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MCC-113 

MONT ANA-DAKOTA UTILITIES CO. 
MONT ANA CONSUMER COUNSEL 

OAT A REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. 02015.6.51 

Regarding: Demand Allocation Factors 
Witness: Sara J. Cardwell 

Please provide in electronic format supporting documentation and worksheets for 
the 12-CP and 4-CP allocation factors provided in response to data request 
MCC-090. Also please provide the 1-CP allocation factor for each of the rate 
classes in Schedule L-3 along with its supporting worksheets in electronic format. 

Response: 

Please see Revised Response No. LCG- 010 and the file titled "MCC-113 - 4, & 1 CP" 
for all supporting workpapers for the 12, 4, and 1 CP. 



MCC-114 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Demand and Energy Determinants 
Witness: Sara J. Cardwell 

Please explain in detail if the source data for all demand and energy determinants 
corresponding to each class and used throughout the embedded cost of service 
study and the marginal cost study are from 2014 actual billings or they otherwise 
correspond to actual 2014 demand and energy for MDU's system in Montana. 

Response: 

All billing determinants are derived from actual 2014 sales data. A pro forma adjustment 
was made to Rate 30 Secondary to account for a new customer that started service in 
August of 2014 as noted in Response No. MCC-001 . 



MCC-115 

MONTANA-DAKOTA UTILITIES CO. 
MONT ANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Class Load Factors 
Witness: Sara J. Cardwell 

a. Please provide in electronic format all supporting documentation, 
worksheets and calculations for the development of the class load factors 
used in calculating the non-coincident peak (NCP) demand for each class 
at meter, as shown in the calculation of the Average & Excess Demand 
allocator (Factor 2). These class load factors are also shown on tab 
" Demand and Energy Data" of the file Marginal Cost Study Exhibit SJC1-
SJC11.xlsx. 

b. Tab "Demand and Energy Data" of the file Marginal Cost Study Exhibit 
SJC1-SJC11.xlsx shows System Coincidence percentages for each rate 
class. Please explain in detail how they were calculated and provide all 
data and supporting documentation in electronic format. 

Response: 

a. Please see Response No. LCG-009. 
b. Montana-Dakota evaluated available fixed network interval data by rate class. 

Within this valid sampled data an average Kwh, Non-Coincident, and 
Coincident peaks were developed by month by class. These average values 
were then applied to active customers by month by rate to determine a Non
Coincident peak for that class. This information was used in the Marginal study 
on the Demand and Energy Data worksheet. 



MCC-116 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Average & Excess Demand Allocator 
Witness: Sara J. Cardwell 

Please explain in detail why an Average & Excess demand allocator (Factor No. 2) 
based on non-coincident peak demand results in better allocation of production 
and transmission cost rather than an Average & Excess demand allocator based on 
coincident peak demand. 

Response: 

The reason a non-coincident peak is used as opposed to a coincident peak to allocate the 
excess demand is that by definition the Average and Excess demand method uses a non
coincident peak to allocate the excess portion of demand. 

In Docket Nos. 02007.7.79, 02009.4.56 and 02010.8.82 the AED allocation method was 
used to allocate Production and Transmission plant and was determined to be 
appropriate for Montana electric operations. 



MCC-117 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Minimum and Normal System Analysis 
Witness: Sara J . Cardwell 

Please provide in electronic format all supporting documents and worksheets used 
in developing Attachment A included in response to MCC-093. In other words, 
please provide the complete analysis used to classify Poles, Overhead Conductors 
and URD Conductor as customer and demand related, including all data, formulas, 
itemized cost for the minimum and normal system, and all supporting source 
documentation. 

Response: 

Please see the file named MCC-11 7- Distribution System on the enclosed CD. 



MCC-118 

MONTANA-DAKOTA UTILITIES CO. 
MONT ANA CONSUMER COUNSEL 

OAT A REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. 02015.6.51 

Regarding : Weighted Customers 
Witness : Sara J . Cardwell 

Please provide in electronic format all supporting documents, cost bases and 
worksheets, with formulas and links intact, for the development of customer 
weights for meters, services, t ransformers and customers accounts as shown on 
Statement Workpapers, Statement L, page L-14. 

Response: 

Please see the files titled MCC-11 8 Meter & Customer Weights, MCC-118 Service 
Weights and MCC-118 Transformers on the enclosed CD. 



MCC-119 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

OAT A REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. 02015.6.51 

Regarding: Statement L- Line Transformer Investment 
Witness: Sara J. Cardwell 

In response to MCC-094 you refer to Statement Workpapers Statement L, page L-23 
for the calculation of customer weights for line transformers. Please provide an 
electronic copy, including all formulas, links, workpapers, cost bases and 
supporting documents, of these calculations, including pages L21 through L24, 
which relate to meters, services and customer accounts. Please provide detailed 
information about the typical cost of each type of equipment or expense required 
to serve each customer class, as well as how the base cost was determined. 

Response: 

For an electronic copy of page L-23 please see the file provided in Response No. MCC-
118 titled MCC-118Transformers. 



MCC-120 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

OAT A REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. 02015.6.51 

Regarding: Annual Cost of a Combustion Turbine 
Witness: Sara J. Cardwell 

In reference to the workpapers- Attachment A provided in response to MCC-097, 
please provide in electronic format all data, assumptions and calculations used in 
developing a 2016 capacity cost of $816.00/KW for a combustion turbine. 

Response: 

The basis for the cost of $816.00 per kW for a combustion turbine is a report prepared by 
SEGA Engineering and Technical Services provided as Attachment A and also included 
as Attachment E in the 2015 IRP. 



Response No. MCC-120 
Attachment A 

Response No. MCC-120 
Attachment A 
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EXPLANATION OF IRP SUPPLY-SIDE 
RESOURCES COST ANALYSIS 

1.1 INTRODUCTION 

Montana-Dakota Utilities Co. (Montana-Dakota) requested Sega Inc. (Sega) to conduct a 

cost analysis of supply-side resources to be included in Montana-Dakota's 2015 Integrated 

Resource Plan (IRP) model. 

This report includes costs for 23 supply-side options. Of these, the overall model costs for 

the four wind and the two coal alternative resources have been developed by Montana

Dakota and included in this report. These six options are based on Montana-Dakota's 

knowledge from the construction of three self-built wind farms, as well as "A Study of 

Lignite-Based Advanced Generation Technology Systems" completed by WorleyParson's for 

the Lignite Energy Council. The information was supplied by Montana-Dakota and is 

included in the report in order to provide a comprehensive data set for the model. 

The results of the current IRP Supply-Side Resource Costs Analysis will be used for 

Montana-Dakota's 2015 IRP and input into the Electric Generation Expansion Analysis 

System (EGEAS). 

1.2 PERFORMANCE BASIS 

The following assumptions (provided by Montana-Dakota) were used in the combustion 

models. The site-specific inputs were based on Williston, North Dakota, whose geography 

and weather conditions are close averages to that of most western North Dakota and 

eastern Montana locations. For the 2xl 7EA Heskett Station Unit 3 (Heskett 3) expansion 

option, site specific elevation, humidity, and temperature were used, which is detailed in 

Section 1.5.2. 

1. Elevation: 1,950 feet AMSL. 
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2. Humidity: 36 percent. 

3. Temperature: 82.1 degrees F. 

4. Generation Power Factor: 0.85. 

5. Generator Terminal Voltage: 13.8-kV. 

6. Interconnection Voltage: 115-kV. 

7. Fuel for Combustion Turbine Generators (CTGs): Natural gas. 

8. LHV to HHV Ratio: 1.11. 

9. Fuel for Landfill Gas: GT PRO default. 

10. Fuel for Biomass: GT PRO default (wood pellets). 

11. Fuel for Solid-Waste Burner: GT PRO default. 

1.3 SUPPLY-SIDE RESOURCES CONSIDERED 

The cost analysis includes the following generating facilities: 

1. Simple-Cycle CTGs: 

a. GE 7EA (frame, natural gas-fired). 

b. GE LMS100PB (aero-hybrid, natural gas-fired). 

c. GE LM6000PH (aero derivative, natural gas-fired). 

d. Solar Titan 250 (frame, landfill gas-fired). 

2. Combined-Cycle CTGs: 

a. 1x1 General Electric (GE) LM6000PH (aero derivative, natural gas
fired). 

b. 1x 1 GE 7EA (frame, natural gas-fired). 

c. 2x1 GE 7EA (frame, natural gas-fired, add an additional GE 7EA to 
existing R.M. Heskett 3). 

d. 1x1 GE 7FA.05 (frame, natural gas-fired). 
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e. 2x1 GE 7F A.05 (frame, natural gas-fired). 

f. 3x1 Siemens SGT 800 (frame, natural gas-fired). 

3. Reciprocating Internal Combustion Engine (30 MW): 

a. Wartsila 20V34SG (natural gas-fired). 

4. Fuel Boilers: 

a. Generic solid-waste burner (15 MW). 

b . Generic biomass (30 MW). 

c. Generic coal with C02 capture (122 MW). 

d. Generic coal without C02 capture (185 MW). 

5. Renewable Non-Fuel: 

a. Generic photovoltaic solar (30 MW). 

b. Generic concentrated solar (30 MW). 

c. Generic thermal solar (30 MW). 

d. Generic geothermal (30 MW). 

e. Generic wind North Dakota (20 MW). 

f. Generic wind North Dakota (50 MW). 

g. Generic wind Montana (20 MW). 

h . Generic wind Montana (50 MW). 

1.4 DELIVERABLES 

Sega performed the cost a nalysis of these supply-side options by developing/updating 

design-cos ting models, requesting vendor data, researching cost information sources, and 

creating an IRP cost analysis spreadsheet. Tables from this spreadsheet are provided in 

Appendix A. For each option considered, the following deliverables are presented in 

Table A-1 , which is a roll-up summary of the IRP costing spreadsheet for all of the options: 
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1. Plant Size (MW, net): Based on the data specified in the performance basis. 

2. Capital Cost ($/kW) - Total Capital Investment (TCI) Unloaded, divided by 
the plant s ize. 

3. Fixed Operation and Maintenance (O&M) ($/kW-month): Total of the O&M 
fixed costs including labor, maintenance, and other expenses. 

4. Variable O&M ($/MWh): Total of the O&M variable costs including 
maintenance, utilities, and chemicals. 

5. Major maintenance ($/kW-month). 

6. Full load heat rate (Btu/kWh, net). 

7. Carbon intensity (lb/MWh). 

8. NOx (ppmvd at 15-percent 02). 

9. CO (ppmvd at 15-percent 02). 

10. Fuel Cost ($/MBtu): Landfill gas and municipal solid w aste (MSW) cost 
provided by Sega, a ll other fuel cost s provided by Montana-Dakota. 

Each cost includes t he applicable emissions equipment, (i.e., w ater injection, duct burner , 

SCR, CatOx, etc.) a s noted in summary Tables A-1 to A-9. 

Capital costs were evaluated on a TCI-unloaded a nd TCI-loaded basis . The unloaded costs 

include the genera tor step-up (GSU) transformer, however , interconnection cost s (i.e., 

transmission, gas, and syste m upgrades), la nd, interest during construction, spare parts 

and materials, fina ncing, a nd project administration a nd developer's fees have not been 

included as listed in Figure 1. Sega estimated the TCI-loaded cost by rerunning the 

unloaded cost analysis with a project administration and developer 's fee of 1 percent and a 

fina ncing cost of 4 percent for CTGs a nd 1 percent for the boiler options. The TCI-loaded 

cost was used as a bas is to calculate the fixed cost s of property tax a nd insurance for t he 

CTG options. 
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Transmission Interconnect a nd Upgrades (Except for GSU*) 

Interest During Construction 

Fuel Supply Pipeline 

Land 

Spare Parts and Materials 

Project AdministTation and Developer's Fee 

Financing 

* GSU transformer cost is included in project TCI. 

1.5 CTG OPTIONS 

Figure 1 - Project-Specific Costs 
Not Included in TCI-Unloaded 

Not in 
TCI-Unloaded 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

A capital cost analysis was performed for the CTGs usmg Thermoflow Inc.'s thermal 

engineering software GT PRO that includes a Plant Engineering and Construction 

Estimator (PEACE) module for determining capital costs. Thermoflow uses information 

from Original Equipment Manufacturers (OEMs), material supplier s, engineering firms, 

and contractors to determine the cost indices contained in the PEACE module. The cost 

indices are refreshed on a routine basis (typically, bi-annual) to reflect current mark et 

conditions. The PEACE costs are based on site works, foundation s, mechanical installation 

and materials, electrical installation and materials, and engineering design and startup for 

specific models of CTG. For example, a CTG requiring a selective catalytic reduction (SCR) 

system will require additional material and labor for the installation ofthe SCR a nd related 

equipment. 
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For the Thermoflow model runs, the natural gas quality specified by Montana-Dakota (see 

Figure 2) was cu stomized as a user-defined fuel in Thermoflow for each of the nine natural 

gas-fired CTG options. For each of the CTGs, the inlet air filter pressure drop was assumed 

to be 2"Hz0 with a duct and stack draft loss of 5.5"H20. 

Natural Gas Quality Volume Percent 
CH4 90.0 

C2H6 6.35 

C3H3 0.55 

C4H10 0.13 

C5H 12 0.04 

C6H14+ 0.02 

N2 1.18 

C02 1.11 

H2 0.07 

He 0.55 
Total 100 
Fuel Gas Temperature 80 °F 
Fuel Gas Pressure (Range) 375 - 1,000 psig 
Fuel Heating Value (LHV) 20,393 Btu/lb 
LHV to HHV Factor 1.11 
Figure 2- Natural Gas Quality Assumed for CTG Analyses 

Once these assumptions, along with the site-specific assumptions from Section 1.2, were 

entered into Thermoflow, the only information that varied between the natural gas-fired 

CTG cases were the plant cycle set up, the CTG type, and the emission reduction 

techniques, which included an oxidation catalyst for CO reduction and a SCR system for 

NOx control. All plant information, TCI-loaded, TCI-unloaded, NOx, CO, and COz 

emissions could be either found directly in or calculated from Thermoflow's text or PEACE 

outputs. The plant size, performance, emission controls, operational parameters, 

emissions, capital costs, fixed costs, variable costs, and summary for all CTG plant options 

considered are shown in Tables A-2 through A-5. 
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1.5.1 Simple-Cycle CTGs 

Figure 3 summanzes key performance and descriptors for the three natural gas-fired 

simple-cycle CTGs assessed. 

ISO Ratings* Gas 

Turbine 
(MW) Uncontrolled Pre-SCR Pressure Dual-fuel Technology Model 

Heat R ate NOx NOx Needed Capable Type Maturity 
(Btu/kWh) (ppmdv) Control (psi g) 

GE7EA 84. 1 
9 Dry 311 Yes Fra me Mature 

10,634 

Some 

GE LMSlOOPI3 
99.5 

25 Dry 975 No Aero-Hybrid 
actual 

8,540 models 
operating 
LM6000 

GE LM6000PH 
51.0 

15 Dry 700 No Aero 
mature; 

8,91 2 PH very 
new model 

* Ratings at ISO condi tions, HH V, gross a re provided for reference. S ite-specific ratings arc provided in the TRP 1 nformation 
Spreads heet. 

Figure 3 - Summary of Gas-Fired Simple-Cycle CTGs 

The following paragraphs provide a summary of key assumptions in the assessment for 

each of the CTGs. 

The simple-cycle GE 7EA CTG utilizes dry low NOx (DLN) technology to minimize NOx 

emissions to less t han 9 parts per million by dry volume (ppmvd at 15-percent 02). 

Because of this very low CTG emission level as a starting point the incremental emission 

reduction cost ($/ton removed) for a dding SCR would be relatively high . Therefore, Sega 

has assumed the additional emission control equipment of SCR would not be needed for 

permitting to meet Best Available Control Technology (BACT) requirements. Similarly, 

Sega assumed that an oxidation catalyst for CO emission reduction would not be r equired 

for this CTG to meet BACT. This assumption is a lso based on the rela tively high emission 

reduction cost effectiveness for adding oxidation catalyst to a s imple cycle CTG . 
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The simple-cycle GE LMSlOOPB utilizes DLN technology to m1mm1ze NOx em1sswns. 

However, even with reduction technologies, the LMSlOO has an uncontrolled NOx emission 

level of 25 parts per million by dry volume (ppmvd at 15-percent 02). With the relatively 

high starting point of 25 ppmdv, Sega concludes that the incremental emission reduction 

cost ($/ton removed) will be low enough to require the use of SCR for permitting to meet 

BACT. The SCR NOx reduction effectiveness was set to 90 percent (2.5 ppmdv outlet), 

ammonia slip was set to 5 ppmvw using a 19-percent aqueous ammonia solution; urea 

usage was not included in the analysis. The SCR auxiliary power and SCR capital 

investment were determined by the difference of two cases separately run in Thermoflow; 

one with SCR and one without SCR. Sega assumed that an oxidation catalyst for CO 

emission reduction would not be required for this CTG to meet BACT. This assumption is 

based on the relatively high emission reduction cost effectiveness for adding oxidation 

catalyst to a simple-cycle CTG. 

The simple-cycle GE LM6000PH also utilizes DLN, with a NOx emission level of 15 ppmdv. 

With the starting point of 15 ppmdv, Sega concludes that the incremental emjssion 

reduction cost ($/ton removed) will be low enough to require the use of SCR for permitting 

to meet BACT. The SCR NOx reduction effectiveness was set to 80 percent (3 ppmdv 

outlet), ammonia slip was set to 5 ppmvw using a 19-percent aqueous ammonia solution. 

Sega also assumed that an oxidation catalyst for CO emission reduction would not be 

required for this CTG to meet BACT. 
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1.5.2 Combined-Cycle CTGs 

Figure 4 summarizes key performance and descriptors for the s1x combined-cycle CTG 

facilities assessed. 

ISO 
Gas Ratings* Uncontrolled Pre-SCR Dual-

Turbine (MW) NOx NOx Pressure 
Fuel 

Technology Model 

Heat Rate (ppmdv) Control 
Needed 

Capable 
Type Maturity 

(Btu/kWh) 
(psi) 

LM6000 
GE LM6000PH Sprint 62.8 

15 Dry 700 No Ae ro 
mat ure; PH 

(lxl) 7,663 very new 
model 

GE 7£A (1x1) 
127.6 

9 Dry 350 Yes Frame Mature 
7,608 

G£ 7.EA (2x 1) Heskett 256.7 
9 Dry 350 Yes Frame Mature 

3 Expansion 7,570 

GE 7FA.05 (lxl) 
294.6 

9 Dry 600 Yes F rame Mature 
6,672 

GE 7FA.05 (2xl) 
593.0 

9 Dry 600 Yes Frame Mature 6,631 

Siemens SGT 800 2 13.9 
15 Dry 350 Yes Frame Mature 

(3x l ) 7,347 

*Ratings at ISO conditions, HHV, gross arc provided for reference. Site-specific rat ings are provided in the TRP Information 
Spreadshee t. 

Figure 4 - Summary of Combined-Cycle CTGs 

The following paragraphs provide a summary of key assumptions in the assessment for 

each of the facilities. 

The combined-cycle with an LM6000PH CTG was set up in a similar way as the simple

cycle CTG except that it includes spray intercooling for power augmenta tion (SPRINT) and 

a l x l single-pressure combined-cycle plant with an extraction condensing tuTbine. SPRINT 

was included in this case because the demineralized water , which is required for injection, 

will all'eady be available a s part of the steam generation system equipment. Sega assumes 

that the cycle cooling system will include a mechanical draft cooling tower. As with the 

simple-cycle case, an SCR system was included with a NOx reduction effectiveness of 

80 percent (3.0 ppmdv outlet). Sega ass umes that an oxidation catalyst would be required 
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for permitting to meet BACT for CO reduction. This conclusion is based on the relatively 

low incremental emission reduction cost effectiveness of installing oxidation catalyst in a 

heat recovery steam generator (HRSG). 

80-percent CO reduction effectiveness. 

The catalyst was included at 

The two GE 7EA combined-cycle cases were modeled as a dual-pressure no-reheat 1x1 

combined-cycle plant with a mechanical draft cooling tower a nd a 2x1 dual-pressure no

reheat combined-cycle with a mechanical draft cooling tower. A duct burner was included 

in each case and the fir ing temperature was specified at 1,200 degrees F. Sega assumes 

that an SCR system would be required for permitting to meet BACT for NOx reduction. 

This conclusion is based on the relatively low incremental emission reduction cost 

effectiveness of installing an SCR system in a HRSG, and that the combined-cycle facility 

would not have any limita tions of annual hours of operation. The SCR was included at 

80-percent reduction effectiveness resulting in an outlet level of approximately 2.0 ppmdv, 

which is the lowest consistently achievable level. Sega assumes that a n oxidation catalyst 

would be required for permitting to meet BACT for CO reduction. As with the other 

combined-cycle options, this conclusion is based on the relatively low incremental emission 

reduction cost effectiveness of installing oxidation catalyst in a HRSG a nd that the 

combined-cycle facility would not have any limitations of annual hours of operation. The 

catalyst was included at 80-percent CO reduction effectiveness. 

The GE 7EA 2x1 combined-cycle is a unique case that incorporates the existing simple-cycle 

7EA located at the Heskett 3 into a new 2x1 arrangement. The performance is based on t he 

Thermoflow model for a complete and new plant site including two engines, two HRSGs, a 

common cooling tower, and a common steam t urbine similar to t he other combined-cycle 

options. 

The GE 7EA combined-cycle plant output, performa nce, and all operational parameters for 

the 1x1 plant were based on the design site average conditions specified by Montana 

Dakota (82. 1 degrees F , 36-percent r ela tive humidity, and elevation of 1,950 AMSL). The 

pla nt output, performance, a nd all operational parameters for the 2x1 plant were based on 

the design s ite average conditions specified by Monta na-Dakota for Heskett 3 
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(83.8 degrees F, 40-percent relative humidity, and elevation of 1,695 ft. AMSL). For both 

the lxl and 2xl plant, the steam turbine, HRSG, and condenser were sized for a cooler 

condition of 40 degrees F and 40-percent relative humidity since this equipment must be 

sized to accommodate higher CTG output at reduced ambient temperatures. However, the 

cooling tower was still sized for the design site average condition for each plant since it 

must be sized to accommodate the warmer site design condition. Thus, all plant 

information (output, performance, operational parameters, etc.) listed in Tables A-2 

through A-5 are associated with the design site average conditions for that plant, whereas, 

all TCI information (except for the coolin g tower) are based on the cooler conditions. 

The GE 7FA.05 combined-cycle cases were modeled as a triple-pressure reheat l xl 

combined-cycle plant with a mechanical draft cooling tower, and as a triple-pressure reheat 

2xl combined-cycle plant with a mechanical draft cooling tower. For the same reasons 

described for the GE 7EA combined-cycle options, the NOx reduction effectiveness of SCR 

was set to 80 percent (2 .0 ppmdv outlet) a nd an oxidation catalyst was included at 

80-percent CO reduction effectiveness. Like the GE 7EA lxl plant, all plant information 

(output, performance, operational parameters, etc.) listed in Tables A-2 through A-5 are 

associated with the design site average conditions, whereas all TCI information (except for 

the cooling tower) are based on the cooler condition. 

The Siemens SGT 800 combined-cycle case was modeled as a dual-pressure no-reheat 3xl 

combined-cycle plant with a mechanical draft cooling tower. Similar to the other CTG 

combined-cycle options, the NOx reduction effectiveness of SCR was set to 80 percent (3.0 

ppmdv outlet), and an oxidation catalyst was included at 80-percent CO reduction 

effectiveness. All plant information (output, performance, operational parameters, etc.) 

listed in Tables A-2 through A-5 are associated with the design site average conditions, 

whereas, all TCI information (except for the cooling tower) are based on the cooler 

condition. 

Montana-Dakota Utilities Co. 1- 11 Project No. 14-0257 
Explanation of IRP Supply-Side Resources Cost Analysis 



1.5.3 Landfill Gas-Fired CTG 

A simple-cycle Solar Titan 250 was modeled to develop a cost estimate for a landfill gas

fueled plant. Figure 5 shows the makeup of the Thermoflow defined landfi1l gas that was 

selected for the fuel. Note that the siting of a landfill gas-fired plant of this s ize would 

require a location where there is a substantially sized landfill to produce enough gas to 

support a CTG-based plant. This may significantly limit the possible locations of su ch a 

facility in Montana-Dakota's service territory in the eastern interconnection. Figure 6 

summarizes key performance and descriptors for the CTG a ssessed. The following 

paragraph provides a summary of key assumptions in the assessment for the CTG. 

The simple-cycle Titan 250 CTG utilizes SoLoNOx technology to minimize NOx emissions to 

less than 15 ppmdv. Because of this lower CTG emission level, Sega has assumed the 

additional emission control equipment of SCR would not be needed for permitting to meet 

BACT. When firing landfill gas, there is a general industry concern of contaminates in the 

gas which may poison the catalyst and make NOx reduction ineffective . 

Sega assumes that an oxidation catalys t would be required for permitting to meet BACT for 

CO reduction. This conclusion is based on the lower incremental emission reduction cost 

effectiveness resulting from the relatively high CO emissions from the Titan 250 firing 

la ndfill gas. The catalyst was included at 80-percent CO reduction effectiveness. 

Constituent 

Hydrogen, H2 % vol 2.5 

Carbon Dioxide, C02 % vol 33.0 

Methane, CH4 %val 63.5 

Hydrogen Sulfide, H2S % vol 1.0 

Higher Heating Value (at 77°F) Btu/lb 9,908 

Figure 5 -Assumed Landfill Gas Properties 
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ISO Ratings* Uncontrolled Pre-SCR Gas 
Dua l-

Turbine 
(MW) NOx NOx Pressure 

Fue l 
Technology Model 

H e at R a t e 
(ppmdv) Control 

Needed 
Capa ble 

Type Maturity 
(Btu/kWh) (psi) 

Solar Titan 21.7 
15 Dry 450 Yes Frame Mature 250 9,710 

*Ratings a t JSO conditions, HHV, gross a re provided for reference. Site·spccific ratings a re provided in the IRP 
Information Spreadsheet. 

Figure 6 - Summary of Landfill Gas-Fired CTG 

1.5.4 CTG Cost Estimation 

The cost basis, capital costs, and annual costs are contained in Tables A-2 through A-5 of 

the IRP cost a nalysis spreadsheet in Appendix A. The PEACE economic model was 

updated with 2014 pricing data. These cost s were escalated to 2015 dollars at 3-percent per 

year. The estima ted annua l O&M costs for each of the CTGs assessed are contained in 

these tables as well as the pertinent CTG performance data, identification of additional 

information specific to the CTGs a ssessed, TCI , labor cost s, and emission s. The 

p erforma nce, capital investment, and emissions were outputs from the Thermo:flow model 

for the specific CTGs a ssessed. The 2015$ labor ra te was provided by Monta na -Dakota. 

It should be noted, while the performance design of t he 7EA 2x1 is very similar to the other 

CTG cases, it differ s in the fact that the cost estimate is a hybrid approach because the 

facility includes an existing 7EA uni t. The cost estimate for the hybrid system s ubtracts 

the cost of a sin gle 7EA from the total cost of t he new 2x1 t otal plant cost. All other 

methods of an alysis for th e cost estimate remain the same as the other CTG cases. 

The basis for a nd results of calculating the O&M fixed costs ($/kW-month, 2015$) are 

shown in Table A-3. The basis for the calculations a re from Montana-Dakota an d 

discussions wit h Sega staff. Montana -Dakota provided maintena nce rates based on 2010$, 

which were escalated t o 2015$ a t a 3-percent per year rate. The tota l fixed annua l cost for 

ea ch CTG assessed is shown a t the bottom of the table. 
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Table A-4 list s the basis for and results of calculating the a nnual O&M variable costs 

($/MWh, 2015$). The basis for the calculations were from Monta na-Dakota, output from 

the Thermoflow model, and discussions between Sega and Montana-Dakota staff. 

Montana-Dakota provided maintenance rates based on 2010$, which were escalated to 

2015$ at a 3-percent per year rate. 

Landfill gas pnces were estimated usmg the median value of prices reported to EPA 

current as of 2013 and escalated to 2015$ at 3-percent per year. 

1.5.5 CTG Fixed and Variable O&M Annual Cost Estimation 

Table A-1 (summar y results) includes the rolled-up summary of the capital cost a long with 

the fixed and variable O&M costs for each option . Table A-2 (cost basis) provides a li sting 

of the cost basis and assumptions for the cost calculations (used in Table A-3) including t he 

assumed labor rate and the plant consumption ra te of fuel, ammonia, water, and auxiliary 

power. The plant consumption rates are outputs from the Thermoflow model runs for the 

specific CTG models. Note that some CTG options have zero consumption rates in some 

categories, for example, the GE 7EA has no a mmonia cons umption since it is assumed to 

not have an SCR, whereas the GE LM6000PH has an ammonia consumption r ate since it is 

assumed to h ave an SCR. The h ourly labor rate of $59.10 (2015$), provided by Monta na

Dakota, is multiplied by the full-time equivale nt (FTE) amount of 2,080 work hours per 

year to calculate the annual FTE cost of $122,928 for plant O&M labor costs used in 

Table A-3. 

1.5.5.1 CTG O&M Fixed Costs (Table A -3) 

Table A-3 shows the calculated buildup of the total annual fixed O&M costs for the CTG 

options . F ixed O&M costs a re those which can be expected to be the same each year based 

on the type and size of equipment at the plant and are not a function of the number of 

operating hours. These calculations are separated by: 1) labor costs, 2) maintenance costs, 

a nd 3) other expenses. All calculated costs are shown in units of$ per MW-year, which is 
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the total a nnua l cost divided by the total MW capacity of the plant. The total fixed O&M 

cost is s ummed at the bottom of the table. The following paragraphs explain the process of 

calculati n g the three categories of fixed costs noted: 

1. Labor Costs: 

The annual fixed labor cost is the cost of the number of FTE operating staff 
required at the plant to perform the duties necessary to run the plant. 
There are separate categories of labor depending on the type of CTG or 
specific equipment operated for the particular option. For example, the GE 
LM6000PH option has S CR O&M fixed la bor cost s, whereas, the GE 7EA 
does not s ince this option is assumed to not have SCR. The number of FTE 
for each category was provided by Montana-Dakota based on actual 
experience or r esult of research. The number of FTE shown for a la bor 
category is multiplied by the FTE rate ($122,928/yr) and then divided by the 
MW capacity of the pla nt to calculate the $/MW-yr values shown in the 
table for each option. 

2. Maintenance Costs: 

The annual fixed ma intenance cost is the cost to perform regular 
maintena nce of t he equipment at the plant, including regular contracted 
services, and is not a function of the number operating hours. There are 
separate categories of m aintena nce cost depending on the type of CTG and 
specific equipme nt at the plant option. The maintenance rate in $/MW-yr 
for each category was provided by Montana-Dakota based on actual 
experience or result of research . The mainte na nce rate shown for a 
mai ntena nce category is s imply transferred over to the CTG option columns 
since it is already in the required units of measure . 

3. Other Expenses: 

The annual fixed cost for other expenses is t h e cost associated with 
administration, property tax, a nd insurance . Administration cost is shown 
as a fi xed rate in $/MW-yr a nd was provided by Montana-Dakota based on 
actua l experience. This rate is tran sferred over to the CTG option columns 
since it is already in the required units of measure. The property tax a nd 
insurance are a function of t he TCI shown in Table A-2 . The property tax 
and insurance rate shown is multiplied by the TCI for t hat option a nd then 
divided by the MW capacity of t he plant to calculate the $/MW-yr values 
shown in the table for each option 
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1.5.5.2 CTG O&M Variable Costs (Table A-4) 

Table A-4 shows the calcula ted buildup of the total annual variable O&M cost s for the CTG 

options. Variable O&M costs are those which a re expected to be a function of how much the 

CTGs ar e operated in terms of the number of MWhs genera ted. These calculations are 

separated by: 1) maintenance, 2) utilities, and 3) chemicals. All calculated costs a re shown 

in units of$ per MWh. The tota l variable O&M cost is summed at the bottom of the table. 

The following paragraphs expla in the process of calculating the three ca tegories of variable 

costs noted: 

1. Maintenance: 

The variable-maintenance cost is the cost to perform the par t icular 
maintenance activities which a re needed after operating for a cer tain 
number of MWhs. This cost includes both labor and parts. There are 
separate categories of maintenance depending on the type of CTG or specific 
equipment operated for the particular option. For example, the GE 
LM6000PH option has SCR O&M variable-maintenance costs (for cat alyst 
r eplacement), whereas, the Solar Tit an 250 does not since this option is 
assumed not to have SCR (SCR cata lysts must be replaced per iodically a s a 
function of operating hours). The variable-cost rate sh own in $/MWh for 
each ca tegory was provided by Montana -Dakota based on actual experience 
or result of research, or input from and discu ssions with Sega based on 
engineering estimates. This ra te is transferred over to the CTG option 
columns since it is already in the required units of measure. 

2. Utilities: 

The variable-utilities cost is t he cost of auxiliary power to operate t he pla nt. 
Ther e are separate categories of u tili t ies depending on the type of CTG or 
specific equipment operated for the part icular option. For example, the GE 
LM6000PH option has SCR O&M utilities costs (for p owering the SCR
related equipment such as pumps, fans, and heaters). F or the "all models" 
category, the rate shown in $/MWh was provided by Monta na-Dakota. This 
r ate is transferred over to the CTG option columns since it is a lready in the 
required units of measure. The utilities cost for t he other two categories 
(SCR and Intercooling auxiliary power) are the utility cost rate of 
25. 16 $/MWh, provided by Monta na-Dakota , times the a mount of a uxilia ry 
power required by the equipment. The utility r ate for a category is 
mult iplied by t he auxiliary power required (shown in Table A-2) and then 
divided by the MW capacity of the plant to calculate the $/MWh values 
shown in the table for each option. 
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3. Chemicals: 

The variable-chemicals cost is the cost of chemicals (including water) to 
operate the plant. There are separate categories of chemicals depending on 
the type of CTG or specific equipment operated for the particular option. 
For example, the GE LM6000PH option has SCR O&M chemicals costs (for 
ammonia), whereas, the Solar Titan 250 does not since this option is 
assumed not to have SCR. For the "all models" and "intercooling heat 
rejection equipment" categories, the rate shown in $/MWh was provided by 
Montana-Dakota. These rates are transferred over to the CTG option 
columns s ince they are already in the required units of measure. The 
chemicals cost for the other category applicable to simple-cycle CTG options 
(SCR ammonia) is the ammonia cost rate of 1.4 $/gal, provided by Sega, as 
an estimate. The ammonia cost rate is multiplied by the use rate in gal!hr 
from the Thermoflow model output (shown in Table A-2) and then divided 
by the MW capacity of the plant to calculate the $/MWh values shown in the 
table for each option. 

A summary of the cost analysis for all CTG options is presented in Table A-5. 

1.6 RECIPROCATING INTERNAL COMBUSTION ENGINE OPTION 

A cost analysis was performed for the reciprocating internal combustion engine (RICE) 

selected for the assessment. The Wartsila 20V34SG is a spark ignition 4-stroke engm e . 

Figure 7 summarizes key performance and descriptors for the RICE assessed. 

ISO 
Gas 

Ratings* NOx 
Pressure 

Duel-
Technology Model 

RICE Model (MW) Emissions Needed 
Fuel 

Info Maturity Heat Rate (ppm) (psi) 
Capable 

(Btu/kWh) 

Wartsila 9.3 
4 Stroke 

Growing 5 75 No Spark 20V34SG 8,293 
Ignition 

in Use 

*Ratings at ISO conditions , HHV, gross are provided for reference. Site-specific ra t.ings are provided in the IRP Information 
Spreadsheet. 

Figure 7- Reciprocating Internal Combustion Engines 
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The RICE was assumed to meet the federal new source performance standards (NSPS) and 

40 CFR 63 hazardous air pollutant (HAP) emission standards and therefore quoted to have 

both SCR and oxidation catalyst installed as part of the base package. The plant size, 

performance, emission controls, operational parameters, C02 emissions, capital costs, fixed 

costs, variable costs, and summary for the RICE plant options considered are shown in 

Table A-6. 

1.6.1 RICE Cost Estimation 

Sega requested budgetary quotations from Wartsila for capital and operational costs for the 

Wartsila 20V34SG model. All cost and performance numbers for the engines were provided 

by Wartsila. Sega adjusted these numbers to account for any information not provided by 

Wartsila. This information is contained in Table A-6 of the IRP cost analysis spreadsheet. 

The spreadsheet includes a breakdown of the capital costs by equipment, installation, 

loaded and unloaded Owner's soft costs, and loaded and unloaded TCI. 

1.7 RENEWABLE FUEL BOILER OPTIONS 

A capital cost analysis was performed for two renewable fuel-fired boilers usmg the 

Thermoflow engineering software with a PEACE module (see Section 1.5 for 

Thermoflow/PEACE details). The Thermoflow models incorporate a bubbling fluidized bed 

(BFB) boiler and a mechanical draft cooling tower. Inputs to the model also included 

Montana-Dakota defined baseline assumptions as well as a user selected fuel. All other 

inputs besides the baseline assumptions and the fuel were left at default values. The plant 

size, performance, emission controls, operational parameters, COz emissions, capital costs, 

fixed costs, variable costs, and summary for both renewable fuel and coal fired boiler 

options are shown in Tables A-8 and A-9. 
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1.7.1 Municipal Solid-Waste Fuel 

A Thermoflow defined municipal solid-waste fuel was selected for the solid-waste burner; 

the composition of this fuel can be found in Figure 8. Note that the siting of a municipal 

solid-waste fired plant of this size would require a location where there is a substantially 

sized population to produce enough fuel to support a solid waste based plant. This may 

significantly limit the possible locations of such a facility in Montana-Dakota's service 

territory in the eastern interconnection. 

Constituent 

Moisture %wt 35. 70 

Ash % wt 32.00 

Carbon %wt 16.90 

Nitrogen % wt 0.20 

Chlorine % wt 0.35 

Sulfur % wt 0.15 

Oxygen %wt 12.40 

Higher Heating Value Btu/lb 3,001 

Figure 8- Assumed Municipal Solid-Waste Properties 
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1.7.2 Biomass 

Wood pellets, the fuel for the biomass plant, was chosen from Thermoflow's fuel library and 

its makeup can be found in Figure 9. Note that the s iting of a wood pellet fired plant of this 

size would require close proximity to a location where there is a substantial supply of the 

fuel from trees and wood-related manufacturing industries. Sega anticipates a woody 

biomass product to be in short supply in North Dakota and this may significantly limit the 

possible locations of such a facility in the state. 

Constituent 

Moisture %wt 8.70 

Ash %wt 0.50 

Carbon %wt 45.80 

Nitrogen % wt 0.08 

Chlorine % wt 0.01 

Sulfur % wt 0.01 

Oxygen % wt 39.40 

Higher Heating Value Btullb 7,824 

Figure 9- Assumed Biomass- Wood Pellet Properties 

1.7.3 Cost Estimation 

The capital and annual costs are contained in Tables A-8 and A-9 of the IRP cost a nalysis 

spreadsheet. PEACE outputs are current as of 2014 and were escalated to 2015$ at 

3-percent annually . The fixed and variable O&M are from assumptions made in the 

Department of Energy Annual Energy Outlook from 2013 which were escalated to 2015$ at 

3-percen t a nnually. 
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1.8 COAL BOILER OPTIONS 

For a new coal-fired power plant, Montana-Dakota used the results of a 2012 study 

completed by WorleyParsons for the Lignite Energy Council, which evalua ted advanced 

generation t echnology alter natives viable for a generating s tation burning North Dakota 

lignite coal. Four technologies were selected and a compara tive evaluation based on 

performance and cost was completed. The evaluation examined these technologies with 

and without C02 capture . Technologies included in the evaluation were: 

1. Subcritica l atmospheric fluidi zed bed combustion, 

2 . Pressurized fluidized bed combust ion, 

3. Gasification, and 

4. Oxycombustion circula ting fluidized bed combustion (CFBC). 

The overall a ssessment evalua ted both qua ntitative and qualitative criteria. The a ssessed 

criteria included, but were not limited to, lignite experience, technology development and 

risk , permit ability, environmental impact, performance, emissions , capita l cost , and 

operating cost . The results of the study ra nked subcritical CFBC technology the best 

among a ll other technologies evalua ted when including, and not including, C0 2 capture. 

The CFBC technology options were used as inputs to the resource expa nsion a nalysis, with 

the cost estimates escala ted to 2015$. The coal option inputs to the resource expansion 

analysis a re included in Figure 10 a nd in Table A-9. 
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CFBC with C02 CFBC without C02 
Capture Capture 

Plant Size (MW net) 122 185 
Capital Cost ($/kW) $7,099 $3,882 
Fixed O&M ($/kW-month) $22.55 $18.49 
Variable O&M ($/MWh) $19.81 $12.49 
Major Maintenance ($/kW-month) $0.00 $0.00 
Net Full Load Heat Rate (Btu/kWh 

13,78 1 9,974 
HHV) 
Carbon Intensity (lb/MWh_l 248 1,945 
WorleyParsons. 2012. A Study of Lignite-Based Advanced Generation Technology 
Systems. Unpublished manuscript. 

Figure 10 -Coal Inputs to the Resource Expansion Analysis 

The COz capture option was based on nominally 90-percent C02 capture, resulting in a 

carbon intensity of 248-lb COz/MWh, which ensures compliance with the proposed EPA 

C02 regulatory limit of 1,000-lb COz/MWh. Sequestration costs associated with COz 

capture are not included in the cost estimate. 

1.9 RENEWABLE NON-FUEL OPTIONS 

A cost analysis was performed for the four non-fuel renewable energy options listed in 

Figure 11. These costs are contained in Tables A-10 and A-ll of the IRP cost analysis 

spreadsheet in Appendix A. 

Non-Fuel Option 
Size 

(MW net) 

Photo-Voltaic (PV) Solar 30 

Concentrated Solar 30 

Thermal Solar 30 

Geothermal 30 

Wind (ND & MT) 20 

Wind (ND & MT) 50 

Figure 11- Renewable Non-Fuel Options 
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1.9.1 Solar and Geothermal 

Sega used estimates and updates from the following three documents to develop costs for 

the solar and geothermal options for the 2015 model: 

1. Black & Veatch. 2012. Cost and Performance Data for Power Generation 
Technologies. 2012. 

2. Delaquil, Pat, Goldstein, Gary and Wright, Evelyn. 2008. US 
Technology Choices, Costs and Oppurtunities under the Lieberman-Warner 
Climate Security Act: Assessing Compliance Pathways. drdc.org. [Online] 
2008. [Cited: January 14, 2013.] http://docs.nrdc.org/globalwarming/ 
files/glo_08051401A.pdf. 

3. U.S. Energy Information Administration. 2013. Assumptions to the 
Annual Energy Outlook 2013. 

Costs from each report are presented in Tables A-10 and A-ll after applying 3-p ercent 

escalation to 2015$. There was a large variance in the cost for some of the technologies 

between the different reports. Sega chose DOE/EIA Annual Energy Outlook 2013 as a 

default where updates were available to the original 2012 report (regardless of whether it 

was higher). Note that in the case of Concentrated Solar, Sega used "Cost and Performance 

Data for Power Generation Technologies" since the DOE/EIA document did not provide 

costs for this option. This particular alternate reference was used because its costs were 

closest to the DOE/EIA reference costs for the Thermal Solar category. Some of the reports 

did not separate the cost for Concentrated Solar and Thermal Solar and put both 

technologies under Thermal Solar. In these cases, the Concentrated Solar costing included 

thermal storage. Thermal Solar did not include storage. 
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1.9.2 Wind 

The analysis for the wind farms was based on indicative turbine pricing from GE for wind 

farm sizes of 20 MW and 50 MW. Costs associa ted with construction and O&M were 

estimated based on Montana-Dakota's experience constructing the Cedar Hills Wind Farm 

and the Diam ond Willow Wind Farms. 

1.9.3 Wind Cost Estimate 

An analysis was performed to estimate the cost of a self-built 20 MW or 50 MW wind farm 

in Montan a-Dakota's service territory. GE was contacted by Montana-Dakota to provide 

indicative pricing for wind turbines that could provide the generation required for these 

wind farms. The performance and cost estimates in this analys is assumed the GE 2.0-116 

Series 2.0 MW wind turbines for both the 20 MW and 50 MW wind fa rms. Budgetary 

turbine prices, provided by GE, are provided in Figure 12. Sales tax was not included in the 

estima t e, as North Dakota House Bill 1382, relating to sales tax exemption for a wind

powered electrical generating facility, was extended until January 1, 2017, a nd the state of 

Montana does not charge sales tax. 

North Dakota Site Montana Site 

20 MW Wind Farm or 10 x 2.0 MW 
$2.442M per turbine $2.505M pe r turbine 

Wind Turbines 

50 MW Wind Farm or 25 x 2.0 MW 
$2.405M per t urbine $2.468M per turbine 

Wind Turbines 

Figure 12 - GE-Supplie d Budgetary Turbine Price 

To estimate the capital cost for t he new wind farm options, a cost comparison was m ade to 

the total construction cost Montana-Dakota incurred during t he 2010 Cedar Hills Wind 

Farm build. Engineering and supervision a nd general and administrative (ES&GA) a nd 

allowance for funds used during construction (AFUDC) were subtracted from the total 

cons truction costs to allow the cost basis to be unloaded. Wind turbine costs for Cedar Hills 

Wind F arm were r eplaced by the new indicative pricing supplied by GE, and the 

construction a nd installation costs for Cedar Hills Wind Farm were escalated at an a nnual 
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capital cost increase of 4 percent to bring it to 2015$. Based on Montana-Dakota's 

experience with the new Thunder Spirit Wind Farm, an additional 20-percent project 

development a nd management fee was added to the total cost. 

O&M costs were determined using the costs incurred over the nine cumulative years of data 

Montana-Dakota has compiled operating and maintaining Diamond Willow 1 Wind F arm, 

Diamond Willow 2 Wind Farm, and Cedar Hills Wind Farm. The wind opt ion inputs to the 

resource expansion analysis are shown in Figure 13. 

ND- ND- MT- MT-
20MW 50MW 20MW 50MW 

Plant Size (MW, net) 20.0 50.0 20.0 50.0 
Capital Cost ($/k W) $2,032 $1,879 $2,069 $ 1,916 
Fixed O&M ($/kW-month) $2.58 $2.58 $2.58 $2.58 
Variable O&M ($/MWh) $0.00 $0.00 $0.00 $0.00 
Major Maintenance ($/kW-month) $0.00 $0.00 $0.00 $0.00 
Net Full Loa d Heat Rate - -
(Btu/kWh HHV) - -

Carbon Intensity (lb/MWh) - - - -
Figure 13 -Wind Inputs for the Resource Expansion Analysis 
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Explanation of IRP Supply-Side Resources Cost Analys is 
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Table A-6. RICE Costs Basis and Capital Costs, 2015 $ 
Plant Information 

Number of Engines 

Unit Size (MW, net) 

Unit Size (MMBtu/ hr HHV) 

Plant Size (MW, net) 

Plant Size (MMBtu/hr HHV) 

Net Heat Rate (Btu/kWh HHV) 

Additional Plant Information 

Cat Ox 

SCR 

Cost Information 

Total equipment cost 

BOP/Engineering 

Owner Soft Cost (Loaded) 

Owner Soft Cost (Unloaded) 

Total Capital Investment (TCI-UL)-Unloaded, 2015 $
2 

Total Capital Investment (TCI)-Loaded, 2015 $ 

Pollutant Information 

C02 (lb/MWh, net) 

NOx {ppmvd @ 15% 02) {Controlled) 

WARTSILA 

20V34SG1 

3 

9.3 

77 

28 

232 

8,542 

y 

y 

$16,222,500 

$24,333,750 

$3,650,063 

$1,622,250 

$42,178,500 

$44,206,313 
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Table A-7. RICE EGEAS Model Input Summary, 2015 $ 
Plant Size (MW,net plant output) 

Capital Cost ($/kW)2
'
3 

Fixed O&M ($/kW-month) 

Variable O&M ($/MWh) 

Major Maintenance {$/kW-month) 

Full Load Heat Rate (Btu/kWh, HHV, net) 

Carbon Intensity {lb/MWh) 

NOx (ppmvd @15% 0 2} 

CO (ppmvd @ 15% 0 2) 

Fuel Cost ($/MMBtu)
4 

1. All cost and performance numbers supplied by Wartsila . 

2. Without Owner's AFUDC or Administrative Costs. 

3. Total Capital Investment- Unloaded, divided by net output 

4. Montana-Dakota provided 

WARTSILA 

20V34SG
1 

28 

$1,550 

$0.92 

$9.63 

$0.45 

8,542 

970 

5 

15 

$2.96 
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Table A-8. Renewable Fuel Boiler Cost Basis and Results 
Plant Information 

Number of Boi lers 

Unit Size (MW, net) 

Unit Size (MMBtu/hr HHV) 

Plant Size (MW, net) 

Plant Size {MMBtu/hr HHV) 

Net Heat Rate {Btu/kWh HHV) 

Water (1,000 lb/hr) 

Water (1000 gallons/hr) 

Additional Plant Information 

Cat Ox 

SCR 

Cost Information 

Total Capital Investment {TCI-UL)-Unloaded, 2015 $3 

Total Capital Investment (TCI)-Loaded, 2015 $ 

Labor Rate ($/hr), 2015 $ 

FTE Hours (hr/yr), 2015 $ 

FTE Cost ($/yr), 2015 $ 

Pollutant Information 

C02 (lb/hr, net) 

C02 (lb/MWh, net) 

1. Municipal solid waste (36% moisture, 32% ash, 17% carbon); water cooling with mechanical draft cooling tower; BFB boiler. 

2. Wood pellets; water cooling with mechanical draft cooling tower; BFB boiler. 

3. Total Capital Investment- Unloaded, divided by net output 

BOILER1 

SOLID WASTE 

1 

15.0 

54 

15.0 

54 

16,002 

159 

19.2 

N 

N 

$261,426,399 

$161,248,116 

$59.10 

$2,080 

$122,928 

49,353 

3,299 

BOILER2 

BIOMASS 

1 

29.9 

359 

29.9 

359 

11,056 

218 

26.2 

N 

N 

$119,193,386 

$125,964,969 

$59.10 

$2,080 

$122,928 

72,846 

2,436 
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BOilER1 BOILER1 

Table A·9. Renewable Fuel and Coal Boiler 

EGEAS Model Input Summary, 2015 $ 
SOLID WASTE BURNER BIOMASS 

Plant Size (MW,net plant output) 15.0 29.9 

Capitol Cost IS/kWl' $17,475 $3,986 

Fixed O&M 1$/kW-monM $9.73 $9.73 

Varia ble O&M ($/MWh)1 $5.82 55.82 

Major Maintenance IS/kW·month) $0.03 $0.03 

full Load Heat Rate (Btu/'!Wh, HHV , net) 16,002 11,056 

Carbon Intensity (lb/MWh) 3,685 2,436 

NOx (ppiTM! @IS% 01) 70 70 

CO (ppmvd @ !5% 01) 76 76 

fuel Cost ($/MBtu)1 
$3.00 $6.75 

---

I Municipal solid waste (36% moisture, 31% ash, 17% carbon); wate1 cooling with mechanical drok cooling tower; BFB boiler. 

2. Wood pellets; water cooling with mechanical draft cooling tower; BFB boiler. 

3. Montana-Dakota provided values 

4. W~hout Owner's AfUOC or Administrative Costs. Total Capital Investment -Unloaded, dr.ided by net output 

5. Assumptions to the Annual Energy Outlook 2013, EIA/OOE. 

6. Solid waste burner fuel costs estimated by Sega Inc. Coal boiler costs provided by Montana-Dakota. 

BOILERS (BIOMASS OR SOLID WASTE) 

Boiler Input Summary fixed O&M $/kw/month Variable O&M $/MWh 

Thermoflow Default Cost $353 $6.37 

Cost and Performance Data for Power Generotion Technologies' $9.74 $18.45 

Assumptions to the Annual Energy Outlook 2013, EIA/OOE1 
$9.73 $5.82 

I Values adjusted to 20155 from the 2013 model3%/yr escalatiOn 

2. Values adjusted to 2015 $(based on 2011 $/MWh reported) 3%/yr escalation 

BOILER· CFBC with C02 Capture3 

COAL(Ugnite) 

122.0 

$7,099 

$22.55 

$19.81 

$0.00 

13,781 

248 

IS 

40 

$191 

' 

I 

BOILER · CFBC without C02 Capture3 

COAL(llgnite) 

185.0 

$3,882 

518.49 

$12.49 

$0.00 

9,974 

1,945 

15 

40 

$191 
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Table A·lO. Renewable Non-Fuel 
EGEAS Model Input Summary, 2015 $ 

Plant Size (MW,net plant output) 

Cap~a l Cost ($/kW)1 

fixed O&M IS/kW-month) 

Variable O&M ($/MWh) 

Major Maintenan<e ($/kW·month) 

full load Heat Rate (BTU/kWh, HHV, net) 

Carbon lnten~ty (lb/MWh) 

NOx (ppmvd @15% 01) 

CO (ppmvd @ 15% 01) 

fuel Cost ($/MBtu) 

00 • I 1. Assumptions to the Annual Energy Outlook 2013, EIA/DOE. 

2. Montana-Dakota provided values 

PVSOIAR CONC. SOlAR THERMAL SOlAR 

30 30 30 

$4,037 $7,715 $5,282 

$1.61 $4.55 $619 

so $0 $0 

$0 $0 $0 

$0.00 $0.00 $0.00 

GEOTHERMAL 
WIND1 WIN01 

N0 -20MW ND -SOMW 

30 20 so 
$2,723 $2,032 $1,879 

$10.49 $2.58 $2.58 

$0.00 $0.00 $0.00 

$0 $0.00 $0.00 

$0.00 $0.00 $0.00 

WIN01 

MT ·20MW 

20 

$2,069 

$2.58 

$0.00 

$0.00 

$0.00 

WIN01 

MT·SOMW 

50 

$1,916 

$2.58 

$0.00 

$0.00 

$0.00 
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Table A·ll. Geothermal and Solar Input Summary,2015 $ t.lp~al Cost' F~ed O&M' t.lpitaiCost' 

US tedmologyChoices ,Cost and Opportunities under the Ueberman· Warner Security Act: Assesllng 
SS,114 $1.23 $3,690 

Compliance Pathways' 

Cost and Perlormall(e D.lta lor Power Generation T echnologies1 $3,377 $4.55 $7,715 

Assumptions to the Annual Energy Outlook 10131 $4,037 $1.61 NA 

I. Values adjusted to 10155 from the 1013 model3%/yr escalauon 

1. Values adjusted to 1015 $(based on 1011 $/MWh reported)3%/yr escalation 

CONC.SOLAR THERMAl SOlAR 

F~edO&M' t.l pitaiCost' FixedO&M' 

$1.46 $3,391 $3.69 

$4.55 $5,365 $4.55 

NA $5,181 $6.19 

GEOTHERMAl 

t.lp~al Cost' FixedO&M' 

$3,690 59.33 

$6,491 50.00 

$1,713 510.49 

VariableO&M' 

$11.86 

$33.87 

$0.00 
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MCC-121 

MONTANA-DAKOTA UTILITIES CO. 
MONT ANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Marginal Transmission Costs 
Witness: Sara J. Cardwell 

In your testimony at page 15, lines 9 to 10, you state: " The total cost, expressed in 
2017 dollars, is divided by the peak load growth to yield a cost per kW." In your 
marginal cost study you use an average peak ranking instead of the peak load 
growth between 2005 to 2013. Please explain in detail what this average peak 
ranking represents and why it should be used instead of the 2005-2013 peak load 
growth. 

Response: 

The peak load growth used in the marginal cost of service study represents the peak load 
growth based on the increase of the 2011-2013 average peak demand over the 2005-
2010 average peak demand . 



MCC-122 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Marginal Cost- Distribution Transformers 
Witness: Sara J. Cardwell 

a. Please provide in electronic format all supporting documents, cost basis 
and worksheets, with formulas and links intact, used in developing the 
table shown on the Excel file of the Marginal Cost Study, tab 
"Distribution-Transformer Costs" (also Statement Workpapers page L-44), 
including the data used in calculating the "Zero-Intercept Cost" and 
slopes for single phase and three phase transformers. 

b. Please state whether 33,069 Interconnected System Transformers is the 
total number of MDU transformers in Montana, as shown on the 
embedded cost study, and please explain how representative a sample of 
24,849 transformers, as shown on the tab described above, is to the total 
number of MDU-Montana transformers. 

Response: 

a. Please see the file provided in Response No. MCC-118 titled MCC-
118Transformers. 

b. The 33,069 Interconnected System Transformers is the total number of 
transformers in the Interconnected System. The sample of 24,849 transformers 
represents approximately 75% of all the transformers in the system. 



MCC-123 

MONTANA-DAKOTA UTILITIES CO. 
MONT ANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Distribution Plant Allocation 
Witness: Sara J. Cardwell 

Tab "distribution plant" of Statement L (Embedded Cost of Service) shows that the 
84/16 split between customer and demand for Poles, OH & UG Conductors & 
Conduit comes from the "Distribution Engineering Worksheet." Please provide a 
copy of this worksheet in electronic format, including all underlying data and 
calculations, supporting documents and formulas and links intact. 

Response: 

Please see Response No.MCC-117. 



MCC-124 

MONT ANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Marginal Distribution Line Costs 
Witness: Sara J. Cardwell 

a. Please provide an electronic copy, with all source data, calculations and 
supporting documentation, of Statement Workpapers page L-43 and 
Attachment A provided in response to MCC-102. 

b. Please explain in detail how the unit/mile costs shown on Attachment A 
for OHD Three Phase Line, Pole, URD Three Phase Line represent a 
Normal System, what the difference is between the calculation for these 
normal system and the calculation for a Minimum System. 

c. On line 2a) Labor Loading shown on page 1 of Attachment A, it shows a 
value of 50.0%. Please explain what this 50.0% represents with respect to 
Total Labor with Loading. 

d. Please define in detail the meaning of ES & GA, and how the associated 
percentages were determined. 

e. Please explain why the total number of customers for Glendive District 
and Wolf Point District (25,683) is not the same as the Montana 
Jurisdiction Total Number of Customers (28,206). 

f. Please provide all detail and supporting data for the Total Material Cost 
(non-exempt and exempt) of $19,212 (OHD Three Phase Line), $10,247 
(Pole) and $39,406 (URD Three Phase Line), as shown on Attachment A 
provided in response to MCC-102. 

g. Please verify if the cost amounts shown on Attachment A and Statement 
Workpapers page L-43 are 2014 dollars. 

Response: 

a. Please see the file titled MCC - 124 Attachment A Workpaper L-43 for an 
electronic copy of Statement Workpaper page L-43 and please see the file titled 
MCC - 124 Attachment B for a working file including supporting documentation 
of information provided in Response No. MCC 1 02 Attachment A. 

b. The OH_Min is a basic 1/0 ACSR three-phase line using all 30' pole with a 
1000' of 1/0 triplex for service. The 1/0 ACSR one mile three-phase line would 
be the most basic OH line that the Company would construct, therefore it is a 
minimum cost line that we would build. The OH_Normal three-phase line 
based on 10% of the line being 336.4 MCM, 30% 3/0 AAC, and 60% 1/0 ACSR, 
with different pole being used ranging from 30' to 45' and 500' of 4/0 Quad and 



MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

500' of 1/0 triplex for service. The OH_Normal cost represents a more typical 
three-phase OH line construction cost. 

The UG_Min is a basic JCN 1/0 UG three phase line with a 1 00' of 1/0 triplex 
UG for service and the line being installed only by trenching . This JCN 1/0 UG 
line would be the lease cost three-phase underline that the Company would 
install. The UG_Normal three phase line is based on 10% being JCN 350, 30% 
JCN 4/0, and 60% JCN 1/0, underground primary being installed and 60' of 1/0 
triplex, 30' of 4/0 triplex, and 1 0' of 350 triplex service line. The installation of 
the underground is done by directional boring and trenching. The UG_Normal 
represents a more typical three-phase UG line construction cost. 

c. The 50.0% loading factor represents payroll related costs incurred relative to 
vacation and other compensated absences, workers' compensation premiums, 
group insurance costs/premiums, post retirement, pension, 401-K plans, and 
administration costs associated with the Tax-free Options Plan (TOP), 
unemployment compensation taxes and the employer portion of the FICA tax 
(Social Security) on behalf of employees of Montana-Dakota. 

d. Engineering and Supervision costs are costs that are incurred for salaries and 
wages, certain materials and other expenses related to engineering and 
supervisory functions in support of direct construction activities. 

General and Administration costs are costs that are incurred for salaries and 
wages, certain materials and other expenses related to general and 
administrative functions in support of direct construction activities. 

The ES & GA percentages are a calculation of the direct construction overhead 
charges divided by the projected capital expenditures. 

e. The count of 25,683 represents the number of service points queried from the 
GIS system representing a snap shot at a point in time. The difference between 
that number and customers is attributable to timing and the fact that not all 
service lines are represented in the GIS. 

f. Please see the file titled MCC - 124 Attachment B. 

g. Yes. The amounts reported are in 2014 dollars. 



MCC-125 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29, 2015 

DOCKET NO. D2015.6.51 

Regarding: Monthly Billing Determinants 
Witness: Sara J. Cardwell 

Data request MCC-107 asked monthly billing determinants for each of the customer 
classes. However, response to MCC-1 07 only provided monthly billing 
determinants at the Primary, Secondary and Substation level. Please provide 
monthly billing determinants by customer classes. 

Response: 

Please see Response No. MCC-007 Attachment A, Page 1 for Kwh sales and Response 
No. MCC-125 KW Sales. 



Rate Rate 20 Rate 20 Rate Rate 30 
Year Month 10 Primary Secondary 25 Primary 

2014 January 22.6 26,834.0 35.1 9.216.3 
February 22.5 26,185.3 27.2 10.164.6 
March 21.7 26,131.9 (17.7) 9,089.6 
April 20.2 25,191.1 70.1 6,788.5 
May 20.3 24,447.4 537.1 6,057.6 
June 19.9 26,168.9 1,533.7 5,802.5 
July 16.5 26,190.5 4,555.4 5,884.0 

August 17.8 28,109.2 3,739.7 7.957.1 
September 17.1 28,812.9 4.216.5 7,601.6 
October 17.2 27,794.9 2,404.3 11,278.5 
November 16.4 25,654.6 713.1 11,465.3 
December 22.0 26,893.3 73.8 11,834.7 

Total 234.2 318,414.0 17,888.3 103,140.3 

2015 January 12.0 26,755.2 21.6 13,008.9 
February 13.7 26,423.2 15.1 12,302.4 
March 14.0 25,981.3 18.2 12,387.7 
April 14.5 25,042.2 643.5 11,089.3 
May 8.8 23,878.3 2,738.6 10,478.1 
June 13.8 25,117.7 3,184.4 9,928.1 
July 10.6 26,509.8 4,511.2 11,495.0 
August 10.0 27,904.8 6,079.0 10,751.3 
Total 97.4 207,612.5 17,211.6 91,440.8 

MONTANA-DAKOTA UTILITIES CO. 

ELECTRIC UTILITY- MONTANA 

Demand 

Rate 30 Rate 31 Rate 31 Rate 
Secondary Primary Secondary 32 

37,202.1 3,397.6 442.9 620.6 
35,518.9 3,044.8 637.3 565.5 
35,384.5 3,454.4 444.3 607.1 
34,229.1 3,103.2 423.6 557.8 
32,933.8 3,661.6 422.8 638.2 
35,629.5 3,272.8 106.7 410.9 
32,703.1 3,648.8 103.0 137.2 
34,505.0 3,389.6 102.1 102.3 
36,085.5 4,208.0 113.6 202.4 
35,808.8 4,287.2 390.1 593.2 
34,279.4 4,492.0 434.5 668.7 
36,192.9 4,526.4 478.5 796.1 

420,472.6 44,486.4 4,099.4 5,900.0 

35,549.9 3,560.8 443.4 761.1 
37,430.8 3,569.6 433.7 728.4 
37,923.6 3,545.6 432.7 778.2 
36,269.2 3,316.0 402.7 660.6 
34,192.5 2,419.2 362.4 498.4 
35,033.0 3,021.6 339.6 511.0 
36,054.2 3,820.0 316.5 138.0 
36,574.7 3,902.4 359.9 101.4 

289,027.9 27,155.2 3,090.9 4,177.1 

Rate 41 Rate 41 

Rate Municipal Company 
35 Owned lighting Owned Lighting 

30,836.7 
29,362.0 
31,646.0 
31,775.2 
30,364.8 
29,293.6 
28.789.8 
29,759.2 
30,211 .5 
30,034.0 
30,690.1 
29,960.0 

362,722.9 

29,831.3 
30,681.2 
29,831.2 
30,348.9 
29,739.7 
29,736.4 
30,018.0 
29,608.8 

239,795.5 

Rate Rate 
48 52 

2,403.8 
2,354.2 
2,525.1 

2,339.3 
2,572.3 
2,657.9 
3,075.0 
2,941.7 
3,028.0 
2,711.4 
2,400.3 
2,447.4 

31,456.4 

2,525.4 
2,486.4 
2,605.5 
2,489.6 
2,723.4 
2,681.7 
3,343.8 
3,191.2 

22,047.0 

Total 
111,011.7 
107,882.3 
109,286.9 
104,498.1 
101,655.9 
104,896.4 
105,103.3 
110,623.7 
114,497.1 
115,319.6 
110,814.4 
113,225.1 

1,308,814.5 

112,469.6 
114,084.5 
113,518.0 
110,276.5 
107,039.4 
109,567.3 
116,217.1 
118,483.5 
901,655.9 
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MCC-126 

MONTANA-DAKOTA UTILITIES CO. 
MONTANA CONSUMER COUNSEL 

DATA REQUEST 
DATED SEPTEMBER 29,2015 

DOCKET NO. D2015.6.51 

Regarding: Statement M 
Witness: Tamie A. Aberle 

a. Please explain the basis and show supporting calculations for 
determining the winter rate differential with respect to summer rate for the 
different classes as applicable (e.g., Residential Electric Service Rate 10 
equal to $-0.01997 I kwh, and Small General Service Rate 20 equal to$-
0.01880 I kwh, etc), as shown on the different rate tabs of file: Statement 
M Exhibit TAA-1 TAA-2.xlsx. 

b. Please explain the basis and show supporting calculations for 
determining the secondary rate differential with respect to primary rate 
(e.g., Small General Service Rate 2() equal to $0.00100 I kwh, etc), as 
shown on the different rate tabs of file Statement M Exhibit TAA-1_ TAA-
2.xlsx. 

c. Please explain the difference between the two kwhs values (135,654,617 
and 113,115, 178) related to winter rate that are shown on tab Rate 10 of 
the file Statement M Exhibit TAA-1 TAA-2.xlsx. 

Response: 

a. The summer/winter differentials were held the same as the authorized rates. 

b. The primary/secondary differentials were held the same as the authorized 
rates. 

c. The 113,115,178 value for winter sales under Rate 10 was not used and should 
not have been included on the referenced schedule. 
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