
 

 2021 IRP Modeling 
Summary 

N. 

Hitachi ABB Power Grids (HAPG) completed capacity expansion, production cost, and 
stochastic modeling for several scenarios for the 2021 IRP. HAPG evaluated nine scenarios for 
Cheyenne Light, eight scenarios for Black Hills Power, and six scenarios for a joint plan. All 
scenarios, except one, were run to develop candidate resource portfolios. This process is 
discussed in detail in Chapter 8. 

Modeling and analysis was run through the HAPG Capacity Expansion and Portfolio 
Optimization modules. Assumptions were derived from the Fall 2020 Reference Case. 

This appendix describes the scope, assumptions, modeling and analysis, and results that form 
the foundation of the 2021 IRP. 
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NOTICE 

This  document conta ins  information about one  or more  Power Grids  products  and may include  a  de scription 
of or a  re fe rence  to one  or more  s tandards  tha t may be  genera lly re levant to the  Powe r Grids  products . The  
presence  of any such de scription 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 ferenced in this  document support a ll of the  fea tures  of the describe d or 
re fe re nced s tanda rd. In order to de te rmine  the  specific fea tures  supporte d by a  particular Powe r Grids  
product, the  reade r should consult the  product specifica tions  for the pa rticula r Power Grids  product. 

Powe r Grids  may have  one  or more  pa tents  or pending patent applica tions  protecting the  inte llectua l 
prope rty in the  Powe r Grids  products  describe d in this  docume nt. 

The  informa tion in this  document is  subje ct to cha nge  without notice  a nd should not be  cons trued as  a  
commitment by Power Grids . Power Grids  a ssumes  no re spons ibility for any errors  tha t ma y appe ar in this  
docume nt. 

Products  describe d or re fe rence d in this  document are  des igne d to be  connecte d and to communica te  
information and da ta  through network interfaces , which should be  conne cted to a  s ecure  network. It is  the  
sole  re spons ibility of the  sys tem/product owne r to provide  and continuous ly e nsure  a  secure  connection 
be twee n the  product a nd the  sys tem ne twork a nd/or any othe r ne tworks  tha t may be  connected. 

The  sys tem/product owners  mus t es tablis h and mainta in a ppropria te  me asures , including, but not limite d to, 
the  ins ta llation of firewa lls , a pplica tion of a uthentica tion measures , e ncryption of da ta , ins ta lla tion of antivirus  
programs , a nd so on, to protect these  products , the network, its  sys te m, and interface s  agains t s ecurity 
brea che s , una uthorize d acces s , inte rfe rence , intrus ion, leakage , a nd/or the ft of da ta  or information. 

Powe r Grids  pe rforms functionality te s ting on the  products  and upda tes  tha t we re lease . However, 
sys te m/product owners  a re  ultima te ly re spons ible  for e ns uring tha t any product upda tes  or othe r major 
sys te m upda tes  (to include  but not limited to code  changes , configura tion file  changes , third-party software  
updates  or pa tches , hardware  change  out, and so on) are  compa tible  with the  s ecurity me asures  
impleme nted. The  sys tem/ product owners  mus t ve rify that the  sys tem and as sociated 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 da mages  of 
any na ture  or kind a ris ing from the  use  of this  document, nor sha ll Powe r Grids  be  liable for incide nta l or 
consequentia l da ma ges  a ris ing from use  of any software  or ha rdware  describe d in this  document. 

This  document and pa rts  the reof mus t not be  reproduce d or copie d without writte n pe rmiss ion from Powe r 
Grids , and the  conte nts  the reof mus t not be  imparted to a  third pa rty nor use d for any una uthorize d purpose . 

The  softwa re or ha rdware  described in this  document is  furnishe d under a  lice ns e  and may be  us ed, copied, 
or disclos ed only in accordance  with the  te rms  of s uch license . This  product me e ts  the  requirements  
specified in EMC Directive  2014/30/EU and in Low Volta ge  Dire ctive  2014/35/EU. 

— 

TRADEMARKS 

Portfolio Optimiza tion is  a  re gis te red tra demark of Power Grids . 

All rights  to copyrights , regis te red trademarks , and tradema rks  res ide  with the ir res pective  owne rs . 

Copyright © 2021 Power Grids . 
All rights  re se rved. 
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1 Execu tive  Summary 
Hitachi ABB Power Grids  (HAPG) wa s  re ta ined by Black Hills  Corporation (BHC), to provide  
ana lytica l s e rvices  in support of Cheye nne  Light Fue l & Power’s  (CLF&P) a nd Black Hills  Power’s  
(BHP) 2021 Integra te d Resource  P lans  (IRP).  These  s ervices  include d comple ting capacity 
expa ns ion, production cos t and s tocha s tic mode ling for a  va riety of s cenarios  for e ach utility and 
a  Joint Sys te m.  HAPG’s  Energy Marke t Advisors  tea m (EMA) e va lua ted ten scenarios  for 
CLF&P’s  sys tem, nine  s cenarios  for BHP’s  sys te m and s ix s cenarios  for the  Joint Sys tem.  As  
part of thes e  s ervices , Black Hills ’ Ca pacity Expa ns ion (CE) and Portfolio Optimiza tion (PO) 
da ta base s  were  update d to include  the  Fall 2020 Refe rence  Case  as s umptions  and other 
mode ling assumptions  provide d by BHC. EMA used the  update d CE a nd PO da ta bases  to 
comple te  ca pacity expa ns ion mode ling for a ll three  IRPs . Table  1 includes  a  des cription of the  
va riable s  tha t were  revised for each s cenario and identifie s  the  portfolios  tha t were  deve lope d for 
each utility a nd the  Joint Sys tem for the  diffe rent s cena rios 1. 

Table  1 Portfolio Descriptions  

Scen ario  Load  
Growth  

Elec tric  
Price  

Ga s  Pric e  
Ca rbon 

Cos t 
Adder 

Res ou rc e  
Se le c tion  

Po rtfo lio s  

1 Median Median Median None Economic C1, B1, J1 

2 Median CO2 Tax Median CO2 Ta x 
 

Economic C2, B2, J2 

3 Median Low Low None Economic C3, B3, J3 

4 Median High High None Economic C4, B4, J4 

5 Low Median Median None Economic C5, B5, J5 

6 High Median Median None Economic C6, B6, J6 

7 High + Step Median Median None Economic C7, B7 

8 Median Median Median None 10 MW BESS C8, B8 

9 Median Median Median None 
Carbon 
Capture  

C9 

10 Median Median Median ACP  
C2, B2 

Portfolio 
C10, B9 

 

EMA then incorpora te d the  portfolios  deve loped by the Capa city Expans ion mode l runs  into the  
PO data bas e  and ran PO s imula tions  tha t included each s cenario’s  portfolio and media n 
as sumptions  for load growth, e lectric prices  and fue l prices  and no ca rbon cos t a dde r.  

 

1 CLF&P portfolios  a re  ide ntified as  C1 through C10, BHP portfolios  a re  ide ntified as  B1 through B9 a nd the  
Joint Sys tem portfolios  a re  identified as  J1 through J6.  

N. 2021 IRP Modeling Summary 
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In res pons e  to rece ntly propos e d re gula tory require ments , BHC reques ted tha t EMA model a  
CLEAN Future  Scenario (Sce nario10).  For this  s cenario EMA comple ted production cos t 
mode lling us ing the  portfolio de ve loped in Capa city Expans ion modelling for Portfolios  C2 and B2 
and applied the  marke t price s  and CO 2 Taxes  from the  Fall 2020 North American Power 
Reference  Case CO2 Tax Scenario, in lieu of the  median as sumptions  tha t were  used in the  othe r 
PO s imula tions .  The  results  from this  production cos t mode l were then modified to reflect 
Alte rnative  Compliance  Pa yments  a s  proposed by BHC’s  Environmenta l Department ra ther tha n 
the  CO2 emiss ion cos ts  ca lcula te d us ing the  CO2 Tax forecas t included in the  Fa ll 2020 North 
America n Power Reference  Cas e  CO2 Scenario. 

Next, EMA performed annual ra te  making to meet a  ta rge t return on ra te  base  s pe cified by e ach 
utility.  CLF&P’s  ta rge t re turn on ra te  bas e  was  se t a t 7.98%, BHP’s  was  se t a t 7.76% a nd 7.85% 
was  used for the  Joint Sys tem. The  s tudy pe riod for a ll the  modelling was  2021-2040.  

Las tly, EMA comple te d s tochas tic mode ling for s even of BHP’s  nine  portfolios  and for s even of 
CLF&P’s  te n portfolios .  S tochas tic mode ling was  not comple te d for the  Joint Sys tem. EMA us ed 
its  Stra tegic P la nning (SP) Corporate  Finance module  to comple te  the  fina ncia l, ra te  making and 
risk s imula tions .   

CLF&P’s  re sults , me asured by the  20-yea r PVRR of ea ch portfolio of the  production cos t, 
fina ncia l and ra te  making mode ling are  shown in Figure1.  Portfolio 10 bre aks  out the  ACP 
revenue  requirements  of $365 million. 

Figure1 CLF&P Portfolios  – De terminis tic PVRR (2021-2040) 

 
(Source : Ene rgy Market Advisors ) 

As  me ntione d previous ly, BHP mode lling include d evaluation of nine  portfolios  with a  targe t re turn 
on ra te  bas e  of 7.76%. Figure  2 shows  the  PVRR for the  BHP portfolios .  Portfolio 10 breaks  out 
the  ACP revenue requirements  of $91 million. 
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Figure  2 BHP Portfolios  – Determinis tic P VRR (2021-2040) 

 
(Source : Ene rgy Market Advisors ) 

Fina lly, the  Joint Sys tem mode lling included s ix portfolios  with a  target re turn of 7.85% on ra te  
base . Figure  3 shows the  PVRR for the  s ix J oint Sys te m portfolios .   

Figure  3 Joint Sys tem Portfolios  – De terminis tic PVRR (2021-2040) 

 

(Source : Ene rgy Market Advisors ) 
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2 Scope  of Study 
EMA was  re ta ine d by BHC, to provide  ana lytica l s e rvices  in support of CLF&P’s , BHP’s  and the  
Joint Sys tem’s  2021 Integra ted Resource  P lans .  As  pa rt of thes e  s e rvices , EMA upda ted BHC’s  
CE and PO da tabas e  to include  as sumptions  neces sa ry to comple te  capacity expans ion and 
production cos t s imula tions  for Base P lans  as  well as  s evera l BHC specified scena rios .  Once  the  
da tabase s  were  update d EMA performed ca pacity expans ion a nd production cos t mode lling as  
well a s  risk, fina ncia l, a nd ra te  making s imula tions  us ing the  SP financia l mode l.  

2.1 Deve lop  Bas e  Cas e  a nd  Sc enario  Data  Inputs  

EMA used da ta  supplied by BHC to mode l BHP’s , CLF&P’s  a nd the  Joint Sys te m’s  e ntire  portfolio 
of conventiona l and renewable  res ources , both exis ting and propos ed, in Capacity Expans ion. 
BHC a ls o s upplie d information nee ded to mode l loads  including de mand-s ide  res ources  tha t will 
be  imple mented during the planning horizon. 

EMA upda te d BHC’s  da tabase  with the na tura l gas  price  foreca s t and e lectric ma rke t price  
fore cas t from the  Fa ll 2020 North American Power Reference  Cas e  which include s  a  long-term 
fore cas t of the  North American power, fue ls , and environmenta l markets . Fore cas ts  of future  
conditions  in thes e  markets  a re  ba se d on funda me nta ls  of de mand a nd supply in the  re spective  
marke ts . Ene rgy Marke t Advisors  examine  the  interaction be tween fue l supply and demand, 
e lectric demand, e lectric supply including current thermal and rene wable  additions  and 
re tirements , a nd environme nta l regula tion, to de ve lop a forecas t for all marke ts . EMA s ta rts  with 
Power Grids ’ Ve locity Suite  for load forecas ts , ge nera ting unit cha ra cte ris tics , new e ntrants , and 
propose d re tireme nts . Additiona l information is  based on EMA’s  resea rch, a s  we ll a s  fue ls  da ta  
from a  third-pa rty vendor (Rysta d). This  information is  ente re d into our proprietary Inte gra te d 
Mode l, which he lps  to deve lop na tura l gas  prices , coa l prices , emis s ion prices , and capacity 
expa ns ion, based on the interactions  be tween thes e  individua l marke ts . Fina lly, the  quantities  are  
entere d in the  P ower Grids ’ PROMOD model to de te rmine  the  fina l e lectric e ne rgy price s . 

BHC se lecte d the  CO-W market a rea  Market Cle a ring P rice (MCP) foreca s t for economy energy 
marke t prices  a nd the  AZ-P V market a rea  for seas ona l firm marke t prices  in a ll three  mode ls . 
Natura l gas  pricing was  de rived from the  NG-Rockies  and NG-Colora do burnertip forecas ts  for a ll 
thre e  models .    

The  Fa ll 2020 North American Powe r Refe rence  Case  as s umes  CO 2 e mis s ion cos ts  for the  RGGI 
s ta te s , Alberta , Britis h Columbia a nd Ca lifornia  only. Therefore , no CO2 e mis s ion cos ts  were  
included in the  thre e  sys tems ’ median as sumptions .   

EMA used the  Fa ll 2020 North Ame rican Power Re fere nce  Case  High Gas , Low Gas  and CO 2 
Tax Scenario fore cas ts  for na tura l gas  prices , market prices  and CO2 e miss ion prices  to deve lop 
inputs  for the  IRP Scena rio mode lling.    
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2.2 Capacity Exp ans io n  Sc ree n ing  
 

EMA used the  CE mode l to comple te ly enumera te  a ll pos s ible  combinations  of re source  
expa ns ion plans  for e ach s ce nario run.  This  powerful s creening tool uses  a  Mixe d Intege r Linear 
Programming (MILP) technique  to de termine  the  optima l s e lection of re source  expans ion plans  
including s izing and timing while  mainta ining a  15% re se rve  margin with a  decis ion crite rion of 
minimizing the  prese nt va lue  of revenue  requirements  (PVRR).  The  results  of the  CE plans  were  
pass ed to the  PO a nd SP  mode ls  as  part of the  portfolio, risk, fina ncia l, and rate  making 
s imula tions .  

Capa city Expa ns ion plans  we re  crea te d us ing CE for ten CLF&P  portfolios , nine  BHP portfolios  
and s ix J oint Sys tem portfolios . Ca pacity Expa ns ion was  not utilize d for the  CLEAN Future  
s cenarios . 

2.3 Produc tion  Cos t Mod elling  (Portfo lio  Simula tion) 
 
Production cos t mode lling was  comple ted us ing PO to dispa tch the  res ource portfolios  se lected 
from the  capacity expa ns ion mode lling results  a nd dete rmine  the  production cos t of each 
expa ns ion plan. This  s tep involved running PO s imula tions  tha t include d e ach scena rio’s  portfolio 
and median as sumptions  for load growth, e lectric price s  and fue l prices  a nd no carbon cos t 
adder. P roduction cos ts  were  ca lcula te d us ing PO for a ll ten CLF&P portfolios , nine  BHP 
portfolios  and s ix Joint System portfolios . The  production cos t mode lling results  were  the n pas se d 
to the  financia l mode l. 

2.4 Fina nc ia l S imula tion  and  Ra te  Makin g  
 
The  production cos t results  from PO were  pas sed to the  financia l mode l where  they were  used in 
the  portfolio, risk, financia l, and ra te  making s imula tions . EMA used SP to pe rform incrementa l 
fina ncing. The  revenue drive r was  re turn on ra te  base . Financia l s ta te ments  were  deve lope d for 
the  de te rminis tic a nd s tochas tic runs  us ing PO production cos t res ults .  S tochas tic re sults  
included 50 dra ws . Capita l cos t draws  were  deve lope d in SP  a nd integrated with the  production 
res ults . 

Financia l s ta te ments  were  us ed to ca lcula te  Prese nt Value  of Revenue Re quirements .  Risk 
profile s , tra de -off diagra ms and Va lue  at Risk charts  were  produced from the  fina ncial re sults .  

EMA performe d annua l ra te  making to mee t ea ch utility’s  targe te d re turn on ra te  ba se  by 
incre as ing or decreas ing the  annua l revenue re quirements  for both de te rminis tic and s tochas tic 
res ults .  Annua l financia l s ta tements  were  deve loped for a ll plans . 
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3 As s umptions  
3.1 In troduc tion  

The  Ene rgy Market Advisors  (EMA) team is  pa rt of the  HAPG Energy Marke t Inte lligence  s olution 
a rea  tha t provides  tools  and ana lys is  a round market a nd transmiss ion mode ling, ana lys is , and 
price  forecas ting to support inves tment decis ions , regulatory compliance , tra ding, energy 
opera tions , and renewable  inte gra tion. 

The  North America n Power Refe re nce  Case  product, published twice  a  ye a r by the  EMA tea m, is  
an as se ss ment of conditions  and trends  in power, fue ls , re newables , and environmenta l markets  
in North America . The  product includes  a  long-te rm forecas t of future  conditions  in thes e  marke ts  
base d on the  funda me nta ls  of dema nd a nd s upply and are  deve lope d by utilizing HAPG’s  widely 
used da ta  inte lligence  product ca lled Ve locity Suite , HAPG’s  proprie ta ry capacity expans ion 
mode l ca lled Integrated Mode l, and HAPG’s  long-es ta blished production cos t mode l ca lled 
PROMOD®.  

3.2 Na tura l Gas  

The  na tural gas  forecas ts  used in the  BHP a nd CLF&P modelling were bas ed on EMA’s  Fa ll 2020 
North American Power Refe rence  Cas e  long-te rm fore cas ts . Na tura l gas  pricing was  de rive d from 
the  NG-Rockies  and NG-Colora do burnertip forecas ts  for BHP a nd CLF&P.  Thermal units  
loca te d in Cheye nne, Wyoming were  as s igned the  NG-Rockies  burne rtip fore ca s t while  the  NG-
Colorado burne rtip forecas t wa s  a s s igned to thermal gene ra tion loca ted in Wyoming a nd South 
Dakota .  Regional gas  bas is  adders  that a re  included in the  Re fe rence  Case  forecas ts  and 
CLF&P and BHP s pecific pipe line  a nd tra nsport cos ts  were  adde d to the  EMA na tura l gas  price  
fore cas t2. The  annua l He nry Hub ga s  price  forecas t is  s hown in Figure  4, and the  monthly price  
fore cas t is  s ummarize d in Table  2. 

 

2 The  publishe d HAPG na tura l ga s  forecas ts  were  converted to nominal dolla rs  us ing a  1.5% esca la tion ra te . 
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Figure  4 Annua l Henry Hub Na tura l Gas  Price   

 
(Source : Ene rgy Market Advisors ) 

Table  2 Monthly Henry Hub Na tura l Gas  P rice  ($/MMBtu) 

 J an  Feb  Mar Apr May J u n J u l Aug Sep  Oc t Nov Dec  

2021 
 

3.42 3.37 3.23 2.87 2.81 2.84 2.88 2.89 2.88 2.91 2.97 3.11 

2022 
 

3.22 3.17 3.00 2.62 2.62 2.70 2.78 2.84 2.88 2.94 3.06 3.23 

2023 3.32 3.34 3.22 3.10 3.13 3.17 3.22 3.25 3.26 3.29 3.42 3.58 

2024 3.70 3.61 3.54 3.63 3.64 3.64 3.67 3.67 3.65 3.65 3.82 3.93 

2025 4.03 4.02 3.82 3.83 3.83 3.86 3.89 3.89 3.86 3.85 3.94 4.11 

2026 4.12 4.12 3.87 3.84 3.85 3.86 3.90 3.91 3.87 3.87 4.03 4.11 

2027 4.14 4.12 3.90 3.85 3.85 3.86 3.88 3.89 3.87 3.88 4.09 4.12 

2028 4.14 4.05 3.95 3.93 3.93 3.94 3.96 3.97 3.95 3.96 4.13 4.24 

2029 4.26 4.26 4.06 4.01 4.02 4.05 4.06 4.07 4.06 4.04 4.18 4.25 

2030 4.31 4.28 4.06 4.05 4.06 4.07 4.07 4.08 4.08 4.08 4.30 4.41 

2031 4.49 4.44 4.26 4.23 4.24 4.26 4.29 4.30 4.26 4.27 4.43 4.50 

2032 4.54 4.43 4.34 4.27 4.28 4.31 4.31 4.32 4.30 4.31 4.47 4.60 

2033 
 

4.67 4.64 4.40 4.38 4.38 4.39 4.41 4.41 4.40 4.41 4.61 4.74 

2034 4.79 4.75 4.53 4.50 4.51 4.52 4.54 4.55 4.53 4.54 4.79 4.95 

2035 5.09 4.98 4.75 4.77 4.78 4.82 4.84 4.86 4.83 4.81 5.06 5.19 

2036 5.34 5.11 4.97 5.01 5.02 5.03 5.07 5.07 5.04 5.05 5.34 5.48 

2037 5.67 5.55 5.24 5.39 5.40 5.41 5.48 5.49 5.43 5.43 5.58 5.79 

2038 5.97 5.83 5.54 5.67 5.67 5.75 5.82 5.85 5.76 5.71 5.87 6.05 

2039 6.27 6.08 5.73 5.79 5.80 5.87 5.96 5.97 5.88 5.83 6.02 6.17 

2040 6.48 6.18 5.90 6.08 6.09 6.19 6.27 6.28 6.19 6.13 6.19 6.50 
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(Source : Ene rgy Market Advisors ) 

To derive  the  NG Rockies  and NG Colorado burner tip forecas ts , EMA firs t a ggre gate s  regiona l 
bas is  prices  a t major trading hubs . Na tura l ga s  prices  for the firs t 12 months  of the  fore cas t a re  
drive n by Henry Hub future s  market price s  plus  a  bas is  hub diffe rentia l forward price. For the  
following 36 months  of the forecas t pe riod (months  13-48), EMA blends  the  future s  market price 
expe cta tions  with the  long-term funda menta l forecas t, so tha t by the  end of this  pe riod the  gas  
price  forecas ts  a re  cons is te nt. EMA uses  a  cos t-minimiza tion linea r progra m mode l of gas  s upply 
and demand. 

3.3 Oil Pric es  

BHP’s  fle e t includes  five , two MW e ach, diese l units  tha t opera te  primarily during extreme  load 
hours  or when other units  in the  flee t experience  unplanne d outages . The  No.2 Dis tilla te  price  
fore cas t from the  2020 Fa ll Reference  Cas e  Base  Cas e  was  used a s  the  fue l price  forecas t for 
the se  units . 

U.S . crude  oil price s  a re  ba sed on conditions  in the  world oil market. Base d on extens ive  prior 
ana lys is , EMA be lieves  tha t the  feedback to the  world oil marke t from the  markets  represented in 
the  North American fore cas t, i.e ., power, na tura l gas , coal, and emis s ions , is  e xtre mely weak. 
More over, the  effects  on the  world oil market of the  types  of policie s  or exoge nous  events  tha t 
might be  mode le d, s uch as  a  CO2 cap-a nd-trade  program, a re  a lso ve ry weak. As  a  re sult, EMA 
believes  it is  a ppropriate  to trea t the  world oil marke t—and more  s pecifica lly U.S. crude  oil 
price s—as  an exogenous  input, as  opposed to mode ling it explicitly. 

For months  1-12, the  de fla ted Ne w York Mercantile  Exchange  (NYMEX) Light Swee t Crude  Oil 
(WTI, Symbol CL) future s  prices  are  used. For months  13-48, we us e  a  ble nd of the  NYMEX 
futures  in rea l money terms  a nd the  long-te rm foreca s t. S tarting with the  49th month onwa rds  we 
use the  long-term forecas t. We genera te  foreca s ts  of region-specific price s  for re fined oil products  
burne d in powe r plants , e .g., diese l and res idual, base d on a n ana lys is  of his torica l re lationships  
be twe en thes e  prices  and the  Wes t Texas  Interme dia te  price . 

3.4 Marke t Electric ity P rices   

The  We stern Electricity Coordinating Council (WECC) covers  ne arly 1.8 million s qua re  miles  
extending from Canada  to Mexico, including the  Cana dia n provinces  of Albe rta  and British 
Columbia ; Northe rn Baja  Ca lifornia , Mexico; and a ll or portions  of 14 Wes tern s ta tes . EMA has  
furthe r divided the  WECC into 22 market a reas  as  illus tra ted in Figure  5. Thes e  22 marke t a rea s  
a re  within the  s ix NERC As se ssment Are as .  Although WECC is  predominantly a  s umme r 
peaking re gion, Alberta , Britis h Columbia , and Northwes t loads  peak in the  winte r. 

The  WECC is  highly inte rconnected, a nd, with some  limita tion, genera tion from a ny area  within 
WECC can be  us ed to mee t loa d in a ny other a rea . The  dive rs ity in loads , a long with s e as ona l 
power exchanges  between the  hydro-rich Northwes t a nd sola r from the  s outhwes t and Ca lifornia , 
res ults  in e lectricity markets  and wholesa le  e lectric price s  tha t a re  highly interdepe ndent. 

EMA crea te d a  forward view of the  Colorado Wes t regiona l e lectricity market.  EMA is  forecas ting 
the  actua l day-ahead cash price  tha t will occur in s pot marke ts  under normal conditions  in the 
future , not the  trade d price  of futures  or forward contra cts .  
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BHP’s  and CLF&P’s  mode ls  a llow for the  purchase  of hourly economy energy from energy 
marke ts  and monthly seas ona l firm market purchases  to cover short-te rm ca pacity shortfa lls  up to 
50 MW.  For economy e nergy purchas e pricing, both BHP a nd CLF&P use d the  CO-We st marke t 
a rea  MCP forecas t. The  pricing for SFMP was  derive d by increas ing the  AZ-PV marke t a rea  MCP 
fore cas t by 20 pe rcent to e mula te  the  additiona l cos t of providing firm energy.    

Figure  5 WECC Marke t Configura tion 

 

(Source : Energy Marke t Advisors ) 

Table  3 summarizes  the  Ba se  annua l 6x16 (On-Peak), Wrap (Off-Peak) a nd 7x24 (Average) 
e lectricity price s  for the  Colorado Wes t re gion 3. 

  

 

3 The  publishe d EMA electric price  forecas ts  were  converted to nominal dollars  us ing a  1.5% e sca lation ra te . 
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Table  3 Bas e  Price s  for the  CO-We st Market Area  

 CO-Wes t 
 On -Pe ak 

CO-Wes t 
 Off-Pe ak 

CO-We s t 
Averag e  

2021 38.18 23.26 31.79 

2022 36.89 22.35 30.67 

2023 38.74 24.23 32.50 

2024 37.38 24.99 32.08 

2025 34.98 26.21 31.22 

2026 35.95 28.22 32.64 

2027 35.91 30.32 33.51 

2028 36.68 30.90 34.19 

2029 37.07 31.84 34.83 

2030 37.51 31.96 35.13 

2031 47.60 38.21 43.58 

2032 48.14 38.80 44.14 

2033 49.55 39.99 45.45 

2034 50.80 40.81 46.50 

2035 51.80 42.14 47.66 

2036 53.56 43.29 49.16 

2037 56.53 46.95 52.42 

2038 58.38 49.57 54.61 

2039 59.36 51.26 55.89 

2040 61.17 52.80 57.57 
(Source : Ene rgy Market Advisors ) 
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The  CO-West market a re a  Bas e  e lectricity prices  for on-pea k, off-pe ak and average  a re  shown in 
Figure  6. 

Figure  6 Re fere nce  Case  – CO-Wes t Electricity Prices  

 
(Source : Ene rgy Market Advisors ) 

Figure  7 shows  tha t CO-Wes t a ve rage  prices  increas e s ta rting in 2025 with the  re tirement of 
Craig Unit 1.  From 2025 to 2030 prices  trend upward in a  s imilar ma nner as  the  na tura l gas  price  
fore cas t.  The  s ha rp increa se  in the  2031 fore cas t is  a  result of the  expected re tirement of nea rly 
one  GW of coa l genera tion. Cra ig 3 a nd Hayden units  1 & 2 are  expe cte d to re tire  in 2030.   

The  corre la tion be twe en na tura l ga s  prices  and MCP’s  is  also depicted in Figure  7. In 2034, the  
na tura l gas  price  upward trend increas es  as  a  res ult of the  ye a r-over-ye ar lack of growth in the 
tota l potentia l gas  supply. Gas  supply roughly fla tte ns  out from 2034-2040 as  the  pote ntia l supply 
from sha le  plays , e specia lly tight liquids /s hale  oil plays , decline s  (Pe rmian, Midcontine nt, and 
Wes tern Cana da ). At the  s ame  time ga s  de mand continues  to s lowly increase  during this  
timeframe , pushing the  margina l res ource  up the  s upply curve more  quickly than pre -2034. 
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Figure  7 Average  CO-Wes t Market Clearing Price s  and NG-Colorado burner-tip ga s  prices   

 
(Source : Ene rgy Market Advisors ) 

3.5 High  Ga s  Pric e  and  Low Gas  Pric e  Sce narios  

The  Fa ll 2020 Power Refe re nce  Case  a lso includes  forecas ts  for three  additiona l s cenarios : a  
Low Gas  Price  Scenario, High Gas  Price  Sce nario, a nd Carbon Tax Scenario (CO 2 Tax). For the  
Fall 2020 Refe rence  Case , EMA utilized a new a pproa ch in the  development of gas  price  
s cenarios  by us ing cus tom as sumptions  for supply fundame nta ls . This  me thodology isola tes  the  
impact of supply expecta tions  on gas  prices  by holding othe r natura l gas  and power a s sumptions  
cons tant. The  as sumptions  re flecte d in the  gas  scena rios  a re highlighted below: 

– Low Gas  Price  s c e nario  – Production cos ts  a re  s e t e qua l to short-run margina l cos ts  
over the  s tudy period in this  s cenario. This  s cenario is  intended to re flect pricing tha t 
could be  sus ta ined over the  short-te rm. Over the  long-te rm, s ignificant technologica l 
improve ments  would be require d to sus ta in the  price  trajectory in this  scenario. 

– High  Gas  Price  s cena rio  – Assumed long-run margina l production cos ts  for sha le  plays  
a re  increas ed to a t leas t the  75th pe rcentile  in this  sce nario. EMA re duced the overa ll 
a va ilability of gas  re source s  by approximate ly e ight pe rcent and de fined higher cos ts  for 
e ach sha le  play to cre a te  a  geographica lly dive rs ifie d gas  price  s cenario. 

The  Fa ll 2020 Reference  Cas e  s cenario na tura l gas  price  forecas ts , MCP price  forecas ts  and 
CO2 tax forecas t were  us ed in the  scenarios  comple te d for CLF&P, BHP and the  Joint Sys tem.   

Figure  8 depicts  the  Henry Hub monthly price  fore cas ts  for the  2020 Fa ll Refe rence Case  Bas e  
Cas e  and two gas  price  scena rios , Low Gas  Price  and High Gas  Price . The s cena rio prices  
directly reflect cus tom assumptions  for supply fundamenta ls  and how the se  would impact the  
utilization of s torage , trans mis s ion, a nd ultima te ly prices  a t gas  hubs  throughout North America . 
Both cas es  hold a ll othe r a ssumptions  for na tura l gas  a nd power sector fundamenta ls  cons tant to 
isola te  the  subs tantia l impa ct of supply expecta tions  on na tura l gas  prices . 
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Figure  8 Monthly He nry Hub Na tura l Gas  Prices  

 
(Source : Ene rgy Market Advisors ) 

Ave rage  CO-Wes t e lectricity prices  a re  s hown in Figure 9 for the  Fall 2020 Refe re nce  Cas e  Bas e  
Cas e  and three  s cenarios . 

Figure  9 Average  CO-Wes t Bas e  a nd Scena rio Marke t Clea ring Prices    

 
(Source : Ene rgy Market Advisors ) 

3.6 Carbon  Tax Scenario  

EMA’s  CO2 Tax Scena rio is  based on the  U.S. Government’s  Socia l Cos t of Carbon (Augus t 
2016 update) with a  3 pe rcent discount rate . The  carbon tax begins  in 2023 a nd ramps  up to the  
full Socia l Cos t of Carbon in 2026. It is  a pplie d acros s  North America  and replace s  a ll s ta te  or 
provincial carbon pricing programs. Figure  10 s hows the  Carbon Tax Scenario CO 2 e mis s ion cos t 
annua l forecas t.  
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Figure  10 Carbon Tax Scenario CO2 Emiss ion Cos t  

 
(Source : Energy Marke t Advisors ) 

3.7  Regu la ting  Res erves  

EMA comple ted a n as s es sment of Black Hills  Power’s  Regulating Res erves , Flexible  Capacity 
Requirement and Effective  Load Carrying Ca pa bility a s  pa rt of the  Black Hills  P ower’s  Varia ble  
Energy Res ource  Integra tion S tudy.  The s tudy examined renewable  and e nergy s torage  
res ource  options  of varying s izes  and loca tions  to as ses s  incrementa l impa cts  of the a ddition of 
renewable  resources  on BHP’s  re gula tion requirements  a nd cos ts .  The  as ses sment eva luated 
twe lve  differe nt rene wable  and ene rgy s tora ge  res ource  expa ns ion options  and five  diffe rent 
potential geographic loca tions  for those  resources .  These  re source  options  a nd loca tions  we re  
specified by the  BHP planning te am, bas e d on commercia l inte res t it has  s ee n in developing 
res ources  a t thos e loca tions , and with a  goa l of capturing impacts  of ge ogra phic divers ity in wind 
and sola r gene ra tion profile s  within its  s ervice  te rritorie s . 

As  part of the  Variable  Ene rgy Resource  Integra tion S tudy, es timated cos ts  for BHP to ca rry 
additiona l Re gula tion Up and Re gula tion Down capacity were  ca lcula ted.  As  s hown in Table  4 
the se  cos t e s timates  re flect changes  in BHP opera ting cos t as  the  sys te m unit commitme nt and 
dispa tch is  a lte re d to re flect a n increased Regula tion Up a nd Down capacity opera ting res erve  
require me nt.  The  cos ts  did not reflect any capita l re la te d cos t nee ded to procure  additiona l 
flexible  regula tion capacity.  EMA es timate d incrementa l regula tion cos ts  a s s uming Regula tion 
Up and Down qua ntities  ne eded to meet the  98 pe rcentile  North America n Re liability Council 
(NERC) Control Performa nce  S ta ndard 2 (CPS2).  For resource portfolios  tha t include  only 
ba tte ry s tora ge  projects , EMA did not e s tima ted a n incrementa l re gula tion re quirement or cos t, as  
s torage  only res ources  a re unlike ly to ca us e  incre menta l ACE devia tions . 

BHP a lso has  a n option to procure  re gula tion from WAPA, through its  Ope n Acce s s  Trans mis s ion 
Tariff (OATT) at a  lower cos t. WAPA’s  current ta riff offers  regula tion se rvice  for a  fixed cos t of 
$0.303/kW/Month for wind resources , and $0.205/kW/Month for s ola r re sources .  At a  40% 
annua l ave rage  wind capacity factor, the  WAPA regula tion cos t is  e quiva lent to $1.04/MWh for 
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wind resources , and a t a  25% a nnua l avera ge  capacity factor for s ola r, the  regula tion cos t would 
be  e quiva lent to $1.12/MWh for s olar res ources . The  WAPA ta riff ra tes  were  us e d in a ll three  of 
the  re source  plan’s  modelling. Table  4 provide s  a  summary of the  renewable  and energy s tora ge 
res ource  options  and proje cted regula tion require ments  include d in the  Va riable  Energy 
Res ources  Study.  

Table  4. Increme nta l BHP Regula ting Res erve  Cos t 

Portfo lio  Typ e  S ize  

(MW) 

Loc a tio n  98% CPS2: 

In crem en ta l 

Reg ulatio n 

Up (MW) 

98% CPS2: 

In c rem en ta l 

Re gula tion 

Down (MW) 

Re gula tio n 

Cos t – 

BHP 

Ge nera tion 

($/MWh) 

Re gula tio n 

Cos t – 

WAPA 

Tariff 

($/kW/Mo) 

Exis ting Sys tem      55 50    

1 Wind 50 Che yenne 24 0 $10.17 $0.303 

2 Wind 100 S. Gille tte  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 Solar + 

Storage  

100 + 

40 

Che yenne 0 1 $0.02 $0.205 

8 Solar + 

Storage  

100 + 

20 

Gille tte  0 1 $0.03 $0.205 

9 Solar + 

Storage  

100 + 

60 

Hot 

Springs  

0 1 $0.02 $0.205 

10 Storage  20 Che yenne 0 1 N/A  

11 Storage  40 Gille tte  0 1 N/A  

12 Storage  60 Hot 

Springs  

0 1 N/A  

 

3.8 Flexib le  Capac ity Requirement 

In addition to a s ses s ing incrementa l regula tion requirements  and cos ts  like ly to be incurre d due  to 
changes  in BHP opera ting cos ts , EMA a lso comple ted an as ses sment of whe the r BHP, CLF&P or 
the  Joint Sys tem wa s  like ly to require  a dditional flexible  capacity to integra te  the  renewable  
res ources  ide ntifie d in the res ource  portfolios  crea ted for each scenario. EMA us ed a  
methodology origina lly develope d by the  Ca lifornia  Indepe ndent Sys te m Opera tor (CAISO) to 
a s ses s  each portfolio sys te m’s  flexible  ca pa city re quirements . The  fina l as ses sment showed tha t 
each sys tem’s  exis ting flexible  capacity was  sufficient when the  va riable  energy resources  a dded 
in e ach portfolio were adde d to the ir sys tem, with the  e xception of a  few scenarios  as  shown in 
Table  5.  This  was  accomplished by mode lling multiple  ca pacity expans ion ite ra tions . If the 
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exis ting flexible  capacity was  not s ufficie nt for a  portfolio, the  cos t of flexible  peaking capacity was  
added to the  portfolio options  and a  new e xpans ion plan was  deve lope d. The  cos t for a  LM6000 
combus tion turbine , on a  $/kW-Yr bas is , and any flexible  capa city requirements  identifie d for ea ch 
res ource  pla n were  re flecte d in the  expa ns ion plan res ource  options . 

Table  5. Flexible  Capacity Requirements  

Sys te m Sce nario  MW Requirem en t S tarting in  Ye ar 

BHP B2 & B9 41 MW 2025 

 B7 38 MW 2024 

CLF&P  C1 9 MW 2033 

 C8 9 MW 2033 

 C2 & C10 29 MW 2029 

 C4 9 MW 2033 

 C6 9 MW 2033 

 C7 9 MW => 57 MW 2026 => 2032 

 C9 29 MW 2033 

J o in t J2 49 MW 2023 

 J4 30 MW 2033 

 J6 49 MW 2034 
 

3.9 Effec tive  Load  Carrying  Capab ility 

EMA a lso comple ted an Effe ctive  Load Carrying Capa bility (ELCC) a sses sment of the  wind, s ola r 
and batte ry s torage  re source  portfolio options  as  pa rt of the  Bla ck Hills  Power Variable  Energy 
Res ource  Integra tion S tudy.  This  s tudy was  used to a s ses s  the  leve l of res erve  ca pacity tha t 
each option provides  to BHP a nd the  da ta  was  a lso us e d for the ir re source  portfolio options . The  
ELCC analysis  was  use d to de te rmine  the  percenta ge  of the  na mepla te  capacity of each 
res ource  type  a nd loca tion tha t ca n be  counted on for re s erve  ma rgin planning purposes .   

N. 2021 IRP Modeling Summary 

HITACHI All 

-------

2021 Integrated Resource Plan N-25 



  

2021 Integrated Re source  P lans  

Figure  11. ELCC Ca pa city of Wind a nd S olar Resources  

 

As  shown in Figure  11, the ELCC values  for wind a re  compa rable  a t a ll thre e loca tions  for 50 MW 
res ource  additions .  For 100 MW wind res ource  additions , ELCC values  a re highes t a t South 
Gille tte , followed by Cheyenne  and the n North Dougla s .  Projecte d ELCC va lue s  a t South Gille tte  
begin a t 30 pe rcent with a  50 MW wind addition and decline  with additional wind e xpans ion.  The 
ELCC va lues  for wind at Cheyenne a nd Douglas  begin in the  28 percent range  and decline  with 
additiona l wind expa ns ion. However, for the  Cheye nne  s ite , e s tima te d ELCC va lues  s ee  a  le sse r 
decline  than the  othe r two s ites , for wind additions  of 150 a nd 200 MW. 

For sola r re sources , ELCC va lue s  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  a re  cons idera bly lower tha n those  for wind res ources , 
ranging in the  11 to 13 pe rcent range  with 50 MW additions , and declining to around 5 percent 
with 200 MW s ola r additions .  The  primary drive r for lower solar ELCC values  is  a  lower capacity 
factor for s ola r re sources , compared to wind. 

EMA a lso ca lculated the  ELCC va lue  of s ta nd-a lone  ba tte ry s torage  a t four capacity leve ls , 20 
MW, 40 MW, 60 MW and 100 MW. The  ba tte ry cha rge  leve l was  de termine d in every hour to 
ca lcula te  the  amount of ca pacity tha t a  s tand-a lone ba tte ry s torage  facility can provide . This  
capa city range s  be twe en 0 MW and the  maximum capacity of the  s tora ge  facility.  Table  6 lis ts  
the  es tima ted ELCC va lues . As  the  s ize  of the capacity increases  from 20 MW to 60 MW, the  
e ffe ctive  capacity contribution is  expected to decreas e  from 80% to 54%.  
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Table  6. ELCC of Batte ry S torage  

Typ e Cap ac ity (MW) In c rem en ta l 
Dema nd  (MW) 

ELCC (%) 

S torage  20 16 80% 

S torage  40 27 67% 

S torage  60 33 54% 

S torage  100 49 49% 

 

3.10 Future  Genera tion  Options    

As  me ntione d previous ly, BHC provided da ta ne ces sa ry to model a  variety of proposed units  
including natura l gas -fired the rma l genera tion, re newa ble  genera tion, ene rgy s tora ge  a nd e xis ting 
genera tion be tte rment options . The da ta  BHC s upplie d included unit cha ra cte ris tics , ope rating 
cos ts  a nd fina ncia l crite ria  for five  na tura l gas -fired the rmal options , a  biofue l option, s ix 
renewable  options  (wind a nd s olar, four Ba ttery Energy Stora ge  Sys tem (BESS) options  and 
thre e  solar pa ire d with BESS options .  Betterment options  included convers ion to natura l gas  or 
life  exte ns ion of the  coal-fired Ne il S impson II unit, convers ion of the  Be n French Diese l units  to 
na tura l gas  and e xpa ns ion of the  CPGS LM6000 to a  combine d cycle unit.  

Ba ttery s torage  ca n be  mode led in PO purely a s  a n arbitrage opportunity or can be  pa ired with 
another gene ra ting unit tha t exclus ive ly charges  the  ba tte ry. In both cas es  the  ba tte ry a ttempts  to 
charge  during the  lowes t-priced hours  in a  day and dis charge  during the  highes t-priced hours .  In 
this  way ba tte ries  can provide  peak s having benefits , a s  it will ge nera lly be  the  case  tha t the 
highes t-priced hours  coincide  with the  s ys tem peak and whe n the  ba tte ry is  economica lly 
incentivize d to discharge . The  ba tte ry options  mode led as  pa rt of this  IRP  used an algorithm that 
e s timates  margina l cos ts  to de te rmine  economic cha rging and ge nera ting schedules . Batte ry 
s torage  options  for the  BHP and CLFP IRPs  were  modelled in two ways ; as  s tanda lone  (cha rged 
by the  sys tem) a nd paired with propos e d s ola r facilitie s .  In both cases , the  BES S s ta tions  were  
not limite d to a  s pecific numbe r of cycles  per day, ma ximum energy pe r cha rge  or da ily maximum 
genera tion.  

3.11 Financ ia l Pa rame te rs  

Financia l as sumptions  use d in the  mode lling a re  included in Table 7.  In addition, a  21% federa l 
income tax ra te  was  used.  Book life  and tax life  a s sumptions  for va rious  technologies  were  
provided by BHC.  They included 35 yea rs  for combine d cycle  and peaking technologies , 25 
years  for wind a nd sola r, and 20 yea rs  for ba tte ry s torage .  Ta x lives  of 20 ye ars  were  use d for 
combined cycle , 15 years  for peaking technology, 7 ye ars  for ba tte ry s torage  a nd 5-yea r life  for 
solar and wind.  Unles s  otherwis e  specified, a  1.5% e s ca lation ra te  was  a s sumed. 
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Table  7. Fina ncia l Assumptions  

 

CLF&P BHP 
J o in t 

Sys tem 

Dis count Rate 6.3 6.13 6.2 

Debt (%) 46 47 47 

Equity (%) 54 53 53 

Cos t of Debt (%) 5.72 Globa l Se ttle ment 5.94 

Cos t of Equity (%) 9.9 Globa l Se ttle ment 9.5 

Prope rty Tax Ra te  (%) .43 .6 .53 
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4 Stochas tic  Ana lys is  
In order to s imula te  the  risk a s s ocia te d with unce rta inties  in e lectric prices , fue l prices  and load 
fore cas ts  s tochas tic a na lys is  was  undertaken. The  s tochas tic proces s  involves  comple ting a  
specified numbe r of indepe nde nt s imula tions  or “runs”, with each run representing a  "draw" or 
ite ra tion tha t contain va riations  in the  va lue s  of the  s e lected uncerta inties . The  Stocha s tic 
Ana lys is  compone nt within PO was  us ed to comple te  the  s tochas tic ana lys is .  This  component 
includes  a  Regres s ion Tool tha t computes  s tocha s tic properties  for va riables  and a  Draw 
Ge nera tion Tool tha t gene ra tes  sample  random draws  us ing the  dis tributions  ca lcula te d by the  
Regre s s ion Tool.  

PO’s  built-in Regres s ion Tool uses  us er-s pecifie d his torica l da ta  and dis tribution types  and 
sample  se ttings  to ca lculate  the  s tocha s tic propertie s  of variables .  S tochas tic properties  tha t are  
computed include , among othe rs , vola tility, short-te rm mea n-revers ion ra te , s ta nda rd de via tion 
and corre la tions  a mong the  random time-s erie s . PO’s  Draw Genera tion Tas k genera tes  sample  
random draws  us ing the  dis tributions  ca lcula te d by the  Regre ss ion Tool. The  powe r s imula tion 
mode l us es  thes e  ra ndom pa ths  to optimize  commitment a nd dis pa tch a long each random path.  
 
The  PO s tocha s tic mode lling frame work a llows  the  use r to s pecify, for each s tocha s tic entity, a  
specific dis tribution type . The  options  include:   
 

 Continuous  – Time   
o  Norma l and LogNormal Mea n-reverting Dis tributions  

 Dis cre te  Time  Inde pendent  
o  Norma l, LogNormal, Uniform and Triangle Dis tributions   

 
The  s tochas tic dis tribution typica lly as sume d for price  variables  such a s  fue l price s , emiss ion 
cos ts  or e lectricity prices  is  e ithe r a  Normal or LogNormal Mea n-Reverting Dis tribution.  The  
Mea n-Reverting dis tribution’s  short-te rm proces s  fe a tures  shocks , whose  e ffect through time 
evapora tes  as  the  va riable  re turns  to its  expected va lue .  While  the  long-te rm process  shocks  
expe cte d va lue with no revers ion to mean. The  lognormal dis tribution, pa rticula rly in comparison 
to the  normal dis tribution, is  wide ly use d a s  the  s tochas tic model dis tribution for prices  becaus e  it 
is  re s tricte d to pos itive  va lues . There  is  a n expecta tion tha t fue l a nd e nergy commodities  will 
a lways  have  va lue  and the refore  draws  for price  variables  should not include  non-pos itive values .  
Zero or negative  prices  cannot be  produced by a  lognormal dis tribution. 
 
Load variables  are  typica lly cha racterized by e ther a  Normal, LogNormal, Uniform or Triangle  
Dis tribution.  These  types  of dis tributions  ge nera te  draw va lues  for a  particula r time period and 
a re  not directly de pende nt on the  previous  pe riod’s  draw va lue .  These  types  of dis tributions  are  
used when modeling unce rta inties  in es ca la tion and infla tion ra te s  and monthly pe ak and energy 
for load.  

4.1 S tochas tic  Variab les  

Based on results  from the Ca pacity Expa ns ion a nd P O s imula tions , CLF&P a nd BHP s e lected 
seven scenarios  for s tocha s tic evalua tion: Scenarios  1, 2, 3, 4, 5, 6 a nd 8. S tocha s tic runs  were  
performed for 50 ite ra tions  whe re  each utility’s  loa d, the  Colorado-Wes t Market Price  forecas t, 
coal price  forecas t and the  appropriate  na tura l gas  price  forecas t4 we re a ll varied s tochas tica lly. 

 

4 S tochas tic va ria bles  for the  three  na tura l gas  price  forecas ts , NG_Che yenne , NG_Gille tte , and NG_Ra pid 
City a re  based on his torica l Henry Hub price  da ta . 
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As  discussed above, the  mode l calcula ted s hort te rm vola tilitie s  and mea n revers ion ra tes  shown 
in Table  8 for the  na tura l ga s  and coa l s tochas tic varia bles .  S ta nda rd devia tion a nd time  
corre la tions  for the  BHP a nd CLF&P loa d s tochas tic va lues  are s hown in Table  9. In a ddition, 
corre la tions  be twe en the  na tura l gas  a nd e lectric marke t price  variables  were  ca lcula te d and a re  
shown in Ta ble  10.  Load was  modelled with a  normal dis tribution while  the  marke t prices  and 
natura l gas  price s  were  mode led with a  lognorma l dis tribution base d on the  reasoning mentioned 
earlie r.  

Table  8 Short Term Volatilities  and Mean Revers ion Ra tes  

 

Sh ort Term 
Vo latility Ra te  

ST Mea n  
Re ve rs ion  

Rate  

Gille tte  Coa l 0 .084  0 .345 

EP _COW 0 .199 0 .291 

NG_Cheye nne  0 .112 0 .10 2 

NG_Ra pid City 0 ..112 0 .10 2 

NG_Gille tte  0 .112 0 .10 2 
(Source : Ene rgy Market Advisors ) 

Table  9 S ta ndard Devia tion and Time  Corre la tions   
 

Standard  
Devia tion  

Tim e Corre la tio n  

CLF&P 
Load    

June  - S ept 12.637 0 .945 

Oct - May 14.456 0 .945 

BHP Load     

June  - S ept 9 .721 0 .663 

Oct - May 10 .921 0 .663 
(Source : Ene rgy Market Advisors ) 

Table  10 Commodity Corre la tions  

 
NG_Cheyenn e  NG_Gille tte  NG_Ra p id  City EP_COW 

EP _COW 0 .40  0 .40  0 .40  1.0  
(Source : Ene rgy Market Advisors ) 

4.2 Capita l Cos t 

Us ing Stra tegic P lanning’s  S tratified Monte  Carlo s a mpling progra m, EMA crea te d 50 future  
s cenarios  for portfolio eva lua tion.  EMA has  performed exte ns ive  marke t price  tra je ctory 
s imula tions  a nd has  de te rmine d tha t 50 tra jectories  provide  a  reas onable ba lance  be twe en the  
number of scenarios  to provide  a  converge nt solution balanced with a  manage able  number of 
s tochas tic s cenarios  to be  applie d to ma ny resource  plan a lte rna tives .  Uncerta inty dra ws  were  
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made  for the  capita l cos t of the  res ource  a dditions  in the  portfolio eva lua tion.  Thes e  capita l cos t 
draws  are  combine d with the  uncerta inty draws  ge nera ted by PO. 

4.2.1 Long-Term Ca pita l Cos t Uncerta in ty 

Capita l cos t is  a  cons tant variance varia ble  with a  uniform dis tribution.  Capita l cos t ranges  were  
base d on forecas ts  from La zard, AEO20 a nd NREL-ATB with fina l input from BHC’s  Resource  
Pla nning Team.  It was  as s umed tha t the  multiplie rs  for capita l cos t will range  from .9 to 1.15 with 
an expected va lue  of 1.025.  Figure  12 s hows the  multiplie rs  us ed for a  S imple  Cycle .  Separa te  
multiplie rs  were  use d for wind, solar, combined cycles  and s torage , however graphica lly the  
draws  rema in s imila r. 

Figure  12 Simple  Cycle  Capita l Cos t Multiplie r 

 
(Source : Ene rgy Market Advisors ) 
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4.2.2 Summa ry o f Uncerta in ty Variab les  

Table  11 is  a  summary of the  unce rta inty va ria bles  used in the  s tochas tic ana lys is  and the ir range  
of multiplie rs . 

Table  11 Unce rta inty Variable  Range Multipliers  

Uncerta in ty Uncerta in ty Rang e 
Multip lie r Simple  Cycle  Cos ts  0.9 – 1.15 

Combined Cycle  Cos ts  0.9 – 1.15 

Wind 0.9 – 1.15 

Solar 0.9 – 1.15 

Stora ge  0.9 – 1.15 

Load – CLF&P 0.39 – 1.53 

Load - BHP 0.39 – 1.53 

Market Price  1.12 – 2.05  

Na tura l Gas  Price  0.34 – 2.80 

Coal P rice  0.92 – 1.41 
(Source : Ene rgy Market Advisors ) 

4.3 Regu la to ry Ca pac ity 

The  de te rminis tic s imula tions  in PO were  des igne d, under me dian a ssumptions , to ma inta in a  
minimum 15% reserve margin, with the  exce ption of the  low loa d sce nario as  shown in Figure 13, 
Figure  14 and Figure  15.  To a ddres s  any re se rve  ma rgin de ficits , EMA use d the  levelize d cos t of 
a  new LM6000 combus tion turbine  a s  a  proxy for purchas es  from a  ca pa city market to mee t the 
res erve  margin ta rge t.   

Figure  13 CLF&P All Sce na rios  – Ca pacity Margin 

 
(Source : Energy Marke t Advisors ) 
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Figure  14 BHP All Scenarios  – Ca pacity Margin 

 
(Source : Ene rgy Market Advisors ) 

Figure  15 Joint Sys tem All Scenarios  – Capacity Margin 

 
(Source : Ene rgy Market Advisors ) 

Whe n expos ed to de mand uncerta inty in the  s tochas tic proces s , the re  are  ce rta in s cenarios  
where  the  resource  plan would become rese rve  margin deficit.  Aga in, to addres s  thes e  de ficits , 
EMA used the  levelized cos t of a  new LM6000 combus tion turbine as  a  proxy for purcha ses  from 
a  capacity marke t to mee t the  ta rge t.  Figure  16 illus tra tes  the  annua l re se rve  margins  for the  fifty 
loa d draws . 
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Figure  16 Portfolio B1 Rese rve  Margins  for Fifty Load Draws  

 
(Source : Ene rgy Market Advisors ) 
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5 Capac ity Expans ion  Res u lts  
To produce  optima l res ource  pla ns  under a  va rie ty of conditions  BHC ide ntified nine  sce narios  for 
CLF&P, e ight scenarios  for BHP and s ix s cenarios  for the  joint sys tem to optimize  in the  Capacity 
Expans ion module.  Ta ble  12, Table  13 and Table  14 summarize  the  optimal re source  expa ns ion 
pla ns  for e ach utility a s  we ll a s  the  J oint Sys tem for e ach of the ir scenarios  (the  ta ble  does  not 
include  s e as ona l firm market purchases ).  Se as ona l firm market purchas es  a re  short te rm 
purchas es  that do not have  capita l cos ts . The  cos t of SFMPs  are  include d in the  income 
s ta te me nts  as  purchase  power.  As  note d in the  Executive  S ummary Portfolio Des cription Table , 
C10 a nd B9 us e the  s ame  portfolio as  C2 and B2 res pective ly.    
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Table  12 CLF&P Optimal Expa ns ion P la ns  

YEAR C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

2021                    

2022                    

2023 
 

Wind  

50 MW      

Storage 

10 MW  

Win

50 M

2024 

 

Solar  

50 MW     

Wind  

50 MW   

Sola

50 M

2025 

        

Solar 

  50 MW 

Wygen 2 

Carbon 

Capture 

 

2026 

     

Wind  

50 MW 

Storage 

10 MW 

Wind  

50 MW  

Wind    

50 MW 

 

2027           

2028           

2029 
 

Wind  

50 MW        

Win

50 M

2030           

2031            

2032 
   

Wind  

50 MW   

Wind  

50 MW    

 

2033 
LM6000 

42 MW 

Wind 

100 MW 

LM6000 

42 MW 

 

LMS100 

91 MW 

LM6000 

42 MW 

Wind    

100 MW 

LM6000 

42 MW 

Wind  

50 MW 

LMS100 

91 MW 

Wind  

50 MW 

LMS100 

91 MW 

LM6000 

42 MW 

Wind 

100 

MW 

LMS100 

91 MW  

Wind    

50 MW 

LM60

42 M

 

2034            

2035            

2036            

2037            

2038 
    

Wind  

50 MW 

Solar  

50 MW     

 

2039 
            

Wind  

50 MW      

 

2040                    
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Table  13 BHP Optimal Expans ion P la ns  

YEAR B1 B2 B3 B4 B5 B6 B7 B8 B9 

2021                   

2022                   

2023 

Wind    

50 MW 

Wind    

250 MW 

Wind    

50 MW 

Wind      

50 MW 

Wind     

50 MW 

Wind    

50 MW  

Wind     

50 MW 

Storage 

10 MW 

Solar    

50 MW 

Wind    

250 MW 

2024 

Wind    

50 MW 

Wind     

50 MW 

Wind    

50 MW 

Wind      

50 MW 

Solar      

50 MW 

Wind    

50 MW  

Wind    

150 MW 

Solar      

50 MW 

Wind    

50 MW  

Wind    

50 MW 

2025 

NS2 Coal 

to Gas    

79 MW 

NS2 Coal 

to Gas    

79 MW 

Solar  

100 MW 

NS2 Coal 

to Gas    

79 MW 

NS2 Coal 

to Gas    

79 MW 

Solar    

100 MW 

NS2 Coal 

to Gas    

79 MW 

NS2 Coal 

to Gas    

79 MW 

NS2 Coal 

to Gas    

79 MW 

NS2 Coal 

to Gas    

79 MW  

NS2 Coal 

to Gas   

79 MW 

Solar  

100 MW 

2026          

2027          

2028          

2029          

2030 
    

Wind     

50 MW     

2031           

2032 
       

Wind    

50 MW    

2033           

2034           

2035           

2036           

2037           

2038 Wind    

50 MW     

Wind    

50 MW     

2039 
  

Wind    

100 MW           

Wind    

50 MW   

Wind    

100 MW  

2040 

Wind  

100 MW  

Wind    

150 MW  

Wind    

150 MW  

Wind   

100 MW   

Wind    

150 MW  

Wind    

150 MW 

 Storage 

10 MW  

Wind   

100 MW    
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Table  14 J oint Sys te m Optima l Expa ns ion Pla ns  

YEAR J1 J2 J3 J4 J5 J6 

2021             

2022             

2023 

 

Wind         

200 MW   

Solar 

 200 MW     

2024       

2025 NS2 Coal to 

Gas 79 MW 

Solar 

 200 MW 

NS2 Coal to 

Gas 79 MW 

NS2 Coal to 

Gas 79 MW 

NS2 Coal to 

Gas 79 MW 

Solar 

 200 MW 

NS2 Coal to 

Gas 79 MW 

Solar 

 200 MW 

NS2 Coal to 

Gas 79 MW 

Solar 

 200 MW 

2026 
   

Wind         

50 MW   

2027       

2028       

2029       

2030       

2031 
     

Wind 

 50 MW 

2032 
     

Wind 

 50 MW 

2033 Wind 

 100 MW   

Wind         

150 MW 

Wind 

 100 MW 

Wind 

 50 MW 

2034 Wind 

 50 MW     

Wind 

 50 MW 

2035       

2036 
  

Wind         

50 MW    

2037 
    

Wind         

50 MW  

2038 
   

Wind         

50 MW  

Wind 

 50 MW 

2039             

2040 Wind 

 150 MW  

Storage       

10 MW  

Wind         

150 MW  

Wind         

100 MW  

Wind         

50 MW  

Wind 

 150 MW   
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6 Dete rmin is tic  Po rtfo lio  Res u lts  
6.1 Portfo lio  1 Res ults  

EMA eva lua ted multiple  scenarios  with varying inputs  to highlight the  e ffe ct of fue l price, market 
e lectricity price  and loa d when de termining future  re source portfolios .  This  s et of s ce narios  
includes  a  plan tha t us ed price  a nd load forecas ts  tha t a re  cons ide red to mos t like ly represent 
future  price s  (media n). For CLF&P, portfolio C1 mee ts  the  needs  of its  forecas t e ne rgy 
require me nts  under median as sumptions .  Figure  17 shows the  capita lization ra tios  for C1.  The  
fina ncia l mode lling includes  only incrementa l ra te  bas e  additions  with financing be ginning in 2033 
with the addition of a  LM6000 and a  100 MW wind fa cility. Figure  18 shows the incrementa l 
annua l ra te  increa se  for C1. 

Figure  17 Portfolio C1 - Ca pita liza tion Ra tios  

 
(Source : Ene rgy Market Advisors ) 
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Figure  18 Portfolio C1 – Annua l Ra te  Incre ases  

 
(Source : Ene rgy Market Advisors ) 

Portfolio B1 mee ts  the  nee ds  of BHP’s  forecas t e ne rgy require ments  under me dian assumptions . 
Figure  19 shows  the  capita liza tion ra tios  for B1.  The  financia l modelling includes  only 
incre me nta l ra te  bas e  additions , with financing beginning in 2023 whe n a  50 MW Wind fa cility is  
added to BHP’s  s ys tem.  Additiona l builds  include  a  50 MW Wind fa cility in 2024, NS2 Coa l to 
Ga s  convers ion in 2025, 50 MW Wind facility in 2038 and 100 MW Wind facility in 2040.  Figure  
20 shows  the  incrementa l annua l ra te  increase  for B1. 

Figure  19 Portfolio B1 - Capita liza tion Ra tios   

(Source : Energy Market Advisors ) 
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Figure  20 Portfolio B1 – Annua l Ra te  Incre ases  

 
(Source : Ene rgy Market Advisors ) 

Portfolio J1 meets  the  nee ds  of the  J oint Sys te m’s  fore cas t ene rgy requireme nts  under median 
as sumptions . Figure  21 s hows  the  capita liza tion ra tios  for portfolio J1.  The  financia l mode lling 
includes  only increme nta l ra te  ba se  a dditions . Financing for the  Joint Sys tem be gins  in 2025 with 
the  NS2 Coa l to Gas  conve rs ion and a  200 MW Sola r fa cility.  Additiona l builds  include  a  100 MW 
Wind facility in 2033, 50 MW Wind fa cility in 2034 and 150 MW Wind facility in 2040.  Figure  22 
shows  the  incrementa l annua l ra te  increa se  for portfolio J 1. 

Figure  21 Portfolio J1 - Capita liza tion Ratios  

 
(Source : Energy Market Advisors ) 
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Figure  22 Portfolio J1 – Annua l Ra te  Increases  

 
(Source : Ene rgy Market Advisors ) 

6.2 All Scenarios  Res u lts  

The  following s erie s  of tables  and graphs  compares  the  determinis tic results  for e ach IRP 
Portfolio ove r the  twenty-yea r pla nning period (2021 through 2040). Ta ble  15 and Figure  23  
shows  the  PVRR for the  te n CLF&P Portfolios . 

Table  15 CLF&P Portfolios  - 20 Year De terminis tic P VRR (million $) 

Sce n ario /
Po rtfo lio  

Load  
Growth  

Elec tric  
Price  

Ga s  Pric e  
Ca rbon 

Cos t 
Adder 

Res ou rc e  
Se le c tion  

PVRR 

C1 Median Median Median None Economic $679.02 

C2 Median CO2 Tax Median CO2 Ta x 
 

Economic $745.72 

C3 Median Low Low None Economic $665.54 

C4 Median High High None Economic $733.09 

C5 Low Median Median None Economic $670.01 

C6 High Median Median None Economic $720.83 

C7 High + Step Median Median None Economic $833.54 

C8 Median Median Median None 
10 MW 
BESS  

$693.36 

C9 Median Median Median None 
Carbon 
Capture  

$1,034.20 

10 Median Median Median ACP  Portfolio C2 $1,175.20 
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Figure  23 CLF&P Portfolios  – Dete rminis tic P VRR (2021-2040) 

 
(Source : Ene rgy Market Advisors ) 

BHP production cos ts  mode lling included nine  portfolios . Table  16 a nd Figure  24 s hows  the  
de terminis tic PVRRs  for the  nine  BHP P ortfolios  for the  yea rs  2021-2040.   

Table  16 BHP Portfolios  - 20 Ye ar De te rminis tic P VRR (million $) 

Sce n ario /
Po rtfo lio  

Load  
Growth  

Elec tric  
Price  

Ga s  Pric e  
Ca rbon 

Cos t 
Adder 

Res ou rc e  
Se le c tion  

PVRR 

B1 Median Median Median None Economic $752.54 

B2 Median CO2 Tax Median CO2 Ta x 
 

Economic $985.65 

B3 Median Low Low None Economic $748.69 

B4 Median High High None Economic $795.04 

B5 Low Median Median None Economic $777.24 

B6 High Median Median None Economic $757.23 

B7 High + Step Median Median None Economic $908.43 

B8 Median Median Median None 
10 MW 
BESS  

$795.60 

B9 Median Median Median ACP  Portfolio B2 $1,228.60 
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Figure  24 BHP Portfolios  – Determinis tic P VRR (2021-2040) 

(Source : Energy Marke t Advisors ) 

Las t, the  Joint Syste m production cos t mode lling included s ix portfolios . Table 17 and Figure 25 
shows  the  PVRR for s ix J oint Sys te m portfolios  for the  yea rs  2021-2040.     

Table  17 J oint Sys te m Portfolios  - 20 Ye ar Dete rminis tic P VRR (million $) 

Sce n ario /
Po rtfo lio  

Load  
Growth  

Elec tric  
Price  

Ga s  Pric e  
Ca rbon 

Cos t 
Adder 

Res ou rc e  
Se le c tion  

PVRR 

J1 Median Median Median None Economic $1,398.97 

J2 Median CO2 Tax Median CO2 Ta x 
 

Economic $1,556.60 

J3 Median Low Low None Economic $1,307.51 

J4 Median High High None Economic $1,454.92 

J5 Low Median Median None Economic $1,398.81 

J6 High Median Median None Economic $1,459.74 
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Figure  25 Joint Sys tem Portfolios  – Dete rminis tic PVRR (2021-2040) 

(Source : Energy Marke t Advisors ) 

The  following s erie s  of graphs  compa res  the  Incrementa l Annua l Rate  Increa ses  for BHP’s , 
CLF&P’s  a nd the  Joint Sys tem’s  portfolios .   

Figure  26 CLF&P All Sce na rios  – Incre menta l Annua l Ra te  Increas es  

 
 (Source : Ene rgy Ma rke t Advisors ) 
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Figure  27 BHP All Scenarios  – Increme nta l Annua l Rate  Increas es  

 
(Source : Ene rgy Market Advisors ) 

Figure  28 Joint Sys tem All Scenarios  – Incrementa l Annua l Ra te  Increases  

 
(Source : Ene rgy Market Advisors ) 

The  following s erie s  of graphs  compa res  the  Cumula tive  Capita l Expe nditures  for BHP’s , 
CLF&P’s  a nd the  Joint Sys tem’s  portfolios .   
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Figure  29 CLF&P All Sce na rios  – Cumula tive  Ca pita l Expenditures  

 

(Source : Ene rgy Market Advisors ) 

Figure  30 BHP All Scenarios  – Cumula tive Capita l Expenditures  

 

(Source : Ene rgy Market Advisors ) 

N. 2021 IRP Modeling Summary 

HITACHI ABB 

$700 

$600 

$500 

.,. $400 
C: 

~ $300 i 

I 
I 

r 
$200 

$100 

--C1 - CS -C2 -04 - C3 C6 - C7 --CS - C9 c,o 

$700 

$600 

$500 I 
I ... $400 

C: 

~ $300 i 
$200 

$100 

$0 

/ 

/ r ,, / 

/ / / / / 

V 

- B1 - B2 - B3 -B4 - BS B6 - B7 -88 --B9 

2021 Integrated Resource Plan N-47 



  

2021 Integrated Re source  P lans  

Figure  31 Joint Sys tem All Scenarios  – Cumula tive  Ca pita l Expenditures  

 

(Source : Ene rgy Market Advisors ) 
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7 Ris k Ana lys is  
7.1 In troduc tion   

EMA utilize d the  Stra tegic P la nning Risk Module  to de velop cumula tive  proba bility dis tributions  
which are  a ls o known as  Risk Profiles . 

7.2 Ris k Pro file s  

Risk Profiles  provide  the  ability to visually a s ses s  the  risks  as socia ted with a  decis ion under 
unce rta inty.  For this  s tudy, EMA combined the  production cos t mode l results  with the  fina ncia l 
res ults . Figure  32 a nd Figure  33 show the risk profiles  for the  CLF&P combine d s cenarios  and 
portfolio C1.  In Figure  32, Portfolios  C3 & C5 a re  the  closes t to the  le ft and the re fore  have  the  
lowes t P VRR in a ll yea rs .  

One  can view the  ris k profile  to de termine  the  probability tha t PVRR will be  a  particula r va lue .  
Us ing Portfolio C1 as  an example , in Figure  33, there  is  a  90% proba bility tha t PVRR could be  as  
much as  $773.99 million with an expecte d va lue , or probably utility cos ts  of $714.19 million. From 
the  prior de te rminis tic s imula tion, the  PVRR va lue was  $679.02 under direct utility cos ts  or 
“median” conditions .  The  $35.17 million difference  be twe en the  e xpecte d va lue  a nd the  
de terminis tic va lue  is  “rea l option va lue” or extrins ic va lue. This  re flects  the  ris k of Portfolio C1 
with future  unce rta inty.   

Figure  32 CLF&P - Risk Profiles  (2021-2040) 

 

(Source : Ene rgy Market Advisors ) 
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Figure  33 CLF&P C1 - Risk P rofile  (2021-2040) 

 
(Source : Ene rgy Market Advisors ) 

Figure  34 shows  the  “rea l option va lue ” in table format.  The  extrins ic va lue  is  s ha ded in grey. 

Figure  34 CLF&P - PVRR with Risk Va lue  (2021-2040) 

(Source : Energy Marke t Advisors ) 

Figure  35 shows  the  ris k profile s  for BHP portfolios  B1 through B9.  In Figure  35, Portfolios  B1, 
B3 & B6 are  the  closes t to the  le ft and therefore  have  the  lowes t PVRR in a ll yea rs . These  
portfolios  a lso have  de terminis tic va lue s  within $8.5 million of each other. 
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Figure  35 BHP - Risk Profile s  (2021-2040) 

 

(Source : Ene rgy Market Advisors ) 

Aga in, one  can view the  risk profile  to de termine  the  probability tha t PVRR will be  a  particula r 
va lue .  Us ing Portfolio B1 a s  an e xample , a s  s hown in Figure  36, the re  is  a  90% probability tha t 
PVRR could be  as  much a s  $825.74 million with an expected va lue of $785.21 million. From the  
prior de terminis tic s imula tion, the  PVRR va lue  was  $752.54 under “media n” conditions .  The  
$32.67 million diffe re nce  be tween the  expe cte d value a nd the  de te rminis tic va lue  is  “rea l option 
va lue” or e xtrins ic va lue . This  re flects  the  risk of Portfolio B1 with future  unce rta inty.   

N. 2021 IRP Modeling Summary 

HITACHI ABB 

100% 

90% 

80% 

~ 
70% 

:a 60% .. 
J> e 50% d. 

" -~ 40% .. 
:i 
E 30% ::, 
u 

20% 

10% 

0% 
$600 $650 $700 $750 $800 $850 $900 $950 $1 ,000 $1 ,050 $1 ,100 $1 ,150 

Present Value of Revenue Requirements (Millions$) 

- B1 - B2 - B3 -B4 - B5 B6 --BB 

2021 Integrated Resource Plan N-51 



  

2021 Integrated Re source  P lans  

Figure  36 BHP B1 - Risk Profile  (2021-2040) 

 
(Source : Ene rgy Market Advisors ) 

Figure  37 shows  the  “rea l option va lue ” in a  table  format.  The  extrins ic va lue is  s ha de d in grey. 

Figure  37 BHP - PVRR with Risk Value  (2021 - 2040) 

 

(Source : Ene rgy Market Advisors ) 
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7.3 Trade-Off Diag ram  

EMA developed trade-off diagrams  to eva luate  the plans  aga ins t CLF&P’s  and BHP’s  leve l of risk 
tole ra nce .  Tra de-off diagra ms  provide  a  mea ns  to quickly compare  many plans  us ing two 
mea sures  such as  le as t cos t PVRR vers us  lowes t risk (lowes t vola tility).  In e s se nce , a  trade-off 
dia gram summarizes  the  cos t and ris k meas ures  of a  Risk Profile . Figure  38 shows tha t for 
CLF&P, Portfolio C3 has  the  lowes t P VRR wherea s  P ortfolio C6 has  the  lowes t s tandard 
devia tion. 

Figure  38 CLF&P - Trade-Off Dia gram 

 
(Source : Energy Marke t Advisors ) 

For BHP, Figure 39 shows  tha t, like  the  Risk Profiles , the re  is  little  diffe re nce be twee n Portfolios  
B1, B3 & B6 PVRRs  and s tandard devia tions .    
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Figure  39 BHP - Trade-Off Diagram 

 
(Source : Ene rgy Market Advisors ) 
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Appendix A Software  Us ed for Ana lys is  
The  Compa ny us es  Ca pa city Expa ns ion to produce unique  resource portfolios  acros s  a  range  of  
diffe rent pla nning as sumptions . Capacity Expans ion’s  core  logic handles  both Ca pacity  
Expans ion and Emiss ions  Complia nce  decis ions . The  prima ry fe a ture  of Capacity Expans ion is  
its  ability to ana lyze renewa ble  portfolio s ta ndards  and emis s ions  regula tions . Renewable 
portfolio s ta nda rds  can be  mode led for the  e ntire  portfolio or for multiple  jurisdictions . In addition, 
Capa city Expa ns ion will a lso cons ide r a  wide  ra nge  of e miss ions  cons tra ints  for multiple  
emis s ions . Ca pacity Expans ion is  used in conjunction with other e7 s olutions , s uch a s  Portfolio 
Optimiza tion, whe n more  deta ile d mode ling is  preferre d. The  e7 s ys te m a llows  re source  plans  to 
be  saved and use d in Portfolio Optimiza tion a nd PROMOD® solutions  to provide  full hourly 
chronologica l s imula tions  to provide  opera tion le ve l de ta il.  
 
The  Capacity Expans ion mode l opera tes  by minimizing opera ting cos ts  for exis ting and 
prospective  new resources , s ubject to s ys tem loa d ba lance , re lia bility a nd other cons tra ints . Over 
the  20-year planning horizon, it optimizes  re source  a dditions  subject to resource  cos ts  and 
capa city cons tra ints  (summer peak loa ds  plus  a  planning reserve  margin).  In the  event tha t the  
re tirement of a n exis ting ge nera ting resource or contract expira tion is  a ssumed for a  given 
pla nning scenario Capacity Expa ns ion will s e lect additiona l res ources  a s  required to me et 
summer peak loa ds  inclus ive  of a  ta rge t planning re se rve  margin. To accomplish these  
optimiza tion obje ctives , Ca pacity Expans ion pe rforms  a  time-of-day lea s t cos t dispa tch for 
exis ting a nd potentia l planned ge ne ra tion, while  cons ide ring cos t and performance  of exis ting 
contracts  within a  tra ns mis s ion sys tem. Res ource  dispatch is  bas ed on a  repres e nta tive-week 
method. Dispa tch de termines  optima l e lectricity flows  betwe en zones  and include s  spot market 
transactions  for s ys tem ba lancing. The  mode l minimizes  the  sys tem PVRR, which includes  the  
ne t pres e nt va lue  cos t of exis ting contra cts , spot marke t purchase  cos ts , genera tion cos ts  (fue l, 
fixed and va riable  ope ra tion and ma intenance , decommis s ioning, emis s ions , uns erved ene rgy, 
and unmet ca pacity), and a mortize d ca pita l cos ts  for potentia l new res ources .  
 
Portfolio Optimiza tion (PO) software  was  used to ana lyze , report, and es timate the  optima l 
dispa tch of the  Capacity Expans ion generation portfolios  a ga ins t e ither a  marke t price  or a  load 
require me nt. PO produces  optima l opera ting schedules  for the  entire  portfolio of generation 
as se ts  and tra nsactions . The solution optimizes  a  portfolio’s  opera tion by mode ling de ta iled unit 
ope ra ting cons tra ints  a nd market conditions  to provide  a  genera tion schedule  for ene rgy a nd 
ancilla ry s e rvices , fue l nominations , support the  evalua tion and pricing of pote ntia l short-te rm 
transactions , and facilita te  the  a nalys is  a nd s imula tion of de te rminis tic a nd s tocha s tic s cenarios . 
The  mixed-inte ge r line ar programming (MILP) bas ed s olution optimizes  a  va rie ty of the rma l units , 
such as  s imple  cycle  and combine d cycle  units , combined hea t and power s ta tions , indepe nde nt 
and pump s torage  hydro units , complex cascaded hydro sys tems , and renewables  including 
ba tte ry s tora ge  in a  s ingle s olution. PO a lso optimizes  a  combined portfolio of supply res ource s  
(traditional genera tion) a nd demand res ponse/dis tributed genera tion asse ts  mode led a s  virtua l 
power plants  (VPPs). 
 
e7 Portfolio Optimiza tion Stochas tic Ana lys is  compone nt was  use d to s imula te  unce rta inties  in 
e lectric a nd fue l prices , loa ds , energy availability as  we ll a s  other factors  tha t could contribute  
res ults . The  compone nt is  a  s ha red e7 service  tha t is  incorporates  a  Regres s ion Tool, Draw 
Ge nera tion, and S tocha s tic Ana lys is.  

S tra te gic Planning powered by MIDAS Gold® was  utilized for the  financia l and risk mode lling. 
Stra te gic Planning includes  multiple  modules  for a n e nte rprise -wide  s tra tegic s olution.  The se  
modules  are :  Markets , Capacity Expans ion, Portfolio, Fina ncia l, and Risk.  The  financia l and risk 
modules  were  the  only modules  use d for the  2021 IRP.  
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The  financia l module a llows  the  user the  ability to model other fina ncia l as pects  rega rding  
cos ts  e xterior to the  opera tion of units  and othe r va lua ble  information tha t is  nece s sa ry to  
properly eva luate  the  economics  of a  genera tion flee t.  The  fina ncia l module  produces   
bottom-line  financial s ta tements  to eva luate  profita bility and e arnings  impacts .   
 
The  Risk module  provides  use rs  the  capability to perform s tochas tic a na lyses  on a ll othe r  
modules  and review results  numerica lly and gra phica lly.   S tochas tics  may be  performed on  
both production a nd fina ncia l variables .  
 
S tra te gic Planning uses  a  La tin Hype rcube-based s tra tified sampling program which takes  into 
account s ta tis tica l dis tributions , corre la tions , and vola tilities  for three time  pe riods  (i.e . Short-Term 
hourly, Mid-Term monthly, and Long-Term a nnua l) for e ach transact group.  Stra tified sampling 
can be  thought of a s  “smart” Monte  Carlo s ampling.  Ins tead of dra wing each s ample  from the  
entire  dis tribution – a s  in Monte  Carlo s ampling – the  s ample  space  is  divide d into equal 
proba bility range s  a nd then a s ample  is  take n from each ra nge .  
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