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CHAPTER1
EXECUTIVE SUMMARY

The 201 6 SD Electricity Supply Resource Procurement Plan

The 2016 South Dakota Electrrmty Supply Resource Procurement Plan (“Plan ’) evaluates
NorthWestern Energy’s (“NorthWestern”) electric load-servmg obllgatlon and guides
._ NorthWestern’s resource procurement process in South Dakota_for_the next 10 years. The
Plan sets forth resource options that main_tain cost-effective electric service for our
customers in South Dakota and meet Southwest Power Pool (“SPP”) requirements_.'_ Thls

* document sets forth a plan to at least study the older generation units in NorthW_estem’s

fleet of generation resources and explore opportunities to enhance grid reliability. The Plan

also analyzes a range of environmental and market uncertainties that have the greatest

potential to impact customer needs and long-term pr_ocurement options.

NorthWestern’s resource plan is updated b1enn1ally and evolves with any s1gn1f1cant
~.changes in leg1$lat10n reg1onal operatronal or planning needs, and environmental

- requirements. The Plan’s conclusions - are “intended to prov1de gurdance regardmg

NorthWestern’s resource 1nvestments on behalf of its South Dakota customers Within this

changing resource plannlng landscape, NorthWestern will mamtam ﬂexrbrhty when

implementing this Plan.

Southwest Power Pool

NorthWestern ]01ned the SPP in October 2015. NorthWestem part1c1pates in several .

aspects of the SPP Integrated Marketplace including the Day-Ahead Market Real-Time

Balancmg -Market, and the Auctr_on Revenue Rights / Transmission Congestlon Rights

Market. As a participant in SPP, NorthWestern must abide by market rules and - -

2016 South Dakota Electricity Supply Resource Procurement Plan : o _ Page 1-1
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requirements including the requirement to maintain a specified level of Planning Reserve

Margin (“PRM”).

Load Requirements

Energy . .

NorthWestern’s assets are located in-'fhe newly developed Upper Missouri Zone (“UMZ™)
of SPP. This zone was created by SPP to designate the addition of the Integrated :System
(“IS”) with regional participants and NorthWestern. Both the UMZ and SPP are.:very long
in electric energy supply and renewable resources. As a result, the need for additional base
load energy-producing resources will be limited for a period of time unless the existing -
resources or loads change significantly. As a member o'f. SPP, NorthWest'em will tailor

supply resource planning activities for energy, capacity and ancil'lary services to fit within

the definition and characteristics of the SPP market and operational protocols.

NorthWestern’s toteﬂ System energy need has grown over the last 10 years at an average
rate of approXimately 29,000 megawatt-hours (“MWh”) per year. System energy
requirements for a 12-month period ending July 31, 2016 were around 1,65 million MWh

as shown in Figure 1-1 below.

(Remaining page blank for figure.)

2016 South Dakote' Electricity Supply Heseu'fce Procurement Plan o : Page 1-2
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Figure 11" Historical Load — Retail Sales 2006 — July 2016
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| Capaclty _ |

:_ NorthWestern’s peak capacity needs have increased by an average annual amount of 2.6
megawatts (“MW?) per year since 2003, with a peak load of 341 MW in 2012. Peak load
in 2016 was 331 MW Currently, NorthWestern’s owned and contracted resources have a
combined summer peakmg capacity of approximately 390 MW Going forward,
NorthWestern’s capac1ty planmng will have the added requu'ement of meetmg SPP’s PRM.
The PRM is defmed as. the difference between an ent1ty s firm capac1ty and its peak
| demand, divided by its peak demand. Starting in 2017, SPP will require a minimum PRM
of 12% which, based on a forecasted peak results in a capacity requn‘ement of

approx1mate1y 379 MW in 2017

-2016 South Dakota Electricity Supply Resource Procurement Plan o Pagé 1-3
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Figure 1-2 below illustrates NorthWestern’s current capacity surplus and forecasted future
capacity deficits. Beginning in 2019, NorthWestern is forecasting that it wi]l'.nced to obtain
additional capacity through market purchases of capacity or economic additions of physical
generatioﬁ. resour':ces to satisfy SPP capacity reéuirements. NorthWestern’s need for

capacity is expected to increase from 3 MW in 2019 to around 19 MW in 2026.

Figure 1-2 Capacity Requirements and Available Peak Capacity

Capacity :Requirements and Available Peak Capacity
440 T - l - T [ i T

Excess Capacity Short capacity in
420 | in this region _ this region.

380 L

MW

360
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300 _ —
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- wmm Ownod Thermal o m— Owniot Wind

" mmm Contracted Wind s wezza Gap .Ccm'l_racts

——Annual Peak * Reserve M'argin Req

o MISO Loss of Load Expectatlon study plannmg reserve requ;rement of 7.1% in 2014 and 2015

* Beathoven was purchased by NWE in September of 2015

* #* SPP Planning Reserve Margm (PRM) Requwement of 13 6% in 201.6 changes {0 12%in 2017

SPP capacity requirements and available transmi'ssion may significantly inﬂli_ence the

timing for any additional'_ capacity that NorthWestern might add. NorthWestern will

2016 South Dakota Electricity Supply Resource Procurement Plan . S Page 1-4



S Sy U 1

NormWe%gem

Delivering a Bright Future. " Volume 1, Chapter 1 - Executive Summary

evaluate its capacity options as 2019 approaches to determme the most cost—effectlve
capacity additions and will examine economic opportumtles to replace ag1ng generation

infrastructure and enhance grid reliability.

Existing Resources
In 2015, NorthWestern’s energy supply portfoho added 99 5 MW of intermittent wind

tesources. This increase in wind shifts the resource mix that provides energy for

NorthWestern’s load. Figure 1-3 (duplicated from figure 5-4) shows the shift in resources

that provide energy for NorthWestern’s load comparing 2014 actuals to 2016 forecast.

'_:Inte'fmittent wind will make up 25% of the supply for the portfolio reducing the amount of

coal generation needed. Annual net market purchase figures remain stable as any
reductions due to increased wind generation are balanced by increased economic purchases
due to lower market prices. The forecast for 2016 also will see additi_bnal natural gas

genefation due to the dispatch requirements of SPP. SPP will contimj_e_.to economically

 dispatch NorthWestern’s registered resources.

Figure 1-3 2014 Aciual vs 2016 Forecast Energy Resource Mix

2014 Energy Resource Mlx . 2016 Energy Resource Mix
(2.00 GWh Total} _

-{1:67 GWh Total)

Wind {Owned &

Contracted), 5.5% et Market

) ‘Peaking Gas _
Peaking Gas and Diese ) NetMarket Purchases * and Diesel Purchases
0.7% R 10.6% . T 25% 11.4% -
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Continued low market prices allow NorthWestern to make economical purchases in lieu of
operating higher-priced internal resources, resulting in lower costs to customers. The 13
peaking units, with a combined 193 ‘MW nameplate capacity, are available to supply

capacity but do not generate a significant amount of energy annually.

Retirement Study |

With the economic dispatch regime of SPP, NoﬁhWestem must re-examine how best to
serve its custoniers’ needs. NorthWestern’s entry into SPP has lowered customers’ rates,
and has changed'NorthWestem’s dispatch of resources. An evaluation of NorthWestern’s

older generation assets for possible retirement and replacement is needed to determine how

to best serve the long-term needs of our customers.

NorthWestern is working with an engineering consulting firm to develop a Retire and
Replacement Study for the natural gas-fired and oil-fired generating units. The study will
examine heat rates, parts availability, and book value and will provide a cost benefit
analysis for replacement of those assets with Proxy technology selections. The economic
contnbutlons of each asset to the overall resource portfolio will also be evaluated.
NorthWestern expects that the study will be completed in July 2017, and the results will

be used to inform its resource development plans for South Dakc')ta'._

Grid Rellablllty |
H1st0nca11y, NorthWestem operated generatmg plants throughout its South Dakota service

© territory, including Webster, Aberdeen, Faul_kton, Redfield, Clark, Huron, Woonsocket,
Highmore, Chamberlain, and Yankion. These plants were originally built for base loa_d"_'

generation, supplying power around-the-clock for the communities served. As the
transmission system was expanded, these same units continued to proxéide peaking energy,

as well as contingency reserves and reliability support, to those same communities.

. 2016 South Dakota Electricity Supply Resource Procurement Plan ' ' _ ' Page 1-6
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Resource development plans for South Dakota will .be ﬁndertaken with the 'goal. of
increasing grid reliabil’ity when addressing resource po'rtfolib'._requirernents. Strategicélly
locating generation assets a¢:oss the system, while méeting'the overall system capacity
requirement, adds an additidli_al level of reliability. It al_sb p._rliovides additional capability .

for integrating current and future renewable generating resOurées, which can be widely

'distribﬁféd within NorthWestern’s system. Table 1-1 compares current generating
_:cap_a_bility of existing generation assets to 2015 peak loads at select locations within South

| Dakota.

- Table 1-1 Locatidnal Generation_ and Loads

Generating © 2015 Pezk
Capability : Mw

 |Location Mw Number of Units Demand
Aberdeen 72.5 2 76.1
|Webster 0 0 2.55
Redfield 0 - 0 121
Clark 2.6 1 25
Huren 544 2 47.8
Highmore 0 0 3.8
Mitchell 0 - 0 54.2
© - |Chamberlain 0 0 4.9
. |Yankton 13.42 4. 54.3

The table shows that generation in Huron exceéded peak demand in 2015, while Aberdeen

. - generation nearly matches peak demand. In comparisorn, MitChéll had a peak demand_df

about 54 MW in 2015 and cuijrenﬂy has no generation.capab_ilit_y. Yankton’s existing

generation can only support about 25% of its 2015 peak._c_lema.l_ld.' ‘The other commuﬁities |
listed in Table 1-1 ei_thér represént larger population cenf_é_rs thét pfeviously had generation - .
or remote locations.. w1th limited/partial contingency :_back—up capability. L_ocaﬁng_
economic generation _c'apécity at these locations could provide economic system capa¢ity

while increasing reliability.

- 2016 South Dakota Electricity Supply Resource Procurement Plan R " Page -7
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Resource Options

The Plan examines natural gas, wind, solar photbvoltaics (“PV”), Demand .Side
Management (“DSM”), and energy storage resources as possible additions to the portfolio.
DSM programs were imple.mented in late 2014 and have expanded_tb include prescriptive
rebates for residential and commercial electric new construction cusldmers Utility-scale
energy storage technologles were also evaluated to update estimates of costs and .
capab1l1t1es and to identify potentlal value in the context of the SPP Market. Lithium-ion,

vanadium flow, and sod1um sulfur batteries, as well as pumped-storage hydro and

compressed air storage systems, were considered a_s-potenual future additions though not

“modeled in-t_h_i’s Plan.

Portfolio Modeling and Analysis

NorthWestem modeled a number of resource options using the PowerSimm™ suite from
As_c'end Analytics (“Ascend”). The eight portfolios examined are described in greater
detail 1n Chapter 6: -

® Base - Existing assets. plus market purchases.
. .50 MW Wind — Base plus 50 MW wind. -

. 100 MW Wind — Base plus 100 MW w1nd

e 50 MW Solar — Base plus 50 MW solar.

e 100 MW S_blar — Base plus 100 MW solar. |

e Recip - Base plus two recip_rocating engines in 202_2 and one reciprocating engine

in 2024 B | |
. Combusuon Turbine — Base plus one combusuon turbine in 2022.

. Clean Power Plan — Base case plan under Clean Power Plan comphance

* 2016 South Dakota Electriclty Supply Resource Procurement Plan _ " .. Page18
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The Base portfolio is the least cost nét' present value (“NPV”) portfolio, but with slightly
higher risk than thermal or wind portfolios. NorthWestern is in a position where it must
make market purchases in order to fulfill its load-serving obligation in all portfohos other
than the 100 MW W_lnd portfolio. Possible future environmental regulatlons as measured

in the Clean Power Plan portfolio increase éosts only slightly over the Base portfoiio. >

The R_ecip portfolio has a lower NPV cost than the renewable portfolios or thé'Combustion
Turbiﬁ_e portfolio. Peaking generation that can rapidly and efficiently respdnd to the SPP
markét price signals has additidnai value over less flexible or less efficient generation.
Rec1procat1ng engines prov1de capacity, deliver d1spatchable economic energy, and

prov1de a.nc1llary services.

Conclusions
This Plan sets forth the criteria by which NorthWestern will evaluate future resource

dec1S1ons, including = addressing 1ts future capacity. requlrements potentlal plant

retn'ements, and enhancements to grid reliability. Ex1st1ng uncertainties dlscussed in the

Plan, 'such as the regulation of carbon emissions and other regulatory con51derat10ns will |

have a s1gn1f1cant influence on the type and timing of future resource choices. SPP
requlrements wﬂl also greatly 1nﬂuence resource demsmns, as will transmission

availability, or_-th_e lack thereof.

"2016 South Dakota Electricity Supply Resource Procurement Plan ' R Page 1-9
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CHAPTER2
SOUTHWEST POWER POOL MARKET

Regional Transmission Organization

Transition to SPP | |
~ NorthWestern’s transmissibh, load, and geﬁerating resources in the state of South Dakota
are ioCated within what Waé-'formerly the Bélancing Authority (“BA”) of the Western Area
| Povie_r Administration Upper Great Plains Region (“Western-UGP”). The Western-UGP
regibr_l was comprised of approximately 10,000 miles of transmission owned by Western,
B.asi.n Electric Power Cooperative (“Basin”), and Heartland Consumers Power District -
(“Heartland”) and collectively khown as the hltegrated Transmission System (“IS”). On
October 1, 2015, NorthWe_st_ern along with Western-UGP, Basin, and Heartland, joined the
SPP.-

SPP Overview

SPP is one bf the seven Regional Transmission Organizations (“RTOs™) / Independent
System Operators (“IS O.s:”j'i'n the United States. Figure 2-1 below shows a map of the latest
RTOs in Noﬁh 'A_r'ne'ricéi 'RTOs independently administer the transi_nission grids within
their foot pri_ntsl ﬁnd."host markets where their members and other paﬁicipants transact.!
The key characteristic of an RTO mai'_ké_t is that the RTO is .responsibl.e for committing the
units of the Market Partic;ip'aﬁts wi_th‘iﬁ the footprint. The SPP Integrated Marketplac.e' offers
aDay-Ahead Market and R_e'él Time Balahcing Markets. The Integrated Marketplac'_e offé_rs

5-Minute Settlements.

! The tenﬁ_s RTO and IS are used synonymously for ease of refere_n_cefi_n this documgnt;.
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Flgure 2-1 Reglonal Transmission Organlzatlons / Independent System
Operators

mdnc Retahalty
Couacil of Terns
FRCOT)

SPP was founded in 1941 and now operates as an RTO in 14 states (AR, IA, KA, LA, MN,
MO, MT, NE, NM, ND, OK, SD, TX, and WY) with 94 members including inv.ester'-
owned mun101pal systems, generatlon and transmission cooperatlves and other ent1t1es In

add1t1ona1 to the Integrated Marketplace founded in 2014, which encompasses the Day-

Ahead, Real-Time, Operatmg Reserve, and Transmission Congest1on nghts Markets, SPP

is a centralized Balancmg Authorlty, Re11ab111ty Coordmator, and Reglonal Entity.

The SPP Integrated Marketplace offers ﬁv.e'_-.p_roducts, which are grouped into twe' |
categories: Energy and Operating Reserve. The products under the Operating Reserve -

category are cla531ﬁed as: Regulation Reserve, which includes Regulatlon-Up Reserve and_ _

2016 South Dakota Electricity Supply Resource Procurement Plan ' : Page 2-2
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| 'Regulation-Dow_n Reserve; and Contingency Reserve, which includes Spinning Reserve

and Supplement'el Reserve.

The SPP Int'egr-ated Marketplace encompasses different processes: Day Ahead Marke.t'
(“DA Market”),-'. Reliability Unit Commitment (“RUC™), Real-Time Balancing Market
(“RTBM™), Reserve Market, Auction Revenue Rights (“ARR”)/Transmission Congestion

Rights (“TCRs™).

Day Ahead Market

The key objective of the DA Market is to enable Market Participants to offef and bid for

Energy-and Operating Reserve products. The DA Market uses specialized systems and
algorithms to co-optimize the availability of Energy and Qpeirating Reserves, to ensure that
the available resources are able to meet the load demand and operating reserve obligations
for".the next Operating Day. The DA Market is ﬁnancially binding. Market Participants
submit Resource Offers for generation into the DA Marketplace. Each Market Participant
that serves load must off_e_r enough capacity to cover the bid-in load an_ci Operating Reserve

requirements for the next Operating Day.

A Demand Bid in the DA Market is a proposal made by a Market Participant to purchase

~ Energy at a specified location and period of time in the Day-Ahead Market. Only a Market

Participant with a registered load may submit demand bids for the registered load
Set‘tlement '.Loca'tion. Market Partieipants are required to submii their Day-Ahead Demand
bids, ReSOIirce"Offers, and outage notifications, along with _-certain other information to
SPP by 9:30 a.m. each day. Once i_he’ Market runs its procesees, SpPp publish_es_th_e results
of the DA Market which i_nclud'e- .hourly information for each Market prodnct'award and
the Locational Marginal Pfice-(“LMP”) for each Seti_;_lement Location for e'ae_h'. hour. The

LMP is the cost to serve the next increment of load at the specified Settlement Location,
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In addition, SPP also publishes the Marginal Clearmg Price (“MCP”) for each Operatmg
Reserve prodict for each Reserve Zone The MCP for an Operatmg Reserve product is the
cost to prov1de the next capacity increment for the Operatmg Reserve product at the

specific Reserve Zone.

A key activity in the DA Market is the RUC process. The RUC is a mechanism used by

SPP to create a reliable operating plan for the next Operating Day to ensure that there is

enough capacity available and committed to cover the system load and Operating Reserved

requirements forecasted for that day. The key objective of the DA and RUC processes is’
to create an operating schedule that will minimize the total commitment costs based on-

availability of generation resource offers, system load, and Operating Reserve

requirements forecast for the ‘next Operating Day. SPP requires that cach Market
Participant submit offers for both DA and RT for any registered resource that is not on

planned, forced, or other approvéd outage. Any Resource committed by the RUC process

or the Reliability Assessment processes for the next Operating Day are subject to Make- -

Whole Payment if they meet the eligibility criteria.

The MWP is a unique feature in the DA Market, with the objective to make any Resource

committed in the DA financially whole. The MWP guarahtees that the Market P_articipant
receive enough revenues to cover certain costs (e.g., Stertup cost, No-load co'st., etc.) for
the Energy and Operating Reserve offers for a given Operating Day as long as the Resource
meets the .required criteria. In Summary,. the DA uses DA offer-data to optimize the
operating plan for the next Operating Day The Market Part1c1pant is required to offer
enough capac1ty to cover the load. The DA Market clearmg 1nvolves matching Resource
Offers to the Load Bids. The Market Participant is requ1red to submit offers for all
Resources that are not on an outage The RUC uses the load forecasts projected. by SPP to

optlmlze the committed resources.
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Real Time Balancmg Market

In the RTBM, SPP optlmlzes the real-time load and generatlon committed by the DA and
RUC processes. The purpose of the RTBM is to minimize the total production costs by
evaluating online Resources’ .Real-Time Offers and sfatuses and the shorf—tenn load
forecasts and their Opefati'n'g Reserve requirements. The execution of the RTBM takes
place on 5-minute 1nterva1s Resources committed in the RTBM receive dlspatch '
instructions for Energy and Operatmg Reserve every 5 minutes with the des1gnated
amount. SPP issues setpoint instructions on 4-second intervals indicating the required
Energy and Operating Reserve deployment for each committed Resource. If there is a
‘Reliability event taking place during the given Operating Day, SPP may issue a manual
directive in addition to the setpomt"instructions to alleviate the emergency condition. The
dispatched éfnoﬁnts cleared in the RTBM are settled on RTBM LMPS, which are calcula‘t_ed

and posted for each 5-minute interval.

Auction Revenue Rights and Transmission Congestlon Rights

The SPP Integrated Marketplace offers Market Participants the opportunity to partlclpate
in the ARR and TCR proccsses. These tools can be used to hedge against congestion risk
between, for example,.the generation LMP and the load LMP. Market Participants are
allocated ARRs based on firm tfansmission reservations. The ARRs can be self—copvefted |
to TCRs or sold in the ARR AUCtion. TCR holders are paid (or charged) the difference
between the DA LMPs at the source and sink on the TCR path. -

NorthWe;sterh Participation in the SPP Integrated Marketplace

As indicated eatlier? there are five different products that é_.Mérket.f.Pﬁrticipant can offer in
the SPP Integréted Marketplace. NorfhWe_stem owns facilities located in the SPP F_oo_tpifiht
that are used to supply Energy into the Market. In order for a'Market Participaﬂt _t.o'_do

business With SPP, it must registcr its- Assets (including load and generation), with the

2016 South Dakota Electricity- Supply Resource Procurement Plan : " Page 2-5



NorﬂiWesteﬁf
Ene

Delivering a Bright Future ) _ Chapter.ﬁ — SPP Market

exception of Behind the Meter generation that is less than 10 MW. NorthWestern

" participates in the DA Market, the RTBM, and in the ARR/TCR processes.

Capacuy Requwement

As a load- servmg member of SPP, NorthWestern is ‘obligated to meet the capacity
requlrements outlined in Aftachment AA of the SPP Open Access Transmission Tariff
(“OATT”). PRM is defined as the difference between an entity’s firm capacity and its net
peak demand, divided by its net peak demand. SPP requires that each load responsible
entity have a minimum PRM of 12'.% Note that NorthWestern’s smaller, Behind-the-Meter

generation resources (Faulkton Clark, and the mobile umts) may be counted toward the

Required Capacity Margin calculation. See Chapters 3 and 5 for information on

_ NorthWestern’s compliance with this requirement.

. SPP Transmission Planning Process

SPP’s Integrated Transm1sswn Plannmg (ITP) process is a three -year process that focuses
on obtaining a reasonable balance between long-term- transm1ss1on 1nvestments and
congestion costs to custo_mers. The three-year planning cycle includes a 20-year as_sessment

(ITP20), a 10-year assessment (IT'PIO), and annual Near-Term assessments (ITPNT) of the -

- region. ITP20 identifies potential proj ects that arc generally 300kV and above, while ITP10

focuses on facilities that are 100kV and'above. ITPNT looks.out 'ov_ef the next 5-7 years
and includes at all applicable Voltage le{rels. For each of these ITP assessm'ents, SPP runs
multiple s’cenafios through their model to identify potential needs. Along- With economic
and re11ab111ty studles SPP also considers dlfferent carbon reduction scenarlos within the
planning process Sce Attachment O within the SPP OATT for additional detalls on SPP’s

planmng process
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Opportunltles for NorthWestern within SPP’s ITP Process

SPP’s ITP process is an open process that allows proposed transmission facilities to come
from several different areas of the Tariff. These areas are: transmission service requests,
generation interconnection service requests, ITP upgrades, the balanced portfolio process,
the high priority study process, requests fer sponsored upgrades, and interregional proj ects.
Each of these potential upgrades has its own evaluation and approtral process, along with

its own method of cost alloc_:ation'on how the project will be funded

Upgrades that are studied ahd approved in the SPP planniﬁg process qualify for regional
and zonal cost allocation. Upgrades that do not achieve SPP approval also do not qualify
for -cost allocation. If the requestor still chooses to construct the upgrade without SPP
approval, the cost of the project is directly assigned to the requestor. SPP refers to these

projects as a Sponsored Upgrades. Directly assigning costs to the requestor is also common

“in transmission service and generation interconnection requests, if upgrades are needed to

grant the request for service or interconnection. See Attachment J in the SPP OATT for

more information on cost allocation.

All projects within the SPP have the potential to impact NorthWestern from reliability and

“economic standpoints. Projects that are approved to address system needs also present

possible construction -opportunities for interested stakeholders. For these rcasons
NorthWestern actively momtors and part1c1pates in SPP working group meetmgs, to
understand system needs and the solutions being proposed Attachment Y in the SPP
OATT outlines the criteria that qualifies certain upgra_des to be Competitive Upgrades,
where qﬁaﬁﬁed applicants have the opportunity to si.tbf_nit preject proposals to construct,
own, and maintain the Competitive Upgrade. Proposals submitted for Contpetitive

Upgrades enter into SPP’s Transmission Owner Selection Process (TOSP). The proposals

" that meet all TOSP crit_eria are then evaluated by an Industry Expert Panel (IEP) which
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makes a recommendation of project selection to the SPP Board of Directors. Upgrades that
do not meet the criteria of a Competi’éiv_e Upgrade default to the incumbent transmission

owner for constuction and ownership. |
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CHAPTER 3
EXISTING PORTFOLIO RESOURCES

Existing Portfolio Resdurces Discussion

NorthWestern uses a mixture of resources to meet the existing energy and capacity needs

ofits South Dakota customers and requirementS' of SPP. As described in this section, the

South Dakota portfoho includes base load coal generatlon natural gas and diesel peaking
generation, owned wind generation, wind Power Purchase Agreements (*PPASs”), capacity
and energy purchase agreements, and DSM programs. NorthWestern’s portfolio of
resources are distributed throu_ghdut and surrounding its South Dakota service territory, as

shown in Figure 3-1.

Figure 3_4_1 Map of NorthWestern’s Electric Generation Resources
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NorthWestern’s owned and contracted resources supplying energy and capacity used to

serve is South Dakota service territory is shown in Table 3-1.

Table 3-1 G_éneration Asset Suk'n-mary

S Summer First L
Nameplate Peaking Year 2014 2015 -
Capacity Capacity in Energy | Energy.
Source Facility {W}) (VW) Type Fuel Service | {MWh) (WMWh)
Big-Stone 1229 111.2 - "{Cyclone Bumer Coal 1975 -896,0001 377,000
B . 8
ow:';‘; amad- Neald 556 56.1 Puiverized Coal 167 | 3scoool 439000
. Coyole 45.8 42.7° Cyclone Burmer Coal 1981 3130001 193,000
Aberdeen Unit 2 69.9 52.0 CT Nat GasfFuel Oil{ 2013
Huron Unit 2 429 43.7 T Nat Gas/Fuel Oil | 1992
Aberdeen Unit 288 205 Cr Diesel 1978
Huren Unit 1 15.0 11.0 . cT Nat Gas/Fuel Oil | 1961
Owned Peaking :anﬁon ﬂm:(zi gg gg Q:zl: Nat GDa_sIFuleI Qil :g;i
and L ankton Uni . . i iesel
Backu“;' f:.“ Clark 28 26 Recip Diesel 1970
p Service Faulkton 28 25. Recip Diesel 1969
{151.4 MW} Moabile 3 (eurrently in Huron) 25 20 . Recip Diesel | 2009
Yankten Unit 1 23 22 Recip Nat Gas/Fuel Qil | 1974
Yankton Unit 4 20 20 Recip Diesel 1963
Mohile 2 {currently in Webster) 18 1.8 Recip Diesel 1891 (Total) {Total)
Big Stene 0.3 0.3 Recip Digsel 1978 12,000 7.000
Owned Renewable ) R .
(78.0 MV Beethoven (Inclugmg PPA) 800 19.1 ) Wind . Wind 2015 o 226,000
Capacity and Energy | Mssouri River Energy Services | .. . o
Contracts (upplisd by vl b 'é.'ﬁ?fafg"‘ * Mixed Mixad 2016 0 a
fup to 35.0 M) Watertown Peaking Plant) ' o :
Renewable Energy Titan | 250 4.0* Wind Wind 2010 91,000 93,000
Contracts (44.5 NW) Gak Tree . 19.5 1.0* ~ Wind Wind 2015 0 67,000
VVAPA Net
] 0
Purchases Mixed Mixes 177,000 | 228,00
SPP Net Purchases © Mixed Mxed 30,000
Efficiency . . .
{up to 0.5 NW) - | - Demand-Side Management 0.4 04 Mixed Mxed. 2014 4,000
) Totals (Mot including DSMl 5714 414.2 1,669,000 | 1,658.000

*Wind Resource SPP Net Planning Capability effective in 2017

Big Stone Plant
The B1g Stone Plant (“Big Stone”) is located near Big Stone C1ty, South Dakota. The plant'

isa Jomt venture between NorthWestern Energy, Otter Tail Power Company (“OTP”) and

Montana-Dakota Utilities Company (“MD

U”), with OTP as the operating -ag_ent.

NorthWestern’s ownership and share of the output of the plant is 23.4% or 111.2 MW,

- 2016 South Dakota Electr'ic'ity Supply Resource Procurement Plan
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Big Stone is a coal-fired, cyclorie burner, non-scrubbed base load plant that was placed in
service in 1975, The unit is rated at 475 MW. The fuel _s'ource is Powder River Basin sub-

bituminous coal delivered by Burlington Northern Santa Fe Railway Company.

To meet new emission reduction requirements of the Regional Haze Rule, an Air Quality
Control System (“AQCS”) retroﬁt was installed at Big Stone and put into service in
December 2015. The- pI‘OJeCt consists of the addition of a Flue Gas Desulfunzauon
(“FGD”) system (scrubber and baghouse), a Selective Catalytic Reduction (“SCR”)
system, Separated Over F ii;e Air (“SOFA”) system, and an Activated Carbon Injection
(“ACI”) system for the control of mercury emissions. NorthWestern’s share of the capital
cost was approximately $98 million with Allowance for Funds Used During Construction

(“AFUDC™).

Neal Energy Center Unit 4

Neal Energy Center Unit 4 (“Neal 4”) is a pulverized coal, non-scrubbed base loo'd plant
located nea_r.-'S_ioux City, lowa. It is a joint Venture among 14 power supp‘liers and was
placed in sei_‘-V_ide in 1979. MidAmerican Ene_r.gy' Company is the pririci_pel owner and
operating agent for the plant. With a total plant rating of 646 MW in 2013, NorthWestern’s'
ownership share is approximately 56.1 MW, or 8. 68% The fuel source for Neal 4 is |
Powder River Basin sub-bituminous coal dellvered by the Union Pacific Railroad.
Environmental compllance projects to control sulfur ox1de mtrogen oxide, and mercuty

emissions from Neal 4 were completed in 2013 and 2014 at a cost of approximately $24

million for NorthWestern’s share.

~ Coyote Station |
o Coyote Station (“Coyote”) is located near Beulah, North Dakota and began commer01al
| operations in 1981. The owners of the plant are OTP (35%) Minnkota Power Cooperative
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(30%), MDU (25%) and NorthWestern (10%) OTP is the managing partner Coyote isa
coal-fired, cyclone burner, dry—scrubbed base load plant. The total plant rating is 427 MW
(transmlssmn limited). NorthWestern’ 's ownership share of Coyote is 42.7 MW, or 10%.
The fuel source is North Dakota lignite from an adjacent coal mine that is owned by Dakota

Westrnoreland

An ACI system was instetled in 2015 to bring Coyote into compliance with the final
Mercury and Air Toxics Standards (“MATS”) rule. An Advanced Overfire Air (“AOA™)
system for nitrous oxide control was installed in tﬁe_ spring of 2016. These retroﬁts were
part of a larger boiler proj ect to replace the lower B'o_il‘er wall and redesign the cyclone entry
to aceommodete the AOA. Testing for other toxi.c.emissions revealed that Coyote was well
within compliance. NorthW_esterh_’s share of capital costs for th_i's'proj ect was $2.2 milli'en.
Based on current compliance test 'results, NorthWestern anticipate's that Coyote will be able

to qualify as a Low Emittir_lg Electrical Generating Unit (“LEE”).

Peaking Units _ _

NorthWestern s peakmg units, shown in Table 3-2 below (sorted by age), c0n31st of nine
reciprocating internal combustion ¢ engine (“Recip”) units and four simple cycle combustion
turbine (“CT”) units. With a eombined summer peaking ._capacity of 149.8 MW/, tﬁese
facilities are situated in seVeﬁ different locations across NorthWestern’s service territory
The age of these units ranges from 65 years. old to three years old with several older than
35 years The h1gher heating value (“HHV”) heat rates are also given for each unit. The

rno__s_t ‘recent add1t1on, Aberdeen Unit 2,_ benefits from significant improvements in

technology and is much more efﬁcient than the others. This lower heat rate increases the -

ecorrdrnic opportunities for this resot_lrce to be offered into the SPP."rnarket.

1 All capacity values listed in the Peaking U_ﬁits section refer to summer peak_ing_eai)acities.
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Table 3-2 Thermal Peaking Units

R S YT PR S

N : HHV HeatRate | First

SPP Qualified ' at Maximum Year

Summer Peaking . Capacity ~in
Facility Capacity (MW) |Type Fuel (BTU/kWh) | Service
HuronUnitl | 11030 | cT [NatGas/Fueloill 17000 | 1961
YanktonUnit4 . .2000  |Recip|  Diesel | 15000 . | 1963
Faulkton . | .. 2500  JRecp| Diesel | -~ 15000 | 1969
Clark | 2600 = |[Recip|  Diesel : 15,000 | 1970
Yankton Un|t2__ o : - 2750 - | Recip Diesel | = 15000 | 1974
Yankton Unit1 _ . 2170 ‘Recip | Nat Gas/Fuel Oil| 15,000 1974
Yankton Unit3 | 8500  |Recip|NatGas/FuelOill 15000 | 1975
BigStone . 0268 [|Recip] = Diesel | =~ 15000 = | 1975
AberdeenUnit1 ~ 2050 | ct ]  Diesel | = 13500 1978
Mobile 2 (currently in Webster) L350 fRecip| - Diesel f 777.7:A15,OQQV.' | 1991
Huren Unit 2 1 43, 700 cr Nat Gas/Fuel cil] 14000 | 1992
Moblle 3(currentlym Huron] 1 . 2000  |Recp Diesel ~ | . 15000 ) 2009
Aberdeen Unit 2 52.000 CT NatGas/FueI O|I 9,419 2013

The smaller Recip units use dlesel or are dual fueled w1th natural gas and fuel oil and
combine to prov1de a total capacity of 22.5 MW. SPP is ‘currently evaluating its process

for determmmg qual1ﬁcat10ns of thermal plants w1th nameplate capacity under 10 MW that

~are not entered into the SPP market to be registered as capamty-_c_ontnbutlng_-resources.

Th_é smallest thre_e_Recip_s, Big'Stoné; _Mobil_e 2, and Mobile 3, have not been entered into
the SPP Market b'.y NorthWestern and therefore their summer peaking capacity, totaling
4.1 MW, may not qualify under SPP capacity requirements. The four larger CT units are
Aberdeen 1 & 2 and Huron 1& 2. Aberdeen 1 is a 20.5 MW diesel-fueled cT in operatidn.
since 1978. Aberdeen 2 is 52.0 MW dual-fueled (natural gas/fuel oil) CTin Operaﬁon' since
2013. Huron 1 is 11.0 MW dual—fueled CTin operat1on since 1961 Huron 2isa43.7
MW dual-fucled CT in operatlon since 1992 '
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Demand Side Management -

NorthWestern recerved final approval from the PUC to begin 1mplementat10n of atwo year
pilot DSM Plan in June 2014, The approved DSM Plan included a tracker mechanism in
which electric DSM program costs and an Electric Lost Margin adder of 30% be recovered.

An electric Energy Efficiency Program rate was developed to track and recover the electric
DSM program. costs and Electric Lost Margin adder. The Programs, offered under the
Efficiency Plus (“E+”) sub-brand, were officially rolled out to customers on October 1,

2014. NorthWestern contracted Wrth DNV=GL (“DNV”) to 1mplement the South Dakota

E+ Programs and perform the res1dent1a1 in-home energy audits.

The Year 1 E+ program offerings were focused solutions targeting existing résidential and
commercral customers. The electric E+ program offerings included:

" e E+ Audit for the Home — Free onsrte energy audit for residential electric space
and/or water heat customers.

o E+ Residential Lighting — Rebates available to residential customers for ENERGY
STAR® hard-wired compact fluorescent lamp (“CFL”) fixtures in existing or new
construction homes. A one-time in-store CFL coupon was also offered through '
participating retailers. : :

e E+ Commercial Lighting — Prescriptive and custom rebates offered in existing and _

new construction for the replaccrnent of less efficient hghtmg products with high

_ efficiency technologies. ' '

- o E+ Commercial Existing Construct1on Electric Rebate Program Rebates
available for qualifying measures 1nclud1ng insulation, programmable thermostats
variable frequency drives, and refrigeration and ENERGY STAR measures.

o E+ Residential Ex1st1ng Construction Electric Rebate Program -- Rebates avarlable
for quahfymg measures including insulation, programmable thermostats, and air
cond1t1on1ng measures.

Through customer participation in Year 1, E+ programs resulted in electric sat(iﬁgs of about
1.34 million kilowatt hours (“kWh™) or 0.15 average megawats (“aMW”). These savings

were primarily driven through commercial lighting .reb_ates.
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During Year 1, partnershlps W1th retailers and relat1onsh1ps with area trade allies were_ :
developed. In early March, trade allies (i.c. dlstrlbutors electrical contractors, engineers,
architects, heating, ventilation, and cooling (“HVAC”) contractors, insulation contractors,
building contractors) were invited to attend any of four F+ pfograrn workshops in Aberdeen
and Mitchell. The workshops provided information about tﬁe E+ program'.offerings so that

trade allies may successfully market the lprograms to their customers.

Year 2 program offerings were expa'ndéd from the list above to include:

e E+ Residential Lighting — Expanded to not only include ENERGY STAR hard-
wired CFL fixtures in existing or new construction homes, but also 1nc1uded an
occupancy sensor rebate.

e E+ Commercial New Construction Electric Rebate Program — Rebates ava;llable to
electric customers for qualifying refrigeration, air condltlomng, and ENERGY
STAR measures that exceed code.

e E+ Residential New Construction Eleciric Rebate Program — Rebates available to

electric customers for qualifying insulation, programmable thermostat,
weatherizing, and ENERGY STAR measures that exceed code.

e F+ Business Partners Program — Customized incentives available to commercial

- and industrial customers for electric conservation in both new and existing
facilities. Examples of custom projects include improvements to HVAC systems,
refr1gerat1on air handling, and pumpmg systems. :

Additional recruitment of trade all'_lés continued through Year 2, as did interactions with

individual commercial customers to identify and develop -Commercia_l rebate projects.

South Dakota rebate ﬁro’grams for Year 2 W_é_re granted extension{from the PUC through '.
December 31, 2016. _.B_e‘tween July 1, 2016 and September 30, 2016, E+ programs have
saved 2.94 million kWh or 0.34 aMW with a majority of savings coming from commercial

customers installing variable frequency drives in existing fac_iliti__es.
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Wind Units

Beethoven .

In May 2015, BajWa r.e. _W.ind LLC completed the construction of the 80 MW Beethoven
wind project near Tripp; ‘South Dakota, and NorthWestern began receiving generation
under a PPA. In SepteIﬁbér 2015, NorthWestern completed the purchase of 'Beethoven.
Beethoven consists of 4'3'.GE-1.85/87 turbines, each capable of generating 1.85 MW, and
an adj acent expansion site capable of suﬁporting an additional 50 MW of wind generation.

The SPP qualified peaking capacity of this facility for 2016 is 19.1 MW.

Titan | o _ .
Rolling Thunder I Power Pértnefs, LILC entered into a PPA with NorthWestern for .the
generation of its 25-MW Titan I (“Titan™) wind prdject that began commercial operation
in January 2010. The SPP-qualified peaking capacity of this facility for 2016 is 4.0 MW.
The Titan PPA extends through 2028. :

Oak Tree : 7 | _

Oak Tree Energy, LLC (“Oak Tree”) entered into a PPA for the generation of its 19.5-MW
wind project. C:ommercial operations began i.r_1 January 2015. The SPP_—'qualiﬁed peaking
capacity of this facility for 2016 is 0.975 MW. | |

Capacity Evaluation of Wind
Under the current S_PP Planning Criteria? (“Criteria”), the capacity contributioh' of a

rencwable resource_toWards the SPP capacity requifei-ﬂéﬁt’ is determined by a Nef Planning

2 SPP currently defines net planning capability of renewable resources and the recommended calculation methodology

in the SPP Planning Criteria, Version 1.0, released in Novem_ber_ 20, 2015.
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| Capability (“NPC”) calculation as discussed in more detail later in this Chapter. The results

of these NPC calculations for eXisting'wind projects are reflected in Table 3-1 above.

For Titan, all six full calendar years of actual generation data were used (2010 — 2015).
Oak Tree had only one ﬁ.lIl-'calendar'year of actual generation data available (2015). Since
this doesn’t meet the Criteria requirements of using the three most recent calendar years,

2013 - 2015, the SPP default wind NPC value of 5% was assigned.

For Beethoven, generation data for 2013 — 2015 were not immediately available since
Beethoven had only been in operation since Mafch 2015. The Criteria aliows for the use
of calculated generation data correlated with a reference tower within 50 miles if measured
data is not available for facilities in operation 3 yéars_ or less. Based on this rule, wind data
supplied as part of a DNV due diligence assess_rnent completed prior to NorthWestern’s
acquisition of Beethoven was used to complete the period for January, 2013 '_—._March 2015.
Houfly simulated generation values were calculated from this wind speed data using the
National Renewable Energy Laborat'ofy (“NREL”) System Advisor Model tool. The SPP
2016 NPC calcﬁlation was performed using both actual and simulated generation values

for Beethoven.

The Criteria establish that NPC calculations shall be updated at least once évery three years.
In addition, the NPC for Qak Tree will be calculated when the fac111ty has accumulated

three years of generatlon data, in early 2018.

The sign'iﬁc_e.mc_e ‘of CHariging to the SPP methodology is that the accredif_ed capacity
contribution of the Wind fleet, previously valu_ed at 0 MW, will become 24.1 MW in2017.
The res_ﬁltix_ig increase of approximately 24 MW of available _capacity- reduces

NorthWestern’s expected need of up to 65 MW_.down to 41 MW.
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o Capac|ty and Energy Agreements _

_-'.._.'.NorthWestem entered into a capac1ty agreement with MRES in 2014 The capacity
| | .agree_ment provides 30 MW from summer 2016 through 2017, and 35 MW in 2018. The
. power is provided by the Watertown Peaking Plimt The capacity prif:e is a fixed contract

rate, wh11e any energy produced is priced at the incremental cost of thls unit. Thls MRES
contract addressed capamty needs previously secured under a contract with Basin for up to

19 MW through 2015.. -

Energy Resource Mlx

Generation from the facﬂltles described above is dehvered to the SPP market to help meet

NorthWestern’s capa(;lty and energy needs. In 2015, the energy resource mix, shown in

“ Figure 3-2, provided approximately 1,658,000 MWh of net generation in the following |

percentages: 60.9% base load coall 23.3% owned and contracted wind, 15.4% net market
purchases from Western Area Power Administration (“WAPA”) and SPP, and 0. 4%

peaking natural gas and dlesel

(Remaining page blank for figure.)
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Figure 3-2 2015 NorthWestern SD Energy Supply Mix

2015 Energy Resource Mix
1,658,000 MWh

Peaking Gas and Diesel
: 0.4%

"As an SPP member, all of NorthWestern’s generation to meet load is sold to SPP and all
the energy required to meet load is purchased from SPP. The 2015 SPP generation mix is

shown in Figure 3-3 below.

Figure 3-3 2015 SPP Generation Mix

SPP - 2015 Generation Mix
236,715 GWh total
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Coal-fired plants generated 55% of the total in 2013, while natural gas. plants generated
around 22%, wind about 13.5%, and nuclear about 8.1%. DSM and other resources (fuel

oil, solar and biomsss') make up only a small portion'_o'f the total.

'. Figure 3-4 below shows the historical relationship- of NorthWestcrn s system load to
- energy productlon and energy purchases The transmon to SPP has not had a significant
impact on. thls relationship. Recent increases in net market purchases are a response to low'.
market prlces, as thermal units continue to be dispatched economically. Wind generation
has 1ncreased significantly due to Oak Tree and Beethoven entering the portfolio in 2015,
which has also offset some thermal generation. Low natural gas prices and the availability
of energy in the wholesale market has enabled NorthWestern to make economy purchases

rather than generating with some of its higher cost units.

(Remaining page blank for figure.)
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Figure 3-4 Resource Allocation History — System Load vs.
Energy Production & Net Market Purchases

Resource Allocation History : NorthWestern
System Load vs. Energy Production . Joines SPP
& Net Market Purchases (MWh)  October 2015
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As depicted in F1gure 3-5 below, NorthWestern made economy energy purchases in 69%
of the hours durmg 2015. After adjusting for unusually extended base load unit outages
during the year, the outage-adjusted level would have been about 40% or approximately
3,500 hours per year where NorthWestern would be purchasing from the market to meet
the load. That level reflects the slow increase in the market purchases (in the range of 20-
30% over the last te_ﬁ_- years (outage-adjusted)). NoﬁﬁWestern made economy energy

purchases in 65% of the hours during 2014.
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Fi_gu_re 3-5 2015 Load Duration Curve
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MW, 60.2% LOAD FACTOR
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In recent years, customers have benefited from lower energy prices even as NorthWestern s

market purchases have mcreased

(Remaining page blank fofﬁgUre.)
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Figure 3-6 2005 — 2015 Annual Purchased Power Costs

Annual Purchased Power Costs
(Excludes Demand Cost)
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 Capacity Resource Mix

NorthWestern is subject to capacity requirements set by SPP. SPP memb.ers are required
to maintain adequate.generation to meet their peak load, plus a PRM of 12.0%. SPP

prov1des guldehnes for its recommended methodology of evaluating the available peak-’_

capac1ty or NPC of wind and solar resources. In the Criteria, the recommended method 1s.-'

a spec1ﬁc monthly NPC calculation for all operatmg years of a facility (up to 10. years)
ut111zmg the top 3% of peak load hours for each month, and the generation value met or
exceeded 60% of these hours. Under this method, the existing fleet of wind resources are

capable of providing 24.1 MW of NPC capacity. Figure 3-7 below shows that
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NorthWestern meets its SPP capacity requirement primarily with owned coal and natural

gas peaking plants.

Figure 3-7 Summer Peaking Capacity Resource Mix, 2014 & 2016

2014'S'u'mmer Peaking Capacity (MW) 2016 _Suminer Peaking Capacity (MW)
' {Total - 375 MW) B (Total - 390 MW) .
Contract ) - : Contract '

Purchases

Purchases,
4.0% ) 7%
D;ezs:;zl,_\ . Diesel,__
e " 8.8%

SPP rules require that units larger than 10 MW be registered in the Integrated Marketplace.

Smaller units located behind the meter may be dispatched when needed and can be counted

toward the Member’s capacity requireménts. Figure 3-8, below, shows the historical _

. capacity portfolio and annual reserve requirement.

. (Remaining page blank for figure.)
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Flgure 3-8 2012 2016 Capacity Portfolio vs. Annual Reserve
Requirement

Capacity Portfolio vs.
Annual Reserve Requirement
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Although the annual reserve requirement amount dipped in 2014 and 2015 due to a lower
peak demand in both years, NorthWestem § reserve requirement percentage remained at'

7. 1% until 2016, when it became 13.6% under SPP.

Retirement Study | | _

Table 3-1 shews NorfhWestern’_s. existing resources and the ye_ar they entel.je._d service. A
number Qf Nel_‘tli_Western’s generation units in that list were placed into service:i_n the 1960s
and 19705 and ‘may have exceeded their useful life. NorthWestern’s Therrnal & Wind
Generatlon Department is workmg with HDR to develop a Retire and Replacement Study
for the natural gas-fired and oil-fired generatmg unlts The study will examine efficiency,

reliability, parts availability, book value,- ;and provide a cost' benefit analysis for
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replacement of those assets with proxy technology selections. The economic contributions - -

of each asset to the overall resource portfolio will also be evaluated. Nort_hWestern expects -

that the study will be completed in July 2017 and the results will be used to ir_i_form resource

development in South Dakota.
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CHAPTER 4
NEW RESOURCES

New Resources Overview

The 2016 Plan addresses capacity, wind, solar PV, DSM and energy storage resources as
possible additions to the portfolio. The planmng prooess_ involved analysis and
contributions from outside consultants Ascend, HDR, DNV GL, and other sources.
NorthWestern issued an-RF.P for capacity resources in early 2016. In parallel with the RI'P
effort, HDR worked with the NorthWestern Generation Department to provide a siting and
technology:s'tody. This technology study identifies fav_ofable sites to build a generation
asset and .the technology best suited for the operating proﬁle and site.

Thermal Resources.

Technology Study

NorthWestern selected I-IDR in a selection process that included 12 energy engineering
consultmg firms, to prov1de both a Technology Assessment and a Siting Study to be used
in evaluatmg proposals subrmtted in response to an RFP for capac1ty The Technology
Assessment, evaluated 51x_ different simple cycle configurations of CT and Recip -
technology from Various ':m_anufacturers capable of meeting the specified requirements and.
other objectiyes_i These six proxy units, shown _in Table 4-1, were chosen as a .

representative sampling of currently available technology types.

(_Rerhaining page blank for table.)
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Table 4-1 Technology Assessment Conflguratlons

Number : S Total Gross

of Units: Manufacturer Model Type Quiput- (MW)
1 . GE LMS100PB Aeroderivative CT 102.9
4 Wartsila - 18V508G Recip 75.0
8 GE Jenbacher J920. Recip 68.6
2 GE LMBO00PF Aeroderivative CT 86.4
1 | PW Power Systems | FT8 Swiftpac 60| Aeroderivative CT 604
2 Siemens - SGT-800-47 |Frame / Industrial CT| - 90.9

- NorthWestern and HDR met with the manufacturers of these units to learn more about_

technical performance criteria, costs, available engineering, procurement, and construction

(“EPC”), and maintenance options. NorthWestern modeled each of these conﬁguratlons

- independently as an addition to the existing South Dakota supply portfoho/SPP system
- using PowerSimm to determine their respective 45-year levelized cost of generation. The
- potential benefits derived from their ability to serve the SPP ancillary seri_/ices market and
increase reliability due to-'_having multiple shafts wcfe not included in this aﬁalysis. Results

"~ of this study suggest that Recip technology would offer the most favorable economics to

NorthWestern and its customers over a 45-year project life based primarily on efficiencies,

fuel costs, and frequency of economic dispatch to the SPP market.

: _3Def|n|ng New Gas-Fired Resources

NorthWestern modeled two' spec1ﬁc natural gas-fired units from the teohnology study as
additions to the:-p_ortfoho: Wartsila 18V50SG Recip (18 MW), and PW Power Systems
FT8 SWIFTPAC 60 aero-derivative CT (60 MW). The costs and operating characteristics

for these units are shown in Table 4.2 below.
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Table 4-2 Resource Definition and Cost Summary

Technology Operating Characteristics Costs Emissions (TonsMMMBtu)
Min Min
) Net HHYV | Stable | Stable |Start-Up| Capital Variable
Resource Manufacturer Capacity |[Heat Rate | Load |Load Eff.! Time Cost |Fixed OBM| O&M
Description and Unit (MW) | (BiwkWh) [ (MW)- [(BtukWh)| {min) ($KW) | (BKW-yn) | {EMWhY] NO, 50, co,
. Wartsila .

Recip 18V505G 18.56 8,215 3.? . 11,452 1 .$1,436 $9.13 $7.74 0.19 | 0.0014] 118
ASro: by power Systema _ : ' : . :

derlglfrtlve FT8 SWIFTPAG 60 59.50 9,266 . 283 (12,012 2 $1,400 $13.03 $6.16 0.19 | 0.0014} 118
Wind GenericWind* | ~ 50 $1.788 | %4012
Wind Generic Wind * . 100 $1,788 $40.12 .
Solar Generic Solar ** 50 o $1,009 | $36.00
Solar Generic Solar™ | 100 . $1,929 | $36.00

* The Generic YWind resource is based on a weighted average production profile of three existing wind resources. Costs are based on Beethoven.
* The Generic Solar resource is based on the DNV-GL indicative design and costs (Appendix C), and NREL SAM simulated production.

Resource Siti ng
In2016, HDR performed a siting study which evaluated seven existing NorthWestern sites -
“and two new greenfield siting areas. Each site was ranked on a technical basis considering
several weighted fa_Ct.QlfS including.fuel supply, electric transmission, aifqﬁality, and ability
to enhance systeri_l réli_ability. In addition, sites were also ranked economically based on
their projected _ﬁrS_t yé’ar cost of generation (“COG”). ._These locations and their respective
technical and first year COG rankir.ig's: ai_'e shown in Table 4-3. The results suggest that
NorthWestern’s existing Aberde_en-'l_dpﬁtion is the most favorable site to suppbrt a nominal

60-MW generation addition to the NorthWestern system.
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Table 4 3 S|t|ng Study Locatlons and Rankings

Site : Technical. Rank First Year COG Rank

Aberdeen
_ Huron
Aberdeen South (greenfield) -
" Yankton
Redfield (north of town at 115kV Substatlon)
Mitchell
Clark
Raymond (greenfield)
Webster

—

OO |W]|~AIN|—=
QOO |~ NI

At the time of HDRs siting study, North Western learned that the natural gas infrastructure
would not be able to support any addition generation without lipgrades at the Yankton site.
The study found that 1,000 to 2 000 dekatherms per day (“dkt/day”) of gas supply capacity
available at Mitchell, and an additional 2,000 dkt/day at Huron, would translate into
additions of nominal generation capacities of 9 MW at Mitchell (based on an average of
the range), and 11 MW at Huiron, respectively. With the proximity of fhe Northern Border
Pipeline to the Aberdeen Gé_nerating Station, it Was assumed that large quémtities of natural -

gas could be utilized in this area.

In September 2016, NorthWestern learned that addltlonal gas supplies may become
avallable on Northern Natural Gas (“NNG”), the ex1stmg natural gas pipeline in Yankton,
Mltchell and Huron.’ Havmg an avallable fuel supply increases the favorab111ty of addmg |
generatlon at these three locations. The new information 1nd1cates an mcremental 5,500
million cubl_c_:feet per day (“Mcf/day”) at Yankton. If NorthWestern secured that capacity
in Yanktoﬁ,"_ 1t could support up to 30 MW of addi-t__iohal generation.  Electrical
interconnec'_ticin'_: and transmission system upgrades assd_c’iéted with this q_uaﬁ_tity of

generation would be minimal, consisting of just interconnection facilities.
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| :At Mitchell, the new information indicates an incremental 4,000 Mcf/day, which could
potentially support additional generation up to 22.2 MW. - At Huron, the incremental
opportunity is 13,000 Mcf/day. NorthWestern anticipates that amount of additional natural
gas supply at Huron could suppoft op to 70 MW of new generation. No additional gas
capacity was identified in Aberdecn. However, with the proximity'of the Northern Border
Pipeline to the Aberdeen Generating Station, it is assumed that large quantities of natural
gas could be utilized in this area. Upon further investigation of the Air Quality permit for
the Aberdeen Generation Station, it was discovered that emissions from Aberdeen S Umt'

1 could reduce the starts and operating hours of a new umt(s).

RFP for Capaclty

Due to expiring contracts, support of known and future load growth, and the need to
maintain a PRM of 1_2%, NorthWestern’s 2014 Plan identified the need for up to 65 MW
of additional capacity within the planning horizon. In February 2016, NorthWestern issued
an RFP for capacity products that also meet the requirerhe’nts for accredit_aﬁon and dispatch
as defined by the SPP OATT. The goal was to identify cost-effective technology to supply
at minimum a nominal 60 MW of capacity by early 2019. The operating proﬁle for the
self-build option was planned to provide real-time d1spatch ancillary services, and be

| econormcally dlspatched within the SPP market.

NorthWestern received bids from seven companies in response to the RFP NorthWestern
is still evaluating the need_ for additional resources and is in discussions with the most
economit:al resource identiﬁed in the RFP. As discussed in Chapter 3 of the .2016 Plan,
changes in SPP methodology are ant101pated to mcrease the accredited "capacity

contrlbutlon of the w1nd fleet, previously valued at 0 MW to 24.1 MW for 2017
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SPP Screening Studies for Long Term Service Reques’t's:

NorthWestern issued LTSR to SPP for transmiséion.fr_om the proposed locations from
several of the RFP bids " In addition, NorthWestern requested that SPP perform screening
studies to determme the impacts on the SPP system and pr0v1de an approximation of
ransmission remedIatlon costs resulting from the addition of 55 MW of generation at these

sites.  The screemng studies modeled transmission service from each site to

_-NorthWestern’ s load. The result of all three studies indicated that limiting constraints exist
:Within the SPP regional transmission system for the requested transfer of capacity. Two
‘of the sites would require transmission upgrades that had completion date estimates as early
“as the end of 2019, well beyond NorthWestern’s capacity addition pianning goal of COD

“in early 2019. One proposal would not require transmission upgrades.

Gnd Rellablllty

-NorthWestern s delivery system is comprlsed of 3,550 miles of transmlssmn and
' dls'tnbutlon assets, along with 124 substations. - This system has 1ntercon_nect10ns with
- tra_hsmission facilities of OTP, MDU, Xcel Energy Inc., and WAPA. It also has emergency

~ interconnections with the transmission facilities of East River Electric Cooperative Inc.

(“EREC”™) and West Central Electric Cooperative. Effective October 1, 2015,
NorthWestern is now a transmission-owning- member of SPP for South Dakota

transmission operations.

Historically, NorthWés’tefn Energy operated generating plants threughout its South Dakota
service territory, 1nclud1ng Webster, Aberdeen, Faulkton, Redfield, Clark, Huron, |
Woonsocket, Highmore, Chamberlam and Yankton. These plants were or1g1nally built for
base load generatlon operatmg 24/7 supplying power for the communities served. As the
transm1ss10n systern has expanded, these same units have continued to prov1de peakmg

power and energy as well as contingency and rehab111ty to those same commun1t1es
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However, a number of these units have exceeded their expected life, and some have been

retired.

From a distribution/transmission opera_tions perspéctive, disti‘ibuting generation assets
across the system, to meet the overél'i SyStem capacity requirement, adds an additional level
of reliability. It also provides add_iﬁorial capability for integrating current and future
renewable'.generating resources, which can be wideiy.distfibuted within NorthWestern’s
system. For example, if 25 MW of wind generation falls offline, it would be more efficient
to start ﬁp_three smaller 9-MW units compared to a 50 MW plant. Installing smaller units,
distributed throughout NorthWestern’s service territory has the potential to provide
Scalabi.lity and flexibility in meeting the system needs, while also providing additional
system reliability.” Table 4-4 compares current generatihg capability of existing genération

assets to 2015 peak loads.

Table 4-4 Locational Generation and Loads

Generating 2015 Peak
Capabilitv' Mw

Location MW  Numberof Units Demand
Aberdeen 72,5 2 76,1
Webster 0 o 2.55
Redfield 0 . 0 12.1
Clark 26 . 1 2.5
Huron 54.4 2 47.8
Highmore 0 0 3.8
Mitchell - 0 0 54.2
Chamberlain 0 0 . 49
" |Yankton - 13.42 4 - 54.3

The table shows that generation in Huron exceeded peak demand, while Abetdeen
generation nearly matches peak demand. In comparison, Mitchell had a peak demand of
aboUt'5_4 MW and currently has no generation capability. Yankton’s existing generation

can _6r11.y support about 25% of the peak' demand. The other communities li'st_éd in the table
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either represent larger population centers that prev1ously had generation or remote
locatmns w1th limited/partial contmgency back—up capability. For example, Webster has a
radial 69-kilovolt {“kV™) feed with an ernergency tie to EREC. Clark is on a radial 69-kV
line, with an emergehcy tie to WAPA via_- Watertown Mﬁnicipal. Chamberlain and
Highmore both ha't_ze extended 69-kV line ef_iposure (50 miles }/_) and are located at or near

the ends of our systefn although both have emergency ties to EREC.

During the 2005 ice storm, all of the distributed genefa_ting assets, as well as a host of
rented assets, were utilized for an extended period of tinﬁe to provide service throughout
the event. In comparison, some of EREC’s customers were without power, in some cases
“for 3 to 5 weeks, until miles of line could be rebuilt. With its customers being able to
recei_v_e continuous service, NorthWestern was able to focus all of its available resources
reconstructing downed transmission and distribution assets. Tornados, blizzards, and
equipment failures are among the many reasons that support locating new generation,

- where possible, throughout NorthWestem’s service territory.

Demand Side Management

NorthWestern s ended its electric E+ programs for South Dakota in October 2016, with the
exceptlon of the Energy Audit for the Horne as the budget was met. For more 1nformat10n
on th(_)se programs, see the Existing Resources Chapter’. Usmg the knowledge gained from
the two year pilot DSM Plan and updated avoided costs and energy efficient measure
information, NorthWestern designed and ﬁie_d _a".proposed 2017 DSM Plan on Nove_mb_er
18, 2016. ' '

I For more information on those programs, see Chapter 3.
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Wind Resources |

Wind is an intermittent generation resource, meaning that generation le._vels fluctuate
greatly in a short time period. It is not uncommon for. actual generatioh to deviate
considerably from forecasted generation within the hour. NorthWestern us'cd a weighted
average production profile from the three wind resources in the energy supply portfolio
when developmg the generation expectations for the generic wind resources. The resource
characteristics and costs of the 50-MW and 100-MW wind resources modeled in
PowerSImm are shown in Table 4-2. ‘NorthWestern used the cap1ta1 and operating costs

from Beet_hoven when developing the costs for the generic wind resources.

Utility Scale Solar PV

Solar resources -are intermittent in nature._-. The movement of clouds can change solar
production from maximum output to zero production in a matter of seconds. Solar
resources, however, do provide capacity during NorthWestern’s summer peak. To develop
a greater understanding of solar PV resources, NorthWestern contracted with DNV to

provide a solar resource design.

In 2015, DNV supplied NorthWestern with a generic séa_lable solar PV resource designed -
to be suitable for Montana locatiori_s'i. '. Other than specifying that the proxy resource be
sized somewhere around 3 MW, DNV was left to determine the appropriate size,
cornponehts, etc. DNV’s indicative design is.a 3.02 MWnc (2.5 MWac) solar PV project
using Canadian Solar polycrystalline silicbn_e-based modules and SMA Sunny Central -
inverters. The désign uses single-axis traéking with conventional baé_ktljacking. DNV also . |

applied estimates _for soiling losses (which includes snow covef), shading losses, and

2 NorthWestern believes that this generic Solar PV. design would also be suitable for solar resources located in South

Dakota. ~ g
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energy losses associated with equipﬁient failures, unplanned outages, 'pIanned downtime,

and solar PV degradation over time.

DNV provided NorthWestern with capital cost estimates for the 1ndlcat1ve design. The
cost of solar fac111t1es has continued to decline, so NorthWestern contracted with DNV to |
- update the capital costs contained in the original study. DNV prov1ded NorthWestern with
: an updated study, “Indicative Design, Energy,' and Cost Estimation for 2.5 MWac
' Photovoltaic Project,” on October 1, 2016. To’ih‘odel larger solar PV resources,_DNV also
a_dvised NorthWestern that it would be reasonable to scale the indicative design up to 50
MW and 100 MW using the NREL Technical Report “NREL/TP-6A20-64746.3- ” Solar
PV production was modeled using the DNV supplied indicative design and typlcal :
meteorologlcal year: weather data (*“TMY3”) for Huron, South Dakota using the NREL

SAM The modeled cost of utility scale solar PV is shown in Table 4-2. '

_Energy Storage

:U’[lllty scale battery storage, particularly 11th1urn -ion technology, is st111 evolvmg but on
the edge of being a cost-effective alternative to fossil-fueled plants for some.of the needed
services described above. Many demo projects under 3 MWh have been iﬁ.existenc_e, bu_t
only".a few 10+ MWh systems have been deployed in the U.S. Used for years in el_ec.t'l.‘ic
Vehicles and consumer products, lithium-ion techﬁ'o_logy developments and inere_ased

manufacturing continue to drive costs down. Other technologies, such as flow and molten -

salt batteries, have sor'n'e beneficial properties but their consideration has been limited due

to higher relative cos_te_ and fewer utility-scale demonstration proj ects. .

3 This report is available at: www.nrel gov/publications.
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Pumped storage hydro (“PSH™) uses off-peak or renewable power to pump water upstream
to a storage reservoir, so that it is avai.lable to ﬂo_w downstream through a turbine to
generate electricity when needed. This relativelf- mature technology has benefitted
recently from enhanced control capabilities. With the abi_lity to quickly adjust speed and
switch from pumping to generation, new PSH technology can be used to provide ancillary
services including frequency_regulation.' These plants require appropriate geology and
reservoirs which limit site selection and can lead fo permitting and envifonrmntal cOncerﬁs.

Compressed Air Energy Storage (“CAES”) utilizes the release of compressed air to spin a

turbine/gencrator. CAES requires large geological features, such as a mined salt dome or

a previously used natural gas reservoir capable of storing the air. This limits potential site

- locations.

Recent capitai- cost estimates for lithium -ion systems are arouﬁd $3,330/kW. Projections
estimate a 6-12%/year decreas:e' in costs over the next 5 years, with these rates slowing in
subsequent years. PSH had an average capitalz cost estimated at around $2,920/kW.
Proposed PSH projects in NorthWestern’s Montana and:SOuth Dakota service areas had
rough estimated costs of approximately $2,250kW* and $1,800kW° (in $2016),

‘respectively. Table 4-5 lists various energy storage technologies and estimates of their

related costs..

4_Gordon Butte Pumped Storage Hydro states that its 400-MW project will cost  approximately $900M"(_$2016).
http://gordonbuttepumpedstorage.com/news/ ' ' " .
5 A feasibi_lity study was conducted on the proposed Gregory County PHS, wind farm, and transmission line project
to coﬁnect the Soi_uh Dakota wind energy with MISO. The projected capital costs were estimated to be $4 - $5 billion
in 2011 for the entire project. PSH costs were estimated at $2B for 1,200 MW, ($2012) '

2016 South Dakota Electricity Supply Resource Procurement Plan - _ ' Page 4-11
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Table 4-5 Storage -Technologies and Cost

Capital' Fixed | Variable | Roundtrip| Design
o Cost O&M | O&M |Efficlency | Life
___Storage Technology ($/kW) | ($/kW-yr) | ($/MWh) {%) (Years)
Compressed Air Energy Storage $2,030 | $1890 | $0.80 70% 25
. Pumped Storage Hydro $2,920 $15.30 $0.10 80% 50
Li-ion Batteries $3,330 $22.50 $0.00 82% 20
Flow Batteries (Vanadium Redox) $4,570 $30.00 | $43.00 74% 20
Sodium Sulfur (Na$) Molten Batteries $5.410 $26.90 | $29.50 78% 20

Energy storage has the potential to provide multiple grid services including transmission

upgrade deferral, integration of renewable energy, distribution System reliability, peaker'

- replacement, and frequency reg_ulation.'. “As a new member of SPP, NorthWestern will

continue to evaluate internal needs as they apply to the regional SPP balancing footprint.

The relative importance of each serv_icé't_hat storage can provide will influence the choice

of location and technolo'gy.: Understahding the multiple value streams and defining cost- -

benefit analysis methodo_l'o'.gies that aggregate these values will _b‘é_ key to justifying the -

economics in the near term. These methodologies are not well-established in the industry

and thus determining an accurate levelized cost of storage poses new challenges.

2016 South Dakota Electricity Supply Resource Procurement Plan
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CHAPTER 5
FORECASTS

Historic Growth of Energy

NorthWestern’s total Sysfem load has grown over the last 10 years at an average rate of
25,000 MWh pér year. System energy requirements for the 12-month peﬁod ending July
31, 2016 were around 1.65 million MWh, as showﬁ in Figure 5-1 below.

Figure 5-1 Historical Load — Retail Sales 2006 — July 2016

_ ‘Historical Load (includes Losses)
2006 - July 2016
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Historic Growth of Capacity Demand
NorthWestern has also experienced contmued growth in capamty demand, or peak loads,
over the past 13 years as shown i in Flgure _5-2 b_elow. During this period, summer peak

loads have grown about 2.6 MW per yeé.r. Although year-to-year weather-dependent peaks
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vary, the overall growth has been fairly consistent as illustrated in Figure 5-2 below. Figure

5-2 also shows the system average maximum temperature on the peak lo_ad_ day.

Figure 5- 2 Historical Electric Demand (Capamty) 2003-2015

NorthWestern Energy
Historical Electric Demand .
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NorthWestem s electric service terrltory 1s characterized by predomlnantly residential and
small commerc1a1 customers witha small number of 11ght—1ndustr1al customers. This type
of retail customer class has_ a high demand for space heating and coohng_.re_latlve to their
base load requirements. As a result, the system annual load profile has signi_fic_ant seasonal
variation, with maximum demands occurring .du_r'ing winter and surrirr_lér extreme

temperature p'e_fi_'ods. Average annual load factors are typically in the 50% to 6_0% range.
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During the last 10 years, the highest summer peak load occurred on August 1, 2011, This
sjrstem peak load of 341 MW occurred during a period of extreme high ambié_nt
temperatures, with a 'éystem-averaged maximum daily temperature of 100.5 degrees
Fahreﬁﬁeit. The normal average temperature for NorthWestern’s peak loads is typica,l.ly
under 100 degrees. As the NorthWestern load continues to gfow,'the peak usage will also
continue to grow and be affected by sustained extreme warm teinperatures. Winter peak
loads shown in Table 5-1 below remain below summer peak loads, but in recent years

winter peak loads have been growing faster than summer peak loads.

Table 5-1 Historical Yearly Winter Peak Load

Annual Year Winter Peak Load
Year |Peak MW Day
2015 301 January 13, 2015
2014 286 January 6, 2014
2013 265 December 23, 2013
2012 274 January 19, 2012
2011 278 January 7, 2011

Load Forecasting
NorthWestern has been able to meet much of the energy and capacity needs of its customers

over the last several years with owned resources. NorthWestern supplements the energy

~ demand with spot market pu_rohases from SPP and capacity with short-term capacity
o _agreements. Continued growth in energy and capacity demand will require the expansion

of No’rthWestern’s portfolio to meet customer needs.

~ Energy -

The historical energy load annual growth remains 'r:.elatively steady at approximately . -
25,000 MWh per year. Growth continues to be observed in new residential construction

with a steady interest from the commercial sector within NorthWestern’s service region.

2016 South Dakota Electricity Supply Resource Procuremént Plan Page 5-3
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NorthWestern ie also in the"pro'cess'. of negotiating supply contracts for two new large.
industrial loads that may come online in the next few years. One of these loed_s W_o'uld be
near Redfield and is projected to have an annual consumption of 50-80 million kWh.. This'.
project does not have a firm completion date but could start commercial opei'_at_ion i.n 2017. _
The other, located in Aberdeen, is projecting an estimated annual energy use _Of 48.4Irnill'i0n:
kWh with a commercial operation date in March 2019. Considering.a continuation of the |
h1st0rlcal growth rate with these new large industrial loads, the forecasted system energy
requ1rements for 2025 are expected to be near 2.1 million MWh as shown in Figure 5-3
‘below. However, unfor_eseen 1ncr_eases in industrial act1v1ty or energy conservation within

. NorthWestern’s service _territery.cou'l_d significantly affect the forecasted usage.

Figure 5-3 Historical and Forecast System Load
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In 2015, NorthWestern’s energy supply portfolio added 99.5 MW of intermittent wind
resources.  This ._i'n.gl_'éase in wind shifts the resource mix that provides energy for
NorthWestern’s lc._)ad.' - Figure 5-4 shows the shift in resources that provide energy for
NorthWestern’s load .c.omparing 2014 actuals to 2016 forecast. Intermittent wind will
make up 25% 'Qf ._th'e supply for the portfolio reducing the arﬁount of coal and market
purchéses. Annual net market purchase figures remain stable as any reductions due to
increased wind generation are balanced by increased economic purchases due to lower
market prices. The forecast for 2016 also will see additional natural gas generation due to
the dispatch requirements of SPP. SPP will economically dispatch all of'NOrthWestern’s

registered resources.

Figure 5-4 2014 Actual vs. 2016 Forecast Energy Resource Mix

2014 Energy Resource Mix - : 2016 Energy Resource Mix
[1.67 GWh Total) .

{2.00 GWh Total)

Winﬂ_(Owned &

Contracted), 5.5% )
Peaking Gas and Dies Net Market Purchases Peaking Gas and Diese Net Mar:::;nchases
0.7% 10.6% 2.5% *

| "_-Fi_gure_S;S'_below details the resources that are used to serve NorthWestern’s load
o . _requirements in around-the-clock (“ATC”) hours as modeled in the PowerSimm software.
~ The combination of economically -'dispatched thermal units and Company-owned and

- '__-'._contracted for renewable resources leaves NorthWestern slightly short of fulfilling its load-

serving obligations during most hours.
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Figure'5-:5 NorthWestern Supply Portfolio Month[y'
_ ATC Resource Stack Base Case

NorthWestern Supply Portfolio
Monthly ATC Resource Stack - Base Case
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' The éxpected load growth through 2026 may increase the need for NorthWestern to pfovide_
a market ﬂexibl_e"re'source to serve this oblige.l_tion-; A minimal level of market purchasés
are expected to .b'e.néeded over the planning horizon. Figure 5_—6 portrays the forecasted
market sales and purchases over the next 10 years. The effects of _i'_ncreased NorthWestern -
load and lower economic dispatch of '.thé_rmal Units due to depres_Séd_-market prices leave

NQrthWé_étem with a higher level of market_ purchases than:markef sales through 2026."
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Figure 5-6 Monthly ATC Market Purchases & Sales
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NorthWestern will continue to evaluate, also keeping in mind availability of transmission,

if and when the addition of a base load or load-following resource is most cost effective or

__ _."_n'ee'ded for reliability.

Figure 5-7 represents the foreCast-"for total purchased power costs and the amount of

forecasted MWh to be purchased. In 2026 estimated purchase power costs are expected to

be almost $12 million for the base case.
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Flgure 5-7 Annual Purchased Power Cost and. Assomated MWh
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Capacity _ _ .

As a member of SPP,_-'N_erthWestern is currently _r'e_quired to carry 13.6% -'ef capacity in
excess of its peak load-tb'tneet the PRM requirerrient. Effective 2017, SPP will require a
12% PRM. Historic peak loads show an average growth rate of around 1% per year over -
th_e last 10 years. The peak _load forecast is based on a 1'._0-year historical cerfeiation of
peétk loads with two factors: 'sj/stem-averaged maximum ambient temperature on peak load
days and annual load. A regressmn analysis was used to determine the dependence of peak
loads on each of these two variables. Usmg a nominal “des1gn peak load temperature of
100° F and a 10- -year historical trend-based load forecast, the results were used to generate
a peak load trend from 2017 through 2026. The two new large industrial loads d1scussed

above were added to these forecasted peak loads, and. the resulting values were used to

' 20186 South' Dakota Electricity Suppty Resource Procurement Plan L Page 5-8
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defermine the SPP PRM. The 2017-2026 peak load forecast is shown in Table 5-2 along
with the total capacity obligation including the 12% PRM_.

Table 5- 2 Summer Peak Load 10 Year Forecast

. Summer Peak with
1 Year Surn(nnE\:)Peak 12% Reserve
. Margin (MW)

2017 | . 338 379 -
2018 340 381
2019|348 389
2020 . 353 305 .

| 2020 | 355 307
2022 | 356 399
12023 358 401
2024 359 402
2025 | 361 404
2026 362 406

Figure 5-8 below displays NorthWestern’s forecasted future capacity deficits and
surpluses, based on predicted futﬁ'ré capacity obligations d_ompafed to existing capacity
| co_nﬁmitments (existing generation ﬁlus third-party cap;i_ciify cdntracts). Beginning in 2019,

-.NorthWestern is forecasting that it will need to obtai'.n' ac.ldifi'onal capacity either through
adding 1nterna1 generauon or securmg third-party contracts, in order to meet its system
capacity requn‘ement In the current forecast, this need W111 increase a.nnually from 3 MW

in 2019 to _around__19 MW in 2026.

! Thisis the SPP-prescribed level.
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Figure 5-8 Capac'ity Requirements and Ava'ilable Peak Capacity

Capacity Requirements and_AyaiIabIe Peak Capacity
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* MISO Loss of Load Expectation study planning reserve requirement of 7.1% in 2014 and 2015
** Beethoven was purchased by NWE in September of 2015 :
b SPP Planning Reserve Margin (PRM) Reqguirement of 13.6% in 2016 changes to 12% in 2017

NorthWestern will evaluate capacity optlons as 2019 approaches to determme the most

cost-effective capac1ty addltlons Along with prOJected growth, changes to the planning - |

reserve requirement and available transmission may significantly influence the timing for
any additional capacity As discussed in Chapter 4, this Plan evalhates comparisons of
different types of capacity facilities that may prov1de additional beneﬂts to NorthWestern |

customers
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Commodity Forward Prices

NorthWestern rehes on current expectations of forward/forecast prices, market
expectations of prlce-lmphed volatility, fundamental market relationships, rate of _r_nean"
reversion, and correlatibﬁs of simulated prices through time in order to capture variability
in the simulation of cdminddity prices. The simulated forward/forecast commodity pﬁceg
include Ipower at the SPP North trading hub, natural gas at the Ventura, and coal used for
generation at Big Stone, Coyote, and Neal. The forecasted commodity prices provide the
expected values from the average of simulation results. The forecasts that are used in this

plan will be utilized in evaluation of other potential 'future resources.

Natural Gas Price Forecast

NorthWestern’s long-term natural gas forecast is a combination of current forward market
prices.'and'.the application of long-term price escalation factors. The near-term Ventura
fofwa:_rd prices are obtained from the Intercontinental Exchange (“ICE”) until October
2017. The forward curve is then escalated after October 2017 through,tﬁ__e remainder of the
planning horizon at thé_'éécalation rate from the Energy Information Administratid_n.
(“EIA™) 201_6 Annual Energy Outlook nominal Henry Hub gas price projection for SPP

North in the No Clean Power_Pl'_an reference case.. -

~ Electricity Price Forecast

NorthWestern _ll.lse_s"the same methbdoiogy for its electricity price forecast as is used for its

natural gas forecast. Forward market electricity prices are provided by ICE through

December 20_.18. The electricity price is then escalated using the same escalation rate as

the natural gas forecast.
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Table 5-3 details the mean heavy load, light load, and around the clock electric and natural

gas price forecasts that are modeled in PowerSimm.

Table 5-3 Base Case Electrlc:|ty and Natural Gas Price Forecasts

Mean Electrlclty 8 Natural gas Price forecasts

7 HL - On Peak LL-Off Peak - Around the Clock ~  Natural Gas
Year {slMWh Nominal)y t$!MWh Nomlnal} {$!MWh Nﬁmlnal) {($/MMBtu - Nominal}
007 . 2407 $18.56 o 521.45 $3.30
M8 $28.70 - §17.88 S 52291 539
2019 .. $3236 $20.16 0 §2584 $4.41
2020 . $36.48 , - $22.73 0 %2913 L $4.97
2 $37.156 $23.15 . $29.67 $5.06
‘2022 $371 $23.62 R & X 4 . - §5.7
2023 - $41.48 26584 $33.12 - $5.65
2024 $44.01 . $27.42 ' $35.14 . §6.00
2025 - §46.08 - $28.71 _ $36.80 ‘ $6.28
2026 $46.36 $28.89 - B3r.oz $6.32
10 Year Lev.. $36.16 $22.95 - - §25.10 $4.92

Coal Prlce Forecast - |

The coal prlce forecasts for Big Stone, Coyote, and Neal are used to fuel each of the plants.
Es_tl_mated pr1ces are used for Coyote from 2017 through 2021, Big Stone from 2017
through 2024, and Neall_ frﬁm 2017-2025. After the es_t.ifnated prices, the coal prices are
escalated throughout the rémainder of the planning hofizon using the 20-year .average
inflation esé_él-ation for Gross Domestic Product as provided by the U.S. Bureau of

Economic Analysis. Table 5-4 details the projected coal forecasts.

~ (Remaining pége blank for table) - '.
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Table 5-4 Coal Price Foreda_stS-

Coal P.rice Forecasts

Neal

_ Coyote Big Stone
Year {$/ton - Nominal) (Sltnn Nominal) [$Iton Nomlnal)
2017 $26.20 $39.14 _534 70
2018 $25.19 $40.31 $39.05
2013 $29.36 $11.52 $39.83
2020. $26.29 $42.77 $41.34
2021 $28.72 $44.05 $43.10
2022  §29.29 $45.37 $44.91
2023 $29.88 $46.74 $46.74
2024 1 $30.48 $48.14 $48.47
2025 $31.09 $49.10 $5045
2026 $3L.71 $50.08 $51.46
_10-Year Lev. $28.45 _ $44.01 $42.99

Conclusions

Energy load growth has remained relatively stable over the last 10 years. _NorthW'estefn is

also in the process of planning for two large industrial loads coming onli_n_é in the next few

years. Beginning in 2019, NorthWestern is forecasting that it will he’ed to obtain additional

its 'system capacity requirement.
“annually from 3 MW in 2019 to around 19 MW in 2026.

capacity e1ther through adding internal generation or third-party contracts, in order to meet

Based on the current forecast, this need will i 1ncrease

2016 South Dakota Electricity Supply Resource Procurement Plan
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CHAPTER 6
PORTFOLIO MODELING AND ANALYSIS

Modeling Overview _

For the 2016 Plan, NorthWestern used the PowerSimm™ suite of products from Asceod.
PowerSimm™ is a modeling software that NorthWestern uses to model costs and risks to
its portfolio. PowerSimm™ uses a stochastic simulation approach to consider uncertamty
over the planning horizon. The stochastic simulations allow NorthWestern to quantify the
effects of variation of load, renewable ‘generation, thermal generation, and commodity

prices on a simulated portfolio.

Portfolio Analysis

NorthWestern modeled a range of potential e'onditions with varying levels of renewables,

~ thermal capacity additions, and the effect of environmental policies. NorthWeste_rn’s base
~.case resource portfolro (“Base™) includes existing resources with no planned additions. The

Base portfolio depends on market purchases to meet current and future. portfolio needs.

The Base escalates the natural gas and electric prices based on EIA’s forecast of natural

- gas prices at SPP 1nterconnects in the Annual Energy Outlook “No Clean Power Plan”
'_reference case. The Base portfolio also provide the “base” upon whrch all other tesource

._p_ortfohos are modeled. -

Table 6-1 below lists the p'o:rtfolios that NorthWestern modeled and the modeling
assumptions for those portfoiioe Additional reneWable resources, wind and solar, ._Were
modeled to analyze the effect of varymg levels of renewable resources on NorthWestern S
resource portfolio. These portfolios are: the “50 MW Wind” case, the “100 MW Wmd”
case, the “50 MW Solar™ case and the “100 MW Solar” case. '

2016 South Dakota Electricity Suoply Resource Procurenient Plan® Y o Page 6-1. -
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Two portfolios anale:.e the addition of thermal resources to the Base portfolio. The

“Recip” portfolio includes two 18 MW Wartsila internal com_Bustion engines located in

Yankton entering the portfolio in 2022 and one 18 MW Wart_s"ila located in Mitchell in

2024. The “Combustion Turbine” portfolio adds one 60 ‘MW Pratt and Whitney

combustion turbine located in Huron to the portfolio in 2022,

NorthWestern also analyzed the effect of prospective future environmental regulations in
the “Clean Power Plan” portfblio. This portfolio uses the reference case from the EIA’s
Annual Energy Outlook for the escalation of natural gas and electric prices, which assumes

Clean Power Plan compliance.

(Remaining page blank for table.)
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Table 6-1 Resource Plan Portfolio Assumptions

Big Stone

Coyote -
Neal Simulated monthly forwards from current
Aberdeen 1 Intercontinental Exchange market prices. _
Aberdeen 2 Natural gas and electric prices use ICE through. |
‘Huron 1 October 2_017 while electricity uses ICE
Huron2 through December 2018 respectively.
Peaking Plants Extended through the 2026 by using nominal
Titan natural gas escalation from EIA Southwest
Beethoven Power Pool / North No Clean Power Plan
Base Portfolio . OakTree Reference case.
Base
. : +50MW wind in
50 MW Wind 2018 Same as base
Base
+100MW wind in
100 MW Wind 2018 Same as base
‘Base
+50MW solar in
50 MW Solar 2018 Same as base
Base
+100MW solar in o
100 MW Solar 2018 Same as base
Base
: + 2 recip in 2022 :
Recip +1recipin 2024 | Same as base
Combustion Base B
Turbine +1 ct in 2022 Same as base -
| Same as base for current prices. Escalation
— - | uses the EIA Southwest Power Pool / North
Clean Power Plan Base. | Clean Power Plan Reference case.

Summary of Results

Portfolio modeling with Power81mm produces a total NPV of term costs for each portfoho

; The total NPV costs are segregated into components of existing fixed and cap1tal costs,

2016 South Dakota Electricity Supply Resource Procurement Plan - '
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variable costs, fixed and capital costs less the residual value of new resources, and risk

premium.

' Figure 6-1 below shows the ten-year NPV of costs for the Base, 50 MW Wind, 100 MW
" Wind, 50 MW Solar, and 100 MW Solar cases. The NPV of all four renewable portfolios
i higher than the NPV of the Base. The addition of renewables helps to offset purchases,

but includes a greater cost than relying on market purchases.

: Figure 6-1
10-Year Net Present Value of Portfolio Costs, 2017-2026 (2017 $)
Base, 50 MW wind, 100 MW wind, 50 MW solar, and 100 MW solar cases

10 Year NPV Portfollo Costs
Comparing Base Portfolio with Renewables

$775

- . 768
T = sl
o : m Risk Premium

1 $235 $z15 1$1_,95'“ $223 ?$196

| . $250 H H
3 ; $0 e

i Base - 50 wind 100 wind 50 solar 100 solar o

" mNew Fixed + Capital -
Residual Value .

R i
L
=
Qo

$ Millions

Variable + Market

m Existing Fixed + Capital

Figure 6-2 éhOWS the ten-year NPV of costs for the Base, Recip, Combustion Tii_rbine, and

Clean P'.o'wé_r'Plan cases. As shown below, the Recip portfolio with additional reciprocating
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engines is more economical than the Combustion Turbine portfolio.’ The lower heat rate
and increased ﬂex1b111ty of reciprocating engines more than offsets their h1gher cap1ta1

costs. - The Clean Power Plan portfolio shows slightly 1ncreased costs over the Base

portfolio.

| - Figure 6-2 -
10—Year Net Present Value of Portfolio Costs, 2017 2026 (2017 %)

10 Year NPV Portfolio Cost
Utilizing Base Portfolio with Thermal

$753' $786 $742
- $750 .- $741 - $14 $14 e
E $235 $232 $235 $2_35 ®Risk Premium

» $500 o New Fixed + Capital -

5 s Residual Value
' E .. Variable + Market
' m Existing Fixed + Capital =

$250 - §

Total

Base Remp_ Combustlon Clean o
' Turbine PowerPlan =~ -

The annual portfoiie costs for the Base and renewable por'tfoli.os are displayed below in
Figure 6-3, and the annual portfolio costs of the Base, thermals, and Clean Power Plan

portfohos are shown 1n Flgure 6-4, Portfolio costs have decreased from the 2014 Plan
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Flgure 6-3- Annual Portfolio Costs — Base and Renewables

Annual Portfolio Costs Base and Renewable
Scenarios

150
140
130
120
110

Cost ($Million)

100
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

——Base =—==50 wind =100 wind =——50 solar ===-100 solar

Flgure 6-4 Annual Portfolio Costs — Base, Thermal, and Clean Power Plan

Annual Portfolio Costs : Base, Thermals, and Clean
Power Plan

150
140
130
120
110

Cost ($Million)

100
"2017 2018 2019 2020 2021 '__2022 2023 2024 - 2025 2026 -

Base ~=-Recip —_-Combustio_n_Turbine = == Clean Power Plan

Figures 6-1 through 6-4, above, exhib'it the economics of the NorthWestern supply
portfolio in terms of cost and rlsk In contrast the net positions of each supply portfollo are
shown below in Figure 6-5 and Figure 6-6. The net position charts show the amount of

energy purchased or sold in each portfolio in the SPP market based on utilizing the most
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economic resources to meet NorthWestern’s load obligations'.énd using NorthWestern’s
resources to s.up.ply ei_‘iergy to the SPP market when it makes economic sense'fo do so.
Renewable r.e'sources'are modeled as must-run, musfétake resources. The Net Position
ﬁgures show that NorthWestern must rely on market purchases to fulfill its load serving
obligation i 1n every -scenario other than the 100 MW Wmd portfolio, as shown by the
negative net.pos1t10n values of all portfohos except the: 100 MW Wind.

Figure 6-5 Net Posmon Base and Renewable Portfollos
200,000
100,000

0
(100,000)
(200,000) -

(300,000) -~

Net Position (MWh)

(400,000)

(500,000) : e
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

—Base —50Wind ——100 Wind ——50 Solar ~——100 Solar

Figure 6-6 below details the physical net position of the base portfolio compared to the
thermal portfolios and the Clean Power Plan scenario. The addition of thermal reS_o_urCes
helps to reduce thé amount of market purchases through the study horizon, _but-mé.rket

purchases are sti_ll_:i*e_quired to fulfill NorthWestem_"_s_:Ioa'd;serving obligation.
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_Figure -6 Net Position for Base, Thermal, and Clean Power Plan
o Portfolios -

e
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(400,000) - -
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== Bagse = Recip ——Combustion Turbine === Clean Power Plan

Evaluation of Capacity Resource Additions

NorthWestern evaluated various thermal generation .t_e_c.hnologies because of the capacity
deficiency that arri\}_es in2022. An 18 MW Wartsilei_.SO_SG reciprocating engine and a 60
MW Pratt and Whitney (“P&W Swiftpac 60™) combustion turbine were asséssed to
determine the potential economic value of each asset under observed market conditions of

SPP. While both 'aséets 'é;.re gas-fired generators, the d_i-ffefentiating factors reside in their

efficiency and flexibility.

- _ '__-Th'e SPP market provides mark_et prices on 5-minute increments and places an economic

premium on resources that can provide the flexibility to react in an ever-changing market.
Flexible resources that can'_eéénbniically deliver regulation energy and 10-minute spinning
reserves carry additional value in SPP. The combined effect of a volatile 5-minute energy
market and an attractive ancill‘éfy service market delivers a clear price signal to generators

that have the ability to:
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. Startup and shutdown within 5 minutes;
o Have negligible start-up costs; and

e Run at minimum Ioad efficiently to provide regulation services.’

A comparlson of the economic perforrnance of the Wartsila 50 SG engine versus s the P&W

Swiftpac 60 remforces the value of flexible generatlon and efficiency. Peaklng generatlon

that can rapidly and efficiently respond to the SPP market price signals has additional value

over less flexible or less efficient generation.

Flgure 6-7 - Annualized Gross Margln Profit by Market Product for
Wartsila 508G and P&W Swn‘tpac 60 Generation

$1BU
$160
$140 - o -
$120

£$100

$IKW-yr
©®
=]
S
\

Wartsila 50 5G R P&W Swiftpac 60
B Day -Ahead Energy [ ] Rea[-Time_ Er_nérgy B Ancillary Services

Figure 6-7 quantiﬁes the additional vﬁlue that the Warfsilé 508G provides over -t'.h.e P&W
Sw1ftpac 60 combustion turbme ‘These generators reahze revenue from three principal
. SPP. markets: 1) Day- ahead energy, 2) Real-time energy, and 3) Ancﬂlary services.
‘Because the Wartsila 508G engmes have a lower heat rate and greater operatmg ﬂex1b111ty,

R _.the Wartsila provides more val_ue than the P&W- _Sw-lftpac 60 combustion turbine. The

2016 South Dakota Electricity Supply Resource Procurement Plan : S Page 6-9
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Wartsﬂa engines have an annual gross margin proﬁt of § 166/kW-yr versus $92/1(W-yr for
the P&W Swiftpac 60.

Input Assumptions for Capacity Resource Additions
The input assumptions and modeling results captured the physical and ecdnomic_ attributes
of each generator relative to market prices. The operating characteristics of each generator

operating in-South Dakota are shown in Table 6-2.

Table 6-2 Generation Asset Input Assumptions

" Asset Characteristic = |Wartsila 18V50SG | Pratt and Whitney Swiftpac 60 |
Output (ISO) ' 18.56 MW 59.5 MW '
Efficiency - HHV (I50) 8,215 BtukWh 9,266 Btu/kWh
Minimum stable load 3.5 MW 28.3 MW
Efficiency at minimum stable load |11,462 Btu/kWh 12,012 Btuw/kWh -
Start-up time 1 min . |2 min
Start-up cost (maintenance) 0 $/start - 1200 $/start _
Start-up fuel cost 5.50 $/MW/start  |53.02 $/MW/start
VOM- $7.71/MWh $6.16/MWh

[Nox - 0.19 T/MVbtu 0.19 T/MMbtu
S0, | 0014 T/MVbtu ~ |.0014 TAMMbtu
CO, | - 118 T/MMitu 118 T/MMbtu

The mai‘ket prices for each co_nimodity are summ.a.ri'zed in Tables 6-3 and 6-4.

(Remaining page blank for table.)
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Table 6- 3 Summary of Energy Market Price Inputs
: for South Dakota

- Commodity - Price Volatility

T Peak — oﬁpeak Peak Oﬁpeak ‘
Gas Price (DA) | Daily $2.95:|\)_|Btu 20% -
Power (DA} Hourly | $20.16/MWh '._${_2'2.291MWh 39% 4%
Power (RT) | 5Minutes | $21.24/MWh | $19.53MWh |  181% 168%

Table 6 4 Summary of Ancillary Market Price Inputs

_ for South Dakota
S| Pricelntorval | : T —
_ Qommodlty. b (Units) R Average Pnce o A PrucquIa_tn_l:W_ .
e e s - Peak Off-Peak '_ . Peak . | . Off-Peak-
|10 '"'("IS‘:; Spin Hourly $7.87/MW $5.68/MIVY 552% " 563%
10 minute Non- N ' o C o
Spin (DA) _ Hqurly $3.0/MW $2.07/MW 1438% 1531%
Reg"(';:‘)’" UP | Hourly $13.20MW | $10.34MW | 330% 2%
_Regulation ' o . o'
Down (DA) Hourly $6.31/MW s7.01;nq_w 132% 50%
10 minute Spin| S L
(RT) 5 Minutes $3.84/MW $3.38/MW 550% 571%
10 minute Non- T B ' I 0
Spin (RT) 5 Minutes. ~|. - $1.48/MW $1.30MwW | 1305% |  1205%
Regulation Up T '
(RT) § Minutes- $11.22/MW $10.07/MW |- 289% 287%
Regulation 5Minutes |  $9.30/MW $9.50/MW |- %135 138%
Down (RT) ST L
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Nérﬂ1Wes_tem

Conclusions

NorthWestern modeled varying levels of remewables, thermals, and environmental

compliance against the current Base portfolio. The Base portfolio was the '_léast-cost NPV
' 'portfolio, but has slightly higher risk than the thermal or wind portfolios. NorthWestern is
_ m a position where it must make market purchases in order to fulfill ité_ load-serving

- obligation_in all portfolios other than the 100 MW Wind portfolio. Possible future

environmental regtilations, as indicated in the Clean Power Plan portfolio, increase costs

only slightly over the Base portfolio.

The Re.cip_"portfolio has a lower NPV cost than the -feﬁewable portfolios or the Combustion
Turbiné portfolios. Peaking generation that can rapidly and efficiently respond to the SPP
market price signals _has additional value over less flexible or léss efficient generation.-
Reciprocating engines provide capacity, deliver economic energy, and provide ancillaxj}
services. NorthWestern will continue to analyze the appropriate generation technologies

that provide capacity and additional value in the SPP market.
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" CHAPTER 7
ENVIRONMENTAL

__Environmenta'l- Tre_nds that Influence the 2016 Plan

Introductory Statement

Environmental con51deratrons continue to be a critical aspect of NorthWestern’s resource
planning process. We are committed to prov1d1ng utility services that reliably and cost-
effectively meet our customers’ needs, while protecting the quality of the environment.
We are vigilant in monitoring the impacts of our operations on the environment, in
complying with the spirit, as well as the letter, of environmental laws and regulations, and

in responsibly managing the natural resources under our stewardship..

The electric utility's'e'c_:_tor is heavily regulated by state and federal environmental laws such
as the Clean Air Act,the Clean Water Act, the Endangered Speeies Act, the Migratory Bird
Treaty Act, and laws regulating waste generation and disposal. _-'._H_igh-level considerations

of environmental regulations are discussed below.

' Greenhouse Gas _E'missions
" No single law or publie_.p'olicy issue has had as great an influence on resource planning as

 the Clean Air Act. The new regulations covering greenhouse gas' (“GHG”)-emissions from

new and existing electric generatrng units vividly demonstrate the potentral impacts of the
Act and have injected substantial uncertainty mto the planning process. Coal-fired
generatron plants are under partrcular scrutiny due to their level of GHG ernrséions As
dlscussed in Chapter 3 and deplcted in Figure 3-2, -our South Dakota energy supply |

resource mix includes 60 9% of base load coal fired energy generatron prov1ded by Jomtly-' |

2016 South Dakota Electricity S'upply.Resource Procurerﬁent'Plar_l _ N - Page 71
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‘owned coal plants located in three states — the Big Stone Plant in South Dakota, the Coyote

Station in North Dakota, and the Neal 4 Plant in Iowa.

New Source Performance Standards (NSPS)
On October 23, 2015, the final standards of performance to limit GHG emissions from

new, modified, and reconstructed fossil fuel generating units and from newly constructed
and reconstructed stationary combustion turbines were published in the Federal Register
(“FR”™). The standards reflect the degree of emission limitations that the US
Environmental Protection Agency (“EPA”).believes are achievable through the application
of its designated “best systems of emission reduction” (“BSER™). Parties are currehtly :
challenging this .regulation.' EPA’s carbon dioxide (“CO,”) emissions limit for fossil fuel-
fired electric utiiity éteam generating units precludes the construction of any new base load
coal-fired plants because the BSER include carbon capture and storage sysiems which are
not vet ready for commercial use. New base load natural gas combined cycle and simple
cycle combustion turbines are also required to meet a COz emissions standard. Non-base
load simple cycle combustion turbines are required to meet a heat input-based standard.
New reciprocating eng‘ines would not be affected by the NSPS. _NorthWéstefn’s analyses

in this plan factored in consideration of the NSPS for combustion turbines.

Existing Source Performance Standards

Ina éeparate action that dramatically affects existing power plants, the final rule titled,
“Carbon Pollutioh Emission Guidelines '. for Existing Stationary Sources: Electric
Generating Units” was also pub_lishlgd in the FR on October 23,2015. This rule establishes
gui_delinés for stateé to follow in _de.vel._oping plans to reduce GHG emissions from existing
clectric generating units under Sectiori_ 111(d) of the Clean Aif Act. EPA refers to this rule
as the Clean Pow_er Plan (“CPP”). The CPP 5peciﬁcally establishes CO2 emission

performance rates for existing fossil fuel-fired electric utility steam generating units and
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stationary combustion turbines.  States have the option to develop” theif - own
implementation plans or adopt a federal implementation plan. The EPA gave states the
option to develop compliance plans based on C.Oz .émission rates (poﬁnds (“Ibs.”) of CO2
per MWh) or CO; mass (tons) emissions. The C-PP estab.l'i.shed dates by which states were
required to submit plans. Initial plans were due to EPA b_y".Septe'mbér 2016, although states

had the option to seek a two-year extension to finalize their plans.

These deadlines are now on hold since the legality of the CPP is being challenged by
~ several 'Sfates (incl_liding South Dakota), utilities, trade groups and other companies. On
| Febfliary 9,2016, the U.S. Supreme Court issued a stay of the implementatid_n of the ﬁhal_-
CPP. The stay does not, however, alleviate uncertainty from a planning perspective. Thé
stay will remain in effect until the U.S.. Court of Appeals enters a decision on the
substantive challenges to the CPP and the 'Suprerne Court either denies a petition for a writ
of certiorari _foll.owing that decision or enters a judgment following grant of a petition for
a writ of cei't'idr:ari. The': U.S. Cdﬁrt of Appeals heard oral arguments on September 27,
_. 2016, Timi_ng of the final resolution of the legal challenges to the CPP is difficult to predict,
' but a decision could be made by late 2017 or early 2018. | o

Despite the Suprem_e' Court’s decision to stay the CPP, there remains significant risk
regarding the uncertair_ity' of the ultiniat_é dispositidn of carbon emissions reductions in the

states where NorthWestern’s jointly owned affected power plants are located.

Carbon Costs

Estimated potential future costs associated with the regulation of CO2 emissions from
thermal power plants represent one of the risks th_at NorthWestern considered in its
modeling analysis. In the 2014 Plan, NOrthWe_'st_é'r_ri-accounted'.for the potential costs

resulting from CO; reduction regulation by includ_i'n'g__a_ cost for carbon. In this 2016 Plan
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analysis a cost is not assigned directly to carbon emissions, but is included in the market
prices produced by the EIA in its Annual Energy Outlook for the SPP North Reference
case. These prices are included in the escalation to the natural gas and electric prices in |

the mo_deling under the Cl_éan Power Plan portfolio.

Sunimary of Key Environmental Risks: Jointly Owned
Facilities

Regional Haze Rule

~ The Regional Haze Rule addresses visibility impairment in Class [ areas. Class [ areas
include national parks and wilderness areas. Facilities built between 1962 and 1977 with
emissions in specified quantities that contribute to visibility impairment in Class I areas

are required to install best available retrofit technology (“BART™) to control emissions. .

Big Stone Plant

Big Stone Plant has been online since 1975 and therefore was BART-eligible. Air

* dispersion modeling for Big Stone indicated the plant contributed to visibility impairment

- at Class 1 areas ih South Dakota, North Dakota, M.ichigan and Minnesota. Therefore, Blig' '
Stone Plant was required to install and operate BART which the South Dakota Department
of Environment and Natural Resources determined to be Selective catalytic reduction in

| conjunction with separated over-fire air for control of nitrogen oxides (“NOx”), a scrubber
for reducing sulfur dioxide (“SO2*), and a._bag-hous_e to éontrbl-particulate matter. The air
quality cdntrol system comprised of this equipment was con“ll_mis.sioned on December 29,

2015 and is fully operational.

Coyote Station |
Coyote Station has been online since 1981 and therefore was not BART-eligible. Although
the unit was not BART-eligible, the North Dakota Regional Haze State Implementation
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Plan (“SIP”) required Coyote Station to reduce NOx emissions by July 2018. To satisfy
the SIP, separated over-fire air equipment was installed during a spring 2016 planned |

maintenance outage.

Neal Unit 4

In Iowa, no source specific or unit specific emissions limits or compliance schedules were

_ developed for the regibnal haze SIP. Towa relied on the Cross-State Air Pollution Rule to

equal BART

Regional Haze SIP Revisions

States are required to revise thelr regional haze implementation plans and subm1t them to
EPA by July 31, 2018, and every 10 years thereafter However, on April 25, 2016, EPA
signed a proposed rule to delay the July 31, 2018 revision date until July 31, 2021
Currently, Neal _Umt 4 do_es not anticipate any compliance issues with the Regional Ha_z_e

Rule in the near future. For Big Stone Plant and Coyote Station, it is as yet uncertain how

_ future region_al haze SIP revisions may affect them. However, NorthWestern, along with

' the othé_r joint owners, believes Coyote Station could be faced with additional N_Ox and SO;

reductions.

Mercury and Air Toxics Rule
MATS became effective April 16, 2012, requiring new and existing coal-fired facilities to
achieve emissions standards for mercury, acid gases, and other hazardous pollutants.

Existing sources were required to comply with the new standards by"April 16, 2015.

All of the jointly owned coal-fired power plants in Oui‘"poftfolio — the Big Stone Plant in
South Dakota, the Coyote Station in North Dakota an'd'_the Neal 4 Plant in Iowa — are

currently in compliance with the MATS rule ‘Therefore, we assume in the Plan there will
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be no additional material upgradeé required for additional MATS compliance obligations

for any of the plants.

Coal Combustion ReSIduaIs

“The D1sposal of Coal Combustion Re51duals from Electric Generatlng Ut111t1es was
published in the FR on April 17, 2015. These regulatmns set forth requ1rements for the.
disposal of coal combustion residuals (“CCR”) as non-hazardous waste under the sohd
waste provisions in subt1t1e D of the Resource Conservation and Recovery Act. The rule
establishes requirements for new and existing CCR landfills and surface impoundments.
The requirements cover groundwater protection, operating criteria, record keeping and
notiﬁcétion, and public information posting. Several new requirements will 'apply to the
Big Stone Plant and the Coyote Station. Neal 4 is already in compliance since all ash is

dry disposed.

Big Stone Plant
Big Stone Plant operates a dry disposal site that is already regulated, perihitted, and

inspected by the South Dakota Department of Environment and Natural Resources. Big :
Stone Plant also has a surface impoundmé'nt used to témporarily handle boiler slag sluiced
to the impoundment before it is -disposed in the dry disposal site or beneficially reused.

Currently B1g Stone Plant is conducting the required background groundwater momtormg

- program for the 1mpoundment Background groundwater monitoring must completed by
- October 19, 2017 and a location restrlctlon determination must be made by October 19,

2018,

Coyote Statlon
The Coyote Station operates a dry d1sposa1 site that is already regulated, perrmtted and
inspected by the North Dakota Department of Health. The Coyote Station also operates

2016 South Dakota Electricity Supply Resource Procurement Plan . ; Page 7-6



NorthWestern

K EI‘O'V Lo
Delivermga Bright Future i Chapter 7 - Environmental

 three surface impoundments used to temporarily handle and dewater boiler slag sluiced to
‘the impoundments before it is dispose.d in the dry'_-disposal site or beneficially reused.
© Similar to Big Stone Plant, Coyote Station is conducting the required background

gr(__)undwater monitoring programs for the impoundments.

'_-.Summary of Key Environmental Risks: Owned Facilities

Fach of NorthWestern’s owned generation facilities operates under air quality operating
permits issued by the Sb_uth Dakota Department of Environmental and Natural Resources.
The permits typically set visibility limits and emissions limits for total suspended
particulate matter, SOé, NOx, carbon monoxide, and volatile organic carbons. In -
accordance with these permits, NorthWestern maintains control equipment, cbnducts
sampling, testing, measurement, recordkeeping, compliance certification, and reporting

and pays an annual air fee.

Table 7—1_.Enviro-nmenta| and Natural Resource Permits

.Statio‘h'_.' || Tide V Op.e rating Expiration Date
Permit # o
Aberdeen _28.0801-03 February 17, 2020 - -
Huron 28.0801-04 June 12, 2020
Yankton 28.0801-07 March 6, 2020
Clark 28.0801-18 - |- October 17, 2019
Faulkton 28.0801-28 | = May 12, 2021
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Other Environmental COnsideréti'ons

Wlnd Generatmn
In smng the 80 MW Beethoven Wind Farm, the developer and now NorthWestern as the

owner/ operator follow the U.S. Fish and Wildlife Service’s (“USFWS”) Land-Based Wind
Energy G‘_uidelines, which are voluntary guidelines for addressing wildlife e_onservation
concerns. The Bird and Bat Conservation Plan for the project is being implemented, and
post-construction monitoring is underway to determine impacts of operations on birds and
bats. Results of the monitoring will help inform NorthWestern of any operational or other
mitigation that may be necessary. At this time we do not foresee additional material

mitigation at our wholly owned wind facility.

The USFWS has regulatory authority to administer the following regulations that could
affect siting or operating a wind farm in South Dakota: .t'h'e Migratory Bird Treaty Act, the
Bald and Golden Eagle Protection Act, the Endangered Species Act as amended, the
National Wildlife Refuge System Improvement Act of 1997, and the National
Environmental Policy Act. New wind generatmn in South Dakota will be subJect to the

aforementioned regulations.

Summary o
NorthWestern’s. planning process will continue'. 1o be impacted by environmental and _
wildlife regulations and legislation that will affect current and future thermal and
renewable generation resourees Providing reliable, cost-effective energy in an
environmentally safe manner remains one of NorthWestern’s comm1tments We will
continue to comply ‘with env1ron:mental statutes and guidelines whﬂe fulfilling our

responsibility to our cu_stemers.
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NorthWestern modeled a portfolio that included CPP compliance. The CPP"portfolio

included._e_s'_calation.in the natural gas and electric prices that were prdyi_ded by the EIA

Annual _En'érgy Outlook Reference case for CPP Compliance. See Chapter 6 for the

modeling_-i‘ésults of the CPP portfolio.

2016 South Dakota Electricity Supply Resource Procurement Plan Soeoe Page 7-9

N



NorﬂiWe%Eerﬂ

1 e1Igy . :
Dellvering o Bright Future . . Chapter 8 —Conclusions and Action Plan

 CHAPTER 8
CONCLUSIONS AND ACTION PLAN

COnclusion

This Plan evaluates NorthWestern’s electric load-serving obligation_ and guides
NorthWestern’s resource procurement process in South Dakota for the next 10 years. The
Plan is updated biennially and evolves with any significant chang'és in legislation, regional
operational or planning needs, and environmental requirements. The Plan’s conclusions
are inte;nded to provide gui_dahce regarding NorthWestern’s resource investments on behalf

of its South Dakota customers.

Portfolio Management

SPP requirements will also guide NorthWestern’s planning process, and NorthWestern
remains committed to. full participation in SPP and full implementation of all SPP
requirements. Given the economic dispé_lfdh regime of SPP, NorthWestern will examine
how best to serve its cﬁstomers’ needs 111 a manner consistent with its current fleet of

generation resources.

Capacity continues to be of concern and NorthWestern will' continue to evaluate its

' capacity needs, and the best means to meet those needs. An evaluation of NorthWestern’s

3'§_)1der generation assets for possible retirement and replacement will be undertaken in 2017.

Additionally, opportunities to enhance grid reliabiiity in a cost effective manner will also
be studied. These evaluations, along with the other analysis contained in the Plan, will be

used to determine how to best serve the long-term needs of our customers.
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- Additionally, NorthWestern expects that' the action plan items listed ‘below will
significantly influence NorthWestern’s actions between tesource plans. To facilitate the

implementation of this Plan, NorthWestern set forth the fb_ll_owing action plan. "

-Action Plan

1. Presentation to the South Dakota Public Utilities Commission (“PUC”). The 2016 -
Electric Integrated Resource Plan will be presented to the PUC in December of ;
2016. '

2. Retirements. NorthWestern will work with an engineering consulting firm to |
develop a Retire and Replacement Plan for".__the natural gas-ﬂred_ and oil-fired
generating units. 'The study will examine efficiency, reliability, parts availability,
and book value, arid_ it will provide a cost beﬁefit analysis for replacement of those
assets with proxy technology selections. The economic contributions of each asset -
to the overall resource portfolio will.al_.so-be evaluated. NorthWestem expects that '_
the stud_y Will be completed in July 2017 and the results Will._be used to inform its |

resource deVelopmenf_,- plans for South Dakota.

3. Capacity. Expiration of the current cap.ac'.ity agreement with MRES after the 2018
summer season will create a capacity shorffail_.beginning in 2019. NorthWestern’s

- current capacity forecast shows that it will be 3 MW short in 2019, incr_éa.s.i_ﬁg to
" around 19 MW short in 2026 NorthWestern will e-valuate market puféhaéés of
. : _cap_acity and economic additions of physical genefé.ti_on resources to satisfy capacity

- requirements.
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4. Grid Reliability. NorthWestern will continue to study the value that can be attained - .
by locating future resource additions at sites that are strategically located throughout

NorthWestern’s South Dakota Service territory, to help increase grid reliability.

5. Generation T echnologies. NOrthWestern will continue to monitor and evaluate -

generation technologies that have the potential to help NorthWestern meet its load- '.

serving obligation at lowest total cost to its customers

6. Environmental. NorthWestern’s current planning efforts. cOi_l'tinue {o center on
technologies that comply with proposed environmental regulations. NorthWestern
will continue to monitor CPP proposed rules and will incorporate any additional

environmental regulations/requirements into its planning processes as necessary.

7. SPP Operations. NorthWestern will continue the integratioir_l of its planning to meet
SPP planning criteria. SPP requirements for resource capacity contribution and
peak load forecasting _will be adhered to as those standards continue to develdp.

Resource planning will neé’essar_ily’reﬂect those changes.

8. SPP Transmission Planning. NorthWestern will continue to monitor and participate
in SPP working groups dedicated to the transmission planning process.
NorthWestern will also continue to evaluate the results of SPP 'suidies,'albng with

the sysfem needs that are realized from the studies. .
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