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Report 

F. 

This integration report assessed the incremental regulation costs to integrate more renewable 

resources-wind, solar, and BESS-into Black Hills Power's generation mix at several key sites. 

The report estimated the incremental regulation costs required to maintain reliability and 

frequency regulation, and assessed flexible capacity requirements. In addition, the report 

determined the accreditable capacity of VER for reliability planning. 

Regulation costs through WAPA's OATT are: $1.04/MWh for wind at a 40% capacity factor; 

$1.12/MWh for solar at a 25% capacity factor. 

The effective load carrying capacity (ELCC) ranges from 29% and declining to 4% as resource 

amounts increase. Wind is higher than solar, mainly because of the higher capacity factor. For 

BESS, ELCC values range from 80% for 20 MW to 49% for a 100 MW installation. 
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NOTICE 

This  docume nt conta ins  information about one  or more  Power Grids  products  and may include  a  de scription 
of or a  refe rence  to one  or more  s tandards  tha t may be  genera lly re levant to the Power Grids  products . The  
pres ence of any such description of a  s tanda rd or re fe rence  to a  s tanda rd is  not a  re presenta tion tha t a ll of 
the  Power Grids  products  re fe renced in this  document support a ll of the  fea tures  of the  des cribe d or 
re fe renced s tanda rd. In order to de te rmine  the  specific fea tures  supporte d by a  pa rticula r Power Grids  
product, the  reade r should consult the  product specifications  for the  particula r Power Grids  product. 

Powe r Grids  may have  one or more  pa tents  or pending pa tent applica tions  protecting the  inte llectua l 
prope rty in the  Power Grids  products  described in this  document. 

The  information in this  document is  subject to cha nge without notice and s hould not be  cons trued as  a  
commitme nt by Powe r Grids . Power Grids  a ssumes  no respons ibility for any errors  tha t ma y appear in this  
docume nt. 

Products  described or refe re nced in this  document a re des igne d to be  connected a nd to communica te  
information and da ta  through ne twork inte rfaces , which should be  conne cted to a  s ecure  network. It is  the  
sole  respons ibility of the  sys tem/product owner to provide  and continuous ly e ns ure  a  secure  connection 
be twee n the product and the  sys tem ne twork a nd/or any othe r ne tworks  tha t may be  connected. 

The  sys tem/product owne rs  mus t e s tablis h a nd mainta in a ppropria te  me as ures , including, but not limited to, 
the  ins tallation of firewalls , applica tion of a uthentica tion me asures , encryption of da ta , ins ta lla tion of antivirus  
programs , a nd so on, to protect these  products , the  ne twork, its  sys tem, and interface s  aga ins t s ecurity 
breaches , una uthorize d access , inte rfe rence , intrus ion, leakage , a nd/or the ft of da ta  or information. 

Powe r Grids  pe rforms  functiona lity te s ting on the products  and upda tes  that we release . However, 
system/product owne rs  are  ultimate ly respons ible  for ensuring tha t any product upda tes  or othe r ma jor 
system upda tes  (to include  but not limited to code  changes , configura tion file  changes , third-pa rty software  
upda tes  or pa tche s , ha rdwa re  change  out, and so on) are  compa tible  with the  s ecurity me as ures  
implemented. The  sys tem/ product owne rs  mus t ve rify tha t the  sys tem and as socia ted products  function as  
expected in the  environment in which they a re  deployed. 

In no event sha ll Power Grids  be  liable for direct, indirect, specia l, incidenta l or consequentia l damages  of 
any na ture  or kind a ris ing from the use  of this  document, nor s ha ll Power Grids  be  liable  for incidenta l or 
conseque ntia l da ma ges  a ris ing from use  of any software  or hardware describe d in this  document. 

This  docume nt and pa rts  the reof mus t not be  reproduce d or copied without writte n pe rmiss ion from Powe r 
Grids , and the  contents  the reof mus t not be  impa rted to a  third pa rty nor used for any unauthorize d purpos e . 

The  software  or ha rdware  described in this  document is  furnis hed unde r a  license  and ma y be  us ed, copied, 
or disclosed only in accordance  with the  te rms  of such lice nse . This  product me e ts  the  re quirements  
specified in EMC Directive  2014/30/EU and in Low Voltage  Directive  2014/35/EU. 

— 

TRADEMARKS 

Portfolio Optimization is  a  regis te red trademark of Power Grids . 

All rights  to copyrights , regis tered trade marks , and trademarks  re s ide  with the ir re spective  owners . 

Copyright © 2021 Power Grids. 
All rights  rese rved. 
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Varia ble  Ene rgy Resource  Integra tion Study 

1 In troduc tion  
The  Hitachi ABB P ower Grids  Ene rgy Market Advisors  tea m is  pa rt of the Energy Market 
Inte llige nce  solution a rea  tha t provides  tools  and a na lys is  a round marke t and transmiss ion 
mode lling, ana lys is , and price  forecas ting to s upport inve s tment decis ions , regulatory compliance , 
trading, e ne rgy opera tions , and re newable  inte gration. 

1.1 Sc ope  o f Study 

Black Hills  Corpora tion reta ine d the  Hitachi ABB Powe r Grids  Energy Market Advis ors  tea m (PG) 
to comple te  an as ses sment of the  incrementa l regula tion cos ts  of Bla ck Hills  Power (BHP) to 
integra te  future  levels  of re newa ble  res ources  onto its  power sys tem. In completing this  
a s se ssment, PG examined forecas t and actua l load, wind genera tion a nd s ola r genera tion data  to 
deve lop es tima tes  of incrementa l re gula tion capacity tha t BHP will require to ma inta in re lia bility 
and fre quency regula tion.  PG a lso comple ted production cos t s imula tions  us ing the  Portfolio 
Optimization software  to de velop cos t es tima tes  of ca rrying the  increme nta l regula tion capacity 
amounts , a nd an a dditiona l as ses sment of flexible  ca pacity requirements  was  also comple ted.  
Thes e  analys es  were  comple te d for a  combina tion of wind, sola r and batte ry ene rgy s torage 
res ource  expans ions  a t seve ra l key s ite s  on the  BHP sys tem. PG a lso comple te d an as s ess ment 
to de te rmine  the  accreditable  capa city of Variable  Ene rgy Res ources  (VER) for re liability planning 
purpos es .  

1.2 S tudy Summa ry – Regula ting  Res erve s  

The  as ses sment examined rene wa ble and e nergy s torage  res ource  additions  a t s evera l different 
loca tions  to as ses s  incrementa l impacts  on BHP re gula tion requirements  and cos ts .  The  
as se ssment eva lua ted twelve  different re newable  and energy s torage  res ource  expans ion 
options  a nd five  different potentia l geogra phic loca tions  for thos e  resources .  The se  res ource  
options  a nd locations  were specified by the  BHP planning te am, bas e d on comme rcia l inte res t it 
has  s een in deve loping res ources  at those  loca tions , a nd with a  goa l of capturing impacts  of 
geographic divers ity in wind and s ola r ge nera tion profile s  within its  s ervice  territories . 

The  ba s ic approach taken to as s es s  regula ting rese rve  requirements  for the  BHP sys tem was  to 
evaluate  complia nce  with the  North America n Re liability Council (NERC) Control Performance 
S tandard 2 (CPS2) re liability require ments .  While  thos e requirements  do not s trictly a pply to 
BHP, they were  us ed in this  as s ess ment a s  a  proxy for opera tiona l challe nges  tha t will a ris e  from 
increased wind a nd s ola r integra tion and impacts  of thos e  cha llenges  on BHP opera tions  and 
res ource  expans ion de cis ions . Under the  CPS2 re liability requirements , BHP sys te m Area  
Control Error (ACE) is  monitored on a  10-minute  inte rva l, and any viola tions  of fre quency 
devia tions  a re  tabulated.  Events  whe re  ACE devia tes  outs ide  of high and low ba nds  a re  tagge d 
as  a  frequency violation and ne ede d regula tion capacity is  ca lcula ted as  incrementa l Regulation 
Up or Re gulation Down capacity ne ede d to ensure  tha t the  BHP ACE s tays  within upper and 
lower bands  98 pe rcent of the  time. 

To dete rmine  the  s ys tem cos t of the  a dditiona l Re gulation Up and Regula tion Down PG 
comple ted production cos t s imula tions , modelling both the  re source  inclus ion a nd associa ted 
increme nta l Re gula tion Up and Re gula tion Down ca pacity re quirements .  The  diffe rence  in tota l 
s ys tem production cos ts  be twee n each portfolio’s  s imulation with and without the  incrementa l 
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regula tion capacity was  used to deve lop es timated cos t pe r MWh for ca rrying the  incrementa l 
Regula tion Up and Down capacity. 

Table  1 provides  a  s ummary of the renewable  and energy s torage  resource  options  and projected 
regula tion re quirements  resulting from the  ass es s ment.  As  shown, re source portfolios  include  
wind additions  of 50, 100 a nd 200 MW at Cheyenne , South Gille tte  and North Douglas , WY 
loca tions , and solar additions  of 50, 100 a nd 200 MW a t Cheyenne  WY, Gillette  WY and Hot 
Springs  SD loca tions .  The resource  portfolios  a lso include  pa iring of 100 MW sola r with 40, 20 
and 60 MW battery ene rgy s torage  capacity a t the  Cheyenne, Gille tte  and Hot Springs  loca tions , 
a s  we ll a s  s ta nd-a lone 20, 40 a nd 60 MW ba tte ry ene rgy s torage  projects  at thos e  s ame three  
res pective  loca tions . 

Tab le  1. Su mm ary o f In c remen ta l Regu la tion  Requ irem en ts  and  Cos ts  

Portfo lio  Type 
S ize 

(MW) 
Location 

98% CPS2: 

In cremen tal 

Reg ula tion  

Up  (MW) 

98% CPS2: 

Inc re m en ta l 

Regu la tion  

Down (MW) 

Re gula tio n 

Cos t – 

BHP 

Ge nera tion  

($/MWh ) 

Reg ula tio n 

Cos t – 

WAPA 

Tariff 

($/kW/Mo) 

Exis ting Sys tem      55 50    

1 Wind 50 Cheyenne 24 0 $10.17 $0.303 

2 Wind 100 S . Gillette  26 22 $6.56 $0.303 

3 Wind 200 N. Douglas  50 40 $11.12 $0.303 

4 Sola r 50 Che yenne 7 1 $5.38 $0.205 

5 Sola r 100 Gille tte  10 1 $4.63 $0.205 

6 Sola r 200 Hot Springs  11 1 $1.57 $0.205 

7 Sola r + S torage  100 + 40 Cheyenne 0 1 $0.02 $0.205 

8 Sola r + S torage  100 + 20 Gille tte  0 1 $0.03 $0.205 

9 Sola r + S torage  100 + 60 Hot Springs  0 1 $0.02 $0.205 

10 S torage  20 Che ye nne 0 1 N/A  

11 S torage  40 Gille tte  0 1 N/A  

12 S torage  60 Hot Springs  0 1 N/A  

 

As  shown in Table 1, Regula tion Up requirements  for the  BHP exis ting power s ys tem are  55 MW, 
and Regula tion Down re quirements  a re  50 MW. Incrementa l Regula tion Up requirements  ra nge  
from ze ro to 50 MW, and incrementa l Regula tion Down requirements  ra nge  from 1 to 40 MW.  
Regula tion cos ts  projected from us e  of BHP’s  ge nera tion range  from $1.57/MWh for a  200 MW 
s ola r addition a t Hot Springs , SD, to $11.12/MWh for a  200 MW wind a ddition a t North Douglas , 
WY.  BHP a ls o has  a n option to procure  re gula tion from WAPA, through its  Open Access  
Trans mis s ion Tariff (OATT) a t a  lower cos t. WAPA’s current ta riff offe rs  regula tion se rvice  for a  
fixed cos t of $0.303/kW/Month for wind res ources , and $0.205/kW/Month for sola r re sources .  At 
a  40% annua l ave rage  wind capacity factor, the  WAPA regula tion cos t is  equiva lent to 
$1.04/MWh for wind resources , and a t a  25% annua l a ve rage  capacity factor for s ola r, it would be  
equiva lent to $1.12/MWh for solar res ources . For s olar re s ource  options  tha t include  ba tte ry 
s torage , the  ba tte ry capacity is  s ufficient to offs e t incrementa l Regula tion Up ca pa city 
require ments  as socia ted with opera tion of the  s ola r res ources , so tha t on ne t, a dditiona l 
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regula tion capacity is  not re quired. In those  cases , the incrementa l regula tion cos t lis te d is  
a s socia ted with provis ion or procure me nt of Regula tion Down. 

1.3 S tudy Summa ry – Flexib le  Capac ity Requ ireme nt 

In addition to as ses s ing incrementa l regula tion require ments  and cos ts  like ly to be  incurred due  to 
changes  in BHP opera ting costs , PG a lso comple ted an asses sment of whe ther BHP is  like ly to 
require  additional flexible  capacity to inte gra te  the  Res ource  Portfolios . PG use d a  me thodology 
origina lly develope d by the  California  Inde pendent Sys tem Opera tor (CAISO) to a s ses s  BHP’s  
flexible  capacity requireme nts .   This  a ss es s ment showed that BHP’s  exis ting fle xible  capacity is  
s ufficient if the  variable  e ne rgy resources  ide ntifie d in the  portfolios  s tudied a re  added to the ir 
s ys tem with exception to three  cas es : 1.) Portfolio 3, which crea tes  a  Flexible  Capacity ne ed of 
86 MW, 2.) Portfolio 5 which crea tes  a  16 MW Flexible  Capacity ne ed, and 3.) Portfolio 6, which 
crea tes  a  118 MW Flexible  Capacity ne e d.  The  cos t of flexible  capacity is  typica lly tied to the 
carrying cos t of flexible  pe a king capacity.  Black & Ve a tch is  currently comple ting a  s tudy of 
busbar cos ts  for new genera tion on the  BHP s ys tem, and thos e  cos ts  and the  flexible  ca pacity 
require ments  identified above  will be  re flecte d in BHP ’s  Integra ted Res ource  P lan deve lopment 
for Resource  Portfolios  3, 5 and 6. 

1.4 S tudy Summa ry – Effe c tive  Load  Carrying  Cap ab ility 

PG a lso comple ted an Effe ctive  Load Ca rrying Capa bility (ELCC) as sess ment of the wind, s olar 
and ba tte ry s torage  re source  portfolio options , to as se s s  the  level of re se rve capacity tha t ea ch 
option provide s  to BHP, for use  in its  re source  planning s tudies  and resource procurement 
activities .  The  ELCC ana lys is  is  us ed to dete rmine  the  percenta ge  of the  namepla te  ca pacity of 
each resource  type  a nd loca tion tha t can be  counted on for res erve  margin planning purposes .   

Figu re  1. ELCC Capa c ity of Win d an d  Sola r Res ou rces  
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As  shown in Figure  1, the  ELCC values  for wind are  compara ble  a t a ll three  locations  for 50 MW 
res ource  additions .  For 100 MW wind resource  additions , ELCC values  a re  highes t at South 
Gille tte , followed by Cheye nne  and the n North Dougla s .  Projecte d ELCC va lues  a t S outh Gillette  
begin a t 30 pe rcent with a  50 MW wind a ddition and de cline  with additional wind e xpans ion.  The  
ELCC va lues  for wind a t Cheyenne a nd Douglas  begin in the  28 percent range  and a lso decline  
with additional wind expa ns ion. However, for the Cheyenne  s ite , e s timated ELCC values  see  a  
le ss er decline  than the  othe r two s ite s , for wind additions  of 150 a nd 200 MW. 

For solar res ources , ELCC values  a re  highes t a t the  Gille tte  loca tion, followe d by Hot Springs  and 
then Cheye nne .  Sola r ELCC va lues  are  cons ide ra bly lower than those  for wind res ource s , 
ranging in the  11 to 13 pe rcent range  with 50 MW additions , and declining to a round 5 pe rcent 
with 200 MW solar additions .  The  primary drive r for lower solar ELCC values  is  a  lower capacity 
factor for sola r re sources , compared to wind. 

PG a lso ca lcula ted the ELCC va lue  of s tand-a lone  ba tte ry s torage  a t four capacity leve ls , 20 MW, 
40 MW, 60 MW a nd 100 MW. We  determined the  ba tte ry cha rge  leve l in eve ry hour to calcula te  
the  amount of capacity tha t a  s tand-a lone  ba tte ry s tora ge  facility can provide . This  capacity 
ranges  be twe en 0 MW a nd the  ma ximum capacity of the s torage  facility.  Table  2 lis ts  the  
e s timated ELCC va lues . As  the  s ize  of the  ca pacity increas es  from 20 MW to 60 MW, the  
e ffective  capacity contribution is  expected to decrea se  from 80% to 54%.  

Tab le 2. ELCC of Battery Sto rage  

Typ e Capac ity (MW) 
Inc rem en ta l 

De mand  (MW) 
ELCC (%) 

S tora ge  20 16 80% 

Stora ge  40 27 67% 

Stora ge  60 33 54% 

Stora ge  100 49 49% 
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2 Variab le  Energy Res ource  
Pro jec tions  

2.1 In troduc tion  

Black Hills  Corpora tion reta ine d Hitachi ABB Power Grids  (PG) to comple te  a  VER Inte gra tion 
S tudy for Black Hills  Power (BHP).  BHP has  be en a dding re newable  re sources  to its  s ys tem in 
recent years , given improvements  in the  economic and ge nera tion pe rformance  of wind and s olar 
technologies .  To support its  Integra ted Resource  P lanning, a nd in a nticipa tion of adding grea te r 
amounts  of wind and sola r va riable  e ne rgy resource s  to its  power s ys tem, BHP re cognize d the 
need to comple te  a  s tudy of opera tiona l a nd re lia bility requirements  it is  like ly to face  in re spons e  
to grea ter leve ls  of variable  energy res ources  on its  s ys tem. 

2.2 S tudy Approa c h  

It is  important to unders ta nd the  impact tha t higher leve ls  of wind a nd sola r penetra tion will ha ve  
on BHP opera tions , a nd to identify opera tiona l and res ource  planning s teps  tha t can be take n to 
a s sure tha t grid s tability is  not compromis ed. BHP has  s ucces s fully integra ted severa l wind 
projects  onto its  current s ys tem, but with a dditiona l wind and s olar res ource s  expe cte d to come 
on-line  in coming ye ars , additiona l s te ps  may be  re quired to mana ge  increased variability in 
generation a nd net loa d levels .  PG comple ted this  s tudy of variable  e ne rgy res ource  integra tion 
require ments  by implementing a  se rie s  of inte gra te d analytic s teps , a nd results  from this  ana lys is  
will be  furthe r imple mented into BHP’s  current Integra ted Resource P lanning proces s  and s tudy 
res ults .   

In comple ting this  as ses s ment, PG exa mined forecas t and actua l load, and thermal, wind and 
s ola r ge nera tion da ta  to deve lop es timates  of increme nta l regula tion capacity tha t BHP will 
require  to ma inta in re liability and freque ncy regula tion.  A key goa l of the  ana lys is  was  to quantify 
the  va riability in wind a nd s ola r genera tion facilitie s  and to es timate  the  qua ntity a nd va lue  of 10-
minute  opera ting res erves  neces sary to ma inta in re lia ble  sys tem opera tion. The asses sment 
examined the  impact of wind and solar res ource  additions  s epara te ly to e s timate  incrementa l 
regula ting reserve  ca pacity require d with each resource  type  and loca tion. PG a ls o comple ted 
production cos t s imula tions  us ing the  Portfolio Optimization software  to develop cos t e s timates  of 
carrying the  incre menta l re gula tion capacity a mounts .  These  a nalyses  were comple ted for a  
combination of wind, sola r and batte ry ene rgy s tora ge  res ource expans ions  a t several key s ites  
on the  BHP sys tem. PG also comple ted an a s ses sment to de termine  the  accreditable  ca pacity of 
VERs  for re liability pla nning purposes . 

The  ba s is  ana lytic s teps  implemented by PG in comple ting this  s tudy include  the  following: 

1. Data  De velopment – PG worked with the  BHP te am to ga the r ava ilable  sys tem load 
da ta  a t the  hourly and sub-hourly leve l, a nd to deve lop ge nera tion profile s  for the  
renewa ble  res ource  portfolio options , aga in a t an hourly and sub-hourly leve l.  The BHP 
team a lso provided his torica l a nd forecas t genera tion da ta  a t a n hourly a nd sub-hourly 
level.  For are as  where  da ta  ga ps  exis ted, pa rticularly for sub-hourly leve l data , the  PG 
team s upplemented ava ilable  da ta  by utilizing publicly available  da ta  from the  Nationa l 
Re newable  Ene rgy Lab (NREL). 
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2. Es tima te  Inc rementa l Re g ula tion  Capac ity Require me nts  – To es tima te  incrementa l 
regulation capacity, PG utilized ava ilable  BHP and NREL da ta  to develop a  cons olida te d 
s et of actua l and forecas t load, the rma l ge nera tion, and renewa ble  genera tion on a  10-
minute  inte rval bas is .  The  his torica l da ta  were  a djuste d to reflect planned resource  
additions  and loa d growth on the  BHP s ys tem for the  yea r 2025.  The  actua l and forecas t 
loa d and genera tion data  were used to es tima te  ACE for the  BHP sys tem, both with and 
without each of the  Portfolio renewable  resource and ba tte ry ene rgy s tora ge  resource  
additions .  ACE va lues  on a  10-minute  bas is  were  compared to base  leve l re gula tion 
require ments , where  bas e leve l require ments  were  de ve loped us ing NERC’s  
recommended L10 formula .  ACE values  were  the n re -ca lcula ted inde pendently for each 
of the  12 rene wable  resource portfolios , and CPS2 viola tions  were  ta gge d.  Incrementa l 
Re gulation Up a nd Regula tion Down capa city levels  were  identified as  the  minimum 
amount of regula tion capacity ne ede d to e nsure  there a re no CPS2 viola tions  a t le as t 98 
pe rcent of the  time. 

3. Es tima te  Cos t Impac t o f Carryin g  Inc remen tal Reg u la tion  Res erves  – For e a ch of 
the  renewa ble  re source portfolio options , PG comple te d Portfolio Optimiza tion 
s imula tions , modeling both the re source  inclus ion a nd as socia ted incrementa l Regula tion 
Up and Re gulation Down capacity requirements .  The  diffe rence  in tota l s ys tem 
production cos ts  be tween e ach portfolio’s  s imula tion with and without the  incrementa l 
regulation capacity was  use d to es timate  the  cos t, pe r MWh, for ca rrying the incrementa l 
Re gulation Up a nd Down capacity.  The  va lues  ca lcula ted a re  per ne t ene rgy production 
for each res pective  renewa ble  project in the  portfolio. PG a lso examined maximum 3-
hour ramping re quirements  as s ocia te d with the wind a nd s olar additions  and use d those  
da ta  to es tima te  the  current a nd incrementa l nee d for flexible  capacity on the  BHP 
s ys tem, as socia te d with ea ch of the  renewa ble  res ource  portfolios .  This  as sess ment 
a lso included an evaluation of BHP’s  current flexible  capa city res ources , to de termine  if 
any of the  renewable  res ource  portfolios  is  like ly to require  procurement of incrementa l 
flexible  capacity. 

4. Es tima te  Effec tive  Load  Carryin g  Cap ab ility – For each of the  rene wable  re s ource  
portfolio options , PG deve loped es timates  of the  Effective  Load Carrying Capability 
(ELCC) of the  res ource , ba se d on ana lys is  of changes  in loss -of-load proba bility 
a s socia ted with including tha t re source  in BHP’s  s upply portfolio, compared to inclus ion 
of a  “pe rfect” capacity res ource  as  a  s ubs titute . 

2.3 Va riab le  En ergy Res ource  In tegra tion  Cons ide ra tions  

Renewable  genera tion resources , s uch as  wind a nd solar, a re  variable  and uncerta in in na ture  
because  genera tion output de pe nds  on eve r-changing wind spe eds  and sola r irradiance  tha t 
cannot a lways  be  accura te ly predicte d. To manage  the  uncerta inty a ss ocia ted with these  types  of 
res ources , sys tem opera tors  can hold additiona l re serves  s o the  power sys tem ca n economica lly 
res pond to unexpected eve nts  and ge nera tion fluctua tions . High pene tra tion leve ls  of wind a nd 
s ola r resources  leads  to a n increa se in re serves  neces s ary to re liably operate  the  power sys tem. 
The  funda menta l ne ed whe n integra ting va riable ene rgy res ources  on a  sys tem is  to have  
s ufficiently flexible  capacity or load to a llow for adjus tments  for unpredicted increa s es  or 
decreases  in va riable  energy genera tion leve ls , without cre ating re liability problems  or 
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unacceptable  levels  of imbalance  ene rgy.  There  are  a  numbe r of factors  tha t improve  the  ability 
to integra te  va riable energy resources : 

 Geographic divers ity in s iting va riable  energy resource s  reduces  overa ll va riability in 
generation for thos e resources , due  to we athe r dive rs ity and reduced adverse  impacts  on 
wind and solar ge nera tion from loca lized wea ther events  

 Improved load a nd va riable  ene rgy resource  ge nera tion fore cas ting re duces  unplanne d 
s wings  in genera tion a nd ne t loa d, and reduces  the  ove rall integra tion require me nt a nd 
cos t 

 Scheduling ge nera tion res ources  on a  sub-hourly bas is  a lso reduces  overa ll res ource  
variability a nd devia tion from forecas t, and reduces  overa ll re gula tion require ments  in 
opera ting a  power s ys tem 

 Ava ilability of fle xible  generation a nd/or ene rgy s torage  on the  power sys tem to ra pidly 
increas e  or decreas e genera tion to offse t unpla nne d decreas es  or increas es  in va riable  
energy resource  output.     

2.4 Sys te m Opera tions  an d P la nn ing  Timeline  

Re liable  opera tion of a  power s ys tem requires  diffe re nt actions  and resource  adjus tments  within 
different timefra me s , ranging from re al-time  operations  with conditions  va rying ins tanta neous ly, to 
unit s cheduling, commitme nt and dispa tch decisions  that occur over hours  or days , to long-te rm 
planning a nd res ource  procureme nt a ctivitie s  tha t span months  and years .  Figure  2 provide s  a n 
illus tra tion of the  opera tions  and planning timeline  a nd required actions .   

  Figure 2. Op era tions  an d  Plan nin g  Tim elin e  
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Wind a nd sola r re s ource ge nera tion leve ls  can va ry ins tanta neous ly, s ometimes  by re la tive ly 
la rge  ma gnitudes .  Voltage  and frequency regula tion a re  ma inta ined in short-time s teps  varying 
from seconds  to minutes , by a lte ring dispatch of regula ting rese rves , typica lly with genera tion 
res ources  on Automatic Genera tion Control (AGC).  As  higher pene trations  of va riable  e nergy 
res ources  are  grid-connected, va riability in ge nera tion and ne t loa d can increas e  s ignifica ntly, 
requiring grea te r leve ls  of regulating res erves . In a ss es s ing va riable ene rgy res ource  integra tion 
require ments  and cos ts , PG has  focused on unders ta nding opera tiona l integra tion requirements  
for Regula tion Up and Down capacity, in the  10-minute  inte rval.  This  a spect focus es  on cha nges  
in opera tional requirements  for BHP, and meas ureme nt of fue l and varia ble  opera ting cos ts  
needed to meet thos e re quirements . 

As  illus trated in Figure  2, longer-te rm opera tiona l a nd planning/resource  procure ment a ctions  
focus  on commitment, dispa tch and s cheduling of ge nera ting units  on a  day-ahe ad or longer 
bas is , a nd deve lopme nt of res ource  plans  and supply procurement processes  to a s se mble  
generation portfolios  tha t ma inta in re liable  sys tem opera tion and economic power s upply.  In 
these  are as , PG has  focus ed on Resource  Adequacy and pla nning requirements  a s socia ted with 
having s ufficient flexible  ge nera tion res ources  on the  s ys tem, and incrementa l capita l cos ts  
require d to procure thos e  re sources  and have  sufficie nt fle xible  ca pa city ava ilable  to mee t the  
s hort-te rm opera tional requireme nts . 

2.5 Res e rve  Requ ireme n ts  

NERC es tablis hes  a  s e t of re lia bility and opera tiona l meas ures  tha t mus t be  met by Ba lancing 
Authoritie s  (BA) to ma inta in re liable  s ys tem opera tions .  The  NERC compliance re quire ments  a re  
des igne d to minimize  s ys te m dis turbances  and to avoid inadverte nt power interchanges  be tween 
ba lancing are as  and load-se rving entitie s .  For BHP, the NERC requirements  are  adminis te red 
through the  Wes tern Energy Coordina ting Council (WECC).  WECC deve lops  and implements  
Regiona l Re liability S tanda rds  and WECC Re giona l Crite ria  for the  We ste rn Inte rconnection. 

The  re liable  opera tion of the  inte rconnected power sys tem re quires  tha t adequate  genera ting 
capacity be  ava ila ble  a t a ll times  to ma inta in s cheduled fre que ncy and avoid loss  of firm load 
following trans mis s ion or generation contingencies . This  ge nera ting capacity is  necess a ry to: 

 Meet s upply requirements  for loa d varia tions  

 Replace  genera ting capa city and e ne rgy los t due  to forced outages  of genera tion 
or trans miss ion equipment 

 Meet on-demand obliga tions  

 Replace  e ne rgy los t due  to curta ilment of interruptible  imports  

 Balance fluctua tions  in re newable  resource  ge nera tion 

Based on NERC guidance , WECC has  e s tablished ope ra ting res e rve  require ments  for Balancing 
Authoritie s  in the  Wes te rn Interconnection, with opera ting res erves  comprised of the  following: 
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1. Reg ula ting  Re s e rves  

 Regu la tio n  Up  – Rapid res ponse  loa d or ca pacity he ld in res erve  tha t ca n be  
quickly dispa tched to increase  ne t power injections  on the s ys tem 

 Regu la tio n  Down  – Rapid respons e  loa d or capacity tha t can be  quickly 
reduced to decreas e  ne t power injections  on the  sys tem 

2. Con tingen cy Res e rve s  

 Sp inn ing  Res e rves  – Genera tion res e rve  capa city from resources  currently 
s pinning, tha t ca n be  dis pa tched to increas e or decrea s e  ne t power injections  
within a  10-minute  pe riod 

 Non-Sp inning  Res e rves  – Genera tion res ources  not currently spinning, but 
which can be  dispatche d to increase  ne t power injections  within a  10-minute  
pe riod 

Regula ting rese rves  a re  controlled by AGC which ena bles  gene ra ting units  to increase  or 
decrease  power output ma rginally in re s pons e to s malle r s ca le  s ystem e nergy imba lance s . 
Contingency reserves  a re  used to correct for la rge r s ca le  sys te m imba la nces  caus ed us ua lly by a  
loss  of a  ge ne ra ting unit or tra ns mis s ion line. 

2.6 Pro jec ted  Re newab le  Res ou rce  Add itio ns  

BHP currently has  one  pla nned sola r re source addition anticipa ted to achieve commercia l 
opera tion be twee n now a nd 2025.  The  80 MW Fa ll River s olar project is  expecte d to come on-
line in 2023.  In addition, the  BHP team identified additiona l like ly s ite s  a nd wind, solar a nd 
s torage  capacity a dditions  to be  include d in a s ses s ing variable  e ne rgy resource  integration cos ts  
and re quirements .  Ta ble  3 be low lis ts  the  rene wable  a nd e nergy s torage  capacities  and loca tions  
examined in this  as ses sment.  The  s ite s  were  se lected both to recognize  a reas  where  project 
deve lopment activity is  like ly, and to capture  bene fits  of geographica l dive rs ification in a s ses s ing 
generation variability for wind a nd solar res ources .  As  shown, seve ra l of the re source  portfolios  
examined include  ba tte ry ene rgy s torage  res ources , which represe nt a  mitiga ting technology for 
mana ging variable ene rgy production from wind and solar re sources . 
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Tab le  3. Va riab le En ergy Res ource  Po rtfo lio s  

Portfo lio  Type Size  (MW) Locatio n 

1 Wind 50 Cheyenne 
2 Wind 100 South Gille tte  
3 Wind 200 North Douglas  
4 Sola r 50 Cheyenne 
5 Sola r 100 Gille tte  
6 Sola r 200 Hot Springs  
7 Solar + Storage 100 + 40 Cheye nne  
8 Solar + Storage 100 + 20 Gille tte  
9 Solar + Storage 100 + 60 Hot Springs 

10 S torage  20 Cheyenne 
11 S torage  40 Gille tte  
12 S torage  60 Hot Springs  

 

As  shown in Table 2, the  s tudy examines  wind, sola r and ba tte ry ene rgy s torage  res ource s  a t 
different capacity le ve ls , loca ted in Cheye nne, WY, South Gille tte , WY, North Douglas s , WY and 
Hot Springs , SD.  The  resource  portfolios  lis ted in Table  2 were  each examined indepe nde ntly in 
the  ana lys es  described be low.  PG did not exa mine  the res ource  expans ion portfolios  in 
combination, under the  s cope  of this  s tudy. 

2.7 S tudy Data  Deve lop ment 

The  s tudy wa s comple ted utilizing de ta iled genera tion and loa d da ta  from s evera l sources .  
Ass es s ing CPS2 performance  and regula ting capacity nee ds  require s  both actua l and forecas t 
power sys tem da ta , on a  10-minute  interval bas is  a nd as ses s ing ELCC contributions  from wind 
and solar re sources  require s  de ta ile d genera tion da ta  on a n hourly bas is .  PG utilized da ta  
provide d by BHP to the  gre a tes t exte nt pos s ible  in completing the  ana lys is  and supplemented 
those  da ta  in area s  where  additiona l da ta  were  nee de d in order to comple te  the  a ss es sment. 

2.7.1 Bla ck Hills  Powe r Da ta  

BHP provide d de ta ile d s ys tem opera tions  da ta  for the  his torica l yea r 2019, on both an actua l a nd 
forecas t bas is , in addition to forecas t da ta  for wind and s ola r re s ources  expecte d to a chieve  
commercia l opera tion over the next s eve ra l yea rs .  BHP da ta  utilize d in the  a s sess ment include : 

 His torica l a nd forecas t hourly s ystem load da ta  

 His torica l hourly a nd s ub-hourly ge nera tion a nd ne t inte rchange  da ta  

 His torica l sub-hourly gene ra tion da ta  for exis ting wind res ources  

 Forecas t hourly da ta  for wind a nd sola r re source  additions  

Projected ca pacity factor for wind and s ola r re source s  a t those  thre e locations  a re  lis te d in  
Table  4. 
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Tab le  4. Win d an d  S ola r Pro jec t Capacity Factor (%) 

Site  

Win d 
Capa city 

Fac to r 
(%) 

Sola r 
Capa city 

Fac to r 
(%) 

Cheyenne , WY 45 26 

Gille tte , WY 40 24 
Douglas , WY 43 NA 

Hot Springs , SD NA 28 

 

PG utilized the  BHP 2019 Actua l Data , a djus ted for load growth a nd resource  additions  to 2025. 
As  sub-hourly load forecas t data  and ge nera tion foreca s t da ta  were  not ava ilable  from BHP, PG 
deve lope d a  sub-hourly load foreca s t by applying percent diffe rences  be twe en hourly actua l a nd 
forecas t da ta , with the  s ame pe rcentage  va lue for each hour a pplied to 10-minute  inte rva ls  within 
tha t hour.  PG as s umed no sub-hourly forecas t e rror for the rmal re sources . 

Figure  3 illus tra te s  monthly ave rage  load forecas t e rror, based on the  BHP 2019 hourly load da ta .  
PG used wind, s ola r & loa d forecas ting e rror to ca lcula te  the  number of re gula ting res e rves  
require d in 2025 to mainta in projected re liability require ments .   

Figure 3. Mon th ly Averag e  Ho ur-Ah ead  Load  Fo rec as t Erro r (%) 

 

2.7.2 NREL Wind Da ta  

Because  10-minute  actua l and forecas t da ta  were  not available for the  wind res ources , PG 
res ea rched NREL da ta  ava ila bility and obta ined da ta  from NREL’s  Techno-Economic Wind 
Toolkit da tase t for wind res ources .  The  WIND Toolkit includes  meteorologica l conditions  a nd 
turbine  power da ta  for more  tha n 126,000 s ite s  in the  continenta l United S ta te s  for the  yea rs  from 
2007 to 2013.  The  da ta  a vailable  includes  both a ctua l and forecas t da ta  for each s ite .  For actua l 
da ta , wind genera tion is  ava ilable a t a  5-minute  interva l.  For foreca s t da ta , proje cted wind 
generation for each s ite  is  available  on an hourly bas is , including 1-hour, 4-hour, 6-hour a nd 24-
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hour day-ahea d forecas ts .  The  forecas t da ta  were  deve loped by 3Tier, under contract with 
NREL.   

PG se lected three  s ites  in the  closes t pos s ible  proximity to Cheye nne , North Douglas  and South 
Gille tte .  Table  5 lis ts  the  loca tion of s e lected s ite s , a long with the  capa city underlying e ach da ta  
s erie s  in the  NREL da ta .  PG utilized the  NREL da ta  a nd made  adjus tments  to re flect projecte d 
s ize s  of e ach wind res ource  as  lis ted ea rlie r in Ta ble  3.  PG a lso converted the  NREL 5-minute  
interva l actua l wind genera tion da ta  to a  10-minute  inte rval for comple ting the  CPS2 re liability 
ana lys is . 

Tab le  5. NREL Wind Site  Da ta  

Site  Site  ID Lo ng itude  La titude  
Capa city 

(MW) 

Cheyenne , WY 63094 -105.108673 41.150742 10 
Gille tte , WY 103689 -105.943146 44.393757 16 

Douglas , WY 96825 -108.575897 43.561279 14 

 

The  NREL da ta  s e t include s  da ta  for the  years  2007 through 2013.  As ses sment of the  da ta  
s howed cons ide rable  varia bility betwee n diffe rent yea rs .  To addres s  tha t variability, PG used the  
s even yea rs  of NREL data  to ca lcula te  a  s e t of synthetic annual da ta  for e ach s ite .  The  synthetic 
s hapes  were derived by ca lcula ting me dian le vel actua l wind genera tion for each 10-minute 
interva l in a  ye a r, and by ca lcula ting median leve l actua l a nd forecas t hourly gene ration for e ach 
hour inte rva l in a  ye a r. 

While  the  NREL data  included 5-minute  res olution actua l genera tion levels , for both the  NREL 
da ta  a nd for the  Black Hills  wind data , sub-hourly forecas t da ta  were  not availa ble .  Us ing 
available hourly-leve l forecas t da ta , PG cons tructed 10-minute interval foreca s t data  for both 
generation a nd loa d, by applying the  percenta ge  diffe rence  be tween forecas t and actua l from the  
available hourly da tase ts .  This  approach introduces  some  auto-corre la tion into the  analys is  of 
10-minute  da ta .  PG ins pecte d the  hourly and s ub-hourly da ta  used, a nd be lieves  it is  re as onably 
repres enta tive  and s uitable  for the  variable  res ource  integra tion analys is . 

2.7.3 NREL Sola r Data  

Because  10-minute  actua l and forecas t da ta  were  a ls o not available  for the  s ola r re sources , PG 
further re s ea rched NREL data  ava ilability and obta ine d da ta from NREL’s  Sola r Power Data  for 
Integra tion S tudies  da tas et for solar res ources .  The  Solar Power Da ta  for Integra tion S tudies  
cons is t of 1 year (2006) of 5-minute  solar power and hourly day-a hea d forecas ts  for 
approximate ly 6,000 s imula ted PV plants . Sola r power plant loca tions  were  de te rmine d bas ed on 
the  capacity expans ion plan for high-pene tration rene wables  in Phase  2 of the  Wes te rn Wind a nd 
Solar Integra tion S tudy a nd the Ea s te rn Renewa ble  Genera tion Integra tion S tudy.  NREL 
generated the  5-minute  da ta  s e t us ing the  Sub-Hour Irradia nce  Algorithm. The  da y-ahead sola r 
forecas t da ta  for loca tions  in the  wes te rn United Sta te s  were  ge ne rate d by 3TIER based on 
numerica l wea the r predica tion s imula tions  for Phase  1 of the  Wes tern Wind and S olar Integra tion 
S tudy.   

PG se lected three  s ites  in the  closes t pos s ible  proximity to Cheye nne  and Gillette , WY, a nd Hot 
Springs , SD.  Ta ble  6 lis ts  the  loca tion of s elected s ite s , a long with the  capacity underlying each 
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da ta  s erie s  a nd projected ca pacity factor implicit in the  NREL data .  PG utilize d the  NREL da ta  
with adjus tments  to re flect projected s izes  of each sola r res ource  a s  lis ted ea rlie r in Ta ble 3.  PG 
a lso converted the  NREL 5-minute  inte rval actua l wind genera tion da ta  to a  10-minute  inte rval for 
comple ting the  CPS2 re liability ana lys is . 

Tab le  6. NREL Sola r S ite  Data  

 S ite  Site  ID Long itude  La titude  
Ca pacity 
(MW) 

Cheye nne, WY 63094 -104.85 41.15 9 

Gille tte , WY 103689 -105.55 44.35 6 

Hot Springs , SD 96825 -102.95 43.45 14 

 

While  the  NREL data  included 5-minute  res olution actua l genera tion levels , for both the  NREL 
da ta  a nd for the  Black Hills  s olar da ta , sub-hourly forecas t da ta  were  not available .  Following the  
s ame a pproach tha t ha d be en deve loped for the wind da ta , PG a ga in us ed ava ila ble  hourly-level 
forecas t da ta  to cons truct 10-minute  inte rval forecas t da ta  for s ola r generation by applying the  
pe rcenta ge  diffe rence be tween forecas t a nd actua l from the  ava ilable  hourly da ta se ts .  
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3 Variab le  Energy Res ource  In tegra tion  
Requiremen ts  and  Cos ts  

3.1 Overview 

A number of s tudies  have  been comple te d exa mining wind and sola r re source  integra tion nee ds  
and cos ts , including la rge-sca le  s tudies  of the  Wes te rn U.S. comple ted under NREL direction and 
funding.  A common methodology used in rene wable  integra tion s tudies  acros s  the indus try is  to 
focus  on change s  in re gula tion ca pacity nee ded to offse t ge nera tion uncertainty crea te d due to 
the  intermittent na ture  of ge nera tion from wind and sola r re sources .  It is  we ll-recognized that the  
extent to which re newable  re source  variability become s  an is s ue  will depend on numerous  
s ys tem-specific factors  including power s ys tem s ize  a nd the  proportion of genera tion tha t is  
variable , the  pote ntia l output of the  res ources , and the  ability to forecas t tha t output. 

This  s tudy focus e d on the  operating rese rves  required to integra te  wind and s ola r in dispatch 
opera tions . Specifica lly, this  s tudy cons ide red the  opera ting re se rves  tha t can res pond to 
changes  in sys tem ACE in a  10-minute  timeframe to ens ure  re liable  s ys tem opera tion.  The  
s ys tem ACE is  meas ured as  the  differe nce  in the  s che duled genera tion a nd load versus  the 
actua l ge nera tion and load for each 10-minute  clock inte rval. Under-forecas ting the  loa d ca n be  
offse t by under-forecas ting of the  wind or solar. Converse ly, over-forecas ting of the  load will be  
exacerbate d by unde r-forecas ting of the  wind or sola r a nd cause a  higher frequency bias , unle ss  
AGC or the  system ope rator can take  corrective  action. 

To as se s s  10-minute  regula ting res e rves , PG deve loped a n approach tha t approximates  NERC 
CPS2 for ma inta ining ba lancing a re a re lia bility.  The  NERC CPS2 crite rion is  a  s tatis tica l 
measure  of the  ACE meas ured in 10-minute clock inte rva ls . The  CPS2 re lia bility crite rion 
s tipula tes  tha t the  s ys tem ACE must be  within a  tolerable  deviation range  (define d a s  the  L10) for 
90 pe rcent of the  10-minute  clock inte rva ls  for e ach month.  PG develope d an Exce l mode l 
(“Variable-Re source Integra tion mode l”) to ca lcula te  the  diffe re nce betwe en the  predicte d a nd 
actua l output of the  wind and s olar energy on the  BHP sys tem in 2025.  

The  increase  in 10-minute  regula ting res e rves  required to kee p the  number of future  CPS2 errors  
within e ithe r a  5 percentile  band or a  2 pe rcentile  band was  us ed as  the  bas is  to e s timate  
increme nta l Re gula tion Up and Re gula tion Down re quirements  a s socia ted with different va riable  
energy resource  expans ion options , and to as ses s  va riable  energy resource  inte gra tion cos ts 1.  

 

1 Note  tha t the  5 pe rcentile  and 2 pe rce ntile  bands  a re  more  conse rva tive  than the  NERC s ta nda rd requiring 
ACE to be  within required limits  a t leas t 90 pe rcent of the  time .  There  are two factors  supporting the  use  of 
higher, more  cons erva tive  performance  leve ls . Firs t, examina tion of individual ye a rs  of NREL wind da ta  
reve als  cons ide rable  va ria tion in actual and fore cas t wind gene ra tion leve ls, so under va rying mete orologica l 
conditions , re gula tion ne eds  will va ry upward.  Second, the  approach utilized by PG in this  s tudy mirrors  an 
approach utilized by Black & Vea tch in comple ting a  s imila r s tudy of the Black Hills  Colorado sys tem in 
2015, which will facilita te  consis te ncy in re s ource  planning approach a nd decis ions  across  the  Black Hills  
Corpora tion organiza tion. 
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The impact of variation in load was also reflected in the CPS2 model. Actual 5-minute and hourly 
load data and forecasts provided by BHP were used to develop ACE estimates, along with the 
wind and solar data. 

3.2 Black Hills Power Baseline Regulation Requirements 
As indicated above, PG completed an assessment of CPS2 performance for BHP, both based on 
its current power system, with load and supply resources expected to be in place in 2025, and 
with additional wind, solar and storage resource additions. For this analysis, ACE was calculated 
as: 

ACEMw = (Actual Load - Forecast Load) 
+ (Actual Thermal Generation - Forecast Thermal Generation) 
+ (Actual Wind Generation - Forecast Wind Generation) 
+ (Actual Solar Generation - Forecast Solar Generation) 

ACE values were first calculated for each 10-minute interval for the year 2025, based on BHP's 
existing system, including load growth and resource additions planned through 2025. 

For each 10-minute interval, the calculated ACE values were compared to projected NERC L10 
values. L10 is a guideline metric calculated by NERC, which expresses balancing capacity targets 
as a function of peak demand. If the ACE value exceeded the projected L10 value, by a positive 
quantity, then that period was flagged as a Regulation Up violation, and if the ACE value was less 
than the negative of the projected L10 value, then that period was flagged as a Regulation Down 
violation. Based on BHP's projected 2025 load, the NERC L1ovalues are 49 MW, which were 
interpreted as Regulation Up and down requirements for BHP's 2025 power system, absent any 
additional supply resource additions. 

Comparing the estimated ACE values to L10-based Regulation Up and Regulation Down 
requirements, PG estimated that at a 95th percentile CPS2 compliance level, the BHP 2025 
power system will have both Regulation Up and Regulation Down requirements of 49 MW based 
on its forecast load, current thermal resources , and current and projected renewable resources. 
At a 98th percentile CPS2 compliance level, the BHP 2025 power system would have a slightly 
higher 55 MW Regulation Up requirement, and 50 MW Regulation Down requirement. As BHP is 
not an independent balancing authority subject directly to NERC compliance, these values can be 
interpreted as guideline and baseline metrics for BHP to consider in its resource planning and 
supply procurement activities. 
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Figu re  4. BHP Bas e  Sys te m ACE an d Regu la tion  Requ irem en ts  

 

As  shown in Figure  4, there  are  a  s mall number of hours  where  ACE va lues  excee d the  
Regula tion Up re quirement, which is  pe rmiss ible  under the  CPS2 metric. Thos e exceeda nce s  
occur les s  than two pe rcent of the  10-minute  inte rva ls  shown.  Under the  base  s ys te m, 
Regula tion Down requirements  do not exceed the lower leve l L10 ba nd. 

3.3 Black Hills  Power Increme nta l Regu la tion Req uireme nts  

For each of the  renewable re s ource  portfolio additions , PG developed es tima tes  of incre me nta l 
regula tion re quirements  a t both a  95 pe rcent a nd 98 percent CPS2 pe rformance  level.  Table 7 
s ummarizes  es timate d incrementa l regula tion require ments  for ea ch res ource  portfolio examined. 
As  shown, incre menta l Regula tion Up quantitie s  va ry from ze ro MW to 50 MW.  Be cause  wind 
generation forecas t e rror is  much more  vola tile  tha n solar, the  incremental re gula tion 
require ments  are  higher for wind resources . 
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Tab le  7. Es timated  BHP Reg ula tio n  Requiremen ts  

Po rtfo lio Type S ize  (MW) Locatio n 

95% CPS2: 

In c rem enta l 

Regu la tion  

Up (MW) 

95% CP S2: 

In crem enta l 

Regula tion  

Down  (MW) 

98% CPS2: 

Inc rem enta l 

Regu la tion  

Up (MW) 

98% CP S2: 

In c re m enta l 

Regu la tion  

Down  (MW) 

Exis ting Sys tem      55 49 49 55 

1 Wind 50 Cheyenne  8 0 24 0 

2 Wind 100 S. Gillette  7 6 26 22 

3 Wind 200 N. Douglas  25 32 50 40 

4 Sola r 50 Cheyenne  0 0 7 1 

5 Sola r 100 Gille tte  0 0 10 1 

6 Sola r 200 Hot Springs  1 0 11 1 

7 Sola r + S torage 100 + 40 Cheye nne  0 0 0 1 

8 Sola r + S torage 100 + 20 Gille tte  0 0 0 1 

9 Sola r + S torage 100 + 60 Hot Springs  0 0 0 1 

10 S torage  20 Cheyenne  0 0 0 1 

11 S torage  40 Gille tte  0 0 0 1 

12 S torage  60 Hot Springs 0 0 0 1 

 

3.3.1 Re s ource  Portfolio  1: 50 MW Wind Addition  a t Cheyenne, WY 

Res ource  Portfolio 1 includes  a  50 MW wind resource addition a t Cheyenne , WY, with a  wind 
regime  s imila r to exis ting BHP wind ge nera tors .  Figure  5 provides  a  comparison of s ys tem ACE 
values  under the bas e  and expanded sys tem.  As  s hown, a dding a  50 MW wind res ource  a t 
Cheyenne  results  in higher pos itive  ACE value s , approaching 100 MW in some  hours , and 
exce eding the  L10 Re gula tion Up requirement with grea te r frequency.   
 
For the  Cheyenne  wind res ource  addition, PG es timate s  tha t BHP would require  8 MW of 
additiona l Re gulation Up capacity to a chieve  95 pe rce nt CPS2 complia nce , a nd 24 MW of 
additiona l Re gulation Up capacity to a chieve  98 pe rce nt CPS2 complia nce . The  magnitude  a nd 
freque ncy of Re gula tion Down exceedances  are  minor for this  res ource  portfolio, a nd do not 
require  any a dditiona l Regulation Down capacity.  
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Figu re  5. BHP Bas e Sys te m and  Expanded  Ace  – Ch eyen ne  50 MW Win d Ad dition  

 

3.3.2 Res ourc e  Portfolio  2: 100 MW Wind Addition  a t South  Gille tte , WY 

Res ource  Portfolio 2 doubles  the  a s sumed wind addition a t South Gillette , WY, to 100 MW.  
Figure  6 provides  a  comparison of sys tem ACE va lues  under the  bas e  and expa nded s ys tem for 
this  wind res ource  addition.  As  s hown, with the  100 MW wind addition, the  freque ncy of ACE 
exce eding the  Regula tion Up L10 leve l increas es , and some  upward ACE va lues  approach 125 
MW, which is  75 MW higher than the  L10 Regula tion Up ba nd. 

For the  South Gille tte  100 MW wind resource  addition, PG es tima tes  tha t BHP would require  7 
MW of a dditiona l Re gula tion Up capacity to achieve  95 pe rcent CPS2 compliance , and 26 MW of 
additiona l Regula tion Up ca pacity to achieve  98 percent CPS2 complia nce.  The re  is  a lso a  
grea ter fre quency of Regula tion Down excee da nces .  The  100 MW wind addition at Gille tte  is  
e s timated to re quire 6 MW of incre mental Regula tion Down ca pacity to mee t the  95 percent 
CPS2 s tandard, and 22 MW of Regula tion Down ca pacity to mee t the  98 pe rcent s tandard.  

Fig ure 6. BHP Bas e  Sys te m and  Exp an ded  Ace  – S outh  Gille tte  100 MW Wind  Add ition  

 

3.3.3 Res ourc e  Portfolio  3: 200 MW Wind Addition  a t North Doug las , WY 

Res ource  Portfolio 3 aga in doubles  the  a ssumed wind addition, to 200 MW, in this  cas e  at North 
Douglas , WY.  Figure  7 provides  a  comparison of sys te m ACE va lues  under the  bas e  and 
expanded s ys te m for this  wind res ource addition.  As  shown, with the  200 MW wind addition, the  
freque ncy of ACE e xceeding the  Regula tion Up L10 level further increas es , with a  wider ra nge  of 
upward ACE exce e dance  leve ls , a nd some upward ACE va lues  a pproaching the  full 200 MW. 

-100.00

-50.00

0.00

50.00

100.00

150.00

Ba se  Sys te m ACE

Ba se  Sys te m ACE L10 Re gula tion Up (MW)

L10 Re gula tion Down (MW)

-100.00

-50.00

0.00

50.00

100.00

150.00

Expa nded Sys te m ACE

Expa nde d S ys tem ACE L10 Re gula tion Up (MW)

L10 Re gula tion Down (MW)

-100.00

-50.00

0.00

50.00

100.00

150.00

Ba se  Sys te m ACE

Base  Sys tem ACE L10 Regula tion Up (MW)

L10 Re gula tion Down (MW)

-100.00

-50.00

0.00

50.00

100.00

150.00

Expanded Sys tem ACE

Expa nde d Sys tem ACE L10 Regula tion Up (MW)

L10 Regula tion Down (MW)

F. Variable Energy Resource Integration Report 

HITACHI All 

I' I' I' 1 1 I' I' I' I' I' I' I' I' 

Lh,lLh,h,h,h,~Lh,h,h,h, 

2021 Integrated Resource Plan F-25 



Varia ble  Ene rgy Resource  Integra tion Study 

For the  North Douglas  200 MW wind resource  addition, PG es timates  tha t BHP would require  25 
MW of a dditiona l Re gula tion Up capacity to achieve  95 pe rcent CPS2 compliance , and 50 MW of 
additiona l Regula tion Up ca pacity to achieve  98 percent CPS2 complia nce.  The  Regula tion 
Down exceeda nces  are  more  frequent and of grea ter magnitude  with a  200 MW wind addition.  
PG es timates  tha t 32 MW of incrementa l Regula tion Down capacity to mee t the  95 percent CPS2 
s tandard, and 40 MW of Re gulation Down capacity to mee t the  98 pe rcent s tandard.  

Fig ure 7. BHP Bas e  Sys te m and  Exp an ded Ace  – North  Douglas  200 MW Win d Add itio n  

 

3.3.4 Res ourc e  Portfolio  4: 50 MW So la r Addition  a t Cheye nne, WY 

Res ource  Portfolio 4 as sumes  a  50 MW solar resource  addition a t Cheye nne , WY.  Figure 8 
provides  a  comparison of s ys tem ACE values  under the  base  and expande d s ys tem for this  sola r 
res ource  addition.  As  s hown, with the 50 MW s ola r addition, the re  is  an increase  in the  fre que ncy 
of ACE exceeding the  Regulation Up L10 leve l, but the  freque ncy and ma gnitude  of those  
exce edances  a re  re la tive ly low.  There  a re  only minor ins ta nces  of ACE levels  exceeding the  L10 

Regula tion Down band.  In genera l, the  forecas t e rror for solar re s ources  is  s ubs tantia lly lower 
than for wind, so the  freque ncy and magnitude  of ACE exceedances  is  lower. 

For the  Cheyenne  50 MW sola r re source  addition, PG es tima tes  no incrementa l Regulation Up 
capacity would be  required to achieve  95 pe rcent CPS 2 compliance, and 7 MW of additiona l 
Regula tion Up ca pacity would be  re quired to achie ve 98 pe rcent CPS2 compliance .  The  
Regula tion Down excee dances  are  minor, with no incre menta l Regula tion Down ca pacity to meet 
the  95 pe rcent CPS2 s tandard, and 1 MW to mee t the  98 pe rcent s ta ndard.  
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Fig ure  8. BHP Bas e  Sys te m an d  Exp an ded  Ace  – Cheyenne 50 MW So la r Add itio n  

 

3.3.5 Res ourc e  Portfolio  5: 100 MW So la r Additio n  a t Sou th  Gille tte , WY 

Res ource  Portfolio 5 as sumes  a  100 MW s ola r resource  addition a t South Gille tte , WY. Figure 9 
provides  a  comparison of s ys tem ACE values  under the  base  and expande d s ys tem for this  sola r 
res ource  addition.  As  s hown, with the 100 MW s ola r addition, the re  is  an incre as e  in the  
freque ncy of ACE e xceeding the  Regula tion Up L10 level, with s ome upward ACE va lues  
approaching 100 MW, which is  60 MW a bove the  L10 Regula tion Up band.  There  a re  only minor 
ins ta nces  of ACE leve ls  exceeding the  L10 Re gula tion Down band.   

For the  South Gille tte  100 MW s olar resource  addition, PG a ga in es timate s  no incrementa l 
Regula tion Up ca pacity would be  re quired to achie ve 95 pe rcent CPS2 compliance , and 10 MW 
of additiona l Regulation Up capacity would be  require d to a chieve 98 percent CPS2 compliance .  
The  Re gula tion Down exce edances  continue  to be  minor, with no incre me nta l Regulation Down 
capacity to mee t the  95 pe rcent CPS2 s ta ndard, and 1 MW to mee t the  98 pe rcent s tandard.  

Figure  9. BHP Bas e  Sys tem and  Exp ande d Ace – South  Gille tte  100 MW So la r Add itio n  

 

3.3.6 Res ourc e  Portfolio  6: 200 MW So la r Additio n  a t Ho t Springs , SD 

Res ource  Portfolio 6 as sumes  a  200 MW s ola r resource  addition a t Hot Springs , SD. Figure  10 
provides  a  comparison of s ys tem ACE values  under the  base  and expande d s ys tem for this  sola r 
res ource  addition.  As  s hown, with the 200 MW s ola r addition, the re  is  a  furthe r increa se  in the  
freque ncy of ACE e xceeding the  Regula tion Up L10 level, with s ome upward ACE va lues  
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approaching 140 MW, which is  90 MW a bove the  L10 Regula tion Up band.  There  a re  only minor 
ins ta nces  of ACE leve ls  exceeding the  L10 Re gula tion Down band.   

For the  Hot Springs  200 MW s olar resource  a ddition, PG again es timates  tha t BHP would require  
1 MW of additional Regula tion Up capacity to achieve  95 pe rcent CPS2 compliance, and 11 MW 
of additiona l Regulation Up capacity would be  require d to a chieve 98 percent CPS2 compliance . 
This  can be  s ee n in Figure  10, where  there  the  magnitude of ACE Regula tion Up e xceedances  
a re  grea te r, with upward ACE values  a pproaching 130 MW, the re la tive  frequency of such 
exce edances  is  s till re la tive ly mode rate . The  Regula tion Down exceedances  continue  to be  
minor, with no increme nta l Regulation Down capacity to mee t the  95 pe rcent CPS2 s tanda rd, a nd 
1 MW to me e t the  98 pe rce nt s ta ndard.  

Fig ure  10. BHP Ba s e  Sys tem an d  Exp an ded  Ace – Hot Sp rings  200 MW So la r Addition  

 

3.3.7 Res ourc e  Portfolio  7: 100 MW So la r Additio n  P lus  40 MW Ba ttery 
Energy S torage  a t Cheyenne 

Res ource  Portfolio 7 as sumes  a  100 MW s ola r resource  addition combined with a  40 MW Batte ry 
Energy S tora ge  (BESS)2 resource at Cheye nne , WY.   

Figure  11 provides  a  comparison of sys tem ACE va lues  under the  ba se  and expande d s ys tem for 
this  solar res ource  a ddition.  As  shown, with the  100 MW s olar a ddition, the re is  an increase  in 
the  fre que ncy of ACE exceeding the  Regula tion Up L10 leve l, with s ome  upward ACE va lues  
approaching 90 MW, which is  40 MW above  the  L10 Re gula tion Up ba nd.  There  a re only minor 
ins ta nces  of ACE leve ls  exceeding the  L10 Re gula tion Down band.   

For the  100 MW sola r re source  addition, PG a ga in es timates  no incrementa l Regula tion Up 
capacity would be  required to achieve  95 pe rcent CPS 2 compliance, and 8 MW of additiona l 
Regula tion Up ca pacity would be  re quired to achie ve 98 pe rcent CPS2 compliance . The  40 MW 
ba ttery a ddition is  s ufficient to cover tha t incrementa l 8 MW of re gula tion capacity, so on ne t, PG 
es timates  no incrementa l Regulation Up re quireme nt for the  combine d s olar/s tora ge  project.  The  
Regula tion Down excee dances  are  minor, with no incre menta l Regula tion Down ca pacity to meet 
the  95 pe rcent CPS2 s tandard, and 1 MW to mee t the  98 pe rcent s ta ndard.  Tha t Regula tion 

 

2 Energy s torage  resources  in the  sola r plus  BESS  portfolios  a re  as s ume d to exclus ive ly cha rge  from the  
solar re source  tha t they a re  pa ired with in orde r to be  e ligible  for the  inve stment tax credit. 
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Down ca pacity can als o be  me t with the  ba tte ry, s o on ne t, no increme nta l regula tion capacity is  
needed.  

Figure  11. BHP Bas e  Sys tem  an d  Exp anded Ace  – Cheyenn e, WY 100 MW So la r P lus  40 

MW Battery Ene rgy Sto ra ge  Add itio n  

 

3.3.8 Res ourc e  Portfolio  8: 100 MW So la r Additio n  P lus  20 MW Ba ttery 
Energy S torage  a t South Gille tte  

Res ource  Portfolio 8 as sumes  a  100 MW s ola r resource  addition combined with a  20 MW Batte ry 
Energy S tora ge  (BESS) resource  a t Gille tte , WY.  This  portfolio e s sentia lly a dds  a  20 MW ba tte ry 
to Resource Portfolio 5 discus sed above.   
 
Figure  12 provides  a  comparison of sys tem ACE va lues  under the  ba se  and expande d s ys tem for 
this  solar and ba ttery re s ource  addition.  As  shown, with the  100 MW s olar addition, the re  is  a n 
increase  in the  fre que ncy of ACE excee ding the Regula tion Up L10 leve l, with s ome  upward ACE 
values  jus t ove r 100 MW, which is  50 MW above the  L10 Regula tion Up ba nd.  The re  are  only 
minor ins tances  of ACE levels  exceeding the  L10 Re gula tion Down band.   

For the  100 MW sola r re source  addition, PG a ga in es timates  no incrementa l Regula tion Up 
capacity would be  required to achieve  95 pe rcent CPS 2 compliance, and 10 MW of a dditiona l 
Regula tion Up ca pacity would be  re quired to achie ve 98 pe rcent CPS2 compliance . The  20 MW 
ba ttery a ddition is  s ufficient to cover tha t incrementa l 10 MW of regula tion capacity, s o on ne t, PG 
es timates  no incrementa l Regulation Up re quireme nt for the  combine d s olar/s tora ge  project.  The  
Regula tion Down excee dances  are  minor, with no incre menta l Regula tion Down ca pacity to meet 
the  95 pe rcent CPS2 s tandard, and 1 MW to mee t the  98 pe rcent s ta ndard.  Tha t Regula tion 
Down ca pacity can als o be  me t with the  ba tte ry, s o on ne t, no increme nta l regula tion capacity is  
needed.  
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Figure  12. BHP Ba s e  Sys tem an d  Exp anded Ace  – So uth  Gillette , WY 100 MW So lar Plus  20 

MW Battery Ene rgy Sto ra ge  Add itio n  

 

3.3.9 Res ourc e  Portfolio  9: 100 MW So la r Additio n  P lus  60 MW Ba ttery 
Energy S torage  a t Hot Springs , S D 

Res ource  Portfolio 9 as sumes  a  100 MW s ola r resource  addition plus  a  60 MW Ba tte ry Energy 
S tora ge  (BESS) resource  a t Hot Springs , SD.  Figure  13 provide s  a  comparis on of s ystem ACE 
values  under the  base  and expa nded s ys tem for this  s ola r a nd battery re s ource  a ddition.  As  
s hown, with the  100 MW sola r addition, there  is  an increas e  in the  fre quency of ACE exce e ding 
the  Regula tion Up L10 level, with s ome upward ACE va lues  jus t ove r 90 MW, which is  40 MW 
above  the  L10 Regula tion Up ba nd.  There  a re  a  small number of ins ta nces  of ACE leve ls  
exce eding the  L10 Re gula tion Down ba nd.   

For the  100 MW sola r re source  addition, PG a ga in es timates  no incrementa l Regula tion Up 
capacity would be  required to achieve  95 pe rcent CPS 2 compliance, and 9 MW of additiona l 
Regula tion Up ca pacity would be  re quired to achie ve 98 pe rcent CPS2 compliance . The  60 MW 
ba ttery a ddition is  s ufficient to cover tha t incrementa l 10 MW of regula tion capacity, s o on ne t, PG 
es timates  no incrementa l Regulation Up re quireme nt for the  combine d s olar/s tora ge  project.  The  
Regula tion Down excee dances  are  minor, with no incre menta l Regula tion Down ca pacity to meet 
the  95 pe rcent CPS2 s tandard, and 1 MW to mee t the  98 pe rcent s ta ndard.  Tha t Regula tion 
Down ca pacity can als o be  me t with the  ba tte ry, s o on ne t, no increme nta l regula tion capacity is  
needed.  
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Fig ure  13. BHP Ba s e  Sys tem  an d  Exp anded  Ace  – Hot Sp rings , SD 100 MW Sola r Plus  60 

MW Battery Ene rgy Sto ra ge  Add itio n  

 

3.3.10 Res ourc e  Portfo lio s  10, 11 and  12: 20 MW, 40 MW an d 60 MW Battery 
S to ra ge  Additions  a t Ch eye nne, Gille tte  and  Hot Spring s  

Res ource  Portfolios  10, 11, a nd 12 ass ume  s ta nd-a lone  Ba tte ry Energy S torage  ins ta lla tions  a t 
Cheyenne , WY, Gille tte , WY and Hot Springs , SD, re spective ly.  PG ass umed tha t a  s tand-alone  
ba tte ry ins ta lla tion would not crea te  any incrementa l forecas t e rror tha t would contribute to ACE, 
and as  s uch, the re  is  ze ro incrementa l Regulation Up or Regula tion Down re quirements  due  to 
ins ta lla tion of s tand-a lone  ba tte ry s torage facilities .     

3.4 Black Hills  Power Increme nta l Regu la tion Cos t 

For each of the  renewable re s ource  portfolio additions  lis ted above  in Table  7, PG utilized the  
Portfolio Optimiza tion (PO) mode l to s imula te  the  BHP power sys tem, including ea ch res ource  
addition.  PG a lso mode lled incrementa l Regula tion Up and Regula tion Down ca pacity 
require ments  for each of the res ource  portfolios  a s  outlined in Table  7. 

For each PO s imulation, the  difference  in tota l s ys tem production cos ts  be twe en e ach portfolio’s  
s imula tion with and without the  incrementa l regula tion capacity was  used to deve lop es timated 
cos t pe r MWh for mee ting the  increme nta l Re gulation Up and Down re quireme nts .  PG a lso 
evaluated the  ne ed for additiona l flexible  capacity, a nd as sociated cos t in cas es  where  
increme nta l capacity is  needed.   

3.4.1 BHP Thermal S ta tion  Ancilla ry Se rvice s  Capabilitie s  

To model the  regula tion requirements , PG s pecifie d two ancilla ry s ervices  va riables : 

 AS1 was  defined as  Regula tion Up and AS2 was  de fined as  Regula tion Down.  Thes e 
variables  were  mode led to reflect incrementa l Re gulation Up and Re gula tion Down 
require ments  for e ach portfolio.   

 In the  PO model, the  A/S  Contribution Type  was  se t to On-line  Only for a ll The rmal units  
us ed to provide  AS1 a nd AS2. 

PG comple ted an as ses sment of the  exis ting BHP genera tion portfolio and specified nine  thermal 
generating units  a s  having capability to provide  Regula tion Up and Re gula tion Down capacity.  
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Incrementa l ba tte ry s torage  resources  include d in P ortfolios  7 through 12 would a lso ha ve  
capa bility to provide  regula tion ca pacity.  For exis ting the rmal res ource s , a ncilla ry s e rvices  
capa bilitie s  re flecte d in the  PO s imula tions  are  lis te d in Table  8. 

Tab le  8. Th erm al S ta tion  Ancilla ry Se rvic es  Capab ilitie s  

S ta tion  

Can  p rovide  

Reg ula tio n up  

or d own (Y/N) 

Cap a city 

Min imum 

(MW) 

Cap ac ity 

Ma xim um  

(MW) 

Notes  

1_CT BF1 Ye s 2 20 1-hour minimum run time. 

1_CT BF2 Ye s 2 20 1-hour minimum run time. 

1_CT BF3 Ye s 2 20 1-hour minimum run time.  Black S ta rt Unit. 

1_CT BF4 Ye s 2 20 1-hour minimum run time.  Black S ta rt Unit. 

1_CT La nge Ye s 20 38 
1-hour minimum run time (2 hours  when 

te mpera ture  is  be low 20 degrees ). 

1_LMCC CPGS 

BHP 
Yes  

1x1 - 20 

2x1 - 50 

1x1 - 48 

2x1 - 95 
2-hour minimum run time. 

1_Neil S imps on2 Ye s 60 80  

1_Wyge n III Ye s 70 103  
 

3.4.2 BHP Incremen tal Regula tion  Cos t 

Es timated cos ts  for BHP to carry additiona l Regula tion Up a nd Re gulation Down capacity are  
lis te d be low in Table  9.  These  cos t es timates  re flect changes  in BHP ope ra ting cos t as  the  
sys tem unit commitment and dispa tch is  a ltered to refle ct an increase d Regula tion Up and Down 
capa city opera ting reserve  re quire me nt.  The cos ts  in Table  9 do not re flect a ny capita l re la ted 
cos t needed to procure  additiona l flexible  regula tion ca pacity.  As  shown, PG es timate d 
incre me nta l regula tion cos ts  as suming Re gula tion Up and Down qua ntities  nee ded to mee t the  
98 pe rce ntile  CPS2 s tandard.  For re source  portfolios  tha t include  only ba tte ry s tora ge  projects , 
PG has  not e s timate d an incre menta l regula tion re quirement or cos t, a s  s torage  only resources  
a re  unlike ly to ca use  incre menta l ACE devia tions . 

Es timated regula tion cos ts  for wind a dditions  va ry by loca tion a nd proje ct s ize , ranging from 
$6.56/MWh for a  100 MW wind resource  a t South Gille tte , to $10.17/MWh for a  50 MW wind 
resource  a t Che yenne , and $11.12/MWh for a  200 MW wind resource  a t North Douglas . 

For solar resource  additions , incrementa l regula tion cos ts  range  from $1.57/MWh for a  200 MW 
solar re source  a t Hot Springs , WY, to $4.63/MWh for a  100 MW s ola r re s ource  a t Gille tte , to 
$5.38/MWh for a  50 MW solar re source  a t Cheyenne .  For res ource  portfolios  including solar with 
ba tte ry s tora ge , PG conclude d tha t incremental Regula tion Up requirements  could be  met by the  
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ins ta lle d ba tte ry capacity and s tored ene rgy, in which case  the  incrementa l cos t s hown is  to cover 
Regula tion Down requirements  only.3 

BHP a lso has  a n option to procure regula tion from WAPA, through its  Ope n Acce s s  Transmis s ion 
Tariff (OATT) a t a  lower cost. WAPA’s current ta riff offe rs  regulation service  for a  fixed cos t of 
$0.303/kW/Month for wind resources , and $0.205/kW/Month for sola r res ources .  At a  40% 
annua l ave rage  wind capacity factor, the  WAPA regula tion cos t is  equivalent to $1.04/MWh for 
wind resources , and a t a  25% annua l a vera ge  capacity factor for sola r, it would be  equiva lent to 
$1.12/MWh for sola r resources . 

Tab le  9. Increm en ta l BHP  Regu la ting  Res e rve  Cos t 

Portfo lio  Type 
S ize 

(MW) 
Location 

98% CPS2: 

In cremen tal 

Reg ula tion  

Up  (MW) 

98% CPS2: 

Inc re m en ta l 

Regu la tion  

Down (MW) 

Re gula tio n 

Cos t – 

BHP 

Ge nera tion  

($/MWh ) 

Reg ula tio n 

Cos t – 

WAPA 

Tariff 

($/kW/Mo) 

Exis ting Sys tem      55 50    

1 Wind 50 Cheyenne 24 0 $10.17 $0.303 

2 Wind 100 S . Gillette  26 22 $6.56 $0.303 

3 Wind 200 N. Douglas  50 40 $11.12 $0.303 

4 Sola r 50 Che yenne 7 1 $5.38 $0.205 

5 Sola r 100 Gille tte  10 1 $4.63 $0.205 

6 Sola r 200 Hot Springs  11 1 $1.57 $0.205 

7 Sola r + S torage  100 + 40 Cheyenne 0 1 $0.02 $0.205 

8 Sola r + S torage  100 + 20 Gille tte  0 1 $0.03 $0.205 

9 Sola r + S torage  100 + 60 Hot Springs  0 1 $0.02 $0.205 

10 S torage  20 Che ye nne 0 1 N/A  

11 S torage  40 Gille tte  0 1 N/A  

12 S torage  60 Hot Springs  0 1 N/A  
 

3.4.3 The Dynamics  of Provid ing  Regula tion  Capa city on  the  BHP Sys tem 

In comple ting the  PO s imula tions , PG examine d unit ope rations  for the  BHP genera tion portfolio 
to be tte r unders ta nd the  dynamics  of mee ting incrementa l regula tion require ments .  Figure  14 
provides  an illus tra tion of the rmal re source  contributions  to a  50 MW Re gula tion Up requirement 
on the  BHP sys tem.  As  s hown, Regula tion Up Ancilla ry Se rvices  are  provide d primarily by Ne il 
S impson 2 Stea m, Wygen III and LMCC1 CPGS ge ne ra tors .  The  Be n French CTs  and the 
Lange  CT opera te  and provide  Regula tion Up capacity during more  limite d time pe riods  when 
more  economica l units  are  offline  for pla nned ma intenance  or forced outage . 

 

3 If the  ba tte ry s torage  fa cility is  not opera te d to mee t the  increme nta l regula tion requirement, then tota l 
regula tion/integration cos ts  for those three  portfolios  would be  higher, e s tima ted a t $2.56/MWh for Resource  
Portfolio 7, $3.41/MWh for Resource  Portfolio 8, and $2.80/MWh for Res ource  Portfolio 9. 

F. Variable Energy Resource Integration Report 

HITACHI All 

2021 Integrated Resource Plan F-33 



F. Variable Energy Resource Integration Report 

Fi ure 14. Provision of Re 
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Regu lation Down ancillary services are provided primarily by the Wygen Ill unit. Figure 15 
provides an illustration of thermal resources providing 50 MW of Regulation Down services on the 
BHP system. As shown, a large share of such services are provided by Wygen Ill , with a small 
portion of additional Regulation Down services provided by Neil Simpson II. 
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Fi ure 15. Provision of Re ulation Down 
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50 MW WIND REGULATION DOWN 

Changes in operating costs and the cost of providing regu lating reserves are sensitive to the 
magnitude of additional Regulation Up capacity that BHP wil l be required to carry with each of the 
Resource Portfolios. For example, for Resource Portfolios requ iring incremental Regulation Up 
Capacity in the 8 to 10 MW range, such as for the solar resource expansions, the balance of 
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Regula tion Up ca pacity can be  s upplied by Neil S imps on 2, a t a  re la tive ly low cos t. Figure  16 
provides  an illus tra tion of the rmal re source  contribution to provide  9 MW of Re gula tion Up 
capacity.  With tha t leve l of incrementa l regula tion re quirement, mos t of the  Re gula tion Up 
provis ion occurs  from Neil S impson 2, a nd the  incrementa l s ys te m cos t is  le s s  than $3/MWh.  

Fig ure  16. Re s ourc e  P rovis ion  o f 9 MW Regu la tion  Up  Req uirem en t 

 

In contra s t, with a  30 MW incrementa l Regula tion Up requireme nt, over 50 pe rcent of regula tion 
capacity on the  BHP sys te m is  provide d by the  na tura l gas -fueled LMCC1 CPGS.  The  
increme nta l opera ting cos t a nd change  in BHP s ys te m cos ts  is  cons ide rably highe r with tha t leve l 
of regula tion require ment, with incremental regulation cos ts  e xceeding $10/MWh.   
 
Figure  17 provides  a n illus tration of the rmal unit regula tion capacity contribution under those  
conditions . 
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Fi ure 17. Resource Provision of 30 MW Re uirement 
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3.4.4 Flexible Capacity Requirements 

In addition to assessing incremental Regulation Up and Regulation Down costs and quantities 
likely to be incurred due to changes in BHP operating costs , PG also completed an assessment 
of whether BHP is likely to require additional flexible capacity to integrate the Resource Portfolios. 
PG completed this assessment by applying a methodology originally developed by the California 
Independent System Operator (CAISO) to assess flexible capacity requirements4 . 

Under that approach, the need for Flexible Capacity Need is determined by examining the 
capacity of the most severe single contingency and the monthly maximum contiguous 3-hour 
ramp on the BHP system. At 103 MW, Wygen Ill represents the single largest contingency on the 
BHP system. PG created an hourly 2025 Net Load forecast for the existing system by subtracting 
BHP's existing VER generation forecast from the BHP Full load forecast. PG then calculated the 
maximum three-hour Net Load contiguous ramp for each month of 2025. Results of those 
calculation are illustrated below in Figure 18. 

4 See, http ://www.caiso.com/ Documents/ Fina l2020FlexibleCapacityN eedsAssessment.pdf 
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Figu re  18. Maximum Net 3-Ho ur Ram p – Exis tin g  BHP Sys tem  

Us ing the  ne t 3-hour ra mp ca lcula tions , increme nta l Flexible Capacity requirements  were  
e s timated by subtracting Bla ck Hills  Power’s  e xis ting Flexible  Capacity (excluding the  la rges t 
contingency, Wygen III – 293 MW from the  Maximum Flexible Capacity Ne ed.  

Table  8 illus tra tes  re sults  of this  a ss es sment. As  s hown, three  of the  Res ource  Portfolios  require  
procurement of additiona l Flexible  Capacity, including Portfolio 3, which crea tes  a  Flexible 
Capacity ne ed of 86 MW, Portfolio 5 which crea tes  a  16 MW Flexible  Capacity ne ed, a nd 
Portfolio 6, which crea tes  a  118 MW Flexible Ca pacity ne ed. The  cos t of flexible  capacity is  
typica lly tied to the  carrying cos t of flexible  pe aking ca pacity.  Black & Vea tch is  currently 
comple ting a  s tudy of bus bar cos ts  for new genera tion on the  BHP s ys tem, and thos e  cos ts  and 
the  flexible  capa city require ments  ide ntifie d above  will be  reflected in BHP’s  Inte gra ted Res ource  
P la n development for Res ource  Portfolios  3, 5 and 6.  
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Tab le  10. BHP Fle xib le Cap acity Need  

Portfo lio  Type  
Size  

(MW) 
Loca tio n  

Ma x 

Thre e -

Hour 

Ram p 

(MW) 

Inc remen ta l 

Th re e -Hour 

Ma x Ramp 

(MW) 

Ma x 

Fle xib le 

Capac ity 

Need  

(MW) 

Res ourc e  

Need  

(MW) 

Exis ting System      55 136   239 

1 Wind 50 Cheyenne 162 26 265 0 

2 Wind 100 S . Gille tte  172 36 275 0 

3 Wind 200 N. Douglas  276 140 379 86 

4 Solar 50 Cheyenne 166 30 269 0 

5 Solar 100 Gille tte  206 70 309 16 

6 Solar 200 Hot Springs  308 172 411 118 

7 Sola r + Storage  100 + 40 Cheyenne 187 51 272 0 

8 Sola r + Storage  100 + 20 Gille tte  187 51 289 0 

9 Sola r + Storage  100 + 60 Hot Springs  197 61 252 0 

10 S torage  20 Cheyenne N/A N/A N/A N/A 

11 S torage  40 Gille tte  N/A N/A N/A N/A 

12 S torage  60 Hot Springs  N/A N/A N/A N/A 
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4 ELCC Calc ula tion  for Black Hills  
Power’s  Re newab le  Res ources  

4.1 Overview 

VERs  s uch as  wind a nd s ola r have fluctua ting availability throughout the  ye ar and present 
variable  capa city contribution towards  s ys tem peak de mand. The  power s ys tem planne rs  
imple ment the  Loss  of Loa d Expe ctancy (LOLE) method or the  rather nove l Effective  Load 
Carrying Capa bility (ELCC) method in order to de te rmine  the  accreditable  capacity provide d by 
those  res ources  to s afe guard the  grid’s  re liability. 

LOLE method targe ts  a  re liability leve l of 0.1 days /yea r during which the  capacity of re s ources  
a re  not sufficient to s upply the dema nd. Certa in genera tors  have  force d outage  ra te s  and 
res ulting tota l genera tor availability leve ls  cause  insufficient genera tion when it is  compare d with 
hourly demand. LOLE is  ca lcula te d based on the  Loss  of Load Probability (LOLP) tha t occurs  
primarily during the  peak hours . However, evalua ting a  capacity contribution of re source  during 
the  peak hours  res ults  in a n underes tima tion of the va lue  provided by renewable  res ources . In 
order to unders tand the  additiona l re liability contribution of variable  ene rgy re sources  to energy 
dema nd throughout the  yea r, PG examined the  impact on e xpected unse rved ene rgy value  as  
we ll. The  LOLE a pproach traditiona lly has  bee n imple mented to atta in the  planning rese rve  
margin. Traditionally, a  0.1 day/year LOLE threshold for a  power sys te m has  bee n targe ted. 
Whe n power s ys tems  cons is ted primarily of controllable  the rmal ge neration, the  LOLE s tandard 
was  meas ure d and achieve d by se tting a  re se rve margin leve l and ens uring tha t load se rving 
entities  had sufficient ca pa city res ources  to meet the  re se rve  margin during the  peak hour.  As  
the  amount of va riable  e nergy res ources  increa sed on regiona l power s ys tems , the  indus try 
began to examine  me trics  in addition to rese rve  margin to ens ure the  LOLE thres hold is  met, and 
for ways  to recognize  tha t variable  e nergy res ources  contribute  to s ys te m re liability beyond the  
expected genera tion leve l provided in jus t the  peak hour.  The  ELCC method has  been 
recognize d as  a  sound ana lytic technique  to be tter as ses s  the reliability contribution of va ria ble  
energy resources . The  ELCC approach measure s  a  ne w varia ble  ge nera tor’s  contribution to 
overa ll re source  a dequa cy by ca lcula ting the  a dditiona l load tha t can be  supplied a t a  ce rta in 
reliability leve l. ELCC illus tra te s  the  ne w res ource ’s  loa d ca rrying capability for a ll hours  in a  ye a r. 

In orde r to de te rmine  the  a ccre ditable capa city for VERs, ELCC was  ca lcula ted for BHP bas ed on 
the  LOLE metric. The  LOLE metric is  us e d to me asure  the  e ffective  capacity contribution of an 
individual variable  energy res ource  a ddition by ca lcula ting the  incre menta l impact on the s ame 
s ys tem. The Initia l sys tem’s  LOLE level repres ents  the  ta rge t re liability level to a chieve  a fter the  
variable  res ource  addition.  These  ca lcula tions  were  comple ted for each of the  Resource  
Portfolios  with varie d solar and wind res ource  additions , a s  well a s  paire d solar a nd e ne rgy 
s torage  combinations  as  lis te d a bove  in Table  3. 

4.2 Methodology 

LOLE was  us ed as  the  me tric to ca lculate  the  ELCC va lue  for e ach Resource  P ortfolio. ELCC 
values  re present the  pe rce ntage  of accreditable  capacity tha t a  given resource ca n re liably 
provide  compared to its  na mepla te  capacity.  
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The  LOLE ca lcula tion was  pe rforme d hourly for the  2025 planning ye a r. Firs t, the re lia bility 
adequacy leve l of the  BHP bas e line  sys tem was  ca lcula ted. This  targe t re liability leve l is  
measure d in hours  of los s  of load pe r year. Se cond, a  va riable  ene rgy res ource  (e .g. 50 MW 
wind) was  a dded to the  bas e line  s ys tem. Each incre me nta l re s ource  improves  the  bas eline ’s  
LOLE va lue  by providing a  higher leve l of re liability. Then, PG ca lcula ted the  a dditiona l load (e .g. 
20 MW) tha t can be  added to the  sys tem while  achieving the  s ame  re lia bility leve l a s  the  bas e  
s ys tem. Fina lly, this  additional demand was  divided by the  namepla te  capacity of the variable  
energy resource  addition to ca lcula te  the ELCC of tha t re source. The  ELCC value  re pres ents  the  
quantity of ‘perfect ca pacity’ (with 100 pe rcent ava ilability) tha t could be  re placed or avoided with 
wind, sola r, s torage , e tc. while  providing equivalent sys tem re liability. 

For example , if a  50 MW wind resource  is  adde d to the  BHP sys tem and it a llows  the s ys tem 
dema nd to be  increased by 20 MW while  achieving the  s ame  re liability leve l a s  the  bas e  system, 
the  ELCC of tha t wind farm is  e qual to 20/50= 40%. As  expected, adding la rge r a mounts  of 
renewa ble  res ources  re s ult in lower ELCC value  provided by thos e  re sources . This  approach is  
different tha n as ses s ing the  firm ca pa city of a  renewa ble  res ource  by jus t looking a t its  capacity 
contribution during the  pea k hour or a  group of pe ak hours . The  ELCC approach cons ide rs  the  
value  of the  res ource  throughout the  ye ar a nd a llows  for a  certa in loss  of loa d thres hold. 

PG rece ive d hourly data  from BHP s ta ff for its  current and projected sys tem demand a nd va riable 
energy resource  genera tion. BHP s ta ff also provided thermal and renewable  res ource  
cha racteris tics  (e .g. unit ca pacity, genera ting unit forced outage  ra te s ). PG de ve loped a 
s preadshe e t-ba sed tool to ca lcula te  the  re liability of the  BHP sys tem by incorpora ting ge nerator 
da ta , hourly sys tem de mand, and hourly capacity of na med renewable  res ources  and future  
renewa ble  portfolios  for the  yea r 2025. The  tool compa re s  the  hourly net loa d of the  BHP s ys tem 
with 5,000 ite ra tions  of ge nera tion leve ls  deve lope d with Monte  Carlo s imula tion. Collective ly, 
those  s imula tions  reflect the  forced outa ge  ra te  of ea ch ge nera tor. Thos e  hours  whe re the  hourly 
ne t load exceeds  a  s imula ted genera tor ava ilability leve l, a re  counted as  loss  of load hours .  

 Fig ure  19. 8760 Hourly Load  Profile  for BHP  
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4.3 ELCC Re s u lts  

PG ca lcula te d the  hourly LOLE for the  BHP bas e sys tem for the  ye ar 2025. The  BHP Bas e  
s ys tem’s  LOLE is  2.18 hours  per yea r, which is  le ss  than the  wide ly accepte d 0.1 days /yea r (1 
day in 10 yea rs ) re liability s tandard. BHP’s  base  sys tem for 2025 included ownership of 419 MW 
of the rma l ge nera tion5 and 159.5 MW of wind a nd sola r re sources .  

Once  a  new variable  e ne rgy portfolio is  a dde d to the  sys te m, the  LOLE improves . The tool was  
then used to ca lculate  the  additional de mand tha t the  sys tem can ca rry while  s till mainta ining the  
2.18 hours /year LOLE leve l atta ine d by the  bas e  system. For e xa mple , with the  a ddition of 100 
MW wind a t North Douglas , the  LOLE changes  to 0.77 hours /ye a r, which re pres ents  an 
improve ment due  to ne w re source  ava ilability. The  s ys temwide  demand can be  increased by 20.3 
MW for every hour while  the  level of re liability re aches  to 2.18 hours/yea r res ulting in a n ELCC 
value  of 20.3% for the  100 MW wind locate d a t North Douglas . 

BHP re ques ted that PG comple te ELCC as ses sments  for the  s ola r, wind a nd sola r plus  e nergy 
s torage  portfolios  shown in Table  3.  In orde r to illus tra te  the  impact of increme nta l capacity a t the  
s ame loca tion, PG ca lcula ted the  ELCC for 50 MW, 100 MW, and 200 MW levels  a t e ach of the  
loca tions  ide ntifie d for the  s ola r a nd wind portfolios . 

Table  11 summarizes  the  ELCC va lue  for a ll incrementa l portfolios  including the  s ola r plus  ene rgy 
s torage  portfolios . Energy s torage  resources  in the  hybrid portfolios  a re a ss umed to exclus ive ly 
cha rge  from the  sola r resource  tha t they are  pa ired with in orde r to be  e ligible  for the  inves tment 
tax credit. Thus , the ir charging and discharging s chedule  is  optimized around the  a va ila bility of 
s ola r. 
 

Tab le  11. ELCC values  fo r the  BHP Po rtfo lio s  

Portfo lio  Type 
S ize  

(MW) 
Lo cation  

Inc rem en ta l 

Dem and  

(MW) 

ELCC (%) 

1 Wind 50 Che ye nne 15 29% 

2 Wind 100 S . Gille tte  23 23% 

3 Wind 200 N. Douglas  30 15% 

4 Solar 50 Cheye nne 6 11% 

5 Solar 100 Gille tte  9 9% 

6 Solar 200 Hot Springs  9 4% 

7 Sola r + Storage 100 + 40 Che yenne  15 15% 

8 Sola r + Storage 100 + 20 Gille tte  14 14% 

9 Sola r + Storage 100 + 60 Hot Springs 18 18% 
 
 

  

 

5 MDU’s  and COG’s  ownership of Wygen III is  excluded from BHP’s  thermal ge nera tion tota l.  
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Pairing energy s torage  with sola r re sources  resulte d in an increase  in the a ccreditable  capacity 
for the sola r plus  BESS portfolios . Adding 20 MW, 40 MW, and 60 MW of energy s torage  
increased the  capacity va lue  of the  s ola r portfolios  by 5 MW, 6 MW, and 9 MW, res pective ly. The  
energy s tora ge  cha rges  from the  s olar re source  during day-light hours  reducing the  availa bility of 
s ola r output during thos e hours  but because  of low and no sola r irradia nce  pe riods  the  overa ll 
availability of the  solar plus  BESS  res ource  is  e xtended increas ing the  accredita ble  capacity of 
the  res ource  

Figure  20 illus tra tes  the  ca lcula te d ELCC va lues  for sola r and wind resources . As  the  capacity of 
the  res ources  increase , the  a ccredita ble  capacity is  re duced. The  sola r res ources  loca ted a t 
Gille tte , Cheyenne, a nd Hot Springs  have  lower ELCC values  than the  wind resources  a t South 
Gille tte , Cheyenne, a nd North Douglas . ELCC va lues  for s ola r res ources  ranges  from 4% to 13% 
while  ELCC values  for wind res ources  ranges  from 15% to 30%. Future  s ola r res ources  on 
average  have  a  26% capacity factor, which is  much lower tha n the  capacity factor for wind 
res ources  a t 43%. This  is  the  major rea son for lower s ola r ELCC va lues . Low sola r irra diance 
during the  la te  a fte rnoon pe riods  a lso played a  role  in lower ELCC va lues  for sola r portfolios . 
Cheyenne  Wind a nd Gillette  Solar resulte d in s lightly higher ELCC va lues  in the ir res pective  
res ource  ca tegories . 

Figu re  20. ELCC for Wind  an d  Sola r Po rtfo lio s  
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PG a lso ca lcula ted the ELCC va lue  of s tand-a lone  ba tte ry s torage  a t four capacity leve ls , 20 MW, 
40 MW, 60 MW a nd 100 MW. We  determined the  ba tte ry cha rge  leve l in eve ry hour to calcula te  
the  amount of capacity tha t a  s tand-a lone  ba tte ry s tora ge  facility can provide . This  capacity 
ranges  be twe en 0 MW a nd the  ma ximum capacity of the s torage  facility.  Table  12 lis ts  the  
e s timated ELCC va lues . As  the  s ize  of the  ca pacity increas es  from 20 MW to 60 MW, the  
e ffective  capacity contribution is  expected to decrea se  from 80% to 54%.  

Tab le  12. ELCC of Ba ttery Sto rage  

Typ e Capac ity (MW) 
Inc rem en ta l 

De mand  (MW) 
ELCC (%) 

S tora ge  20 16 80% 

Stora ge  40 27 67% 

Stora ge  60 33 54% 

Stora ge  100 49 49% 
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5 Conc lus ion  
In this  s tudy, PG examine d Variable  Energy Resource  ava ilability on the  BHP sys tem, 
cons idering both exis ting a nd planned ne w res ources .  PG es timated incrementa l amounts  of 
Regulation Up and Regulation Down capacity tha t would be  nee ded to re lia bly ba lance  the  BHP 
sys tem cons idering twe lve  diffe rent pote ntia l portfolios  of renewable  e ne rgy and/or ba tte ry 
s tora ge  a dditions .  PG a lso es tima ted like ly cha nges  in BHP operating cos ts  for ea ch of the  
re source  portfolios , bas ed on production cos t modeling and change s  in BHP sys tem cos ts  due  to 
increme nta l regula tion re quirements .  PG furthe r es timated the  potentia l ne ed for BHP  to procure 
additiona l flexible  ca pa city re sources  for a  subset of the  re source portfolios , in cas es  where  
BHP’s  current generation portfolio is  unable  to me et flexible  capacity nee ds  driven by la rge  ra mps  
in VER genera tion output.  Fina lly, PG es tima ted Effective  Load Carrying Ca pability for wind a nd 
solar re s ource  additions  va rying be tween 50 a nd 200 MW, a t four diffe rent s ite  loca tions  including 
Cheyenne , WY, Douglas , WY, Gille tte , WY and Hot Springs , SD.  Table  13 be low summarizes  
quantita tive  re sults  from e ach of thos e s ets  of analyse s . 

Tab le  13. VER In teg ra tion  Su mma ry Res ults  

Portfolio Typ e 
S ize  
(MW) 

Loca tio n 

98% CPS2: 
Inc remen ta l 
Regula tio n 

Up  (MW) 

98% CPS2: 
Inc rem en ta l 
Regu la tio n 
Down (MW) 

Reg ula tio n 
Ge ne ra tion  

Cos t 
($/MWh) 

Reg ula tio n 
WAPA 
Tariff 

($/kW/Mo) 

Fle xib le  
Res ource  

Need  (MW) 
ELCC (%) 

Exis ting Sys tem   55 55   239  

1 Wind 50 Cheyenne  24 0 $10.17 $0.303 0 29% 

2 Wind 100 S . Gillette  26 22 $6.56 $0.303 0 23% 

3 Wind 200 N. Douglas  50 40 $11.12 $0.303 86 15% 

4 Solar 50 Cheyenne  7 1 $5.38 $0.205 0 11% 

5 Solar 100 Gille tte  10 1 $4.63 $0.205 16 9% 

6 Solar 200 Hot Springs  11 1 $1.57 $0.205 118 4% 

7 Sola r + 
S torage  

100 + 40 Che yenne  0 1 $0.02 $0.205 0 15% 

8 
Sola r + 
S torage  

100 + 20 Gille tte  0 1 $0.03 $0.205 0 14% 

9 Sola r + 
S torage  

100 + 60 Hot Springs 0 1 $0.02 $0.205 0 18% 

10 S torage  20 Cheyenne 0 1 N/A 
 

N/A 80% 

11 S torage  40 Gille tte  0 1 N/A 
 

N/A 67% 

12 S torage  60 Hot Springs  0 1 N/A 
 

N/A 54% 

 

As  s hown in Table  13, Regula tion Up re quirements  for wind res ources  va ry from 24 to 50 MW 
depe nding on the  s ize  and loca tion of a  wind resource .  Re gula tion Down require ments  for wind 
resource  vary from ze ro to 40 MW, and regula tion cos ts  vary from $6.56/MWh to $11.12/MWh 
when provided by BHP genera tion.  Regula tion Up and Regula tion Down requirements  for sola r 
re source  additions  are  much lower, ranging from 7 to 11 MW for Regula tion Up, a nd 1 MW for 
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Regula tion Down.  For s ola r re sources , regula tion cos ts  va ry from $1.57/MWh to $5.38/MWh 
when provided by BHP genera tion.  Pa iring ba ttery s torage  technology with sola r re sources  
lowers  the  regula tion cos t a nd require me nts  s ignifica ntly, a s  the  ba tte ry facility is  a ble  to cover 
increme nta l Re gula tion Up requirements , and Regulation Down re quire ments  remain a t 1 MW. 

Regula tion cos ts  a re  lower whe n procured through WAPA’s  OATT, in which cas e regula tion cos ts  
a re  $0.303/kW/Month for wind res ources  a nd $0.205/kW/Month for s ola r re s ource s .  At a  40% 
annua l ave rage  wind capacity factor, the  WAPA regula tion cos t is  equivalent to $1.04/MWh for 
wind resources , and a t a  25% annua l a vera ge  capacity factor for sola r, it would be  equiva lent to 
$1.12/MWh for sola r resources . 

Three  of the  Res ource  Portfolios  outlined in Table 13 have  flexible  capacity requirements , with 
e s timated capacity nee ds  of 86 MW for Resource  P ortfolio 3, 16 MW for Resource Portfolio 5, 
and 118 MW for Resource  Portfolio 6.  Cos ts  a s socia te d with procuring tha t additiona l flexible  
capacity will be  re flected in BHP’s  IRP, based on a  Bus bar cos t s tudy tha t is  currently be ing 
comple ted by Bla ck & Ve a tch. 

ELCC va lues  for the  renewable  technologies  in e ach Res ource  Portfolio va ry from 29 pe rcent 
down to 4 percent, with ELCC declining as  the  s ize  of a  project addition increases .  ELCC va lues  
for wind res ources  a re  cons ide rably higher tha n for s ola r res ources , due  primarily to a  highe r 
capacity factor. For ba tte ry re sources , ELCC va lues  are  es timate d a t 80 pe rcent for a  20 MW 
ins ta lla tion, declining to 67 pe rcent for a  40 MW ins ta llation, 54% for a  60 MW ins ta lla tion, and 
49% for a  100 MW ins ta llation. 
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