#k_rafcq#

qsnnjw#rm#bck_lb/#amlqgbcpgle#rp_lqkgqqgml#jgkgr_rgmlq#dmp#rfc#lcvr#glrcpt_j1#Ufgq#a_jasj_rgml#wgcjbq#_#qcr#

md#k_picr0ajc_pgle#npgacq/#mlc#dmp#c_af#jma_rgml#_lb#rgkc#fmpgxml1#Dclrp_jjw0mpe_lgxcb#k_picrq#_jqm#

amknclq_rc#pcqmspacq#rf_r#npmtgbc#acpr_gl#FST#rfpmsef#_lagjj_pw#qcptgac#k_picrq1#Gsprfcpkmpc/#gl#qmkc#

a_qcq/#SUP2JTPq#npmtgbc#qsnnjckclr_j#pctclscq#rm#eclcp_rmpq#rf_r#_pc#bgqn_rafcb#msr0md0k_picr/#qsaf#

_q#mlcq#rf_r#_pc#lccbcb#rm#clqspc#jma_j#pcjg_`gjgrw1##

###########################################################

qqq#Tcc/#dmp#cv_knjc/#485#GFSD#�#94/346#+Gjmpgb_#Qmucp#)#Mgefr#Dmkn_lw,#mp#Trctc#Xpgefr/#Hclcp_j#N_l_ecp/#Dfcj_l#Dmslrw#

QVE/#_#tcprga_jjw#glrcep_rcb#srgjgrw#gl#X_qfglerml/#rmjb#EPF#qr_dd#gl#_#Kslc#4=/#534;/#amltcpq_rgml#rf_r#rfc#pcj_rgtcjw#jmu#

ufmjcq_jc#npgacq#rp_bgrgml_jjw#qccl#gl#rfc#Omprfucqr#bsc#rm#_l#_`slb_lac#md#jmu0amqr#fwbpm#_pc#lmu#dsprfcp#qrpcqqcb#`w#rfc#

cvnmpr#md#qspnjsq#xcpm0k_pegl_j#amqr#D_jgdmplg_#pmmdrmn#qmj_p/#qm#ksaf#qm#rf_r#fc#gq#edglbgle#gr#f_pb#rm#ctcl#hsqrgdw#qnclbgle#ml#

BKBQDX BCCF@FBK@X FK nEFR TSFIFSXdRo FKSBDQ=SBA QBRLTQ@B OI=Kaf#
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SUPq2JTPq#mncp_rc#_q#_#qglejc#`_j_lagle#_srfmpgrw#_lb#_afgctc#amqr#q_tgleq#`w#npmaspgle#pcqcptcq#_lb#

mrfcp#_lagjj_pw#qcptgacq#dmp#rfc#qwqrck1#Gmp#cv_knjc/#NJTP#cqrgk_rcq#rf_r#`ca_sqc#gr#mncp_rcq#_l#

_lagjj_pw#qcptgac#k_picr#_apmqq#rfc#clrgpc#pcegml/#qngllgle#pcqcptc#pcosgpckclrq#a_l#`c#`_qcb#snml#rfc#

BKSFQB QBDFLKdR KBBAR Q=SEBQ SE=K SEB RTJ LC FKAFUFAT=I ?=I=K@FKD =TSELQFSFBRd ROFKKFKD QBRBQUB 

pcosgpckclrq1#Cw#mncp_rgle#rfc#_lagjj_pw#qcptgacq#k_picr/#NJTP#pcbsacb#grq#_tcp_ec#qngllgle#pcqcptcq#

pcosgpckclr#dpmk#4/7<5#NX#rm#=68#NX#_lb#q_tcb#_jkmqr#'58#kgjjgml#ncp#wc_p#dmp#grq#kck`cpq#`w#

dpccgle#sn#eclcp_rgml#dpmk#f_tgle#rm#kccr#rfc#pcqcptc#pcosgpckclr16;4#

DBJTP/#NJTP/#_lb#TQQ#pcr_gl#_qncarq#md#rfc#`gj_rcp_j#k_picrq/#n_prgasj_pjw#rf_r#qr_rcq#qrgjj#mtcpqcc#

pcqmspac#npmaspckclr#_lb#pcqmspac#_bcos_aw#md#rfcgp#WJFVq/#rfpmsef#rfc#JSQ#npmacqq16;5#D_jgdmplg_/#

NJTP#_lb#TQQ/#_q#ucjj#_q#rp_bgrgml_j#`gj_rcp_j#k_picr#qr_rcq/#glampnmp_rc#amlqgbcp_rgmlq#mrfcp#rf_l#qfmpr0

rcpk#camlmkga#cddgagclaw#glrm#rfcgp#pcqmspac#afmgacq/#qsaf#_q#nmprdmjgm#bgtcpqgrw/#hm`#pcrclrgml#mp#

apc_rgml/#cltgpmlkclr_j#npmrcargml/#_lb#mrfcp#d_armpq1#

5.2.1 Responsibility for Resource Adequacy and Capacity 

Tmkc#qr_rcq#pcosgpc#srgjgrgcq#rm#`sgjb#lcu#mp#qs`qgbgxc#qncagdga#nmucp#nj_lrq#msrqgbc#rfc#SUP2JTP#

pcqmspac#_bcos_aw#npmacqqcq1#Prfcp#aclrp_jjw0mpe_lgxcb#k_picrq#+l_kcjw#QKN/#JTP0OF/#_lb#OZJTP,#f_tc#

gknjckclrcb#a_n_agrw#k_picrq#_q#_#kcaf_lgqk#rm#npmtgbc#qsddgagclr#pctclsc#dmp#pcqmspacq#rm#clqspc#

pcqmspac#_bcos_aw1#Jl#rfcqc#k_picrq/#rfc#qwqrck#mncp_rmp#amlbsarq#_l#_sargml#npmacqq/#_lb#ufmjcq_jc#

asqrmkcpq#npmaspc#pcqmspacq#+glajsbgle#eclcp_rgml/#clcpew#cddgagclaw/#ES/#_lb#rp_lqkgqqgml0cl_`jcb#

pcqmspac#gknmprq,#rm#kccr#rfc#cjcarpgagrw#bck_lbq#md#rfcgp#asqrmkcpq1#Ufcqc#k_picrq#a_l#`c#k_lb_rmpw#

+QKN#Jlrcpamllcargml#_lb#JTP#Ocu#Flej_lb,?#tmjslr_pw/#ufcpc#qr_rcq#a_l#afmmqc#rm#mncp_rc#slbcp#_l#

JSQ#npmacqq#_lb#ufcpc#jm_b0qcptgle#clrgrgcq#a_l#q_rgqdw#rfcgp#pcosgpckclrq#rfpmsef#_#amk`gl_rgml#md#rfc#

k_picr#_lb2mp#qfmugle#rf_r#rfcw#f_tc#pgefrq#rm#_bcos_rc#a_n_agrw#+NJTP,?#mp#tmjslr_pgjw#`_aiqrmnncb#

`w#_#k_lb_rmpw#npmacqq#+OZJTP,1#FSDPU#bmcq#lmr#f_tc#_#dmpk_j#pcqmspac#_bcos_aw#pcosgpckclr1#

5.3 Challenges in Wholesale Electricity Markets 

Dclrp_jjw0mpe_lgxcb#k_picrq#_pc#lmu#48i53#wc_pq#mjb/#_lb#rfcgp#mpgegl_j#bcqgelq#+ctcl#ugrf#amlrgls_j#

_lb#ctmjtgle#snb_rcq,#_pc#qfmugle#qgelq#md#qrp_gl#dpmk#rfc#n_ac#md#af_lec#lmu#slbcpu_w#gl#rfc#

cjcarpgagrw#glbsqrpw1#N_lw#md#rfcqc#af_lecq#ucpc#lmr#dmpcqccl#bspgle#rfc#pcqrpsarspgle#_lb#ufmjcq_jc#

k_picr#bcqgelq#md#rfc#4==3qi5333q1#Gj_r#bck_lb#epmurf/#dj_rrclcb#qsnnjw#asptcq/#Gcbcp_j#_lb#qr_rc#

nmjgaw#glrcptclrgmlq/#_lb#rfc#k_qqgtc#camlmkga#qfgdr#gl#rfc#pcj_rgtc#camlmkgaq#md#l_rsp_j#e_q#amkn_pcb#

rm#mrfcp#dscjq#_pc#nj_agle#npcqqspcq#ml#aclrp_jjw0mpe_lgxcb#ufmjcq_jc#cjcarpgagrw#k_picrq/#pcqsjrgle#gl#jmu#

_tcp_ec#ufmjcq_jc#clcpew#npgacq1#Ufcqc#k_picrq#ucpc#bcqgelcb#ufcl#qsnnjw#asptcq#rgjrcb#qf_pnjw#

snu_pb/#bck_lb#epcu#mtcp#rgkc/#_lb#a_n_agrw#u_q#lmr#cvnjgagrjw#amknclq_rcb#rm#k_ic#sn#dmp#

glqsddgagclr#pctclscq#dpmk#_l#clcpew0mljw#k_picr1#B#5347#GFSD#qr_dd#pcnmpr#lmrcq>#

A failure to properly reflect in market prices the value of reliability to consumers and operator 
actions taken to ensure reliability can lead to inefficient prices in the energy and ancillary 
services markets leading to inefficient system utilization, and muted investment signals.373
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Ufc#gqqsc#md#pctclsc#glqsddgagclaw#_lb#eclcp_rmp#pcrgpckclrq#gl#aclrp_jjw0mpe_lgxcb#cjcarpgagrw#k_picrq#gq#

_#amknjcv#rmnga/#ugrf#a_sq_jgrw#bgddgasjr#rm#_qqgel#`cwmlb#rfc#glbgtgbs_j#_qqcr2mulcp#jctcj1rrr#F_af#nj_lr#

f_q#grq#mul#amqr#qrpsarspc/#_lb#nj_lr#pctclscq#a_l#bgddcp#`cruccl#lcgef`mpgle#lmbcq#gl#_#qglejc#k_picr1##

Up_bgrgml_j/#`gj_rcp_j0mljw#ufmjcq_jc#k_picrq#_pc#lmr#gkkslc#rm#rfcqc#gqqscq#cgrfcp/#`sr#k_w#lmr#`c#

qccgle#rfck#wcr#_r#rfc#q_kc#qa_jc#_q#rfc#rfpcc#c_qrcpl#SUP2JTPq#rf_r#f_tc#_#npcbmkgl_lac#md#kcpaf_lr#

eclcp_rgml1#Bl#gqqsc#rf_r#gq#kmpc#npct_jclr#gl#rfcqc#pcegmlq#rf_l#gl#pcegmlq#ugrf#`gj_rcp_j#k_picrq#gq#rfc#

QVSQB#eksqr0nspaf_qc#m`jge_rgmlf#rf_r#qrgjj#_nnjgcq#rm#rfmqc#pcegmlq1#Bdrcp#Dmlepcqq#_kclbcb#QVSQB#gl#

rfc#Flcpew#Qmjgaw#Bar#md#5338/#k_lw#srgjgrgcq#gl#pcegmlq#ugrf#aclrp_jjw0mpe_lgxcb#ufmjcq_jc#k_picrq#f_tc#

qmsefr#_lb#pcacgtcb#dpmk#GFSD#mpbcpq#rcpkgl_rgle#rfcgp#m`jge_rgmlq16;7##

Cw#amlrp_qr/#srgjgrgcq#gl#pcegmlq#ugrf#rp_bgrgml_j/#`gj_rcp_j0mljw#ufmjcq_jc#k_picrq#pck_gl#qs`hcar#rm#rfc#

QVSQB#pcosgpckclr#rm#`sw#nmucp#dpmk#Rs_jgdwgle#G_agjgrgcq#+RGq,#slbcp#QQBq/#ugrf#sn#rm#530wc_p#rcpkq#

=KA =S Q=SBR SE=S SEB =OOIF@=?IB RS=SB QBDTI=SLQ E=R ABSBQJFKBA QBCIB@S SEB OTQ@E=RFKD TSFIFSXdR =ULFABA 

amqrq1#Jl#qmkc#glqr_lacq/#eclcp_rgml#nspaf_qcb#dpmk#RGq#f_q#bgqnj_acb#srgjgrw0mulcb#eclcp_rgml#_lb#

rfsq#pcbsacb#srgjgrw#pctclsc1#QVSQB#pck_glq#_#qs`hcar#md#mlemgle#bc`_rc#ugrfgl#rfc#glbsqrpw/#_q#

ctgbclacb#`w#_#bgqasqqgml#bspgle#_#GFSD#Kslc#5349#Ucaflga_j#Dmldcpclac16;8##

5.3.1 Revenue Insufficiency due to Market Structure: The Missing 
Money Problem 

Jl#rfc#kgb05333q#gr#`ca_kc#_nn_pclr#rf_r#kcpaf_lr#eclcp_rmpq#ucpc#d_gjgle#rm#pcamtcp#qsddgagclr#

pctclscq#rfpmsef#rfc#clcpew0mljw#k_picrq#rm#amtcp#`mrf#rfcgp#t_pg_`jc#_lb#dgvcb#amqrq1#Ufc#gqqsc#

RT?RBPTBKSIX ?B@=JB HKLVK =R SEB eJFRRFKD JLKBX OQL?IBJafsss#Jl#rcqrgkmlw#`cdmpc#_#5347#GFSD#

rcaflga_j#amldcpclac/#E_tgb#Q_rrml/#rfc#glbcnclbclr#k_picr#kmlgrmp#dmp#FSDPU/#JTP0OF/#NJTP/#_lb#

OZJTP/#bcqapg`cb#rfc#gqqsc#_q#qrckkgle#dpmk#mtcpjw0qrpgleclr#nj_llgle#pcqcptc#pcosgpckclrq>#

With reasonable assumptions about capacity cost and energy prices, [the one-day-in-ten-
years] reliability standard implies a value of lost load of $100,000 to $200,000 per MWh. 

Hence, without substantially inflated shortage prices, energy-only markets cannot provide 
enough revenue to satisfy planning reserve requirements. Additional revenue is needed to 
kYlak^q l`]k] j]imaj]e]flk+ o`a[` ak l`] xeakkaf_ egf]qy hjgZd]e Y\\j]kk]\ Zq l`] [YhY[alq 
markets.376

Xgjjg_k#Ime_l#md#I_pt_pb#Vlgtcpqgrw#lmrcb#gl#5338#rf_r#rfc#kgqqgle#kmlcw#npm`jck#a_l#_jqm#`c#

_rrpg`srcb#rm#npgac#a_nq>#

The missing money problem arises when occasional market price increases are limited by 
administrative actions such as price caps. By preventing prices from reaching high levels 
during times of relative scarcity, these administrative actions reduce the payments that could 
be applied towards the fixed operating costs of existing generation plants and the investment 
costs of new plants.377

Um#kgrge_rc#rfc#kgqqgle#kmlcw#npm`jck/#aclrp_jjw0mpe_lgxcb#k_picrq#f_tc/#rm#t_pwgle#bcepccq/#srgjgxcb#

qfmpr_ec#npgagle#_lb#a_n_agrw#k_picrq1#

###########################################################

rrr#Ufc#k_picr#gqqscq#bgqasqqcb#gl#rfgq#qcargml#_pc#kmqr#ncprglclr#rm#_#kcpaf_lr#eclcp_rmp#mncp_rgle#ugrfgl#aclrp_jjw0mpe_lgxcb#

k_picrq#rf_r#_pc#lmr#qs`hcar#rm#pcesj_rcb#p_rc#pcamtcpw1##

sss#Ufc#dgpqr#sqc#md#rfgq#rcpk#gq#_rrpg`srcb#rm#Smw#Tf_licp#gl#fgq#5336#rcqrgkmlw#`cdmpc#GFSD1#Xgjjg_k#X1#Ime_l/#I_pt_pb#
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HU[^`NTR#F^VPVZT#

Tfmpr_ec#npgagle/#_jqm#pcdcppcb#rm#_q#qa_pagrw#npgagle/#qcciq#rm#clqspc#rf_r#clcpew#k_picr#pctclscq#pcdjcar#

rfc#t_jsc#amlqskcpq#nj_ac#ml#pcjg_`gjgrw1#Jr#bmcq#rfgq#rfpmsef#_bkglgqrp_rgtc#psjcq#rf_r#p_gqc#npgacq#_`mtc#

k_pegl_j#amqrq#bspgle#rgkcq#md#qwqrck#qrpcqq1#GFSD#f_q#_argtcjw#qmsefr#rm#gknpmtc#rfc#srgjgx_rgml#md#

rcaflgoscq#jgic#qfmpr_ec#npgagle1#Jl#_#5347#_l_jwqgq/#GFSD#qr_dd#npmtgbcb#_#sqcdsj#mtcptgcu#md#rfc#

p_rgml_jc#dmp#qfmpr_ec#npgagle>#

When the system operator is unable to meet system needs, it applies administrative pricing 
rules to ensure that costs, including the costs associated with the failure to meet minimum 
operating reserve requirements, are reflected in market prices. uUnder such conditions, 
prices should rise, inducing performance of existing supply resources and encouraging load 
to reduce consumption so that the system operator would not need to administratively curtail 
load to maintain reliability. 378

Bjj#md#SEB /=SFLKdR 350g*40R @TQQBKSIX BJOILX RELQS=DB OQF@FKD SL RLJB ABDQBB_ ELVBUBQ^ SEB ABRFDKR 

_pc#lmr#slgdmpk1#GFSD#Ppbcp#Om1#<64#p_gqcb#clcpew#mddcp#a_nq#gl#hspgqbgargml_j#SUP2JTPq#dpmk#'4/333#rm#

'5/3332NXf16;=#Dmlbgrgmlq#pcosgpcb#rm#rpgeecp#qfmpr_ec#npgagle#t_pw#dpmk#wc_p#rm#wc_p1#Ufgq#t_pg_lac#

amsjb#npcqclr#af_jjclecq#rm#k_picr#n_prgagn_lrq#ufm#pcosgpc#_#rfpcqfmjb#jctcj#md#acpr_glrw#rm#k_ic#_l#

gltcqrkclr#bcagqgml1#Sck_piq#`w#k_picr#kmlgrmpq#E_tgb#Q_rrml#_lb#Kmc#Cmupgle#apgrgosc#rfc#np_argac#md#

pcjwgle#qmjcjw#ml#qfmpr_ec#npgagle>#

[David Patton:] O`gjlY_] hja[af_ ak fgl dac] Y [YhY[alq eYjc]l o`]j] qgm{j] _gaf_ lg _]t a 
level of revenue that might fluctuate by 10 to 20 percent per year. With shortage pricing, you 
might get 10 years of revenue in one year and then the other nine years the generators are 
_gaf_ lg l`afc l`]q{j] _gaf_ ZYfcjmhl-380

[Joe Bowring]: What will happen if you go through eight years of very low revenues under 
k[Yj[alq hja[af_ u Yf\ Y ka_fa^a[Yfl fmeZ]j g^ mfalk \][a\] lg j]laj] Z][Ymk] l`]q [Yf{l k]] 
aflg l`] ^mlmj]= P`]q \gf{l cfgo a^ WafX l`] fafl` gj 0/l` q]Yj l`]j]{k _gaf_ lg Z] $1/ Zaddagf- 
P`]q j]laj] a^ l`] j]n]fm]k Yj]f{l Y\]imYl].381

;N\NPV`e#CN^WR`_#

Gmsp#SUP2JTPq#asppclrjw#mncp_rc#aclrp_jgxcb#a_n_agrw#k_picrq>#JTP0OF/#OZJTP/#_lb#QKN#fmjb#k_lb_rmpw#

=T@SFLKR^ VEFIB .*40dR FR ULITKS=QXa $=O=@FSX J=QHBSR =AAQBRR SEB JFRRFKD JLKBX OQL?IBJ ?X FJOLRFKD 

pcqmspac#_bcos_aw#pcosgpckclrq#ml#jm_b0qcptgle#clrgrgcq#+MTFq,1#Tnccq/#Ocucjj/#_lb#Qdcgdcl`cpecp#

npmtgbc#_#sqcdsj#mtcptgcu#md#fmu#rfgq#npmacqq#umpiq>#

A resource adequacy [requirement] requires LSEs to procure sufficient generation or 
demand-j]khgfk] [YhY[alq lg k]jn] l`]aj gof [mklge]jk{ [gaf[a\]fl h]Yc dgY\ hdmk Y 
mandatory planning reserve margin. If each LSE procures their required capacity, then the 
system as a whole will be able to meet its planning reserve margin requirement and target 
j]kgmj[] Y\]imY[q d]n]d- u W@YhY[alqX `Yk nYdm] Yk Y klYf\-alone commodity, the demand 
for which is driven by LSEs needing to meet their resource adequacy requirement.382

Baampbgle#rm#rfc#_srfmpq/#a_n_agrw#k_picr#pctclscq#qfmsjb#gl#rfcmpw#_kcjgmp_rc#rfc#kgqqgle#kmlcw#

OQL?IBJ ?X OQLUFAFKD eSEB FK@QBJBKS=I O=XJBKS KBBABA SL QB@LUBQ SEBFQ FKUBRSJBKS @LRSR FK =AAFSFLK SL 

rfc#mncp_rgle#npmdgrq#c_plcb#rfpmsef#clcpew#_lb#_lagjj_pw#qcptgac#q_jcq1f6<6#Ggespc#817#npmtgbcq#_#sqcdsj#

gjjsqrp_rgml#md#fmu#a_n_agrw#n_wkclrq#_pc#glrclbcb#rm#ajmqc#rfc#kgqqgle#kmlcw#e_n1#



110 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

Figure 5.4. How Market Prices Allow Resource Costs to be Recovered in a Centrally-organized 
Wholesale Market384

###### #

Revenues from energy sold in the wholesale market pay for a generators' variable costs and some 
portion of fixed costs (indicated by green arrows). The unrecovered portion of fixed cost (missing money) 
is recovered through capacity market revenues (indicated by blue arrow).   

Tmkc#m`qcptcpq#lmrc#rf_r#a_n_agrw#k_picrq#k_w#lmr#npmtgbc#qsddgagclr#pctclscq#_q#mpgegl_jjw#glrclbcb1#

Gmp#cv_knjB^ SEB ~|}� 1+. .=QHBS .LKFSLQdR QBOLQS CFKAR 1+.dR J=QHBSR @=K OQLUFAB =ABPT=SB QBUBKTB 

rm#qsnnmpr#hdbZ#cvgqrgle#a_n_agrw/#`sr#rfc#msrjmmi#t_pgcq#ugbcjw#`w#rcaflmjmew/#dscj#afmgac/#rgkc#

glrcpt_j/#_lb#jma_rgml>#

Analysis of the total unit revenues of theoretical new entrant CTs and CCs for three 
representative locations shows that units that entered the PJM markets in 2007 have not 
covered their total costs, including the return on and of capital, on a cumulative basis through 
2016. The analysis also shows that theoretical new entrant CTs and CCs that entered the 
PJM markets in 2012 have covered their total costs on a cumulative basis in the eastern 
PSEG [New Jersey] and BGE [Baltimore] zones but have not covered total costs in the 
western ComEd [Chicago] Zone. Energy market revenues were not sufficient to cover total 
costs in any scenario except the new entrant CC unit that went into operation in 2012 in 
BGE, which demonstrates the critical role of capacity market revenue in covering total 
costs.vvv 6<8

5.3.2 Revenue Insufficiency due to External Forces 

Xfgjc#SUP2JTPq#f_tc#qmsefr#rm#_bbpcqq#rfc#kgqqgle#kmlcw#npm`jck#_q#npctgmsqjw#bcdglcb/#lcucp#

t_pg_lrq#md#gr#amlrglsc#rm#ncpkc_rc#qr_icfmjbcp#bgqasqqgmlq1#Famlmkgqr#Tctcpgl#Cmpclqrcgl#lmrcq#rf_r#

rfc#bcdglgrgml#f_q#cvn_lbcb#rm#glajsbc#rfc#qsnnjw#asptc#gkn_ar#md#qs`qgbgcq>#

Money has been going missing for many years, according to owners of power plants. 
P`]q{n] used the term for more than a decade to refer to the fact that wholesale electricity 
markets have price caps (mostly between $1,000 and $10,000 per MWh) that constrain how 

###########################################################

ttt#Bq#n_pr#md#rfc#pctgcu#md#k_picr#ncpdmpk_lac/#rfc#k_picr#kmlgrmp#_l_jwxcb#rfc#lcr#pctclscq#c_plcb#`w#DUq/#OHDDq/#am_j/#

bgcqcj/#lsajc_p/#qmj_p/#_lb#uglb#eclcp_rgle#slgrq1#
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much sellers can make when supply is tight. Without that income, generators argue, it may 
not be profitable to build new capacity, or extend the life of existing capacity, that is needed 
to meet demand. 

More recently, the definition of missing money has been expanded to include the price 
impacts of subsidized or mandated renewables generation. In California, New York and 
many other states, wind and solar are pushing down wholesale prices and making continued 
operation of some nuclear and fossil fuel generation unprofitable. 386

HUVS`_#VZ#`UR#?RZR^N`V[Z#Ha\\Xe#;a^bR#

$E=KDBR FK SEB /=SFLKdR DBKBQ=SFLK JFW E=UB DBKBQ=IIX QBAT@BA QBUBKTBR CLQ FK@TJ?BKS ?=RBIL=A 

eclcp_rmpq#gl#ufmjcq_jc#k_picrq/#_q#fgefjgefrcb#gl#RFS#415>#

[P]rice suppression is occurring in RTO/ISO wholesale markets, with noticeable amounts of 
wind and solar generation (and low-cost gas generation). While passing on savings to 
consumers is desirable, in some regions, these low prices have put pressure on baseload 
units, particularly zero-carbon emissions nuclear generation.387

Qsr#kmpc#qncagdga_jjw/#qfgdrq#gl#k_picr#qsnnjw#asptcq#f_tc#jmucpcb#rfc#gldp_0k_pegl_j#pclrquuu#c_plcb#`w#
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qsnnjw#asptc1#Bjmle#rfc#fmpgxmlr_j#+qsnnjw,#_vgq/#rfc#clrpw#md#lcu#pcqmspacq#f_q#nsqfcb#rfc#asptc#rm#rfc#

pgefr/#pcqsjrgle#gl#_#jmucp#ajc_pgle#npgac#_r#rfc#q_kc#jctcj#md#bck_lb1#Nc_lufgjc/#pcbsargmlq#gl#k_pegl_j#

dscj#amqrq#+tcprga_j#_vgq,#f_tc#jmucpcb#rfc#qjmnc#md#rfc#asptc1#Ufc#lcr#cddcar#md#rfcqc#af_lecqj_q#

gjjsqrp_rcb#`w#_#qgksj_rcb#bgqn_raf#asptc#gl#FSDPUjgq#qfmul#gl#Ggespc#8181#

uuu#Jldp_0k_pegl_j#pclrq#_pc#rfc#bgddcpclacq#`cruccl#rfc#k_picr0ajc_pgle#npgac#_lb#rfc#qs`kgrrcb#`gb#md#c_af#eclcp_rmp1#

Hclcp_rmpq#rf_r#`gb#jcqq#rf_l#rfc#k_picr0ajc_pgle#npgac#pcacgtc#_#n_wkclr#cos_j#rm#rfgq#bgddcpclac1#
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Figure 5.5. Simulated ERCOT Dispatch Curvesxxx

#

Changes in fuel costs and the supply mix have impacted market clearing prices, and thus lowered infra-
marginal rents for incumbent generators. Reductions in natural gas prices have clearly flattened the 
curve, reducing revenues for generation resources. The entry of new, near-zero marginal cost resources 
has also pushed the overall curve to the right. The entry of wind and solar resources is visible in lower 
left.  

DN`a^NX#?N_#NZQ#AZPaYORZ`#9N_RX[NQ#

Ufc#dpcosclaw#ugrf#ufgaf#l_rsp_j#e_q#qcrq#rfc#npgac#md#cjcarpgagrw#E=R FK@QB=RBA FK J=KX LC SEB /=SFLKdR 

k_picrq1#Gmp#cv_knjc/#534;#amsjb#k_pi#SEB CFQRS SFJB FK 1+.dR EFRSLQX SE=S D=R gq#k_pegl_j#dmp#kmpc#

glrcpt_jq#rf_l#am_j#+qcc#Ggespc#819,1#Ufgq#rp_lqgrgml#kc_lq#rf_r#gldp_0k_pegl_j#pclrq#rf_r#ucpc#npctgmsqjw#

`_qcb#ml#rfc#k_pegl_j#amqr#md#am_j#pcqmspacq#f_tc#`ccl#qsnnj_lrcb#`w#rfc#k_pegl_j#amqr#md#l_rsp_j#e_q#

pcqmspacq1#

###########################################################

vvv#FJB/#_l_jwqgq#ncpdmpkcb#dmp#EPF#sqgle#FJB#_lb#BCC#Wclrwv#qmdru_pc#rm#qfmu#cqrgk_rcb#nj_lr0qncagdga#cqrgk_rcb#npmbsargml#

amqrq#dmp#Ksjw#48#md#c_af#wc_p#kmbcjcb/#sqgle#rfcl0asppclr#bcjgtcpcb#clcpew#npgacq#+gl#533=#',#ugrfgl#FSDPU#_lb#cqrgk_rcb/#

nj_lr0qncagdga#fc_r#p_rcq#rm#cqrgk_rc#nj_lr0qncagdga#k_pegl_j#amqrq#md#cjcarpgagrw#npmbsargml/#Kslc#534;#



113 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

Figure 5.6. Type of Fuel Used in PJM (by Real-Time Marginal Units): 2004 through March 2017388

Natural gas is rising as the marginal electricity generation source in PJM. 
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Figure 5.7. Annual Average Capacity Factors of Coal and Natural Gas Generators 
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NGCC generators have seen a steady increase in fleet average capacity factor from 35% in 2005 to 56% 
in 2015; in that year, the NGCC fleet average eclipsed that of coal generators, which has declined from 
approximately 68% in 2010 to 55% in 2015.389
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Technical and economic factors may drive power plant operators to run generators even 
when power supply outstrips demand. For example: 

' For technical and cost recovery reasons, nuclear plant operators try to continuously
operate at full power.

' Eligible generators can take a 2.2¢/kWh or $22/MWh[yyy] production tax credit (PTC) on
electricity sold. This means that some generators may be willing to sell their output for as
low as -$22/MWh to continue producing power. Typically, wind generators are the largest
such group in any region.

' There are maintenance and fuel-cost penalties when operators shut down and start up
large steam turbine (usually fossil-fueled) plants as demand varies over a day or a week.
These costs may be avoided if the generator sells at a loss to attract a buyer when
demand is low.392
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Tax and subsidy policies have had an impact on the economics of certain types of 
generation. The Renewable Energy Production Tax Credit and renewable energy mandates 
have had the most significant impact on nuclear generation. Specifically, the nuclear and 
wind generation are competing to clear in the market during off-peak hours when wind 
resources are the strongest and load is reduced. In those off-peak hours, the production tax 
credit has created an incentive for renewable resources to bid negative prices as they must 
run in order to receive their payment from the federal treasury. Since 2014, PJM has seen 
prices go negative at nuclear unit buses in approximately 2,176 hourswrepresenting 14 
percent of off-peak hours.6=6#\dmmrlmrcq#mkgrrcb#dpmk#mpgegl_j#rcvr]#
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&3$05dR J=QHBS JLKFSLQ FABKSFCFBA 463#lce_rgtc0npgacb#fmspq#dmp#rfc#clrgpc#qwqrck#gl#5349/#_l#glapc_qc#
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Prior to the increase in wind and other intermittent capacity in the ISOs, negative prices 
sometimes occurred in the middle of the night, as load dropped and generators needed for 
operation the following day were pinned at their minimum loads. In contrast, the increasing 
incidence of negative prices in ERCOT is caused by the incentive of the owners of wind 
generation capacity receiving the PTC to continue to produce even when the locational price 
is negative.395
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Figure 5.8. Negative Northwest Off-Peak Daily Spot Prices ($/MWh) in 2011398

#

5.3.3 State Actions Impacting Wholesale Markets 
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[Roy Shanker, independent consultant]: It is difficult to identify any element in the wholesale 
electric market (energy, capacity, ancillary services and transmission) that is not being 
directly and materially impacted by discriminatory mandates driven by state policy actions. 
Price taking energy and capacity offers linked to these mandates directly impact price 
formation. The intermittent nature of virtually all RPS resources requires material 
modification of dispatch and significant increases in flexible resources and associated 
ancillary services.399

[William Hogan, Harvard University]: The increasing impact of Federal and state policies to 
support particular technologies, raises questions about the viability of wholesale power 
markets.400

[Susan Tierney, Analysis Group]: These state policies can and often do affect the price of 
electricity in wholesale power markets, and the entry, exit and cost of operations of electric 
_]f]jYlaf_ j]kgmj[]kul`]j] ak fg j]Ykgf lg ]ph][l l`Yl klYl] \][akagf eYc]jk oadd eYc] 
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determinations that singularly focus on economic efficiency and the continued viability of 
wholesale capacity-market designs ahead g^ gl`]j Ydd gZb][lan]ku >dj]Y\q+ o] k]] l`Yl af Y 
market that depends upon the flow of private capital and diversity in the asset mix, some 
suppliers of capacity resources (including demand-response and nuclear generation) have 
recently decided that the markets are not producing financial outcomes consistent with the 
j]imaj]e]flk g^ hjanYl] [YhalYd eYjc]lku F j]eYaf [gf[]jf]\ l`Yl l`] [mjj]fl []fljYdar]\ 
wholesale capacity markets in PJM, NYISO and ISO-NE will not be sustainable, from an 
economic, financiYd Yf\ hgdala[Yd hgafl g^ na]o Yf\ af da_`l g^ klYl]k{ hgda[a]k Yf\ 
preferences.401

[Cliff Hamel, Navigant Consulting]: [P]roblems in the current centralized [capacity] market 
approach are fundamental.402

[Samuel Newell, The Brattle Group]: The centralized wholesale markets do not, however, 
and should not be expected to meet goals they were not designed to meet. Many states now 
have far-j]Y[`af_ [YjZgf Yf\ [d]Yf ]f]j_q _gYdk- U]l lg\Yq{k []fljYdar]\ ]f]j_q+ Yf[addYjq 
services, and capacity markets are mostly not designed to differentiate generation resources 
based on their unpriced carbon emissions or other unpriced attributes.403

[Lawrence Makovich, IHS Markit]: In summary, out-of-market interventions cause predictable 
distortions and consequences, including: 

1. Reduced market-based cash flows for non-peaking generating resources, causing
lower investment in electric generating production efficiency. 

2. Uneconomic displacement of lower cost energy production causing a shift toward
a less cost-effective fuel and technology mix and resulting in higher overall average 
electricity supply costs. 

3. Less supply diversity causing more generation production cost and availability risk.

4. Premature retirements of low CO2 emitting resources, causing replacement with
higher CO2 emitting resources that subvert market intervention policy goals.404
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[Jeffrey Bentz, New England States Committee on Electricity]: States aren't interested in 
`Ynaf_ eYjc]lk bmkl ^gj l`] kYc] g^ `Ynaf_ eYjc]lku405

W>f_]dY K{@gffgj, Department of Public Utilities of MassachusettsX WuX what the legislature 
j]imaj]k mk lg \g o] `Yn] lg \gu406

[Sarah Hofman, Vermont Public Service BoardX9 WuX we cannot tell what our legislators [what 
to] do. And so they are going to have policies and it doesn't matter what anybody here or any 
place else says, they will have policies that set the stage for what the state wants and that's 
what legislators are for.WuX lhere is no question that state lawmakers will continue passing 
legislation that sets public policy. It is now our challenge to continue to work together to find 
effective ways to carry out those policies while also continuing to benefit from competitive 
wholesale markets.407
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aclrp_jjw0mpe_lgxcb#ufmjcq_jc#k_picrq>#

Affordable power was the goal. The current markets are still procuring affordable power but 
many state public policy makers no longer see that as the only goal. It is little wonder we 
hear some decry that the markets are not delivering what people want. It is because they 
were never designed for job creation, tax preservation, politically popular generation, or 
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anything other than reliable, affordable electricity. To the degree policy makers and elected 
officials have moved the goal posts, it is time to consider rational pathways forward.408

5.4 Wholesale Electricity Markets Looking Forward 
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6 Affordability 
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6.2 The Wholesale-Retail Disconnect 
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Figure 6.1. Average U.S. Residential Sector Retail Electricity Prices over Time440
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Figure 6.2. Average Wholesale Electric Costs/MWh Have Fallen between 2002 and 2016446

#

From 2002v2016, wholesale electricity prices have increasingly tracked natural gas prices, and as natural 
gas generation has increased over time, the differences in price between regions have also decreased 
(e.g., prices in NYISO and PJM are much closer in 2016 than in 2004).####
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Figure 6.3. Day-Ahead, On-Peak Wholesale Electric Prices Reach Near-Record Lows in 2016448

CBN@{k egkl j][]fl State of the Markets report shows that all areas of the United States are 
experiencing low wholesale electricity prices. In 2016, prices were highest in the Northeast, Mid-Atlantic, 
and Midwest and were lowest in the Northwest. Historically, wholesale prices would show much more 
regional variation. The dollar values are average 2016 day-ahead on peak prices; the percentages 
indicate the change from 2015 to 2016. 
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_ars_j#cddcarq#md#xcpm0J=QDFK=I @LRS BIB@SQF@FSX LK @LKRTJBQRd ?FIIR FR RFST=SFLK=I^ =KA DQLVSE FK WSF#a_l#

bpgtc#_bbgrgml_j#amqrq/#glajsbgle#rp_lqkgqqgml#_lb#glrcep_rgml#amqrq1785#786#Cca_sqc#k_lw#srgjgrw0qa_jc#WSF#

nj_lrq#_pc#`sgjr#gl#jma_rgmlq#bgqr_lr#dpmk#jm_b#aclrcpq/#rfcw#qmkcrgkcq#pcosgpc#k_hmp#rp_lqkgqqgml#

_bbgrgmlq#rm#amllcar#rfc#pckmrc#eclcp_rgml#rm#rfc#pcqr#md#rfc#epgb#_lb#rm#jm_b#aclrcpq1#Ptcp#rfc#n_qr#dgtc#

wc_pq/#_#nmprgml#md#rfc#57/333#kgjcq#md#lcu#rp_lqkgqqgml#`sgjr#+_`msr#rugac#rfc#lsk`cp#md#kgjcq#_bbcb#

dpmk#5339i5343,#_lb#'435#`gjjgml#gltcqrcb#rm#qrpclerfcl#rfc#epgb#_lb#glrcpamllcar#lcu#eclcp_rgml#f_q#

`ccl#k_bc#rm#glrcpamllcar#WSF1787#788#Up_lqkgqqgml#gltcqrkclrq#+pcesj_rcb#mp#kcpaf_lr,#a_l#glapc_qc#

`sji#nmucp#amqrq#_lb#rfcpcdmpc#FK@QB=RB @TRSLJBQRd QBS=FI ?FIIR SL SEB BWSBKS SE=S SEBX =QB KLS LCCRBS ?X 

q_tgleq#_rrpg`sr_`jc#rm#_aacqq#rm#jmucp0amqr#eclcp_rgml#mp#pcbsacb#amlecqrgml#amqrq1##

Igefcp#jctcjq#md#WSF#nclcrp_rgml#_jqm#pcosgpc#qwqrck#glrcep_rgml#qcptgacq/#qsaf#_q#_bbgrgml_j#FST1#Jr#gq#

slajc_p#fmu#rfc#amqrq#md#rfcqc#glrcep_rgml#pcosgpckclrq#ugjj#_ddcar#ufmjcq_jc#cjcarpgagrw#amqrq#_q#WSF#

nclcrp_rgmlq#amlrglsc#rm#glapc_qc1#Jl#_bbgrgml/#_q#rfc#QUD#dmp#uglb#eclcp_rgml#cvngpcq#_lb#rfc#JUD#dmp#

pcqgbclrg_j#qmj_p#QW#glqr_jj_rgmlq#pcbsacq#gl#rfc#amkgle#wc_pq/#rfcgp#amqrq#pcj_rgtc#rm#mrfcp#pcqmspacq#ugjj#

pgqc1#Imuctcp/#bcajglgle#uglb#_lb#qmj_p#a_ngr_j#amqrq#_lb#fgefcp#npmbsargtgrw#ugjj#jgicjw#qmkcuf_r#mddqcr#

rfcqc#jmqqcq/#_j`cgr#rm#_l#slilmul#bcepcc1789#78;#78<#78=#

Ggl_jjw/#qctcp_j#qr_rcq#f_tc#apc_rcb#qs`qgbgcq#rm#d_tmp#mp#pcr_gl#lsajc_p#eclcp_rgml1#Jd#qsaf#qs`qgbgcq#_pc#

`cgle#dslbcb#`w#r_vn_wcp#bmjj_pq#i#jgic#rfc#QUD#_lb#JUD#i#p_rfcp#rf_l#_#af_pec#rm#cjcarpgagrw#asqrmkcpq/#

rfgq#ugjj#_ddcar#ufmjcq_jc#amqrq#gl#qmkc#u_w/#`sr#ugjj#npm`_`jw#f_tc#jgrrjc#bgqacpl_`jc#cddcar#ml#rfc#

@TRSLJBQRd QBS=FI BIB@SQF@FSX ?FIIRa )LVBUBQ^ FC RT?RFAFBR CLQ OLVBQ OI=KS QBSBKSFLK =QB CTKABA =R = AFQB@S 

af_pec#rm#pcr_gj#cjcarpgagrw#asqrmkcpq/#cjcarpgagrw#`gjjq#amsjb#pgqc#_lb#_ddmpb_`gjgrw#amsjb#bcapc_qc1##

Ptcp_jj/#JTPq#_lb#SUPq#d_ac#k_lw#af_jjclecq#rf_r#sjrgk_rcjw#_ddcar#rfc#_jjma_rgml#md#rp_lqkgqqgml#_lb#

glrcep_rgml#amqrq#ufcl#rfcw#k_ic#bcagqgmlq#ml#fmu#rm#qnpc_b#rfmqc#amqrq#_kmle#amqr0a_sqcpq/#pcjg_`gjgrw#

_lb#mrfcp#qcptgac#npmtgbcpq/#_lb#amlqskcpq/#_q#ucjj#_q#bcagqgmlq#ml#fmu#rm#iccn#amqr#_jjma_rgml#

np_argacq#sn#rm#b_rc#_q#rfc#eclcp_rgml#kgv/#rp_lqkgqqgml#a_n_agrw/#_lb#jm_b#ctmjtcq#mtcp#rgkc1793#794#795#796#

6.3 Affordability Looking Forward 

Ufcpc#_nnc_pq#rm#`c#jgrrjc#lc_p0rcpk#pgqi#rf_r#l_rsp_j#e_q#npgacq#ugjj#pgqc#qgelgdga_lrjw#_lb#rfcpc`w#pcbsac#

cjcarpgagrw#_ddmpb_`gjgrw1#Imuctcp/#l_rsp_j#e_q#gq#_l#cvrp_argtc#amkkmbgrw#rp_bcb#glrcpl_rgml_jjwjnpgacq#

_pc#_ddcarcb#`w#nmjgagcq#gkn_argle#fmu#rfc#pcqmspac#gq#npmbsacb/#_lb#npgacq#qfmu#ncpgmbga#pcegml_j/#

qc_qml_j/#mp#jma_j#npgac#qngicq/#_lb#ctcl#qsqr_glcb#npgac#glapc_qcq1#Jr#gq#pc_qml_`jc#rm#cvncar#amlrglsgle#

pcegml_j#bgddcpclrg_jq#`cruccl#l_rsp_j#e_q#bcjgtcpcb#amqrq/#pcdjcargle#bgddcpclacq#gl#npmvgkgrw#rm#l_rsp_j#

e_q#npmbsargml#dgcjbq/#npmbsargml#amqrq/#_lb#bcjgtcp_`gjgrw#+glajsbgle#rfc#cddcarq#md#ngncjglc#mp#jgoscdgcb#

l_rsp_j#e_q#bcjgtcp_`gjgrw#amlqrp_glrq,1#Jd#l_rsp_j#e_q#npgacq#pgqc/#ufmjcq_jc#cjcarpgagrw#amqrq#_pc#jgicjw#rm#

pgqc#gl#pcegmlq#ufcpc#l_rsp_j#e_q#pck_glq#rfc#k_pegl_j#dscj#gl#_#qgelgdga_lr#lsk`cp#md#fmspq1#Ufgq#umsjb#

`c#rpsc#dmp#`mrf#SUP2JTP#_lb#lml0SUP2JTP#pcegmlq1#Jr#gq#slajc_p#fmu#pgqgle#l_rsp_j#e_q#npgacq#_lb#

###########################################################

dddd#4STAFBR LK 314 @LJOIF=K@B @LRSR AL KLS CTIIX @=OSTQB SEB e=II0FKf @LRSR SE=S SEB Q=SBO=XBQ l=KA S=WO=XBQRm TISFJ=SBIX ?B=Qa 

Ufcqc#mrfcp#amqrq#_pc#f_pbcp#rm#kc_qspc/#`sr#k_w#lmr#`c#glqgelgdga_lr1#Ufcw#k_w#`c#f_pbcp#rm#os_lrgdw#dmp#k_lw#pc_qmlq/#qsaf#

_q#f_tgle#ksjrgnjc#bpgtcpq#`cfglb#rfmqc#gltcqrkclrq#_lb#t_pgmsq#bgqrpg`srgml0jctcj#epgb#kmbcplgx_rgml#gltcqrkclrq#+c1e1/#qk_pr#

kcrcpq#_lb#mrfcpq#rf_r#_pc#rmsrcb#rm#_gb#WSF#glrcep_rgml,1#Ocu#rp_lqkgqqgml#+mrfcp#rf_l#rfc#bgpcar#rp_lqkgqqgml#

glrcpamllcargml#af_pecb#rm#rfc#pclcu_`jc#eclcp_rgml#npmhcar#_lb#rfsq#pcdjcarcb#gl#rfcgp#QQB,/#_q#ucjj#_q#cddcarq#md#WSF#

t_pg_`gjgrw#ml#rfc#bgqn_raf_`jc#djccr/#_pc#mrfcp#cv_knjcq#md#amqrq#mdrcl#lmr#glajsbcb#gl#epgb#glrcep_rgml#amqr#qrsbgcq1#Dmqrq#md#

t_pgmsq#r_v#_lb#mrfcp#qs`qgbgcq#_pc#_jqm#lmr#amslrcb1#
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_bbgrgml_j#WSF#eclcp_rgml#umsjb#_ddcar#rfc#j_pec0qa_jc#bgqnj_ackclr#md#am_j#_lb#lsajc_p#eclcp_rgml/#_lb#

sjrgk_rcjw/#cjcarpgagrw#_ddmpb_`gjgrw#dmp#_ddcarcb#amlqskcpq1##

Ufc#t_pgcrw#md#eclcp_rgml#nmprdmjgmq#mncp_rgle#rfpmsefmsr#rfc#V1T1#jclbq#grqcjd#rm#dsprfcp#qrsbw1#Um#b_rc/#

jgkgrcb#umpi#f_q#dmasqcb#ml#rfc#_ddmpb_`gjgrw#md#rfc#CQT#_q#_#qwqrck#mp#nmprdmjgmjpcj_rgtcjw#kmpc#

_rrclrgml#f_q#dmasqcb#ml#pcr_gj#cjcarpgagrw#npgacq797#mp#rfc#qr_lb0_jmlc#amqr#md#eclcp_rgml#rcaflmjmegcq#

+qsaf#_q#MDPF,1#Tmkc#pcqc_paf#f_q#dmasqcb#ml#_l_jwqgq#md#qwqrck0ugbc#MDPF/798#`sr#kmpc#a_l#`c#bmlc1#

Mmmigle#dmpu_pb/#_lmrfcp#nmrclrg_j#af_jjclec#rm#_ddmpb_`gjgrw#gq#bcrcpkglgle#fmu#rfc#npmjgdcp_rgml#md#

bgqrpg`srcb#QW#_apmqq#ksaf#md#rfc#O_rgml#gq#af_legle#rfc#amqr#qrpsarspc#dmp#lml0n_prgagn_rgle#asqrmkcpq1#

B#epmugle#`mbw#md#pcqc_paf#amlqgbcpq#ufcrfcp#_lb#fmu#bgqrpg`srcb#QW#sqcpq#amlrglsc#rm#`clcdgr#dpmk#

rfcgp#epgb#amllcargml#dmp#`_j_lagle#qcptgacq#_lb#clcpew#qrmp_ec/#_q#ucjj#_q#fmu#rm#pc_jjma_rc#srgjgrw#

clcpew/#a_ngr_j/#_lb#qwqrck#amqrq#_lb#p_rcq#d_gpjw#_kmle#_jj#sqcpq1#Dmlacplq#_`msr#kmpc#asqrmkcpq#

glqr_jjgle#bgqrpg`srcb#QW#slbcp#lcr#kcrcpgle#r_pgddq/eeee#ufgaf#nmrclrg_jjw#qfgdrq#amqrq#_lb#glapc_qcq#rfc#

`spbcl#ml#lml0bgqrpg`srcb#QW#asqrmkcpq/#f_tc#a_sqcb#ksjrgnjc#qr_rcq#rm#pc0mncl#rfcgp#lcr#kcrcpgle#

r_pgdd#npmacqqcq#_lb/#gl#qmkc#a_qcq/#gknjckclr#lcu#nmjgagcq1#Imuctcp/#qmkc#qrsbgcq#f_tc#os_lrgdgcb#rfc#

pcr_gj#p_rc#gkn_arq#md#lcr#kcrcpgle#rm#_jj#pcqgbclrg_j#asqrmkcpq#+g1c1/#n_prgagn_lrq#_lb#lml0n_prgagn_lrq,#

_lb#dmslb#rf_r#asppclr#_lb#npmhcarcb#jctcjq#md#lcr#kcrcpgle#f_tc#tcpw#jgrrjc#gkn_ar/#cqncag_jjw#amkn_pcb#

rm#`pm_bcp#bpgtcpq#md#pcr_gj#p_rc#glapc_qcq#gl#rfc#cjcarpga#glbsqrpw1799###

eeee#"@@LQAFKD SL SEB &*"^ elcr#kcrcpgle#r_pgddq#cl_`jc#asqrmkcpq#rm#sqc#rfc#cjcarpgagrw#rfcw#eclcp_rc#gl#cvacqq#md#rfcgp#

amlqsknrgml#_r#acpr_gl#rgkcq#rm#mddqcr#rfcgp#sqc#md#cjcarpgagrw#dpmk#rfc#epgb#_r#mrfcp#rgkcq1#Ufcqc#r_pgddq#_pc#bcqgelcb#rm#

clamsp_ec#bgqrpg`srcb#pclcu_`jc#eclcp_rgml1#Ufcqc#_pp_leckclrq#bcqapg`c#fmu#_l#cjcarpga#srgjgrw#asqrmkcp#ufm#glqr_jjq#_#

os_jgdwgle#eclcp_rmp#+rwnga_jjw#_#pmmdrmn#qmj_p#_pp_w/#jcqq#mdrcl#_#qk_jj#uglb#rsp`glc/#mp#_#qk_jj#amk`glcb#fc_r0_lb0nmucp#

RXRSBJm VFII ?B @LJOBKR=SBA ?X SEBFQ TSFIFSX CLQ SEB BIB@SQF@FSX SEBX DBKBQ=SB FK BW@BRR LC SEBFQ @LKRTJOSFLKaf 

frrnq>22uuu1cg_1emt2rmb_wglclcpew2bcr_gj1nfnAgb@94=3##
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7 Policy Recommendations 
Ufc#Bnpgj#}� JBJL =RHBA RS=CC SL eKLS LKIX =K=IXYB OQL?IBJR ?TS =IRL OQLUFAB @LK@QBSB OLIF@X 

QB@LJJBKA=SFLKR =KA RLITSFLKRaf 5L SE=S BKA^ %0& RS=CC OQBO=QBA = IFRS LC QB@LJJBKA=SFLKR#`cjmu1#

4LJB =@SFLKR CFS RPT=QBIX VFSEFK %0&dR =TSELQFSX^ VEFIB LSEBQR JFDES C=II SL LSEBQ DLUBQKJBKS =DBK@FBR 

mp#npgt_rc#mpe_lgx_rgmlq1##

LU[XR_NXR#YN^WR`_>#GFSD#qfmsjb#cvncbgrc#grq#cddmprq#ugrf#qr_rcq/#SUP2JTPq/#_lb#mrfcp#qr_icfmjbcpq#rm#

gknpmtc#clcpew#npgac#dmpk_rgml#gl#aclrp_jjw0mpe_lgxcb#ufmjcq_jc#cjcarpgagrw#k_picrq1#Bdrcp#qctcp_j#wc_pq#

md#d_ar#dglbgle#_lb#rcaflga_j#amldcpclacq/#rfc#pcampb#lmu#qsnnmprq#clcpew#npgac#dmpk_rgml#pcdmpk/#qsaf#

_q#rfc#npmnmq_jq#j_gb#msr#`w#QKN79;#_lb#mrfcpq179<#Gsprfcp/#lce_rgtc#mddcpq#qfmsjb#`c#kgrge_rcb#rm#rfc#

`pm_bcqr#cvrclr#nmqqg`jc1#

KNXaN`V[Z#[S#=__RZ`VNX#GRXVNOVXV`e#HR^bVPR_#'=GH(7#Xfcpc#dc_qg`jc#_lb#ugrfgl#grq#qr_rsrmpw#_srfmpgrw/#GFSD#

qfmsjb#qrsbw#_lb#k_ic#pcamkkclb_rgmlq#pce_pbgle#cddmprq#rm#pcosgpc#t_js_rgml#md#lcu#_lb#cvgqrgle#FST#

`w#apc_rgle#dscj0lcsrp_j#k_picrq#_lb2mp#pcesj_rmpw#kcaf_lgqkq#rf_r#amknclq_rc#epgb#n_prgagn_lrq#dmp#

qcptgacq#rf_r#_pc#lcacqq_pw#rm#qsnnmpr#pcjg_`jc#epgb#mncp_rgmlq1#Qpgagle#kcaf_lgqkq#mp#pcesj_rgmlq#qfmsjb#

`c#dscj#_lb#rcaflmjmew#lcsrp_j#_lb#aclrcpcb#ml#rfc#pcjg_`gjgrw#qcptgacq#npmtgbcb1#EPF#qfmsjb#npmtgbc#

rcaflga_j#_lb#nmjgaw#qsnnmpr#rf_r#qrpclerfcl#_lb#_aacjcp_rc#rfcqc#cddmprq1##

9aXW#F[cR^#He_`RY#'9FH(#^R_VXVRZPR7#EPF#qfmsjb#qsnnmpr#srgjgrw/#epgb#mncp_rmp/#_lb#amlqskcp#cddmprq#rm#

clf_lac#qwqrck#pcqgjgclac1#Up_lqkgqqgml#nj_llgle#clrgrgcq#qfmsjb#amlbsar#ncpgmbga#bgq_qrcp0

npcn_pcblcqq#cvcpagqcq#gltmjtgle#cjcarpga#srgjgrgcq/#pcegml_j#mddgacq#md#Gcbcp_j#_eclagcq/#_lb#qr_rc#

_eclagcq1#OFSD#qfmsjb#amlqgbcp#_bbgle#pcqgjgclac#amknmlclrq#rm#grq#kgqqgml#qr_rckclr#_lb#bctcjmn#_#

npmep_k#rm#umpi#ugrf#grq#kck`cp#srgjgrgcq#rm#`pm_bcl#rfcgp#sqc#md#ckcpegle#u_wq#rm#`crrcp#glampnmp_rc#

pcqgjgclac1#SUPq#_lb#JTPq#qfmsjb#dsprfcp#bcdglc#apgrcpg_#dmp#pcqgjgclac/#gbclrgdw#fmu#rm#glajsbc#pcqgjgclac#

gl#`sqglcqq#np_argacq/#_lb#cv_kglc#pcqgjgclac0pcj_rcb#gkn_arq#md#rfcgp#pcqmspac#kgv1#

F^[Y[`R#GR_RN^PU#NZQ#<RbRX[\YRZ`#'G&<(#[S#ZRd`*TRZR^N`V[Z,/._`#PRZ`a^e#T^VQ#^RXVNOVXV`e#NZQ#

^R_VXVRZPR#`[[X_7#EPF#qfmsjb#dmasq#S)E#cddmprq#rm#clf_lac#srgjgrw/#epgb#mncp_rmp/#_lb#amlqskcp#cddmprq#rm#

clf_lac#qwqrck#pcjg_`gjgrw#_lb#pcqgjgclac1#EPF#S)E#mnnmprslgrgcq#glajsbc#rfc#dmjjmugle#_argtgrgcq>###

' Ectcjmn#epgb#rcaflga_j#rmmjq#rm#d_agjgr_rc#lcu0DBKBQ=SFLK SB@EKLILDFBRd LOBQ=SFLKR SL RTOOLQS 

CQT#pcjg_`gjgrw#+c1e1/#`w#cl_`jgle#rcaflmjmegcq#rm#npmtgbc#FST,/#_lb#k_vgkgxc#sqc#md#rfc#EPF#

l_rgml_j#j_`mp_rmpgcq1#

' Fvn_lb#ammncp_rgml#ml#epgb#pcjg_`gjgrw#_apmqq#Omprf#Bkcpga_/#glajsbgle#umpigle#ugrf#OFSD#rm#

dsprfcp#clf_lac#rfc#pcjg_`gjgrw#md#msp#qf_pcb#CQT#rfpmsef#rcaflga_j#cle_eckclr#ugrf#Ncvgam#

_lb#D_l_b_1#

' Xgrf#rfc#O_rgml_j#Tagclac#Gmslb_rgml/#qnmlqmp#rfc#bctcjmnkclr#md#lcu#mncl0qmspac#qmdru_pc#

dmp#rfc#lcvr0eclcp_rgml#cjcarpga#epgb#pcqc_paf#amkkslgrw1#

' Gmasq#S)E#ml#gknpmtgle#WSF#glrcep_rgml#rfpmsef#epgb#kmbcplgx_rgml#rcaflmjmegcq#rf_r#a_l#

glapc_qc#epgb#mncp_rgml_j#djcvg`gjgrw#_lb#pcjg_`gjgrw#rfpmsef#_#t_pgcrw#md#gllmt_rgmlq#gl#qclqmpq#

_lb#amlrpmjq/#qrmp_ec#rcaflmjmew/#epgb#glrcep_rgml/#_lb#_bt_lacb#nmucp#cjcarpmlgaq1#Ufc#Hpgb#

Nmbcplgx_rgml#Jlgrg_rgtc#qfmsjb#_jqm#amlqgbcp#_bbgrgml_j#_nnjga_rgmlq#md#fgef0ncpdmpk_lac#

amknsrgle#dmp#epgb#kmbcjgle#rm#_bt_lac#epgb#pcqgjgclac1#

Ha\\[^`#>RQR^NX#NZQ#^RTV[ZNX#N\\^[NPUR_#`[#RXRP`^VPV`e#c[^WS[^PR#QRbRX[\YRZ`#NZQ#`^NZ_V`V[Z#

N__V_`NZPR7#Jl#n_prlcpqfgn#ugrf#mrfcp#_eclagcq#_lb#rfc#npgt_rc#qcarmp/#EPF#qfmsjb#d_agjgr_rc#npmep_kq#
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_lb#pcegml_j#_nnpm_afcq#dmp#cjcarpgagrw#qcarmp#umpidmpac#bctcjmnkclr1#Vlcknjmwcb#umpicpq#lc_pgle#`sr#

lmr#wcr#cjgeg`jc#dmp#pcrgpckclr#k_w#f_tc#bgddgasjrw#pcrp_glgle#_drcp#a_pccpq#`sgjr#ml#qncag_jgxcb#qigjjq#rf_r#

k_w#`c#gl#bcajglgle#bck_lb1#Xfcpc#nmqqg`jc/#Gcbcp_j#_eclagcq#qfmsjb#jctcp_ec#cvgqrgle#emtcplkclr/#

lmlemtcplkclr/#j_`mp/#_lb#glbsqrpw#umpidmpac#amlqmprg_1##

=ZR^Te#Q[YVZNZPR7#Fvcasrgtc#Ppbcp#46;<6#+Qpmkmrgle#Flcpew#Jlbcnclbclac#_lb#Famlmkga#Hpmurf,#

msrjglcb#_l#_nnpm_af#rm#npmkmrc#rfc#ajc_l#_lb#q_dc#bctcjmnkclr#md#clcpew#pcqmspacq#ufgjc#_r#rfc#q_kc#

rgkc#kglgkgxgle#pcesj_rmpw#`_ppgcpq#rm#clcpew#npmbsargml/#camlmkga#epmurf/#_lb#hm`#apc_rgml1#Ufc#Ppbcp#

a_jjcb#dmp#_#pcqagqqgml#md#acpr_gl#clcpew#_lb#ajgk_rc#pcj_rcb#nmjgagcq/#pcqaglbcb#qncagdga#pcnmprq/#_lb#

mpbcpcb#rfc#pctgcu#md#icw#cltgpmlkclr_j#pcesj_rgmlq1#Xfgjc#EPF#gq#lmr#rfc#k_gl#_eclaw#r_qicb#gl#rfc#

Ppbcp/#gr#qfmsjb#amlrglsc#rm#npgmpgrgxc#clcpew#bmkgl_lac#_lb#gknjckclrgle#rfc#Fvcasrgtc#Ppbcp#`pm_bjw#

_lb#osgaijw1##

AZS^N_`^aP`a^R#QRbRX[\YRZ`7#EPF#_lb#pcj_rcb#Gcbcp_j#_eclagcq#qfmsjb#_aacjcp_rc#_lb#pcbsac#amqrq#dmp#

rfc#jgaclqgle/#pcjgaclqgle/#_lb#ncpkgrrgle#md#epgb#gldp_qrpsarspc#qsaf#_q#lsajc_p/#fwbpm/#am_j/#_bt_lacb#

eclcp_rgml#rcaflmjmegcq/#_lb#rp_lqkgqqgml1#EPF#qfmsjb#pctgcu#pcesj_rmpw#`spbclq#dmp#qgrgle#_lb#

ncpkgrrgle#dmp#eclcp_rgml#_lb#e_q#_lb#cjcarpgagrw#rp_lqkgqqgml#gldp_qrpsarspc#_lb#qfmsjb#r_ic#_argmlq#rm#

_aacjcp_rc#rfc#npmacqq#_lb#pcbsac#amqrq1#Tncagdga#pcdmpkq#amsjb#glajsbc#rfc#dmjjmugle>#

' EnYgdedlZg>#Flamsp_ec#GFSD#rm#pctgqgr#rfc#asppclr#jgaclqgle#_lb#pcjgaclqgle#npmacqq#_lb

kglgkgxc#pcesj_rmpw#`spbcl/#n_prgasj_pjw#dmp#qk_jj#npmhcarq#_lb#nskncb#qrmp_ec1

' KjXaZVg#MdlZg>#Flamsp_ec#rfc#OSD#rm#clqspc#rfc#q_dcrw#md#cvgqrgle#_lb#lcu#lsajc_p#d_agjgrgcq

ugrfmsr#sllcacqq_pgjw#_bbgle#rm#rfc#mncp_rgle#amqrq#_lb#camlmkga#slacpr_glrw#md#lsajc_p

clcpew1#Sctgqgr#lsajc_p#q_dcrw#psjcq#slbcp#_#pgqi0`_qcb#_nnpm_af1

' @dVa#DZcZgVi^dc>#Flamsp_ec#FQB#rm#_jjmu#am_j0dgpcb#nmucp#nj_lrq#rm#gknpmtc#cddgagclaw#_lb

pcjg_`gjgrw#ugrfmsr#rpgeecpgle#lcu#pcesj_rmpw#_nnpmt_jq#_lb#_qqmag_rcb#amqrq1#Jl#_#pcesj_rmpw

cltgpmlkclr#rf_r#umsjb#_jjmu#dmp#gknpmtckclr#md#rfc#cvgqrgle#djccr/#EPF#qfmsjb#nspqsc#_

r_pecrcb#S)E#nmprdmjgm#_gkgle#_r#glapc_qgle#cddgagclaw1

=XRP`^VP*TN_#P[[^QVZN`V[Z7#Vrgjgrgcq/#qr_rcq/#GFSD/#_lb#EPF#qfmsjb#qsnnmpr#glapc_qcb#ammpbgl_rgml#

`cruccl#rfc#cjcarpga#_lb#l_rsp_j#e_q#glbsqrpgcq#rm#_bbpcqq#nmrclrg_j#pcjg_`gjgrw#_lb#pcqgjgclac#amlacplq#

_qqmag_rcb#ugrf#mpe_lgx_rgml_j#_lb#gldp_qrpsarspc#bgddcpclacq1#EPF#_lb#GFSD#qfmsjb#qsnnmpr#ucjj0

dslargmlgle#amkkmbgrw#k_picrq#dmp#l_rsp_j#e_q#`w#cvncbgrgmsqjw#npmacqqgle#jgoscdgcb#l_rsp_j#e_q#cvnmpr#

_lb#apmqq0`mpbcp#l_rsp_j#e_q#ngncjglc#_nnjga_rgmlq1
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8 Areas for Further Research 
EPF#qr_dd#gbclrgdgcb#qctcp_j#pcqc_paf#rmngaq#rf_r#_pc#pcjct_lr#rm#rfc#Bnpgj#47#kckm#_lb#kcpgr#dsprfcp#gl0

bcnrf#_l_jwqgq1#Tmkc#rmngaq#k_w#`c#_nnpmnpg_rc#dmp#mddgacq#ugrfgl#rfc#Ecn_prkclr/#l_rgml_j#

j_`mp_rmpgcq/#_a_bckg_/#mrfcp#emtcplkclr#_eclagcq/#mp#npgt_rc#mpe_lgx_rgmlq1##

CN^WR`#_`^aP`a^R#NZQ#\^VPVZT#

' Trsbw#kcaf_lgqkq#dmp#cl_`jgle#cosgr_`jc/#t_jsc0`_qcb#pckslcp_rgml#dmp#bcqgpcb#epgb

_rrpg`srcqjqsaf#_q#FST/#dscj#_t_gj_`gjgrw/#fgef#pcqgjgclac/#jmu#ckgqqgmlq/#djcvg`gjgrw/#cra1jugrf

_jrcpl_rgtc#k_picr#_lb#lml0k_picr#qrpsarspcq1#Ufgq#pcqc_paf#amsjb#_qqcqq#nmrclrg_jjw#slbcp0

pcamelgxcb#amlrpg`srgmlq#dpmk#`_qcjm_b#nmucp#nj_lrq/#sqgle#dscj0lcsrp_j#kcrpgaq#_lb#t_jscq

pcjct_lr#rm#_l_jwxc#_jj#pcqmspac#mnrgmlq1

' Ft_js_rc#mlemgle#a_n_agrw#k_picr#pcdmpkq1#Tctcp_j#md#rfc#O=SFLKdR BIB@SQF@FSX J=QHBSR sqc

k_lb_rmpw#a_n_agrw#k_picrq#rm#npmaspc#a_n_agrw#dmp#dsrspc#wc_pq#_lb#clqspc#pcqmspac#_bcos_aw1

Ufc#bcqgel#md#rfcqc#amlqrpsarq#f_q#`ccl#rfc#qs`hcar#md#lc_p0amlqr_lr#bc`_rc#ugrfgl#rfc

SUP2JTPq#_lb#`cdmpc#GFSD1#Bdrcp#slbcpemgle#qs`qr_lrg_j#af_lecq#dpmk#5347i5348/#a_n_agrw

k_picrq#f_tc#amkc#slbcp#lcu#qapsrglw#gl#jgefr#md#pcaclr#_argmlq#`w#pcqrpsarspcb#qr_rcq#rm

npcqcptc#mp#npmkmrc#acpr_gl#pcqmspacq#mp#pcqmspac#rwncq#_lb#rm#dsprfcp#qr_rc#nmjgaw#em_jq1

' Fvnjmpc#k_picr#mncp_rgmlq#gl#_#fgefcp#WSF2jmu#k_pegl_j#amqr#qwqrck/#_lb#cv_kglc#pcaclr

af_lecq#gl#clcpew#npgac#rpclbqjglajsbgle#rfc#bpgtcpq#md#ufmjcq_jc#cjcarpgagrw#npgacq#gl#rfc

amlrcvr#md#jgkgrcb#jm_b#epmurfjos_lrgdwgle#rfc#pcj_rgtc#amlrpg`srgmlq#md#dmqqgj#dscj#npgacq1#Xgrf

qgelgdga_lr#_kmslrq#md#lc_p0xcpm#k_pegl_j#amqr#eclcp_rgml#_t_gj_`jc/#qcaspgrw0amlqrp_glcb

camlmkga#bgqn_raf#md#CQT#`_qcb#ml#k_pegl_j#amqrq#k_w#lmr#qsddgagclrjw#amknclq_rc#pcqmspacq

dmp#_jj#dgvcb#_lb#t_pg_`jc#amqrq1#Ba_bckga#_lb#mrfcp#pcqc_paf#qfmsjb#`c#cvn_lbcb#gl#rfgq#_pc_/#rm

glajsbc#a_n_agrw#k_picr#pcdmpkq#_lb#rfc#pmjc#md#a_n_agrw#k_picrq#gl#_#fgefcp#WSF2jmu#k_pegl_j

amqr#qwqrck1

GRXVNOVXV`e#NZQ#^R_VXVRZPR#

' Ectcjmn#nmjgaw#kcrpgaq#_lb#rmmjq#dmp#ct_js_rgle#CQT0ugbc#npmtgqgml#md#pcqgjgclac#_lb#amlqgbcpgle

_jj#_qncarq#md#rfc#cjcarpgagrw#qwqrck#rf_r#amlrpg`src#rm#pcqgjgclac/#glajsbgle#pcegml_j#eclcp_rgml

af_p_arcpgqrgaq/#gknmprq#_lb#cvnmprq/#dscj#qsnnjw#_lb#qrmp_ec/#rp_lqkgqqgml#a_n_`gjgrw/#ES/

cjcarpgagrw#qrmp_ec/#glcprg_/#_lb#mrfcp#d_armpq#rf_r#bcrcpkglc#rfc#_`gjgrw#md#epgb#mncp_rmpq#rm

npmtgbc#pcjg_`jc#cjcarpgagrw#qsnnjgcq1

' Bq#QKN#lmrcq/#eapgrcpg_#dmp#pcqgjgclac#_pc#lmr#cvnjgagrjw#bcdglcb#mp#os_lrgdgcb#rmb_waf79=##F_af

SUP2JTP#qfmsjb#qrpgtc#rm#cvnjgagrjw#bcdglc#pcqgjgclac#ml#grq#qwqrck#_lb#amlbsar#pcqmspac#bgtcpqgrw

_qqcqqkclrq#rm#kmpc#dsjjw#slbcpqr_lb#rfc#pcqgjgclac#md#bgddcpclr#pcqmspac#nmprdmjgmq1#Gcbcp_j/

qr_rc/#_lb#jma_j#umpi#rm#bcdglc#_lb#qsnnmpr#qwqrck0ugbc#pcqgjgclac#gq#_jqm#lccbcb1

' FJB#_lb#OFSD#qfmsjb#cv_kglc#u_wq#rm#gknpmtc#nmucp#eclcp_rmp#dscj#bcjgtcpw#b_r_#amjjcargml?

_bbgrgml_j#b_r_#ml#dscj#bcjgtcpgcq#_lb#nmrclrg_j#bgqpsnrgmlq#umsjb#dsprfcp#gknpmtc#dmpca_qrgle

lcacqq_pw#dmp#cjcarpga#pcjg_`gjgrw#nj_llgle1
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;[_`#NZQ#NSS[^QNOVXV`e#

' Fqrgk_rc#rfc#`sji#nmucp#qwqrck0ugbc#amqrq#md#bgddcpclr#eclcp_rgml#kgvcq/#_jqm#amlqgbcpgle#rfc

qclqgrgtgrw#md#qwqrck#amqrq#rm#t_pgmsq#dscj#npgac#djsars_rgmlq1#Gsprfcp/#cv_kglc#rfc#pcj_rgmlqfgn

`cruccl#ufmjcq_jc#_lb#pcr_gj#cjcarpgagrw#p_rcq#rm#slbcpqr_lb#rfc#npcqclr#bgqamllcar1

' Pl#_#pcesj_p#`_qgq/#snb_rc#rfc#FJB#_l_jwqgq#md#qs`qgbgcq#_lb#qsnnmpr#dmp#cjcarpgagrw#npmbsargml

+kmqr#pcaclrjw#snb_rcb#sqgle#GZ#5346#b_r_,17;3

GRTaXN`[^e#

' Fvnjmpc#rfc#nmrclrg_j#dmp#srgjgxgle#cvgqrgle#Gcbcp_j#_srfmpgrgcq#slbcp#rfc#Gcbcp_j#Qmucp#Bar#_lb

rfc#EPF#Ppe_lgx_rgml#Bar/#_kmle#mrfcpq/#rm#clqspc#qwqrck#pcjg_`gjgrw#_lb#pcqgjgclac1

' Fvnjmpc#amqrq#_lb#`clcdgrq#md#qr_rcq#_nnjwgle#amqr0md0qcptgac#pcesj_rgml#rm#qncagdga#_r0pgqi#nj_lrq

rf_r#amlrpg`src#rm#epgb#pcqgjgclac1#Jl#aclrp_jjw0mpe_lgxcb#ufmjcq_jc#k_picrq/#rfcqc#pcqmspacq#k_w

qmkcrgkcq#`c#sl_`jc#rm#pcamsn#_jj#amqrq#md#eclcp_rgle#cjcarpgagrwjcqncag_jjw#a_ngr_j#gltcqrkclrq

rf_r#_pc#lccbcb#rm#clqspc#jmle0rcpk#tg_`gjgrw1
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Appendix A: National and Regional 

Profiles 











































151 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

Appendix B: VRE Integration 

Studies 
Oskcpmsq#rcaflga_j#qrsbgcq#ml#cjcarpgagrw#qwqrckq#gl#kmqr#pcegmlq#md#rfc#O_rgml#f_tc#amlajsbcb#rf_r#

qgelgdga_lrjw#fgefcp#jctcjq#md#WSF#a_l#`c#qsaacqqdsjjw#glrcep_rcb#ugrfmsr#amknpmkgqgle#pcqmspac#

_bcos_aw1ffff#Eckmlqrp_rgle#pcqmspac#_bcos_aw#gq#cqqclrg_j/#`sr#_afgctgle#rfc#kmbcjcb#jctcjq#md#WSF#

OBKBSQ=SFLK QBPTFQBR = CTII @LKRFABQ=SFLK LC e=II0FKf @LRSR^ I=KA TRB^ RFSFKD^ =KA LSEBQ BKUFQLKkclr_j#

gkn_arq?#qsqr_gl_`jc#camlmkgaq#dmp#lml0uglb#_lb#qmj_p#pcqmspacq?#dmp#qmkc#qrsbgcq/#pcosgpcb#af_lecq#_r#

rfc#bgqrpg`srgml#jctcj?#ufmjcq_jc#k_picr#bcqgel#_lb#mpe_lgx_rgml_j#af_lecq?#qnclbgle#ml#pcjct_lr#

rp_lqkgqqgml#_lb#bgqrpg`srgml#epgb#kmbcplgx_rgml#_argtgrgcq?#_lb#clqspgle#_jj#_qncarq#md#mncp_rgml_j#

pcjg_`gjgrw1gggg#Ufcqc#a_tc_rq#_pc#lml0rpgtg_j/#_q#rfcw#umsjb#`c#dmp#_lw#qs`qr_lrg_j#k_hmp#af_lecq#gl#rfc#

cjcarpga#nmucp#qwqrck1#

Table B-1. VRE Integration Studies 471

Scegml# WSF#

Qcl1#

Bsrfmp# Trsbw#

Zc_p#

Trsbw#Ugrjc#

JZV`RQ#H`N`R_# 83(# OSFM# 5345# OZcZlVWaZ#BaZXig^X^in#CjijgZh#PijYn#

LR_`R^Z#

AZ`R^P[ZZRP`V[Z#

66(# OSFM# 5346# TZhiZgc#T^cY#VcY#PdaVg#FciZ\gVi^dc#PijYn;#M]VhZ#2#

66(# HF#Flcpew# 5347# TZhiZgc#T^cY#VcY#PdaVg#FciZ\gVi^dc#PijYn#M]VhZ#3#`#

CgZfjZcXn#OZhedchZ#VcY#QgVch^Zci#PiVW^a^in#

66(# HF#Flcpew# 5348# TZhiZgc#T^cY#VcY#PdaVg#FciZ\gVi^dc#PijYn#M]VhZ#3>;#

Idl#IZkZah#d[#PncX]gdcdjh#DZcZgVi^dc#

68(# F6#_lb#OSFM# 5348# TZhiZgc#FciZgXdccZXi^dc#CaZm^W^a^in#>hhZhhbZci#

85(# OSFM# 5348# OZcZlVWaZ#BaZXig^X^in#CjijgZh;#LeZgVi^dcVa#>cVanh^h#

d[#i]Z#TZhiZgc#FciZgXdccZXi^dc#Vi#SZgn#E^\]#

OZcZlVWaZ#MZcZigVi^dch#

;8AHE# 45(# DBJTP# 5343# FciZ\gVi^dc#d[#OZcZlVWaZ#OZhdjgXZh#Vi#20'#OMP#

83(&# HF#Flcpew# 5344# @Va^[dgc^V#FPL#CgZfjZcXn#OZhedchZ#PijYn#

6;(# F6# 5347# FckZhi^\Vi^c\#V#E^\]Zg#OZcZlVWaZh#Mdgi[da^d#

PiVcYVgY#^c#@Va^[dgc^V#

ffff#Imuctcp/#rfcqc#qrsbgcq#+n_prgasj_pjw#rfmqc#cv_kglgle#fgef#WSF#jctcjq,#k_w#mdrcl#_qqskc#+mp#gelmpc,#kmbcjcb#amlbgrgmlq#

rf_r#amsjb#`c#bgddgasjr#_lb2mp#amqrjw#rm#_afgctc#gl#np_argac/#qsaf#_q#_#j_pec#rp_lqkgqqgml#`sgjbmsr#rf_r#k_w#d_ac#qgrgle#mp#mrfcp#

m`qr_ajcq/#_`gjgrw#md#lml0uglb#_lb#qmj_p#nj_lrq#rm#pck_gl#dgl_lag_jjw#tg_`jc#_lb#rfsq#_t_gj_`jc/#glqrgrsrgml_j#af_lecq/#mp/#dmp#mlc#

qrsbw/#qwlafpmlgx_rgml#md#_jj#rfpcc#glrcpamllcargmlq1#

gggg#Pncp_rgml_j#pcjg_`gjgrw#+ufgaf#glajsbcq#clqspgle#_#qcr#md#FST#_pc#k_glr_glcb#rm#fcjn#rfc#cjcarpga#qwqrck#pc_ar#rm#qsbbcl#

qr_`gjgrw#bgqpsnrgmlq#mp#sl_lrgagn_rcb#jmqqcq#md#qwqrck#amknmlclrq#gl#pc_j0rgkc,#gq#hsqr#_q#gknmpr_lr#_q#rfc#pcqmspac#_bcos_aw#

_qncar#md#CQT#pcjg_`gjgrw1#Csr#kmbcjgle#_jj#lccbcb#_qncarq#md#mncp_rgml_j#pcjg_`gjgrw#gq#tcpw#bgddgasjr#amknsr_rgml_jjw/#_lb#qm#lmr#

sqs_jjw#cv_kglcb#gl#grq#rmr_jgrw#gl#rfcqc#qrsbgcq1#Gmp#cv_knjc/#OSFM#gl#grq#Sclcu_`jc#Fjcarpgagrw#Gsrspcq#Trsbw#qS=SBR^ e5EB RSTAX 

bgb#lmr#amlbsar#_#dsjj#pcjg_`gjgrw#_l_jwqgq/#ufgaf#umsjb#glajsbc#qs`0ELTQIX^ RS=?FIFSX^ =KA "$ OLVBQ CILV =K=IXRFRaf#Jl#d_ar/#n_ec#

WUFFF LC SE=S RSTAX PT=IFS=SFUBIX @LK@ITABR e"AAFSFLK=I @E=IIBKDBR SL OLVBQ RXRSBJ OI=KKFKD =KA LOBQ=SFLK VLTIA =QFRB FK = EFef#

pclcu_`jc#cjcarpgagrw#dsrspc/#glajsbgle#k_l_eckclr#md#jmu0ABJ=KA OBQFLARaf#frrn>22uuu1lpcj1emt2bmaq2dw45mqrg28573=041nbd###
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78(# OSFM# 5349# Idl-@VgWdc#Dg^Y#PijYn#

LR_`# 68(# HF#Flcpew# 5343# TZhiZgc#T^cY#VcY#PdaVg#FciZ\gVi^dc#PijYn;#M]VhZ#1#

4;(# MCOM/#BOM/#OSFM# 5346# FciZ\gVi^c\#PdaVg#MS#^c#Ri^a^in#PnhiZb#LeZgVi^dch#

63(# Yacj#Flcpew# 5344# T^cY#FcYjXZY#@dVa#MaVci#@nXa^c\#@dhih#VcY#i]Z#

Fbea^XVi^dch#d[#T^cY#@jgiV^abZci#[dg#MjWa^X#PZgk^XZ#d[#

@dadgVYd#

4<(-# O_tge_lr/#

T_lbg_/#QOOM#

5344# IVg\Z-PXVaZ#PdaVg#FciZ\gVi^dc#PijYn#

4;(# Jb_fm#Qmucp# 5347# PdaVg#FciZ\gVi^dc#PijYn#OZedgi#

=(# Qmprj_lb#Hclcp_j#

Fjcarpga#

5347# 2013#FciZ\gViZY#OZhdjgXZ#MaVc;#>eeZcY^m#A#MDB#

T^cY#FciZ\gVi^dc#PijYn#M]VhZ#4#

7;(-# Q_agdgDmpn# 534;# 2017#FciZ\gViZY#OZhdjgXZ#MaVc#

=G;EI# 4;(# HF#Flcpew# 533<# >cVanh^h#d[#T^cY#DZcZgVi^dc#FbeVXi#dc#BO@LQ#

>cX^aaVgn#PZgk^XZh#OZfj^gZbZcih#

7;(# Cp_rrjc# 5346# Bmeadg^c\#KVijgVa#DVh#VcY#OZcZlVWaZh#^c#BO@LQ#MVgi#

FF;#CjijgZ#DZcZgVi^dc#PXZcVg^dh#[dg#QZmVh#

=N_`R^Z#

AZ`R^P[ZZRP`V[Z#

63(# FlcpOcv# 5344# BVhiZgc#T^cY#FciZ\gVi^dc#VcY#QgVchb^hh^dc#PijYn#

58(&# HF#Flcpew# 5346# BVhiZgc#CgZfjZcXn#OZhedchZ#PijYn#

63(# OSFM# 5349# BVhiZgc#OZcZlVWaZ#DZcZgVi^dc#FciZ\gVi^dc#PijYn#

;RZ`^NX# 73(# FlcpOcv#cr#_j1# 5343# KZWgVh`V#PiViZl^YZ#T^cY#FciZ\gVi^dc#PijYn#

73(# Df_pjcq#Sgtcp#

Bqqmag_rcq#

5343# #PMM#TFQC#T^cY#FciZ\gVi^dc#PijYn#

93(&# TQQ# 5349# 2016#T^cY#FciZ\gVi^dc#PijYn#

;RZ`^NX#NZQ#

H[a`URN_`#

53(# FQSJ#_lb#MDH# 5344# ALB;#FciZ\gVi^c\#J^YlZhi#T^cY#BcZg\n#^cid#

Pdji]ZVhi#BaZXig^X^in#JVg`Zih#

H[a`URN_`# ;(# QOOM# 5347# Aj`Z#BcZg\n#M]didkdaiV^X#FciZ\gVi^dc#PijYn;#

@Vgda^cVh#PZgk^XZ#>gZVh#

CVQ*8`XNZ`VP# 63(# HF#Flcpew# 5347# MGJ#OZcZlVWaZ#FciZ\gVi^dc#PijYn#

54(# O_tge_lr# 5349# S^g\^c^V#PdaVg#MVi]lVnh#Mgd_ZXi;#PijYn#2#-#PdaVg#MS#

DZcZgVi^dc#PnhiZb#FciZ\gVi^dc#FbeVXih#

CVQcR_`# 83(# HF#Flcpew# 5347# J^ccZhdiV#OZcZlVWaZ#BcZg\n#FciZ\gVi^dc#VcY#

QgVchb^hh^dc#PijYn#

6;(-# Omprfcpl#Tr_rcq#

Qmucp#

5348# 2015#OZhdjgXZ#MaVc;#>eeZcY^m#B#`#OZcZlVWaZ#BcZg\n#

DRc#M[^W# 45(# OZJTP# 5343# Dgdl^c\#T^cY;#C^cVa#OZedgi#d[#i]Z#KUFPL#2010#T^cY#

DZcZgVi^dc#PijYn#

48(# OZJTP# 5349# PdaVg#FbeVXi#dc#Dg^Y#LeZgVi^dch->c#Fc^i^Va#

>hhZhhbZci#

DRc#=ZTXNZQ# 57(# HF#Flcpew# 5343# KZl#Bc\aVcY#T^cY#FciZ\gVi^dc#PijYn#
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@NcNVV# 53(# OSFM#_lb#HF#

Flcpew#

5346# EVlV^^#PdaVg#FciZ\gVi^dc#PijYn#

Omrcq>#WSF#nclcrp_rgml#jgqrcb#_q#ncpaclr_ec#md#_lls_j#clcpew#+g1c1#NXI/#lmr#NX,/#cvacnr#ufcpc#
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Appendix C: Power Plant Cycling 
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' Wear-and-tear cycling costs can increase with the changing power portfolio or fuel
prices.

' These costs are generator-specific. They can impact financial viability of generators.

' Incorporating cycling costs into commitment and dispatch decisions can change these
decisions.

' Solar and wind generation resources have different impacts on cycling.

' Operational and/or physical changes to coal/gas plants can increase flexibility. Retrofits
have the potential to increase overall profitability. 480#
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Figure 8.1. Average Three-Year Capacity Factors for Retired U.S. Coal Plants486

Plants that have retired since 2010 tended to have lower average capacity factors. 

###########################################################
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;9#e4S=STR LC -F@BKRB 3BKBV=I "OOIF@=SFLKR =KA *KATRSQX "@SFUFSFBR^f /T@IB=Q 3BDTI=SLQX $LJJFRRFLK^ I=RS JLAFCFBA +TKB ~�^ 

534;/#frrnq>22uuu1lpa1emt2pc_armpq2mncp_rgle2jgaclqgle2pclcu_j2_nnjga_rgmlq1frkj1#

;;#e6a4a /T@IB=Q 0OBQ=SFKD 1I=KS #=RF@ *KCLQJ=SFLK^f /T@IB=Q &KBQDX *KRSFSTSB^ I=RS JLAFCFBA "OQFI ~|}�^ 
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<7#4a /T@IB=Q 3BDTI=SLQX $LJJFRRFLK^ e4S=STR LC -F@BKRB 3BKBV=I "OOIF@=SFLKR =KA *KATRSQX "@SFUFSFBR^f +TKB ~�^ ~|}�^ 

frrnq>22uuu1lpa1emt2pc_armpq2mncp_rgle2jgaclqgle2pclcu_j2_nnjga_rgmlq1frkj1#
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=9#Ecn_prkclr#md#Flcpew#+EPF,/#)S>LIJIQ?L 7CMCIHY " /?Q $B;JN?L @IL "G?LC=;[M 'CLMN 3?H?Q;<F? &F?=NLC=CNS 4IOL=?#+P_i#Sgbec/#
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N_paf#534;/#frrnq>22uuu1cg_1emt2cjcarpgagrw2b_r_2cg_<93k2#
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534;/#frrnq>22uuu1cg_1emt2bl_t2le2fgqr2pleuffbk1frk1#

437#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#QgZcYh#^c#R.P.#L^a#VcY#KVijgVa#DVh#RehigZVb#@dhih#+X_qfglerml/#ED>#FJB/#N_paf#5349,/#8/#

frrnq>22uuu1cg_1emt2_l_jwqgq2qrsbgcq2bpgjjgle2nbd2snqrpc_k1nbd1#

438#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,/#BaZXig^X#MdlZg#Jdci]an#+X_qfglerml/#ED>#FJB/#N_w#534;,/#U_`jc#91;_/#

frrnq>22uuu1cg_1emt2cjcarpgagrw2kmlrfjw2cnk^r_`jc^ep_nfcp1nfnAr@cnkr^9^3;^_1#

439#TOM#Flcpew/#m`r_glcb#`w#EPF#sqgle#rfcgp#b_r_`_qc#md#cjcarpgagrw#qnmr#npgacq#_lb#Jlrcpamlrglclr_j#Fvaf_lec#l_rsp_j#e_q#qnmr#

npgacq#r_icl#CQLJ "##dR &KBQDX 7BIL@FSX 4TFSB1#

43;#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#%Iclpw#Is`#O_rsp_j#H_q#Tnmr#Qpgac/%#Baacqqcb#Ksjw#534;/#

frrnq>22uuu1cg_1emt2bl_t2le2fgqr2pleuffbN1frk1#

43<#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,/#@Ve^iVa#@dhi#Bhi^bViZh#[dg#Ri^a^in#PXVaZ#BaZXig^X^in#DZcZgVi^c\#MaVcih#+X_qfglerml/#

ED>#FJB/#Omtck`cp#5349,/#U_`jc#4/#

frrnq>22uuu1cg_1emt2_l_jwqgq2qrsbgcq2nmucpnj_lrq2a_ngr_jamqr2nbd2a_namqr^_qqsknrgml1nbd1#

43=#e"RRBRRJBKS LC 3BI=SFUB #BKBCFSg*JO=@S` 8EF@E *R SEB #BRS (BKBQ=SFLK 5B@EKLILDX]f &IB@SQF@ 1LVBQ 3BRB=Q@E *KRSFSTSB^ 

frrn>22qgrcq1cnpg1amk2pcda_pb2amkn_pgqml1frkj1#

443#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,/#Jdci]an#BcZg\n#OZk^Zl#+X_qfglerml/#ED>#FJB/#Ksjw#534;,/#

frrnq>22uuu1cg_1emt2rmr_jclcpew2b_r_2kmlrfjw2&cjcarpgagrw1#

444$EFKBRB 6KFUBQRFSX LC )LKD ,LKD^ e4FKDIB $X@IB (=R 5TQ?FKB 1LVBQ 1I=KS^f $-1 1LVBQ )LKD ,LKD -SAa =KA SEB )LKDHLKD 

Fjcarpga#Dm1#Mrb1/#5347/#frrn>22uuu1fi0nfw1mpe2clcpew2nmucp2cjcar^nfw2dj_qf2nmucpnj_lr^c1frkj1#

445#5XIBQ )LADB^ e"UBQ=DB 6SFIFY=SFLK CLQ /=STQ=I (=R $LJ?FKBA0$X@IB 1I=KSR &W@BBABA $L=I 1I=KSR FK ~|}�^f QdYVn#^c#BcZg\n,#

Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#Bnpgj#7/#5349/#frrnq>22uuu1cg_1emt2rmb_wglclcpew2bcr_gj1nfnAgb@589851#

446#FQTB#Bl_jwqgq>#D_p_#N_paw/#Kcddpcw#Mme_l/#K_kcq#NaD_jj/#Gp_lagqam#Gjmpcq0Fqnglm/#B_pml#Cjmmk/#K�pl#B_`_iicl/#Xcqjcw#Dmjc/#
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Baacnrgle#Dmknjg_lac#Ggjgle/#_lb#Egpcargle#Gsprfcp#Dmknjg_lac#Ggjgleq/#Emaicr#Omq1#FS4304;=40334#_lb#FS4304;=40335/#

+X_qfglerml/#ED>#GFSD/#Parm`cp#54/#5344,/#n1#;/#frrnq>22uuu1dcpa1emt2uf_rq0lcu2amkk0kccr2534424353442F0441nbd1#

59=#TQQ#Scegml_j#Tr_rc#Dmkkgrrcc/#Dmqr#Bjjma_rgLK 8LQHFKD (QLTO^ e/BV .BJ?BQ $LRS "IIL@=SFLK3BUFBV 1QL@BRR^f 0@SL?BQ ~�^ 

5349/#

frrnq>22qnn1mpe2bmaskclrq27;6;52qnn(53lcu(53kck`cp(53amqr(53_jjma_rgml(53pctgcu(53npmacqq(530(53pqa(53_n

npmtcb(53534943571nbd1##

5;3#Fbgqml#Fjcarpga#Jlqrgrsrc/#QgVchb^hh^dc#Mgd_ZXih;#>i#>#DaVcXZ#+Fbgqml#Fjcarpga#Jlqrgrsrc/#Ecack`cp#5349,/#t/#

frrn>22uuu1ccg1mpe2gqqscq_lbnmjgaw2rp_lqkgqqgml2Emaskclrq2Up_lq^Qpmhcar^jmupcq^`mmik_picb1nbd1#

5;4#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,/#Jdci]an#BcZg\n#OZk^Zl#+X_qfglerml/#ED>#FJB/#Kslc#534;,/#U_`jc#;15`/#

frrnq>22uuu1cg_1emt2rmr_jclcpew2b_r_2kmlrfjw2nbd2qca;^91nbd?#FJB/#>ccjVa#BcZg\n#Ljiadd`#2017#l^i]#Mgd_ZXi^dch#id#2050#

+X_qfglerml/#ED>#FJB/#K_ls_pw#534;,/#frrnq>22uuu1cg_1emt2msrjmmiq2_cm2r_`jcq^qgbc1nfn.##

5;5#5LRE= #B@HCLQA^ e8FKA 5TQ?FKBR 1QLUFAB �� LC 6a4a (BKBQ=SFKD $=O=@FSX^ .LQB 5E=K "KX 0SEBQ 3BKBV=?IB 4LTQ@B^f QdYVn#^c#

BcZg\n/#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#N_w#5/#534;/#frrnq>22uuu1cg_1emt2rmb_wglclcpew2bcr_gj1nfnAgb@643651#

5;6#(=UFK #=AB =KA 3L?BQS 8=ISLK^ e$"*40` 3BKBV=?IBR 4BQUBA �~� LC $=IFCLQKF= %BJ=KA LK .=X }�^ 4BSSFKD 3B@LQA^f Ri^a^in#

A^kZ/#N_w#4</#534;/#frrn>22uuu1srgjgrwbgtc1amk2lcuq2a_gqm0pclcu_`jcq0qcptcb0750md0a_jgdmplg_0bck_lb0ml0k_w0490qcrrgle0

pcampb2775=5921#

5;7#Fjcarpga#Scjg_`gjgrw#Dmslagj#md#Ucv_q#+FSDPU,/#Fch^YZ#i]Z#Mgdb^hZ;#2016#PiViZ#d[#i]Z#Dg^Y#OZedgi#+FSDPU/#534;,/#

frrn>22uuu1cpamr1amk2amlrclr2uak2jgqrq2447;6=25349^Tr_rcmdrfcHpgbScnmpr1nbd1#

5;8#5LJ ,IB@HKBQ^ e&3$05 3B=@EBR �|� 8FKA 1BKBSQ=SFLK .=QH^f OQL#Fch^YZg/#N_paf#59/#534;/#

frrnq>22uuu1prmglqgbcp1amk2cpamr0uglb0nclcrp_rgml073;7=21#

5;9#%BQBH 8FKDCFBIA^ e411 4BSR /LQSE "JBQF@=K 3B@LQA CLQ 8FKA 1LVBQ^f 4LTSEVBRS 1LVBQ 1LLI^ 'B?QT=QX }�^ ~|}�^ 

frrnq>22uuu1qnn1mpe2_`msr0sq2lcuqpmmk2qnn0qcrq0lmprf0_kcpga_l0pcampb0dmp0uglb0nmucp21#
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5;;#e)LTQIX "DDQBD=SBA 8FKA 0TSOTS i#~|}�^f &IB@SQF@ 3BIF=?FIFSX $LTK@FI LC 5BW=R^ 

frrn>22kgq1cpamr1amk2kgq_nn2HcrScnmprq1bmApcnmprUwncJb@46757)pcnmprUgrjc@Imspjw(53Beepce_rcb(53Xglb(53Psrnsr

)qfmuIUNMWgcu@)kgkgaLcw1#

5;<#Bb_nrcb#`w#BXFB#dpmk#FJB/#Nmlrfjw#lcr#cjcarpgagrw#eclcp_rgml#dmp#_jj#qcarmpq/#534;/#_aacqqcb#_r>#

frrn>22uuu1_uc_1mpe2Ncbg_Dclrcp2npcqqpcjc_qc1_qnvAJrckOsk`cp@====1#

5;=#K_oscjgl#Dmafp_l/#Q_sj#Eclfmjk/#Ccrf_lw#Tnccp/#_lb#N_ai_w#Ngjjcp/#Dg^Y#FciZ\gVi^dc#VcY#i]Z#@Vggn^c\#@VeVX^in#d[#i]Z#R.P.#

Dg^Y#id#FcXdgedgViZ#SVg^VWaZ#OZcZlVWaZ#BcZg\n#+Hmjbcl/#DP>#O_rgml_j#Sclcu_`jc#Flcpew#M_`mp_rmpw/#Bnpgj#5348,/#OSFM2UQ0

9B5309593;/#frrn>22uuu1lpcj1emt2bmaq2dw48mqrg29593;1nbd1#

5<3#Sw_l#Xgqcp/#Blbpcu#Ngjjq/#cr#_j1/#FbeVXih#d[#SVg^VWaZ#OZcZlVWaZ#BcZg\n#dc#?ja`#MdlZg#PnhiZb#>hhZih,#Mg^X^c\#VcY#@dhih/#Kslc#

534;#bp_dr#+M_upclac#Ccpicjcw#O_rgml_j#M_`mp_rmpw/#dmprfamkgle,1#

5<4#K_oscjgl#Dmafp_l/#N_ai_w#.FIIBQ^ 0VBK <FK=J=K^ .F@E=BI .FIIFD=K^ %LTD "QBKS^ #QX=K 1=IJFKSFBQ^ .=QH 0d.=IIBX^ BS =Ia^ 

CaZm^W^a^in#^c#21hi#@Zcijgn#MdlZg#PnhiZbh#+Hmjbcl/#DP>#O_rgml_j#Sclcu_`jc#Flcpew#M_`mp_rmpw/#N_w#5347,/#OSFM2UQ09B530

94;54/#frrn>22uuu1lpcj1emt2bmaq2dw47mqrg294;541nbd1#

5<5#5F=K 5F=K =KA *IX= $EBQKX=HELURHFX^ e'LQB@=RSFKD 8FKA =KA 4LI=Q (BKBQ=SFLK` *JOQLUFKD 4XRSBJ 0OBQ=SFLKRf^ I=RS JLAFCFBA 

K_ls_pw#53491#frrnq>22uuu1lpcj1emt2bmaq2dw49mqrg298;5<1nbd#

5<6#Cmllctgjjc#Qmucp#Bbkglgqrp_rgml/#amkkslga_rgml#ugrf#Ecn_prkclr#md#Flcpew#qr_dd/#Ksjw#534;1#

5<7#Cmllctgjjc#Qmucp#Bbkglgqrp_rgml/#amkkslga_rgml#ugrf#Ecn_prkclr#md#Flcpew#qr_dd/#Ksjw#534;1#

5<8#Cmllctgjjc#Qmucp#Bbkglgqrp_rgml/#amkkslga_rgml#ugrf#Ecn_prkclr#md#Flcpew#qr_dd/#Ksjw#534;1#

5<9#FlcpOcv/#KPM#T^cY#FciZ\gVi^dc#PijYn#+Ngllc_nmjgq/#NO>#Yacj#Flcpew/#Bsesqr#5347,/#7/#

frrnq>22uuu1vacjclcpew1amk2qr_rgadgjcq2vc2QEG2Scesj_rmpw2490Bnn0N0OTQ0Xglb0Jlrcep_rgml0Trsbw0K_ls_pw053481nbd1#

5<;#.F@HBX 'Q=K@FR^ e.LKSEIX 3BKBV=?IB &IB@SQF@FSX (BKBQ=SFLK 4TQO=RRBR /T@IB=Q CLQ SEB 'FQRS 5FJB 4FK@B }���^f QdYVn#^c#

BcZg\n/#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#Ksjw#9/#534;/#frrnq>22uuu1cg_1emt2rmb_wglclcpew2bcr_gj1nfnAgb@64=651#

5<<#0VBK $LJRSL@H^ e8FKA =KA 4LI=Q FK .=Q@E "@@LTKSBA CLQ }|� LC 6a4a &IB@SQF@FSX (BKBQ=SFLK CLQ SEB 'FQRS 5FJB^f QdYVn#^c#

BcZg\n/#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#Kslc#47/#534;/#frrnq>22uuu1cg_1emt2rmb_wglclcpew2bcr_gj1nfnAgb@649651#

5<=#N_pi#H_`pgcj#+BbkgKFRSQ=SLQ^ 8BRSBQK "QB= 1LVBQ "AJFKFRSQ=SFLKm^ e4STAX &W=JFKFKD &IB@SQF@FSX .=QHBSR =KA 3BIF=?FIFSX^f 

kckmp_lbsk#dmp#Up_tgq#Ggqfcp/#N_w#4</#534;1#

5=3#(VBK #QBABELBCS =KA &QF@ ,Q=II^ e*K@QB=RBA 4LI=Q =KA 8FKA &IB@SQF@FSX (BKBQ=SFLK FK $=IFCLQKF= "QB $E=KDFKD Ocr#Mm_b#

4E=OBR^f QdYVn#^c#BcZg\n/#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#Ecack`cp#=/#5347/#

frrnq>22uuu1cg_1emt2rmb_wglclcpew2bcr_gj1nfnAgb@4=4441#

5=4#Lclb_jj#Cmuk_l#+tgac#npcqgbclr#pcesj_rmpw#=CC=FQR =KA OLIF@X^ %THB &KBQDX $LQOLQ=SFLKm^ e$LJJBKSR LC %THB &KBQDX 

$LQOLQ=SFLK SL SEB 'BABQ=I &KBQDX 3BDTI=SLQX $LJJFRRFLKdR 5B@EKF@=I $LKCBQBK@B $LK@BQKFKD *JOIBJBKS=SFLK *RRTBR 6KABQ 

SEB 1T?IF@ 6SFIFSX 3BDTI=SLQX 1LIF@FBR "@S LC }��� le1631"fm^ %L@Hcr#Om1#BE490490|||^f IBSSBQ SL 'BABQ=I &KBQDX 3BDTI=SLQX 

Dmkkgqqgml#Tcapcr_pw#Lgk`cpjw#E1#Cmqc/#Kslc#;/#5349/#frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq25349394;4857440

Cmuk_l/(53Esic(53Flcpew(530(53Mmle(53n_ncp1nbd1#

5=5#e8E=S SEB AT@H @TQUB SBIIR TR =?LTS J=K=DFKD = DQBBK DQFA^f $=IFCLQKF= *40^ ~|}�^ 

frrn>22uuu1a_gqm1amk2Emaskclrq2Gjcvg`jcScqmspacqIcjnSclcu_`jcq^G_qrG_arq1nbd1#

5=6#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#2016#Idc\-QZgb#OZa^VW^a^in#>hhZhhbZci#+Brj_lr_/#HB>#OFSD/#

Ecack`cp#5349,/#frrn>22uuu1lcpa1amk2n_2SBQB2p_2Scjg_`gjgrw(53Bqqcqqkclrq(53EM25349(53Mmle0

Ucpk(53Scjg_`gjgrw(53Bqqcqqkclr1nbd1#

5=7#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#1,200#JT#CVjai-FcYjXZY#PdaVg#M]didkdaiV^X#OZhdjgXZ#FciZggjei^dc#

A^hijgWVcXZ#OZedgi;#Pdji]Zgc#@Va^[dgc^V#8/16/2016#BkZci#+Brj_lr_/#HB>#OFSD/#Kslc#534;,/#7/#

frrn>22uuu1lcpa1amk2n_2ppk2c_24533^NX^G_sjr^Jlbsacb^Tmj_p^Qfmrmtmjr_ga^Scqmspac^24533^NX^G_sjr^Jlbsacb^Tmj_

p^Qfmrmtmjr_ga^Scqmspac^Jlrcppsnrgml^Ggl_j1nbd1#

5=8#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#1,200#JT#CVjai-FcYjXZY#PdaVg#M]didkdaiV^X#OZhdjgXZ#FciZggjei^dc#

A^hijgWVcXZ#OZedgi;#Pdji]Zgc#@Va^[dgc^V#8/16/2016#BkZci#+Brj_lr_/#HB>#OFSD/#Kslc#534;,/#7/#

frrn>22uuu1lcpa1amk2n_2ppk2c_24533^NX^G_sjr^Jlbsacb^Tmj_p^Qfmrmtmjr_ga^Scqmspac^24533^NX^G_sjr^Jlbsacb^Tmj_

p^Qfmrmtmjr_ga^Scqmspac^Jlrcppsnrgml^Ggl_j1nbd1#

5=9#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#1,200#JT#CVjai-FcYjXZY#PdaVg#M]didkdaiV^X#OZhdjgXZ#FciZggjei^dc#

A^hijgWVcXZ#OZedgi;#Pdji]Zgc#@Va^[dgc^V#8/16/2016#BkZci#+Brj_lr_/#HB>#OFSD/#Kslc#534;,/#
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frrn>22uuu1lcpa1amk2n_2ppk2c_24533^NX^G_sjr^Jlbsacb^Tmj_p^Qfmrmtmjr_ga^Scqmspac^24533^NX^G_sjr^Jlbsacb^Tmj_

p^Qfmrmtmjr_ga^Scqmspac^Jlrcppsnrgml^Ggl_j1nbd1#

5=;#Bsqrp_jg_l#Flcpew#N_picr#Pncp_rmp#+BFNP,/#?aVX`#PnhiZb#Pdji]#>jhigVa^V,#C^cVa#OZedgi#+Ncj`msplc/#Bsqrp_jg_>#BFNP/#N_paf#

534;,/#frrnq>22uuu1_ckm1amk1_s20

2kcbg_2Ggjcq2Fjcarpgagrw2OFN2N_picr^Omrgacq^_lb^Ftclrq2Qmucp^Twqrck^Jlagbclr^Scnmprq2534;2Jlrcep_rcb0Ggl_j0Scnmpr0

TB0Cj_ai0Twqrck05<0Tcnrck`cp053491nbd1#

5=<#Bsqrp_jg_l#Flcpew#N_picr#Pncp_rmp#+BFNP,/#?aVX`#PnhiZb#Pdji]#>jhigVa^V,#C^cVa#OZedgi#+Ncj`msplc/#Bsqrp_jg_>#BFNP/#N_paf#

534;,/#frrnq>22uuu1_ckm1amk1_s20

2kcbg_2Ggjcq2Fjcarpgagrw2OFN2N_picr^Omrgacq^_lb^Ftclrq2Qmucp^Twqrck^Jlagbclr^Scnmprq2534;2Jlrcep_rcb0Ggl_j0Scnmpr0

TB0Cj_ai0Twqrck05<0Tcnrck`cp053491nbd1

5==#Kclq#D1#Cmckcp/#L_pqrcl#Cspecq/#Q_tcj#[mjmr_pct/#Km_afgk#Mcflcp/#Q_rpgai#X_h_lr/#N_pisq#Gspqr/#S_glcp#Cpmfk/#_lb#Ufmk_q#

,TJJ^ e0UBQUFBV LC (BQJ=K (QFA *RRTBR =KA 3BSQLCFS LC 1ELSLULIS=F@ 1LVBQ 1I=KSR FK (BQJ=KX CLQ SEB 1QBUBKSFLK LC 

Gpcosclaw#Tr_`gjgrw#Qpm`jckq#gl#B`lmpk_j#Twqrck#Dmlbgrgmlq#md#rfc#FOUTP0& 3BDFLK $LKSFKBKS=I &TQLOBf lOQBRBKSBA =S }RS 

Jlrcpl_rgml_j#Xmpiqfmn#ml#Jlrcep_rgml#md#Tmj_p#Qmucp#glrm#Qmucp#Twqrckq/#B_pfsq/#Eclk_pi/#Parm`cp#5344,/#

frrn>22uuu1camdwq1amk2dgjcq2dgjcq2camdwq^5344^n_ncp^ml^dpcosclaw^qr_`gjgrw^af_jjclec1nbd1#

633#WEF/#MdlZg#DZcZgVi^dc#PnhiZbh#@dccZXiZY#id#i]Z#Idl-SdaiV\Z#A^hig^Wji^dc#KZildg`#+WEF/#5344,/#WEF0BS0O#738/#

frrnq>22qfmn1tbc1amk2bmuljm_b2q_knjc2;331#

634#QKN#Jlrcpamllcargml/#1+.[M &PIFPCHA 3?MIOL=? .CR ;H> 4SMN?G 3?FC;<CFCNS +QKN#Jlrcpamllcargml/#N_paf#63/#534;,/#

frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;36630nhkq0ctmjtgle0pcqmspac0kgv0_lb0qwqrck0

pcjg_`gjgrw1_qfv1##

635#F1#Fj_#_lb#V1#Icjk_l/#T]daZhVaZ#BaZXig^X^in#JVg`Zi#AZh^\c#Fc^i^Vi^kZh#^c#i]Z#Rc^iZY#PiViZh;#PjgkZn#VcY#OZhZVgX]#KZZYh#+Q_jm#

Bjrm/#DB>#Fjcarpga#Qmucp#Scqc_paf#Jlqrgrsrc/#5349,/#frrnq>22uuu1cnpg1amk2&2n_ecq2npmbsar233333333633533=5;621#

636#Fjcl_#Wcpbmjglg/#Gp_lacqam#Wml_/#_lb#E_tgb#Qmnn/#?g^Y\^c\#i]Z#DVe;#Ad#CVhi#OZVXi^c\#Cdhh^a#QZX]cdad\^Zh#CVX^a^iViZ#

OZcZlVWaZ#BcZg\n#A^[[jh^dc=#+D_k`pgbec/#NB>#O_rgml_j#Cspc_s#md#Famlmkga#Scqc_paf/#Ksjw#5349,/#Xmpigle#Q_ncp#Om1#55787/#

frrn>22uuu1l`cp1mpe2n_ncpq2u55787/#_q#osmrcb#gl#Ecn_prkclr#md#Flcpew#+EPF,/#5L;HM@ILGCHA NB? /;NCIH[M &F?=NLC=CNS 

PnhiZb;#Q]Z#PZXdcY#FchiVaabZci#d[#i]Z#NjVYgZcc^Va#BcZg\n#OZk^Zl#+X_qfglerml/#ED>#EPF/#K_ls_pw#534;,/#

frrnq>22uuu1clcpew1emt2qgrcq2npmb2dgjcq2534;2352d672Rs_bpcllg_j(53Flcpew(53Sctgcu00

Tcamlb(53Jlqr_jjkclr(53(5<Gsjj(53Scnmpr(5=1nbd1#

637#Djwbc#Mmsr_l/#Qcrcp#Lj_scp/#Tgp_hsj#Dfmubfspw/#Trcnfcl#I_jj/#N_fcqf#Nmph_pg_/#Wj_bgkgp#Df_bjgct/#Ogai#Ngj_k/#Dfpgqrmnfcp#

Ngj_l/#_lb#W_f_l#Hctmpeg_l/#AZbdchigVi^dc#d[#BhhZci^Va#OZa^VW^a^in#PZgk^XZh#Wn#V#300-JT#PdaVg#M]didkdaiV^X#MdlZg#MaVci#

+Hmjbcl/#DP>#O_rgml_j#Sclcu_`jc#Flcpew#M_`mp_rmpw/#N_paf#534;,/#OSFM2UQ08E3309;;==/#

frrn>22uuu1lpcj1emt2bmaq2dw4;mqrg29;;==1nbd1##

638#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#BhhZci^Va#OZa^VW^a^in#PZgk^XZh#QVh`#CdgXZ,#+Brj_lr_/#HB>#OFSD/#Parm`cp#

5347,/#frrn>22uuu1lcpa1amk2amkk2Prfcp2cqqlrjpj`jrwqptaqrqidpaEM2FSTUG(53Dmlacnr(53Q_ncp1nbd1#

639#Qcrcp#Bjqrmlc/#Kcllgdcp#Qmrrcp/#N_pw#Bll#Qgcrrc/#Qcrcp#Tafu_prx/#Ngaf_cj#B1#Ccpecp/#M_spcj#O1#Esll/#T_p_f#K1#Tkgrf/#cr#_j1/#

C^cVa#OZedgi#dc#M]VhZ#2#OZhjaih;#2015#@Va^[dgc^V#AZbVcY#OZhedchZ#MdiZci^Va#PijYn#`#$B;LNCHA $;FC@ILHC;[M %?G;H> 3?MJIHM? 

CjijgZ#+Ccpicjcw/#DB>#M_upclac#Ccpicjcw#O_rgml_j#M_`mp_rmpw/#Omtck`cp#5349,/#

frrn>22uuu1ansa1a_1emt2XmpiBpc_2Emuljm_bBqqcr1_qnvAgb@97757848741##

63;#U1#N_picj/#B1#Ncglrx/#L1#I_pbw/#C1#Dfcl/#U1#Cmfl/#K1#Tk_pr/#E1#Tamddgcjb/#cr#_j1/#Jjai^-IVW#BS#PbVgi#Dg^Y#FciZ\gVi^dc#

OZfj^gZbZcih#PijYn#Mgdk^Y^c\#Dj^YVcXZ#dc#QZX]cdad\n#AZkZadebZci#VcY#AZbdchigVi^dc#+Hmjbcl/#DP>#O_rgml_j#Sclcu_`jc#

Flcpew#M_`mp_rmpw/#N_w#5348,/#OSFM2UQ08733096=96/#frrn>22uuu1lpcj1emt2bmaq2dw48mqrg296=961nbd1#

63<#QKN#Jlrcpamllcargml/#"JJ?H>CR NI 1+.[M &PIFPCHA 3?MIOL=? .CR ;H> 4SMN?G 3?FC;<CFCNS#+QKN#Jlrcpamllcargml/#N_paf#63/#

534;,/#frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;36630_nnclbgv0rm0nhkq0ctmjtgle0

pcqmspac0kgv0_lb0qwqrck0pcjg_`gjgrw1_qfv1##

63=#QKN#Jlrcpamllcargml/#"JJ?H>CR NI 1+.[M &PIFPCHA 3?MIOL=? .CR ;H> 4SMN?G 3?FC;<CFCNS#+QKN#Jlrcpamllcargml/#N_paf#63/#

534;,/#frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;36630_nnclbgv0rm0nhkq0ctmjtgle0

pcqmspac0kgv0_lb0qwqrck0pcjg_`gjgrw1_qfv1##

643#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,#BaZXig^X#MdlZg#Jdci]an#+X_qfglerml/#ED>#FJB/#Kslc#534;,/#

frrnq>22uuu1cg_1emt2cjcarpgagrw2kmlrfjw21#

644#%BUFK )=QSJ=K^ e8EX 3FRH =KA 3BIF=?FIFSX .=SSBQ .LQB SE=K 'TBI %FUBQRFSX^f#O#PigZZi#P]dgih#Kd.#39/#N_w#534;/#

frrnq>22uuu1pqrpccr1mpe2un0amlrclr2snjm_bq2534;2382STUSFFUTIPSU6=1nbd1##
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645#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,^ e'&3$ -LLHR =S 'TBI "RRTQ=K@B *RRTBR 'LIILVFKD 5B@EKF@=I $LKCBQBK@BR^f 

Omtck`cp#5347/#frrnq>22uuu1dcpa1emt2kcbg_2lcuq0pcjc_qcq2534725347072440530470F051_qn&1XZlqK9oXwVi1#

646#'BABQ=I &KBQDX 3BDTI=SLQX $LJJFRRFLK^ e%B@FRFLK`#Emaicr#Omq1#BE460;0333#_lb#BE470<0||| ̂ f /LUBJ?BQ ~|}�^ 1=DB ~^#

frrnq>22uuu1dcpa1emt2uf_rq0lcu2amkk0kccr2534724453472F051nbd#

647#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#PiViZ#d[#OZa^VW^a^in#OZedgi#2017#+Brj_lr_/#HB>#OFSD/#Kslc#534;,/#

frrn>22uuu1lcpa1amk2n_2SBQB2QB2Qcpdmpk_lac(53Bl_jwqgq(53EM2TPS^534;^NBTUFS^534;39461nbd1#

648#OZTSD#J0S6>#Mmqq#md#Hclcp_rmp#H_q#Tsnnjw#+Ocu#Zmpi#Dgrw,?#qcc#_jqm#@dc#BY^hdc#AjVa#CjZa#FciZgXdccZXi^dc#OZfj^gZbZci#dmp#

MED0glrcpamllcarcb#eclcp_rmpq1#

649#T)Q#Hjm`_j#N_picr#Jlrcjjgeclac^ e*40 /BV &KDI=KAtR 7=K 8BIFB 8=QKR &KBQDX $QTK@E^ (QBBK 1TRE Dmsjb#Mc_b#rm#Cj_aimsrq>#

&W@ITRFUB *KSBQUFBV^f 0@SL?BQ }|^ ~|}�^ 4/-^ 

frrnq>22uuu1qlj1amk2uc`2ajgclrA_srf@glfcpgr&lcuq2_prgajcAgb@6;=6=457)LQMU@9)q^b_r_@qg(6E<(59in_(6E4_b89c880

;d4;07`cc0`7660_=74<a89c878(59q_(6E1#

64;#*40 /BV &KDI=KA^ e8FKSBQ 1QLDQ=J 1=XJBKS 3=SBf^ =@@BRRBA "TDTRS ~|}�^ frrnq>22uuu1gqm0lc1amk2k_picrq0

mncp_rgmlq2k_picrq2uglrcp0npmep_k0n_wkclr0p_rc#

64<#Hcppw#D_sjcw#+npcqgbclr#_lb#DFP/#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml,/#jcrrcp#rm#Flcpew#Tcapcr_pw#Sgai#Qcppw/#N_w#

=/#534;1#

64=#Hcppw#D_sjcw#+npcqgbclr#_lb#DFP/#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml,/#jcrrcp#rm#Flcpew#Tcapcr_pw#Sgai#Qcppw/#N_w#

=/#534;1#

653#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#P]dgi-QZgb#PeZX^Va#>hhZhhbZci;#LeZgVi^dcVa#O^h`#>hhZhhbZci#l^i]#

E^\]#MZcZigVi^dc#d[#KVijgVa#DVh-C^gZY#DZcZgVi^dc#+Brj_lr_/#HB>#OFSD/#N_w#5349,/#

frrn>22uuu1lcpa1amk2n_2SBQB2p_2Scjg_`gjgrw(53Bqqcqqkclrq(53EM2OFSD(53Tfmpr0

Ucpk(53Tncag_j(53Bqqcqqkclr(53H_q(53Fjcarpga^Ggl_j1nbd1#

654#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#2013#PeZX^Va#OZa^VW^a^in#>hhZhhbZci;#>XXdbbdYVi^c\#Vc#FcXgZVhZY#

AZeZcYZcXZ#dc#KVijgVa#DVh#[dg#BaZXig^X#MdlZg#`#M]VhZ#FF;#>#SjacZgVW^a^in#VcY#PXZcVg^d#>hhZhhbZci#[dg#i]Z#Kdgi]#>bZg^XVc#

?ja`#MdlZg#PnhiZb#+X_qfglerml/#ED>#OFSD/#N_w#5346,/#

frrn>22uuu1lcpa1amk2n_2SBQB2p_2Scjg_`gjgrw(53Bqqcqqkclrq(53EM2OFSD^Qf_qcJJ^GJOBM1nbd1#

655#Ksqrgl#Bbbcp/#Q]Z#OdaZ#d[#KVijgVa#DVh#PidgV\Z#^c#JV^ciV^c^c\#OZa^VW^a^in#d[#i]Z#BaZXig^X#MdlZg#PnhiZb#+O_rgml_j#Flcpew#

Ucaflmjmew#M_`mp_rmpw/#Bsesqr#5349,/#frrnq>22uuu1lcrj1bmc1emt2pcqc_paf2clcpew0_l_jwqgq2qc_paf0

ns`jga_rgmlq2tscbcr_gjqAgb@4<571#

656#5ELJ=R 4a 1LOFH^ e5BRSFJLKX LC SEB 'LTKA=SFLK CLQ 3BRFIFBKS 4L@FBSFBRf lQBJ=QHR OQBRBKSBA =S#534;#Gcbcp_j#Flcpew#

Scesj_rmpw#Dmkkgqqgml#Scjg_`gjgrw#Ucaflga_j#Dmldcpclac/#Kslc#55/#534;,/#

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;3;4;3<397;0Qmngi/(53Scqgjgclr(53Tmagcrgcq1nbd1#

657#D_jgdmplg_#Qs`jga#Vrgjgrw#Dmkkgqqgml#+DQVD,/#D_jgdmplg_#Jlbcnclbclr#Twqrck#Pncp_rmp#+DBJTP,/#Mmq#Blecjcq#Ecn_prkclr#md#

X_rcp#_lb#Qmucp#+MBEXQ,/#_lb#Tmsrfcpl#Dmkn_lw/#>a^hd#@Vcndc#O^h`#>hhZhhbZci#QZX]c^XVa#OZedgi#+DQVD/#DBJTP/#MBEQX/#

_lb#Tmsrfcpl#Dm1/#Bnpgj#5349,/#frrn>22uuu1clcpew1a_1emt25349^clcpewnmjgaw2bmaskclrq253490370

3<^hmglr^_eclaw^umpiqfmn2Bjgqm^D_lwml^Sgqi^Bqqcqqkclr^Ucaflga_j^Scnmpr1nbd1#

658#QKN#Jlrcpamllcargml/#"JJ?H>CR NI 1+.[M &PIFPCHA 3?MIOL=? .CR ;H> 4SMN?G 4N;<CFCNS#+QKN#Jlrcpamllcargml/#N_paf#534;,/#

frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;36630_nnclbgv0rm0nhkq0ctmjtgle0pcqmspac0kgv0

_lb0qwqrck0pcjg_`gjgrw1_qfv1##

659#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#MdaVg#SdgiZm#OZk^Zl#+Brj_lr_/#HB>#Tcnrck`cp#5347,/#4=/#

frrn>22uuu1lcpa1amk2n_2ppk2K_ls_pw(535347(53Qmj_p(53Wmprcv(53Sctgcu2Qmj_p^Wmprcv^Sctgcu^5=^Tcnr^5347^Ggl_j1

nbd1##

65;#"IXRLK ,BKV=QA^ e*K 5BKKBRRBB^ )B=S 8=UBR %FJFKFRE /T@IB=Q 1LVBQ 0TSOTS^f "OQFI }}^ ~|}}^ 

frrn>22uuu1ajgk_rcaclrp_j1mpe2lcuq2gl0rcllcqqcc0fc_r0u_tcq0dpsqrp_rc0lsajc_p0nmucp#

65<#8LQIA /T@IB=Q "RRL@F=SFLK^ e5EB /T@IB=Q 'TBI $X@IBfa -=RS JLAFCFBA .=Q@E ~|}�a frrn>22uuu1umpjb0

lsajc_p1mpe2gldmpk_rgml0jg`p_pw2lsajc_p0dscj0awajc2glrpmbsargml2lsajc_p0dscj0awajc0mtcptgcu1_qnv#

65=#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#MdaVg#SdgiZm#OZk^Zl#+Brj_lr_/#HB>#OFSD/#Tcnrck`cp#5347,/#

frrn>22uuu1lcpa1amk2n_2ppk2K_ls_pw(535347(53Qmj_p(53Wmprcv(53Sctgcu2Qmj_p^Wmprcv^Sctgcu^5=^Tcnr^5347^Ggl_j1

nbd1#

663##8LQIA /T@IB=Q "RRL@F=SFLK^ e5EB /T@IB=Q 'TBI $X@IBfa -=RS JLAFCFBA .=Q@E ~|}�a frrn>22uuu1umpjb0

172

$&ajc_p1mpe2gldmpk_rgml0jg`p_pw2lsajc_p0dscj0awajc2glrpmbsargml2lsajc_p0dscj0awajc0mtcptgcu1_qnv#
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664#e&IB@SQF@FSX .LKSEIX 6OA=SB .=X ~|}�` &IB@SQF@ 1LVBQ 4B@SLQ $L=I 4SL@HR^f &KBQDX *KCLQJ=SFLK "AJFKFRSQ=SFLK^ +TIX �}^ ~|}�^ 

frrnq>22uuu1cg_1emt2cjcarpgagrw2kmlrfjw2snb_rc2dmqqgj^dscj^qrmaiq1nfn#

665#e&IB@SQF@FSX .LKSEIX 6OA=SB .=X ~|}�` &IB@SQF@ 1LVBQ 4B@SLQ $L=I 4SL@HR^f &KBQDX *KCLQJ=SFLK "AJFKFRSQ=SFLK^ +TIX �}^ ~|}�^ 

frrnq>22uuu1cg_1emt2cjcarpgagrw2kmlrfjw2snb_rc2dmqqgj^dscj^qrmaiq1nfn1#

666#'BABQ=I &KBQDX 3BDTI=SLQX $LJJFRRFLK l'&3$m^ e$L=I %BIFUBQX *RRTBR CLQ &IB@SQF@ (BKBQ=SFLK` 4S=CC 0UBQUFBVf l8=REFKDSLK^ 

ED>#GFSD/#Ecack`cp#4</#5347,/#Jrck#Om1#B06/#frrnq>22uuu1dcpa1emt2kcbg_2fc_bjglcq2534725347072B060npcqclr_rgml0

qr_dd1nbd1#

667#Cclh_kgl#M1#Qpcqrml/#Tamrr#O1#C_aif_sq/#N_pw#Fucpq/#Ksjg_#B1#Qfgjjgnq/#Dcq_p#B1#Tgjt_0Nmlpmw/#Kcddcpw#F1#E_ejc/#Bjdmlqm#H1#

U_pbgrg/#Kmfl#+Q_r,#Mmmlcw/#_lb#Ufmk_q#K1#Lgle/#Kp1/#OZh^a^ZcXZ#d[#i]Z#R.P.#BaZXig^X^in#PnhiZb;#>#Jjai^-EVoVgY#MZgheZXi^kZ#

+Ecn_prkclr#md#Flcpew/#Bsesqr#5349,/#

frrnq>22clcpew1emt2qgrcq2npmb2dgjcq2534;2342d672Scqgjgclac(53md(53rfc(53V1T1(53Fjcarpgagrw(53Twqrck(53B(53Nsjrg0

I_x_pb(53Qcpqncargtc1nbd1#

668#%BO=QSJBKS LC &KBQDX l%0&m^ 5Q=KRCLQJFKD SEB /=SFLKdR &IB@SQF@FSX 4XRSBJ` 5EB 4B@LKA *KRS=IIJBKS LC SEB 2T=AQBKKF=I 

Flcpew#Sctgcu#+X_qfglerml/#ED>#EPF/#K_ls_pw#534;,/#Df_nrcp#7/#Q_ec#560571#Baacqqcb#Bsesqr#534;1##

frrnq>22clcpew1emt2qgrcq2npmb2dgjcq2534;2342d672Df_nrcp(53JW(53Flqspgle(53Fjcarpgagrw(53Twqrck(53Scjg_`gjgrw(5D(53

Tcaspgrw(5D(53_lb(53Scqgjgclac1nbd##

669#OFSD/#Sgqi#Qpmdgjc#&4/#Df_legle#Scqmspac#Ngv1#Baacqqcb#Bsesqr#534;1#

frrn>22uuu1lcpa1amk2amkk2SJTD2Emaskclrq2Bjj(53npmdgjcq1nbd##

66;#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#MdaVg#SdgiZm#OZk^Zl#+Brj_lr_/#HB>#OFSD/#Tcnrck`cp#5347,/#

frrn>22uuu1lcpa1amk2n_2ppk2K_ls_pw(535347(53Qmj_p(53Wmprcv(53Sctgcu2Qmj_p^Wmprcv^Sctgcu^5=^Tcnr^5347^Ggl_j1

nbd1#

66<#QKN#Jlrcpamllcargml/#>cVanh^h#d[#LeZgVi^dcVa#BkZcih#VcY#JVg`Zi#FbeVXih#Ajg^c\#i]Z#GVcjVgn#2014#@daY#TZVi]Zg#BkZcih#+QKN#

Jlrcpamllcargml/#N_w#</#5347,/#frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2uc_rfcp0pcj_rcb25347383=0_l_jwqgq0

md0mncp_rgml_j0ctclrq0_lb0k_picr0gkn_arq0bspgle0rfc0h_l053470amjb0uc_rfcp0ctclrq1_qfv1#

66=#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#MdaVg#SdgiZm#OZk^Zl#+Brj_lr_/#HB>#OFSD/#Tcnrck`cp#5347,/#

frrn>22uuu1lcpa1amk2n_2ppk2K_ls_pw(535347(53Qmj_p(53Wmprcv(53Sctgcu2Qmj_p^Wmprcv^Sctgcu^5=^Tcnr^5347^Ggl_j1

nbd#

673#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,/#T^ciZg#2013`2014#LeZgVi^dch#VcY#JVg`Zi#MZg[dgbVcXZ#^c#OQLh#VcY#FPLh#

+X_qfglerml/#ED>#GFSD/#Bnpgj#4/#5347,/#BE470<0333/#frrnq>22uuu1dcpa1emt2jce_j2qr_dd0pcnmprq253472370340471nbd1#

674#5EB /=SFLK=I $L=I $LTK@FI^ e$L=I � 3BIF=?IB &KBQDXf l8=REFKDSLK^ %$ ̀  5EB /=SFLK=I $L=I $LTK@FI^ ~|}�m^ 

frrn>22uuu1l_rgml_jam_jamslagj1mpe2Emaskclrq2Flcpew0Fbsa_rgml270Dm_j0Scjg_`jc0Flcpew0Ggl_j1nbd1##

675#QKN#Jlrcpamllcargml/#>cVanh^h#d[#LeZgVi^dcVa#BkZcih#VcY#JVg`Zi#FbeVXih#Yjg^c\#i]Z#GVcjVgn#2014#@daY#TZVi]Zg#BkZcih#+QKN#

Jlrcpamllcargml/#N_w#</#5347,/#frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2uc_rfcp0pcj_rcb25347383=0_l_jwqgq0

md0mncp_rgml_j0ctclrq0_lb0k_picr0gkn_arq0bspgle0rfc0h_l053470amjb0uc_rfcp0ctclrq1_qfv1#

676#Ufc#O_rgml_j#Dm_j#Dmslagj/#OZa^VWaZ#(#OZh^a^Zci,#Q]Z#SVajZ#d[#Ljg#Bm^hi^c\#@dVa#CaZZi;#>c#>hhZhhbZci#d[#JZVhjgZh#id#FbegdkZ#

OZa^VW^a^in#VcY#B[[^X^ZcXn#T]^aZ#OZYjX^c\#Bb^hh^dch#+X_qfglerml/#ED>#O_rgml_j#Dm_j#Dmslagj/#N_w#5347,/#

frrn>22uuu1l_rgml_jam_jamslagj1mpe2pcnmprq2473;2ODDW_jscFvgqrgleDm_jGjccr1nbd1#

677#Ufc#O_rgml_j#Dm_j#Dmslagj/#OZa^VWaZ#(#OZh^a^Zci,#Q]Z#SVajZ#d[#Ljg#Bm^hi^c\#@dVa#CaZZi;#>c#>hhZhhbZci#d[#JZVhjgZh#id#FbegdkZ#

OZa^VW^a^in#(#B[[^X^ZcXn#T]^aZ#OZYjX^c\#Bb^hh^dch#+X_qfglerml/#ED>#Ufc#O_rgml_j#Dm_j#Dmslagj/#N_w#5347,/#5/#

frrn>22uuu1l_rgml_jam_jamslagj1mpe2pcnmprq2473;2ODDW_jscFvgqrgleDm_jGjccr1nbd1#

678#Omprf#Bkcpga_l#Fjcarpga#Scjg_`gjgrw#Dmpnmp_rgml#+OFSD,/#MdaVg#SdgiZm#OZk^Zl#+Brj_lr_/#HB>#OFSD/#Tcnrck`cp#5347,/#

frrn>22uuu1lcpa1amk2n_2ppk2K_ls_pw(535347(53Qmj_p(53Wmprcv(53Sctgcu2Qmj_p^Wmprcv^Sctgcu^5=^Tcnr^5347^Ggl_j1

nbd1##

679#V1T1#Ecn_prkclr#md#Flcpew#+EPF,/#e$LJO=QFKD SEB *JO=@SR LC /LQSEB=RS )TQQF@=KBR LK &KBQDX *KCQ=RSQT@STQBaf 5=?IB �^ O }�a 

Pddgac#md#Fjcarpgagrw#Ecjgtcpw#_lb#Flcpew#Scjg_`gjgrw1#Bnpgj#53461#

frrnq>22clcpew1emt2qgrcq2npmb2dgjcq253462372d32Omprfc_qr(53Trmpk(53Dmkn_pgqml^GJOBM^374846`1nbd1#

67;#V1T1#Ecn_prkclr#md#Flcpew#+EPF,/#Pddgac#md#Fjcarpgagrw#Ecjgtcpw#_lb#Flcpew#+PF,/#Kdgi]ZVhi#Ejgg^XVcZh#dc#BcZg\n#

Fc[gVhigjXijgZ#+X_qfglerml/#ED>#EPF0PF/#Bnpgj#5346,/#

frrnq>22clcpew1emt2qgrcq2npmb2dgjcq253462372d32Omprfc_qr(53Trmpk(53Dmkn_pgqml^GJOBM^374846`1nbd1#

67<#5LJ +LEKRLK^ e14&v( 4LI=Q 4XRSBJR 5LLH #FD )FS CQLJ )TQQF@=KB 4=KAX^f KG#Pedia^\]i/#Ksjw#43/#5346/#

frrn>22uuu1lhqnmrjgefr1amk2qrmpgcq24623;23=2nqc0e0qmj_p0qwqrckq0r_ic0`ge0fgr0dpmk0fsppga_lc0q_lbw21#
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67=#QKN#Jlrcpamllcargml/#1+.[M &PIFPCHA 3?MIOL=? .CR ;H> 4SMN?G 3?FC;<CFCNS#+QKN#Jlrcpamllcargml/#N_paf#534;,/#

frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;36630nhkq0ctmjtgle0pcqmspac0kgv0_lb0qwqrck0

pcjg_`gjgrw1_qfv1##

683#QKN#Jlrcpamllcargml/#1+.[M &PIFPCHA 3?MIOL=? .CR ;H> 4SMN?G 3?FC;<CFCNS#+QKN#Jlrcpamllcargml/#N_paf#534;,/#

frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;36630nhkq0ctmjtgle0pcqmspac0kgv0_lb0qwqrck0

pcjg_`gjgrw1_qfv1##

684#Kmf_llcq#Qdcgdcl`cpecp/#Ksbw#Df_le/#_lb#Bi_pqf#Tfcgjclbp_l_rf/#QdlVgY#JdgZ#B[[ZXi^kZ#QgVchb^hh^dc#MaVcc^c\;#>YYgZhh^c\#

i]Z#@dhih#VcY#O^h`h#d[#Vc#Fchj[[^X^Zcian#CaZm^WaZ#BaZXig^X^in#Dg^Y#+Ufc#Cp_rrjc#Hpmsn/#Bnpgj#5348,/#69i6;/#

frrn>22ugpcqepmsn1amk2bmaq2pcnmprq2XJSFT(53Cp_rrjc(53Snr^Up_lqQj_llgle^3756481nbd1#

685#Fpga#Wsepgl/#Blw_#D_qrgjjm/#Dcq_p#Tgjt_0Nmlpmw/#OZh^a^ZcXZ#JZig^Xh#[dg#i]Z#BaZXig^X#MdlZg#PnhiZb;#>#MZg[dgbVcXZ-?VhZY#

>eegdVX]#+Bj`soscposc/#ON>#T_lbg_#O_rgml_j#M_`mp_rmpgcq/#534;,/#frrn>22npmb1q_lbg_1emt2rcafjg`2_aacqq0

amlrpmj1aeg2534;24;47=61nbd1##

686#Kmqcnf#Cmupgle#+npcqgbclr/#Nmlgrmpgle#Bl_jwrgaq,/#rcjcnfmlc#amltcpq_rgml#ugrf#Ecn_prkclr#md#Flcpew#qr_dd#amlacplgle#fgq#

pcnmpr#_lb#pcjct_lr#k_rrcpq#`_qcb#ml#fgq#pmjc#_q#QKN#k_picr#kmlgrmp/#Kslc#5</#534;1#

687#Ngaf_cj#)LD=K^ e'LIILV SEB .FRRFKD .LKBX` &KRTQFKD 3BIF=?FIFSX =S -B=RS $LRS SL $LKqskcpq#gl#rfc#Up_lqgrgml#rm#_#Mmu0
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Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;0440|||mf lVQFSSBK RS=SBJBKS 

qs`kgrrcb#rm#rfc#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml/#Ucaflga_j#Dmldcpclac/#N_w#4i5/#534;,/#

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;3759484;580Tf_licp/(53Dmlqsjr_lr1nbd1#

733#8FIIF=J )LD=K l)=QU=QA 6KFUBQRFSXm^ e4S=SB 1LIF@FBR =KA 8ELIBR=IB .=QHBSR 0OBQ=SBA ?X *40 /BV &KDI=KA#Jla1/#Ocu#Zmpi#

Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;0440|||mf lVQFSSBK RS=SBJBKS 

qs`kgrrcb#rm#rfc#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml/#Ucaflga_j#Dmldcpclac/#N_w#4i5/#534;,/#

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;375948488<0Ime_l/(53I_pt_pb1nbd1#

734#Tsq_l#Ugcplcw/#Bl_jwqgq#Hpmsn/#e4S=SB 1LIF@FBR =KA 8ELIBR=IB .=QHBSR 0OBQ=SBA ?X *40 /BV &KDI=KA *K@a^ /BV ;LQH 

Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;0440|||mf lVQFSSBK RS=SBJBKS 

qs`kgrrcb#rm#rfc#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml/#Ucaflga_j#Dmldcpclac/#N_w#4i5/#534;,/#

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;3759484<440Ugcplcw/(53Bl_jwqgq(53Hpmsn1nbd1#

735#$IFCC )=JBI l/=UFD=KS &@LKLJF@Rm^ e4S=SB 1LIF@FBR =KA 8ELIBR=IB .=QHBSR 0OBQ=SBA ?X *40 /BV &KDI=KA *K@a^ /BV ;LQH 

Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;0440|||mf lVQFSSBK RS=SBJBKS 

qs`kgrrcb#rm#rfc#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#Ucaflga_j#Dmldcpclac/#N_w#4i5/#534;/#

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;37594848740I_k_j/(53O_tge_lr1nbd1##

736#4=JTBI /BVBII l5EB #Q=SSIB (QLTOm^ e4S=SB 1LIF@FBR =KA 8ELIBR=IB .=QHBSR 0OBQ=SBA ?X *40 /BV &KDI=KA *K@a^ /BV ;LQH 
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"lbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;0440|||mf lVQFSSBK RS=SBJBKS 
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qs`kgrrcb#rm#rfc#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml/#Ucaflga_j#Dmldcpclac/#N_w#4i5/#534;,/#

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;3759484;360Ocucjj/(53Ufc(53Cp_rrjc(53Hpmsn1nbd1#

737#-=VQBK@B .=HLUF@E l*)4 .=QHFSm^ e4S=SB 1LIF@FBR =KA 8ELIBR=IB .=QHBSR 0OBQ=SBA ?X *40 /BV &KDI=KA *K@a^ /BV ;LQH 

Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;0440|||mf lVQFSSBK RS=SBJBKS 

qs`kgrrcb#rm#rfc#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml/#Ucaflga_j#Dmldcpclac/#N_w#4i5/#534;,/#

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;37594849750N_imtgaf/(53JIT(53N_pigr1nbd1#

738#+BCCQBX #BKSY^ l/BV &KDI=KA 4S=SBR $LJJFSSBB LK &IB@SQF@FSXm^ SQ=KR@QFOS CLQ '&3$ e4S=SB 1LIF@FBR =KA 8ELIBR=IB .=QHBSR 

Pncp_rcb#`w#JTP#Ocu#Flej_lb#Jla1/#Ocu#Zmpi#Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#

Om1#BE4;0440|||m^f 5B@EKF@=I $LKCBQBK@B^ .=X }^ ~|}�^ �|^ ESSOR`ggVVVaCBQ@aDLUg$=IBKA=Q'FIBRg~|}�|��|}~~|��0

Up_lqapgnr/(53N_w(534/(53534;1nbd#

739#"KDBI= 0d$LKKLQ^ l$E=FQJ=K^ %BO=QSJBKS LC 1T?IF@ 6SFIFSFBR LC .=RR=@ETRBSSRm^ SQ=KR@QFOS  CLQ '&3$ e4S=SB 1LIF@FBR =KA 

Xfmjcq_jc#N_picrq#Pncp_rcb#`w#JTP#Ocu#Flej_lb#Jla1/#Ocu#Zmpi#Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#

Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;0440|||m^f 5B@EKF@=I $LKCBQBK@B^ .=X }^ ~|}�^  

frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;38634553680Up_lqapgnr/(53N_w(534/(53534;1nbd1##

73;#T_p_f#Imdk_ll/#+Cm_pb#Nck`cp/#Wcpkmlr#Qs`jga#Tcptgac#Cm_pb/#qnc_igle#ml#`cf_jd#md#rfc#O_rgml_j#Dmslagj#ml#Fjcarpgagrw#

1LIF@Xm^ VQFSSBK RS=SBJBKS RT?JFSSBA CLQ '&3$ e4S=SB 1LIF@FBR =KA 8ELIBR=IB .=QHBSR 0OBQ=SBA ?X *40 /BV &KDI=KA *K@a^ 

Ocu#Zmpi#Jlbcnclbclr#Twqrck#Pncp_rmp/#Jla1/#_lb#QKN#Jlrcpamllcargml/#M1M1D1#+Emaicr#Om1#BE4;04403||m^f 5B@EKF@=I 

Dmldcpclac/#N_w#405/#534;,/#frrnq>22uuu1dcpa1emt2D_jclb_pGgjcq2534;3759478=550

Imdk_ll/(53Wcpkmlr(53Qs`jga(53Tcptgac(53Cm_pb1nbd1##

73<#Umlw#Dj_pi/#OZ\jaVi^dc#VcY#JVg`Zih;#FYZVh#[dg#Pdak^c\#i]Z#FYZci^in#@g^h^h#+X_qfglerml/#ED>#Xgjiglqml#C_picp#Ll_scp/#Ksjw#

534;,/#

frrn>22uuu1u`ij_u1amk2snjm_bq2dgjc2Bprgajcq0(53Ocuq2534;(53_prgajcq(53ns`jga_rgmlq2N_picr(53Jbclrgrw(53Dpgqgq(53

Ggl_j(53+;04704;,1nbd1##

73=#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,^ e0QABQ LK n*400OF]#U_pgdd#Ggjgle#_lb#Jlqrgrsrgle#Tcargml#539#Qpmaccbgle#

+Emaicrq#Omq1#FS47043830333/#FS47043830334/#_lb#FM470850|||m^f .=X �|^ ~|}�^ frrnq>22uuu1gqm0

lc1amk2pcesj_rmpw2dcpa2mpbcpq253472k_w2cp47043830333^8063047^n_w^dmp^ncpdmpk_lac^mpbcp1nbd#

743#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,^ e0QABQ LK 1QLOLRBA n1+.o 5=QFCC 3BUFRFLKR l%L@HBSR /LRa &3}�0956/#FS480

9560333/#FM4805=0333/#FS4809560334/#FM480740|||m^f +TKB �/#5348/#

frrnq>22cjg`p_pw1dcpa1emt2gbkuq2Ggjc^jgqr1_qnAbmaskclr^gb@47679696#

744#Ecn_prkclr#md#Flcpew#+EPF,/#Dg^Y#JdYZgc^oVi^dc#Jjai^-UZVg#Mgd\gVb#MaVc#+X_qfglerml/#ED>#EPF/#Omtck`cp#5348,/#8/#

frrnq>22clcpew1emt2qgrcq2npmb2dgjcq253492342d5<2Hpgb(53Nmbcplgx_rgml(53Nsjrg0Zc_p(53Qpmep_k(53Qj_l1nbd1#

745#Ecn_prkclr#md#Ic_jrf#_lb#Isk_l#Tcptgacq#+IIT,/#IFEB>M#EdbZ#BcZg\n#KdiZWdd`#[dg#C^hXVa#UZVg#2011#+X_qfglerml/#ED>#

IIT/#Kslc#5347,/#<</#frrnq>22uuu1_ad1ffq1emt2qgrcq2bcd_sjr2dgjcq2maq2dw5344^fcl^dgl_j1nbd1#

746#Bpgcj#Epcfm`j#_lb#M_spcl#Smqq/#-C@NCHA NB? )CAB &H?LAS #OL>?H CH "G?LC=;[M -;LA?MN $CNC?MY )IQ &H?LAS &@@C=C?H=S $;H *GJLIP? 

Idl#FcXdbZ#VcY#RcYZghZgkZY#@dbbjc^i^Zh#+X_qfglerml/#ED>#Bkcpga_l#Dmslagj#dmp#_l#Flcpew0Fddgagclr#Famlmkw/#Bnpgj#5349,/#

</#frrn>22clcpewcddgagclawdmp_jj1mpe2qgrcq2bcd_sjr2dgjcq2Mgdrgle(53rfc(53Igef(53Flcpew(53Cspbcl^31nbd1#

747#Ecn_prkclr#md#Ic_jrf#_lb#IsJ=K 4BQUF@BR l))4m^ e5=?IB ~04_1#Scqgbclrg_j#Flcpew>#Btcp_ec#Blls_j#Imsqcfmjb#Dmlqsknrgml/#

&WOBKAFSTQBR^ =KA #TQABK ?X "II )LTRBELIAR^ ?X .=FK )B=SFKD 'TBI 5XOB^ 6KFSBA 4S=SBR^ '; ~|}}^f FK IFEB>M#EdbZ#BcZg\n#

KdiZWdd`#[dg#C^hXVa#UZVg#2011#+X_qfglerml/#ED>#IIT/#Kslc#5347,/#7/#

frrnq>22uuu1_ad1ffq1emt2qgrcq2bcd_sjr2dgjcq2maq2dw5344^fcl^dgl_j1nbd1#

748#%BO=QSJBKS LC )B=ISE =KA )TJ=K 4BQUF@BR l))4m^ e5=?IB ~04a1#Scqgbclrg_j#Flcpew>#Btcp_ec#Blls_j#Imsqcfmjb#Dmlqsknrgml/#

&WOBKAFSTQBR^ =KA #TQABK ?X -LV *K@LJB )LTRBELIAR^ ?X .=FK )B=SFKD 'TBI 5XOB^ 6KFSBA 4S=SBR^ '; ~|}}^f FK IFEB>M#EdbZ#

BcZg\n#KdiZWdd`#[dg#C^hXVa#UZVg#2011#+X_qfglerml/#ED>#IIT/#Kslc#5347,/#7/#

frrnq>22uuu1_ad1ffq1emt2qgrcq2bcd_sjr2dgjcq2maq2dw5344^fcl^dgl_j1nbd1#

749#"QFBI %QBEL?I =KA -=TQBK 3LRR^ e-FCSFKD SEB )FDE &KBQDX #TQABK FK "JBQF@=dR -=QDBRS $FSFBR` )LV &KBQDX &CCF@FBK@X $=K 

Jknpmtc#Mmu0*K@LJB =KA 6KABQRBQUBA $LJJTKFSFBR^f "OQFI ~|}�^ frrn>22_accc1mpe2pcqc_paf0pcnmpr2s49351#

74;#+=X=KS= #E=SS=@E=QX=^ 5ELJ=R %B-BFQB^ 4SBUBK )=FABQ^ =KA +=KBS $TQQFB^ e)B=S LQ &=S] $LIA0Xc_rfcp#Tfmaiq#_lb#Osrpgrgml#gl#

Qmmp#BkcpF@=K '=JFIFBR^f >bZg^XVc#GdjgcVa#d[#MjWa^X#EZVai]#=6/#lm1#;#+5336,>#4486/#bmg>43154382BKQI1=61;1447=1#

74<#e4OB@F=I .BAF@=I /BBAR^f )=V=FF=K &IB@SQF@ Dmkn_lw/#_aacqqcb#Bsesqr#4/#534;/#frrnq>22uuu1f_u_gg_lcjcarpga1amk2kw0

_aamslr2clcpew0_qqgqr0npmep_kq2qncag_j0kcbga_j0lccbq1#
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74=#(LLDIB^ e%=S= @BKSBQ IL@=SFLKR^f "@@BRRBA "TDTRS ~|}�^ 

frrnq>22uuu1emmejc1amk2_`msr2b_r_aclrcpq2glqgbc2jma_rgmlq2glbcv1frkj1#

753#1BKKX +LKBR^ e&KBQDX 1QF@BR -FHBIX SL 1QBAF@S ,BX %=S= $BKSBQ .=QHBS .LUBR^ "K=IXRS 4=XR^f %=S=@BKSBQ %XK=JF@R^ .=Q@E 

5346/#frrn>22uuu1b_r_aclrcpbwl_kgaq1amk2lcuq2clcpew0npgacq0jgicjw0rm0npcbgar0icw0b_r_0aclrcp0k_picr0kmtcq0_l_jwqr0

q_wq2;794<1dsjj_prgajc##

754#6a4a &KBQDX *KCLQJ=SFLK "AJFKFRSQ=SFLK^ e3=KHFKDR` "UBQ=DB 3BS=FI 1QF@B LC &IB@SQF@FSX SL 3BRFABKSF=I 4B@SLQ^ .=X ~|}�^f 

Baacqqcb#Bsesqr#534;/#frrnq>22uuu1cg_1emt2qr_rc2p_ligleq2&2qcpgcq264#

755#/=STQ=I 3BRLTQ@BR %BCBKRB $LTK@FI^ e%=S= $BKSBQ &CCF@FBK@X "RRBRRJBKS` 4@=IFKD 6O &KBQDX &CCF@FBK@X "@QLRR SEB %=S= $BKSBQ 

*KATRSQX_ &U=IT=SFKD ,BX %QFUBQR =KA #=QQFBQR^f#Bsesqr#5347/#frrnq>22uuu1lpba1mpe2qgrcq2bcd_sjr2dgjcq2b_r_0aclrcp0cddgagclaw0

_qqcqqkclr0JQ1nbd1##

756#e$LQOLQ=SB 3BKBV=?IB %B=IR^ ~|}~i~|}�^f 3L@HX .LTKS=FK *KRrgrsrc#Csqglcqq#Sclcu_`jcq#Dclrcp/#Kslc#534;/#

frrn>22`sqglcqqpclcu_`jcq1mpe2ampnmp_rc0rp_lq_argmlq21#

757#e'=@SLQR "CCB@SFKD &IB@SQF@FSX 1QF@BR^f &KBQDX *KCLQJ=SFLK "AJFKFRSQ=SFLK^ .=X ~|};/#

frrnq>22uuu1cg_1emt2clcpewcvnj_glcb2glbcv1adk2glbcv1adkAn_ec@cjcarpgagrw^d_armpq^_ddcargle^npgacq1#

758#.a 5XRLK #QLVK =KA .=Q@ )=QKFRE^ e.=KX *KATRSQF=I &IB@SQF@FSX $TRSLJBQR "QB '=QJBQR^f QdYVn#^c#BcZg\n/#Flcpew#

Jldmpk_rgml#Bbkglgqrp_rgml/#N_w#5347/#frrnq>22uuu1cg_1emt2rmb_wglclcpew2bcr_gj1nfnAgb@495641#

759#Kmqfs_#E1#Sfmbcq/#D_pcw#X1#Lgle/#Hspa_l#Hsjcl/#Tfcgj_#N1#Pjkqrc_b/#K_kcq#T1#Ewcp/#Sm`cpr#F1#Ic`lcp/#Gpcb#D1#Cc_af/#

5ELJ=R 'a &AD=Q^ =KA .F@E=BI &a 8B??BQ^ e5EB 'TII $LRS LC &IB@SQF@FSX` /BV 6a4a 1LVBQ $LRSR` ?X $LTKSX^ VFSE &KUFQLKJBKS=I 

&WSBQK=IFSFBR^f +TIX ~|}�^ 1=DB }}^#frrnq>22clcpew1srcv_q1cbs2dgjcq2534923=2VUBsqrgl^GDc^MDPF^53490B1nbd1##

75;#6a4a &KBQDX *KCLQJ=SFLK "AJFKFRSQ=SFLK^ e&IB@SQF@FSX &WOI=FKBA` '=@SLQR "CCB@SFKD &IB@SQF@FSX 1QF@BRaf 

frrnq>22uuu1cg_1emt2clcpewcvnj_glcb2glbcv1adkAn_ec@cjcarpgagrw^d_armpq^_ddcargle^npgacq#

75<##LK?QFDES^ +=JBR $a^ e1QFK@FOIBR LC 1T?IF@ 6SFIFSX 3=SBJ=HFKD` $E=OSBQ 7* $LJOBSFSFUB 1QF@B =R = /LQJ LC 3=SB 3BDTI=SFLK^f 

+Ocu#Zmpi>#Dmjsk`g_#Vlgtcpqgrw#Qpcqq/#4=94,/#Scnpglrcb#ugrf#Qcpkgqqgml#`w#Qmucjj#Hmjbqrcgl#MMQ#5338/#

frrn>22kcbg_1rcppw1se_1cbs2bmaskclrq2cvca^cb2`ml`pgefr2npglagnjcq^md^ns`jga^srgjgrw^p_rcq1nbd1##

75=#6a4a &KBQDX *KCLQJ=SFLK "AJFKFRSQ=SFLK^ e-BUBIFYBA $LRS =KA -BUBIFYBA "ULFABA $LRS LC /BV (BKBQ=SFLK 3BRLTQ@BR FK SEB 

Blls_j#Flcpew#PsrILLH ~|}�^f "OQFI ~|}�^ frrnq>22uuu1cg_1emt2msrjmmiq2_cm2nbd2cjcarpgagrw^eclcp_rgml1nbd#

763#%=UB -=JLKS =KA +LEK (BQE=QA^ e5EB 5QB=SJBKS LC &KBQDX &CCF@FBK@X FK *KSBDQ=SBA 3BRLTQaB 1I=KR^f 3BDTI=SLQX "RRFRS=K@B 

Qpmhcar/#K_ls_pw#5346/#frrn>22uuu1p_nmljglc1mpe2un0amlrclr2snjm_bq253492382p_n0j_kmlr0ecpf_pb0rpc_rckclrmdccglgpn0

53460h_l05<1nbd1#

764#)=QUBX "UBQ@E =KA -BI=KA -a +LEKRLK^ e#BE=UFLQ LC SEB 'FQJ 6KABQ 3BDTI=SLQX $LKRSQ=FKS^f 5EB "JBQF@=K &@LKLJF@ 3BUFBV^ 

Wmj1#85/#Om1#8/#Ecack`cp#4=95/#frrnq>22uuu1hqrmp1mpe2qr_`jc2nbd24<454<41nbd1#

765#0IFUBQ (Q=VB^ e*KSQ=0dgpk#Ts`qgbgx_rgml#_lb#Scesj_rgml>#Em#Qpmdgrq#Dmtcp#Mmqqcq/#mp#Em#Mmqqcq#Ksqrgdw#Qpmdgrq/#_lb#Emcq#Jr#

.=SSBQ]^f 'BABQ=I 5Q=AB $LJJFRRFLK #TQB=T LC &@LKLJF@R^ +TKB }���^ 

frrnq>22uuu1dra1emt2qwqrck2dgjcq2bmaskclrq2pcnmprq2glrp_0dgpk0qs`qgbgx_rgml0pcesj_rgml0bm0npmdgrq0amtcp0jmqqcq0mp0bm0

jmqqcq0hsqrgdw0npmdgrq0bmcq0gr2un3=41nbd1##

766#/BV &KDI=KA *KABOBKABKS 4XRSBJ 0OBQ=SLQ^ e8ELIBR=IB URa 3BS=FI &IB@SQF@FSX $LRSR^f "@@BRRBA "TDTRS ~|}�^ 

frrnq>22uuu1gqm0lc1amk2_`msr2uf_r0uc0bm2gl0bcnrf2ufmjcq_jc0tq0pcr_gj0cjcarpgagrw0amqrq1#

767#/BV ;LQH *KABOBKABKS 4XRSBJ 0OBQ=SLQ^ e*JO=@S LC 8ELIBR=IB 1QF@BR LK $LKRTJBQ #FIIR^f "@@BRRBA "TDTRS ~|}�^ 

frrnq>22fmkc1lwgqm1amk2fmu0ufmjcq_jc0npgacq0d_armp0gl0clb0sqc0amlqskcp0`gjjq21#

768#3BDTI=SLQX "RRFRS=K@B 1QLGB@S^ e&IB@SQF@FSX 3BDTI=SFLK FK SEB 64` " (TFAB^f +TKB ~|}�^ 1=DBR ��0;9/#4350438/#

frrn>22uuu1p_nmljglc1mpe2un0amlrclr2snjm_bq2534923;2p_n0j_x_p0cjcarpgagrw0pcesj_rgml0VT0hslc053491nbd1#

769#H1#C_p`mqc/#M1#Cgpb/#K1#Iccrcp/#G1#Gjmpcq/#_lb#S1#Xgqcp/#@dhih#VcY#?ZcZ[^ih#d[#OZcZlVWaZh#Mdgi[da^d#PiVcYVgYh#^c#i]Z#Rc^iZY#

Tr_rcq#+Ccpicjcw/#DB>#M_upclac#Ccpicjcw#O_rgml_j#M_`mp_rmpw/#Ksjw#5348,/#MCOM04<;849/#

frrnq>22ckn1j`j1emt2qgrcq2bcd_sjr2dgjcq2j`lj04<;8491nbd1#

76;#8. 8=QVF@H^ 5% )=QAX^ .( )LCCJ=K^ =KA +4 )LJBQ^ e&IB@SQF@FSX %FRSQF?TSFLK 4XRSBJ #=RBIFKB 3BOLQS $E=OSBQ �a| 5LV=QA = 

54qr#$BKSTQX 6SFIFSX^f +TIX ~|}�^ 

frrnq>22uuu1clcpew1emt2qgrcq2npmb2dgjcq2534;2342d672Fjcarpgagrw(53Egqrpg`srgml(53Twqrck(53C_qcjglc(53Scnmpr1nbd#

76<#Sw_l#I1#Xgqcp/#H_jcl#M1#C_p`mqc/#_lb#N_pi#Cmjglecp/#OZiV^a#OViZ#FbeVXih#d[#OZcZlVWaZ#BaZXig^X^in;#PdbZ#C^ghi#Q]dj\]ih#

+Ccpicjcw/#DB>#M_upclac#Ccpicjcw#O_rgml_j#M_`mp_rmpw/#N_paf#534;,/#frrnq>22ckn1j`j1emt2ns`jga_rgmlq2pcr_gj0p_rc0gkn_arq0

pclcu_`jc1#



179 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

76=#Flcpew#Jldmpk_rgmK "AJFKFRSQ=SFLK^ e"KKT=I "UBQ=DB 3BRFABKSF=I &IB@SQF@FSX 1QF@B^f FK P]dgi-QZgb#BcZg\n#Ljiadd`#

+X_qfglerml/#ED>#FJB/#Ksjw#534;,/#frrnq>22uuu1cg_1emt2msrjmmiq2qrcm2pc_jnpgacq21#

773#Flcpew#Jldmpk_rgLK "AJFKFRSQ=SFLK l&*"m^ e4ELQS05BQJ &KBQDX 0TSILLH^ "KKT=I "UBQ=DB 3BRFABKSF=I &IB@SQF@FSX 1QF@B^f FK P]dgi-

QZgb#BcZg\n#Ljiadd`#+X_qfglerml/#ED>#FJB/#Ksjw#534;,/#frrnq>22uuu1cg_1emt2msrjmmiq2qrcm2pc_jnpgacq21#

774#e~|}� 5LS=I &IB@SQF@ *KATRSQX^ "UBQ=DB 3BS=FI 1QF@B l@BKSRgH8Em^f &KBQDX *KCLQJ=SFLK "AJFKFRSQ=SFLK^ =@@BRRBA "TDTRS �^ 

534;/#frrnq>22uuu1cg_1emt2cjcarpgagrw2q_jcq^pctclsc^npgac2nbd2r_`jc71nbd1#

775#eU_`jc#9>#5348#Vrgjgrw#Cslbjcb#Scr_gj#T_jcq#i#3BRFABKSF=I^f Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#

frrnq>22uuu1cg_1emt2cjcarpgagrw2b_r_1nfn&q_jcq1#

776#e3=KHFKDR` "UBQ=DB 3BS=FI 1QF@B LC &IB@SQF@FSX SL 3BRFABKSF=I 4B@SLQ^ .=Q@E ~|}� l@BKSRgH8Em^f &KBQDX Jldmpk_rgml#

Bbkglgqrp_rgml/#_aacqqcb#Bsesqr#7#534;/#frrnq>22uuu1cg_1emt2qr_rc2p_ligleq2Aqgb@VT&2qcpgcq2641#

777#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,/#@Ve^iVa#@dhi#Bhi^bViZh#[dg#Ri^a^in#PXVaZ#BaZXig^X^in#DZcZgVi^c\#MaVcih#+X_qfglerml/#

ED>#FJB/#Omtck`cp#5349,/#;/#frrnq>22uuu1cg_1emt2_l_jwqgq2qrsbgcq2nmucpnj_lrq2a_ngr_jamqr2nbd2a_namqr^_qqsknrgml1nbd1#

778#e'LQJ &*"0<93k>#Qpcjgkgl_pw#Nmlrfjw#Fjcarpga#Hclcp_rmp#Jltclrmpw%#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml/#N_paf#534;/#

frrnq>22uuu1cg_1emt2cjcarpgagrw2b_r_2cg_<93k21#

779#T)Q#Hjm`_j#Jlrcjjgeclac/#m`r_glcb#`w#EPF#sqgle#rfcgp#b_r_`_qc#md#cjcarpgagrw#qnmr#npgacq#_lb#Jlrcpamlrglclr_j#Fvaf_lec#

K=STQ=I D=R ROLS OQF@BR S=HBK CQLJ "##dR &KBQew#Wcjmagrw#Tsgrc1#

77;#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,/#2016#PiViZ#d[#i]Z#JVg`Zih#OZedgi#+X_qfglerml/#ED>#GFSD/#Bnpgj#534;,/#46/#

frrnq>22uuu1dcpa1emt2k_picr0mtcpqgefr2pcnmprq0_l_jwqcq2qr0kir0mtp253490qmk1nbd1#

77<#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,/#2016#PiViZ#d[#i]Z#JVg`Zih#OZedgi#+X_qfglerml/#ED>#GFSD/#Bnpgj#534;,/#46/#

frrnq>22uuu1dcpa1emt2k_picr0mtcpqgefr2pcnmprq0_l_jwqcq2qr0kir0mtp253490qmk1nbd1#

77=#K1#Csqflcjj/#F1#N_lqsp/#_lb#L1#Omt_l/#OZk^Zl#d[#i]Z#BXdcdb^Xh#I^iZgVijgZ#dc#R.P.#BaZXig^X#OZhigjXijg^c\/#Bnpgj#5349#bp_dr#

+Ecn_prkclr#md#Flcpew/#dmprfamkgle,1#

783#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,/#IZkZa^oZY#@dhi#VcY#IZkZa^oZY#>kd^YZY#@dhi#d[#KZl#DZcZgVi^dc#OZhdjgXZh#^c#i]Z#

>ccjVa#BcZg\n#Ljiadd`#2017#+X_qfglerml/#ED>#FJB/#Bnpgj/#534;,/#</#

frrnq>22uuu1cg_1emt2msrjmmiq2_cm2nbd2cjcarpgagrw^eclcp_rgml1nbd1#

784#H1#C_p`mqc/#M1#Cgpb/#K1#Iccrcp/#G1#Gjmpcq/#_lb#S1#Xgqcp/#@dhih#VcY#?ZcZ[^ih#d[#OZcZlVWaZh#Mdgi[da^d#PiVcYVgYh#^c#i]Z#Rc^iZY#

Tr_rcq#+Ccpicjcw/#DB>#M_upclac#Ccpicjcw#O_rgml_j#M_`mp_rmpw/#Ksjw#5348,/#MCOM04<;849/#

frrnq>22ckn1j`j1emt2qgrcq2bcd_sjr2dgjcq2j`lj04<;8491nbd1#

785#Ks_l#Blbp_bc#_KA 3LRR #=IAF@H^ e5EB 'TII $LRS LC &IB@SQF@FSX` &RSFJ=SFLK LC 5Q=KRJFRRFLK $LRSR CLQ /BV (BKBQ=SFLK^f 

Tcnrck`cp#5349/#frrnq>22clcpew1srcv_q1cbs2dgjcq253492442VUBsqrgl^GDc^Up_lqkgqqgmlDmqrq^53491nbd1#

786#+=PTBIFK $L@EQ=K^ e4BRRFLK �` *JO=@S LK 6a4a "K@FII=QX 4BQUF@BR .=QHBSR CQLJ 7=QF=?IB 3BKBV=?IB &KBQDX^f "OQFI ~|}�^ 

frrnq>22uuu1lpcj1emt2bmaq2dw46mqrg28<8861nbd#

787#Fbgqml#Fjcarpga#Jlqrgrsrc/#%Up_lqkgqqgml#Qpmhcarq>#Br#B#Hj_lac/%#Q_ec#t/#Ecack`cp/#5349/#

frrn>22uuu1ccg1mpe2gqqscq_lbnmjgaw2rp_lqkgqqgml2Emaskclrq2Up_lq^Qpmhcar^jmupcq^`mmik_picb1nbd1#

788#4/- 'FK=K@F=I^ e-BKDSE LC 5Q=KRJFRRFLK -FKBR lJFIBRm^f "K=IXRFR LC '&3$ 'LQJ }` &IB@SQF@ 6SFIFSX "KKT=I 3BOLQS A=S=^ 

qs`qapgnrgml#qcptgac#uuu1qlj1amk#

789#V1T1#Ecn_prkclr#mC &KBQDX^ e3BKBV=?IB &IB@SQF@FSX 1QLAT@SFLK 5=W $QBAFS l15$m^f "@@BRRBA "TDTRS ~|}�^ 

frrnq>22clcpew1emt2q_tgleq2pclcu_`jc0cjcarpgagrw0npmbsargml0r_v0apcbgr0nra1#

78;#V14a %BO=QSJBKS LC &KBQDX^ e#TRFKBRR &KBQDX *KUBRSJBKS 5=W $QBAFS l*5$m^f "@@BRRBA "TDTRS ~|}�^ 

frrnq>22clcpew1emt2q_tgleq2`sqglcqq0clcpew0gltcqrkclr0r_v0apcbgr0gra1#

78<#Upgcs#.=F^ 8BRIBX $LIB^ &QF@ -=KSY^ $=Q= .=Q@X^ =KA #BKG=JFK 4FDQFK^ e*JO=@SR LC 'BABQ=I 5=W $QBAFS &WSBKRFLKR LK 3BKBV=?IB 

%BOILXJBKS =KA 1LVBQ 4B@SLQ &JFRRFLKR^f 'B?QT=QX ~|}�^ frrnq>22uuu1lpcj1emt2bmaq2dw49mqrg2988;41nbd#

78=#$EQFR /BIABQ^ e$LKDQBRR +TRS &WSBKABA SEB 15$ =KA *5$` 8E=S ;LT /BBA SL ,KLV^f 3L@HX .LTKS=FK *KRSFSTSB^ +=KT=QX ~|}�^ 

frrnq>22uuu1pkg1mpe2lcuq2amlepcqq0hsqr0cvrclbcb0nra0gra0lccb0ilmu2#

793#.FA@LKSFKBKS *KABOBKABKS 4XRSBJ 0OBQ=SLQ^ e.*40 5Q=KRJFRRFLK $LRS "IIL@=SFLK 0UBQUFBV^f 0@SL?BQ ~|}�^ 

frrnq>22uuu1kgqmclcpew1mpe2Mg`p_pw2Scnmqgrmpw2Dmkkslga_rgml(53N_rcpg_j2Lcw(53Qpcqclr_rgmlq(53_lb(53Xfgrcn_nc

pq2Up_lqkgqqgml(53Dmqr(53Bjjma_rgml(53Ptcptgcu1nbd#

794#8FIIF=J 8a )LD=K^ e5Q=KRJFRRFLK #BKBCFSR =KA $LRS "IIL@=SFLK^f .=X ~|}}^ 

frrnq>22qgrcq1fiq1f_pt_pb1cbs2dq2ufme_l2Ime_l^Up_lq^Dmqr^3864441nbd1#



180 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

795#&KBQDX 3BIF=?FIFSX $LTK@FI LC 5BW=R^ e"K=IXRFR LC 5Q=KRJFRRFml#Bjrcpl_rgtcq#dmp#Dmkncrgrgtc#Sclcu_`jc#Flcpew#[mlcq#gl#

5BW=R^f %B@BJ?BQ ~||�^ frrn>22uuu1cpamr1amk2amlrclr2lcuq2npcqclr_rgmlq253392BUUDI^B^DSF[^Bl_jwqgq^Scnmpr1nbd#

796#Kcddpcw#T1#Ecllgq/#Gcbcp_j#Flcpew#Scesj_rmpw#Dmkkgqqgml#+GFSD,/#e5Q=KRJFRRFLK $LRS "IIL@=SFLK =KA c#BKBCF@F=QX 1=XR^df 

K_ls_pw#5348/#Jlrcpl_rgml_j#Flcpew#Beclaw#FTBQ#_lb#DFFS#Fvncpr#Xmpiqfmn#JW/#

frrnq>22uuu1gc_1mpe2kcbg_2umpiqfmnq253482cq_numpiqfmngt2Ecllgq1nbd1##

797#+BRR +F=KD^ e5EB 1QF@B LC &IB@SQF@FSX *K ;LTQ 4S=SB^f KVi^dcVa#MjWa^X#OVY^d,#Parm`cp#5</#53441#Baacqqcb#Bsesqr/#534;1#

frrn>22uuu1lnp1mpe2qcargmlq2kmlcw2534424325;2474;996742rfc0npgac0md0cjcarpgagrw0gl0wmsp0qr_rc#

798#3L?BQS '=QBR^ e5EB 6a4a &IB@SQF@ (QFAdR $LRS FK ~ $E=QSR^f 4@FBKSFCF@ "JBQF@=K^#Bnpgj#8/#534;1#Baacqqcb#Bsesqr/#534;1#

frrnq>22`jmeq1qagclrgdga_kcpga_l1amk2njseecb0gl2rfc0s0q0cjcarpga0epgbq0amqr0gl050af_prq2#

799#H_jcl#C_p`mqc/#Mjii^c\#i]Z#MdiZci^Va#OViZ#FbeVXih#d[#A^hig^WjiZY#PdaVg#^cid#@dciZmi#+Ccpicjcw/#DB>#M_upclac#Ccpicjcw#

O_rgml_j#M_`mp_rmpw/#Flcpew#Bl_jwqgq#_lb#Jkn_arq#Egtgqgml/#K_ls_pw#534;,/#MCOM0433;393/#

frrnq>22ckn1j`j1emt2qgrcq2bcd_sjr2dgjcq2j`lj0433;3931nbd1#

79;#QKN#Jlrcpamllcargml/#BcZg\n#Mg^XZ#CdgbVi^dc#VcY#SVaj^c\#CaZm^W^a^in#+QKN#Jlrcpamllcargml/#Kslc#534;,/#

frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;39480clcpew0k_picr0npgac0dmpk_rgml1_qfv1#

79<#.FA@LKSFKBKS *KABOBKABKS 4XRSBJ 0OBQ=SLQ &KBQDX^ e&WSBKABA -L@=SFLK=I .=QDFK=I 1QF@FKD l&-.1m^f /LUBJ?BQ ~|44/#

frrnq>22uuu1kgqmclcpew1mpe2Mg`p_pw2Scnmqgrmpw2Dmkkslga_rgml(53N_rcpg_j2Trp_rcega(53Jlgrg_rgtcq2FMNQ(53GBRq1nbd1#

79=#QKN#Jlrcpamllcargml/#1+.[M &PIFPCHA 3?MIOL=? .CR ;H> 4SMN?G 3?FC;<CFCNS#+QKN#Jlrcpamllcargml/#N_paf#534;,/#9/#

frrn>22uuu1nhk1amk2y2kcbg_2jg`p_pw2pcnmprq0lmrgacq2qncag_j0pcnmprq2534;36630nhkq0ctmjtgle0pcqmspac0kgv0_lb0qwqrck0

pcjg_`gjgrw1_qfv1#

7;3#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,/#A^gZXi#CZYZgVa#C^cVcX^Va#FciZgkZci^dch#VcY#PjWh^Y^Zh#^c#BcZg\n#^c#C^hXVa#UZVg#2013#

+X_qfglerml/#ED>#FJB/#N_paf#5348,/#vgv/#frrnq>22uuu1cg_1emt2_l_jwqgq2pcoscqrq2qs`qgbw2nbd2qs`qgbw1nbd1#

7;4#M_upclac#Ccpicjcw#O_rgml_j#M_`mp_rmpw/#glrcpl_j#_l_jwqgq#dmp#rfc#Ecn_prkclr#md#Flcpew/#Kslc#534;1#

7;5#O1#Lsk_p/#Q1#Ccqslcp/#T1#Mcdrml/#E1#Be_l/#_lb#E1#Igjjck_l/#MdlZg#MaVci#@nXa^c\#@dhih#+Hmjbcl/#DP>#O_rgml_j#Sclcu_`jc#

Flcpew#M_`mp_rmpw/#Bnpgj#5345,/#gt/#frrn>22uuu1lpcj1emt2bmaq2dw45mqrg2887661nbd1#

7;6#Ufc#O_rgml_j#Dm_j#Dmslagj/#OZa^VWaZ#(#OZh^a^Zci,#Q]Z#SVajZ#d[#Ljg#Bm^hi^c\#@dVa#CaZZi;#>c#>hhZhhbZci#d[#JZVhjgZh#id#FbegdkZ#

OZa^VW^a^in#VcY#B[[^X^ZcXn#T]^aZ#OZYjX^c\#Bb^hh^dch#+X_qfglerml/#ED>#O_rgml_j#Dm_j#Dmslagj/#N_w#5347,/#6/#

frrn>22uuu1l_rgml_jam_jamslagj1mpe2pcnmprq2473;2ODDW_jscFvgqrgleDm_jGjccr1nbd1#

7;7#O1#Lsk_p/#Q1#Ccqslcp/#T1#Mcdrml/#E1#Be_l/#_lb#E1#Igjjck_l/#MdlZg#MaVci#@nXa^c\#@dhih#+Hmjbcl/#DP>#O_rgml_j#Sclcu_`jc#

Flcpew#M_`mp_rmpw/#Bnpgj#5345,/#gt/#frrn>22uuu1lpcj1emt2bmaq2dw45mqrg2887661nbd1#

7;8#O1#Lsk_p/#Q1#Ccqslcp/#T1#Mcdrml/#E1#Be_l/#_lb#E1#Igjjck_l/#MdlZg#MaVci#@nXa^c\#@dhih#+Hmjbcl/#DP>#O_rgml_j#Sclcu_`jc#

Flcpew#M_`mp_rmpw/#Bnpgj#5345,/#gt/#frrn>22uuu1lpcj1emt2bmaq2dw45mqrg2887661nbd1#

7;9#4SBUBK "a -BCSLK =KA %LTDI=R )FIIBJ=K^ eN_ic#Zmsp#Qj_lr#Sc_bw#dmp#Dwajgle#Pncp_rgmlq^f MdlZg#JV\Vo^cZ/#Bsesqr#4/#5344/#

frrn>22uuu1nmucpk_e1amk2k_ic0wmsp0nj_lr0pc_bw0dmp0awajgle0mncp_rgmlq21#

7;;#/FHEFI ,TJ=Q^ e4ELTIA ;LT $=QB =?LTS 1LVBQ 1I=KS $X@IFKD]^f FciZgiZ`#+`jme,/#frrn>22uuu1glrcprci1amk2`jme253450450590

nmucp0nj_lr0awajgle21#

7;<#Fjcarpga#Qmucp#Scqc_paf#Jlqrgrsrc#+FQSJ,/#Cdhh^a#CaZZi#QgVch^i^dc#l^i]#CjZa#@]Vc\Zh#VcY#IVg\Z#PXVaZ#SVg^VWaZ#OZcZlVWaZ#

FciZ\gVi^dc#+Q_jm#Bjrm/#DB>#FQSJ/#N_paf#5348,/#frrnq>22uuu1cnpg1amk2&2n_ecq2npmbsar233333333633533984;21#

7;=#Ufc#O_rgml_j#Dm_j#Dmslagj/#OZa^VWaZ#(#OZh^a^Zci,#Q]Z#SVajZ#d[#Ljg#Bm^hi^c\#@dVa#CaZZi;#>c#>hhZhhbZci#d[#JZVhjgZh#id#FbegdkZ#

OZa^VW^a^in#VcY#B[[^X^ZcXn#T]^aZ#OZYjX^c\#Bb^hh^dch#+X_qfglerml/#ED>#O_rgml_j#Dm_j#Dmslagj/#N_w#5347,/#6/#

frrn>22uuu1l_rgml_jam_jamslagj1mpe2pcnmprq2473;2ODDW_jscFvgqrgleDm_jGjccr1nbd1##

7<3#%B?Q= -BV^ e$L=Ig(=R 1I=KS $X@IFKD` $LRSR^ $=TRBR^ *JO=@SRf lOQBRBKSBA =S )=QU=QA &IB@SQF@FSX 1LIF@X (QLTO^ .=Q@E }}^ ~|}�m^ 

frrnq>22uuu1fiq1f_pt_pb1cbs2fcne2Q_ncpq253492N_paf(5353492Mcu(53Qpcqclr_rgml1nbd1#

7<4#/3&-^ e1LVBQ 1I=KS $X@IFKD $LRSRf^ "OQFI ~|}~^ "@@BRRBA "TDTRS ~|}�^ frrnq>22uuu1lpcj1emt2bmaq2dw45mqrg2887661nbd#

7<5#6a4a /T@IB=Q 3BDTI=SLQX $LJJFRRFLK^ FKOTS SL %BO=QSJBKS LC &KBQDX QBPTBRS CLQ FKCLQJ=SFLK^ e"AAQBRRFKD 1LIF@X =KA 

-LDFRSF@=I $E=IIBKDBR SL 4J=QS (QFA *JOIBJBKS=SFLK^f �� 'BA1#Sce1#4<3/8;339i8;344#+5343,/#

frrnq>22uuu1enm1emt2dbqwq2nie2GS0534303=04;2frkj253430565841frk1##

7<6#E1#U1#Jlecpqmjj/#D1#Dmj`cpr/#[1#Imsefrml/#S1#Tlseecpsb/#K1#X1#H_qrml/#_lb#N1#&JOBX^ e*KSBDQ=SFKD /T@IB=Q =KA 3BKBV=?IBR^f 

KjXaZVg#Bc\^cZZg^c\#FciZgcVi^dcVa#JV\Vo^cZ/#Gc`ps_pw#4/#5349/#frrn>22uuu1lcgk_e_xglc1amk2dc_rspcq2dc_rspcglrcep_rgle0

lsajc_p0_lb0pclcu_`jcq07;=8<9321#



181 

Staff Report on Electricity Markets and Reliability U.S. Department of Energy

7<7#E_tc#Tafk_jxcp/#>c#>cVanh^h#d[#i]Z#MdlZg#MaVci#@nXa^c\#M]ZcdbZcV/#N_w#5=/#534;#bp_dr#+Bpemllc#O_rgml_j#M_`mp_rmpw/#

dmprfamkgle,1#

7<8#Sctgq#K_kcq/#Trcnfcl#Icqjcp/#_lb#Kmfl#Cgqrjglc/#Cdhh^a#CaZZi#QgVch^i^dc#l^i]#CjZa#@]Vc\Zh#VcY#IVg\Z#PXVaZ#SVg^VWaZ#OZcZlVWaZ#

FciZ\gVi^dc#+Q_jm#Bjrm/#DB>#Fjcarpga#Qmucp#Scqc_paf#Jlqrgrsrc/#Tcnrck`cp#5348,/#EPF0FQSJ0PF3333947/#706<i706=/#

frrnq>22uuu1mqrg1emt2qagrcaf2qcptjcrq2nspj24557=7=1#

7<9#Flcpew#Jldmpk_rgml#Bbkglgqrp_rgml#+FJB,>#%Nmlrfjw#Vnb_rc#rm#Blls_j#Fjcarpga#Hclcp_rmp#Scnmpr/%#N_paf#534;/#

frrnq>22uuu1cg_1emt2cjcarpgagrw2b_r_2cg_<93k2?#_lb#glrcpl_j#_l_jwqgq/#Kslc#534;#


