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Map 3 - Distribution Factor Map 
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The Dorsey substation is located near Winnipeg, Manitoba and is an 
interconnection point between: 
 

1. Two DC line systems that transport power from the two hydro electric 
dams further north in Manitoba. 

 
2. An extensive 230 kV system that provides connections from Manitoba to 

Minnesota, North Dakota, Ontario and Saskatchewan. 
 

3. A 500 kV line that provides an extremely strong connection between 
Dorsey and the Chisago substation just north of the Twin Cities area. 

 
The 230 kV system has three lines that form paths from northern Minnesota and 
North Dakota to the Dorsey substation in Manitoba.  These lines are the Rugby-
Glenboro, Drayton-Letellier, and the Roseau-Richer South 230 kV lines.  Two 
230/500 kV transformers at the Dorsey substation transform or step the voltage 
from 230 kV to 500 kV.  These transformers provide a strong connection 
between the 230 kV and 500 kV systems.  A transmission map of the area is 
shown below: 
 
Map 4 - Transmission Map Illustrating the Dorsey 230/500 kV System. 
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The 500 kV line runs from Dorsey to Roseau County to Forbes and then to 
Chisago.  This line is the largest line in the area and it has been further enhanced 
by the installation of series capacitors.  These series capacitors placed on the 
strong transmission line have the effect of creating a super-highway from 
Manitoba to the Twin Cities.  Because of this, power, which takes the path of 
least resistance, has a strong tendency to utilize this 500 kV path when traveling 
from a source to a sink.  This creates a situation where power generated in 
northern Minnesota flows north on the 230 kV system to the Dorsey substation, 
where the power passes through the transformers to the 500 kV system and then 
travels down the 500 kV line to the sinks in the Twin Cities area.   
 
The table below shows the portion of power in each planning zone that travels 
through the 230/500 kV transformers in the power flow models. 
 
Table 8 – Distribution Factors on Dorsey 
Transformers

 
 
 
 
Each 230/500 kV transformer is loaded to nearly 100 percent in the base case 
during an outage of the other transformer.  Thus adding more generation of any 
size or type in northern Minnesota causes additional loading on the transformers 
during contingency conditions which in most cases, causes the transformers to 

Summer Peak
 Base Case x x x

NE 2.9% 3.3% 4.5% 
NW  10.3% 11.9% 21.5%
SE 0.7% 0.9% 0.7% 
SW  1.9% 2.2% 3.3% 
W-C  2.3% 2.7% 4.4% 

   State  3.3% 3.8% 7.0% 
Summer Off-Peak

 Base Case x x x
NE 3.5% 4.1% 5.2% 
NW  10.7% 12.4% 19.9%
SE 1.0% 1.2% -0.1%
SW  2.4% 2.9% 2.8% 
W-C 2.9% 3.3% 3.7% 

  State 2.9% 3.4% 5.8% 

PTDF
2nd  Xfmr 

DF 1 st XfmrDF 1 st  Xfmr DF 2 nd  Xfmr

 Removing OTDF: 
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overload.  This overloading is what is limiting the DRG outlet capability of many 
of the sites in the northern half of the state. This is an inadvertent (loop) flow 
situation and the overloaded transformers are unintended consequences.  
 
Despite the unintentional nature of these consequences, a new generation 
project that causes this overload could be charged with the cost of mitigating the 
overload.  The added cost of mitigating these overloads on the 500 kV system is 
prohibitively expensive, this is what facilitated the shift in generation sites to the 
southern portion of the state. 
 
Zonal Aggregation Analysis 
 
The aggregation of the DRG in each of the five planning zones was studied, and 
this examination provides a good measure of the transmission capacity available 
for generation in each of the planning zones.  There were about eight DRG sites 
in each of the planning zones, each with an upper limit of 40 MW and it was 
decided to begin with a zonal aggregation total of 225 MW.   
 
The DRG sites had a range of output capacities as determined in the single site 
analysis and these outlet capabilities established the starting point for the 
participation factors for each of the sites in the zonal aggregation.  The zonal 
base and the changed (aggregate) cases were analyzed by taking all outages 
within and just beyond their respective planning zone as well as all the 
contingencies in adjacent planning zones and selected known limiting 
contingencies.   
 
This zonal aggregation analysis was performed at 225 MW and the results of this 
225 MW case were then compared to the base case and any significantly 
affected facilities were recorded.  In cases where 225 MW of DRG in a zone 
resulted in SAFs, the case was re-run at 200 MW and then decreased in 
increments of 25 MW steps until a DRG level was reached where no SAFs were 
observed.  Through this iterative process, the participation of the individual DRG 
sites was adjusted to determine an optimum pattern of generation among the 
sites in order to find the maximum aggregate output of each zone.  The zonal 
aggregation analysis summary is shown in Table 9 and the detailed analysis 
output is available in Appendix E.   
 
A contingency overload of either 230/500 kV transformer at the Dorsey 
substation near Winnipeg, Manitoba, Canada was observed, which is an 
extremely limiting factor for the Northwest, Northeast and West-Central zones. 
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Table 9 – Zonal Aggregation Analysis Results 
 

 
 
Statewide Aggregation Analysis 
 
A primary goal of this DRG Study was to investigate the placement of 600 MW of 
dispersed generation with minimal impacts to the transmission system.  For this 
statewide aggregation contingency analysis, all of the statewide facility outages 
were considered as well as those of facilities immediately adjoining Minnesota.  
 
The starting point for the zonal participation was derived from the results of the 
zonal analysis. The participation pattern was substantially shifted south due to 
the limitations on the northern and west-central zones and after extensive 
discussion with the TRC.  The examination of the statewide aggregation analysis 
output and the resulting overloading of the Dorsey transformers led to a process 
of the continual southward shift of the DRG level.  The final participation levels on 
a site and zonal basis are shown in Table 10.   
 

Generation Outlet 
Capability (MW))

Zonal Aggregation

NW 20* 

NE 35* 

W-C 40* 

SW 50

SE 300 

Planning 
 Zone 

* Denotes a limitation due to the Dorsey 
Transformer Overloads
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Table 10 - 600 MW Statewide Aggregation - DRG Participation Levels 
 

Viking 0 Little Sauk 0
Silver Lake 0 RDO 0
Plummer 0 Aldrich (Verndale) 0
Halma 0 Bertram 0
Cormorant 0 Walker 0
Crookston 0 Hewitt 0
Audubon 0 Aldrich 0
Bemidji Airport 0 Flensberg 0

Cloquet 40

West Port 0
Swan Lake 0
Paynesville 0
Hoffman 0
Glencoe Municipal 40
Erdahl 0
Birds Island 40
Atwater 20  
Alexanderia 0

Sveadah 19 Waseca 39
Steen 21 Vasa 39
New Ulm 21 New Prague 39
Mountain Lake 21 Lafayette 29
Morgan 21 Goodhue 39
Magnolia 16 French Lake 39
Lakeside Ethanol 21 Crystal Food 39
Brookville 19 Airtech 39

160

40

300

Single Site 
(MW)

Single Site 
(MW)

Statewide Total 600 MW

0

Zone (MW)

Zone (MW)

100

Zone (MW)

Zone (MW)

Single Site 
(MW) ZoneZone (MW) Name

NE

Name

Zone Name

Single Site 
(MW)

NW

Zone Name

SE

Zone Name

SW

Zone

W-C

Single Site 
(MW)

 
 
A map illustrating the locations of the final DRG sites that comprise the 600 MW 
of dispersed generation is shown below.  Included are some of the original 
locations of sites that were not considered for the final DRG sites. 
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Map 5 – Final DRG Site Map 

 
 
Conclusions of AC Analysis 
 
The single site analysis results generally showed local and lower voltage limiting 
elements while the zonal and statewide aggregate analysis results generally 
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identified regional and higher voltage limiting elements.  On a single site basis, 
the Northwest and Northeast were found to be the most limited planning zones 
with respect to siting DRG.  These zones were severely limited by higher voltage 
facility overloads in Manitoba.   
 
The results of the zonal aggregation analysis showed that the DRG zonal 
capabilities in the Northeast, West Central and Southwest were 35 MW, 40 MW 
and 50 MW respectively.  Whereas the DRG participation of the Northeast, West- 
Central and Southwest zones in the statewide DRG pattern were 40 MW, 100 
MW, and 160 MW respectively.  Thus, these three zones showed a generation 
output capability increase when studied on a statewide aggregate basis. 
 
The 2010 transmission can support 600 MW of aggregate DRG.  The TRC 
defined sink pattern is a likely scenario, but a change in the generation sink could 
change the results of this study.  The study results reflect the assumption of, in 
essence, a power delivery to the natural gas generation (generation sinks) 
located in a wide area around the Twin Cities (for which natural gas served as a 
proxy).  If each of the DRG sites were studied individually and if the assumed 
generation sink was located very near that particular DRG site, then those 
individual study results could vary from the individual and aggregate results seen 
in this study.  
 
It must be further stressed that these results, particularly those in the Southwest 
zone, are based on the assumption that large amounts of prior-queued 
generation are not in the model.  The base assumption for these studies 
assumed installation of the Buffalo Ridge Incremental Generation Outlet (BRIGO) 
facilities and the associated generation.  This brought the amount of generation 
in Southwest Minnesota to 1,175 MW and the additional Southwest zone 
generation was based on having only those 1,175 MW of generation in service. 
 
Interconnection studies assume all prior queued generation impacted by the 
installation of new generation is in service.  In Southwest Minnesota, this 
generation totals several thousand megawatts. 
 
All renewable generation developers should work closely with the local 
transmission owner and operator to determine the specific single site generation 
impacts on the local distribution, sub-transmission and transmission system. 
Interested parties also may benefit from working with independent consultants 
well-versed in the transmission system in a particular area.  The assumptions 
chosen for the DRG Study are the best engineering judgment for a study of this 
scope.  Local transmission owners and operators, however, have additional 
knowledge of unique operating characteristics of their system and they may 
identify other local generation sinks that could change the outcome of an 
interconnection study.   
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The DRG Study relied on the experience and knowledge of the study team and 
the TRC.  The study team diligently investigated the best data, tools and leading 
approaches to assure a sound outcome.  The TRC meetings offered an open 
exchange to challenge engineering judgment and discuss strategy.  The study 
team responded to feedback adding additional research runs, adjusting 
assumptions and scrutinizing output.  The end result of this iterative process is a 
thorough study report providing more information than is required by legislation.   
 
As with any study, new methods and information may come to light that may be 
proposed for the DRG Phase II Study. The TRC and the study team conclude 
that the DRG Phase I results are the best results based on the collective 
expertise and judgment and the substantial, though limited, resources applied to 
this study.     
 
Loss Analysis 
 
An analysis of the system wide electrical losses was performed.  The loss 
analysis is typically performed across the entire Eastern Interconnection rather 
than just on a local system in order to take into consideration the inadvertent 
power flows (loop flows) and the corresponding changes in losses which they 
cause.  The inadvertent flows are those power flows that travel out from a 
generation point or source on the transmission grid in a wide circle or circuitous 
loop to the load or sink rather than in a more nearly direct path.  For example, a 
measurable portion of the power generated in the southwest part of the state can 
travel as far north as Manitoba or as far south as Nebraska before looping back 
to serve load in the Twin Cities metro area.  These inadvertent flows 
incrementally contribute to system losses and it is prudent to account for them in 
a loss analysis. 
 
The loss analysis was performed with the use of the PSSTME (Rev. 30.3) load 
flow program on both summer peak and summer off-peak models, in the base 
case and in the statewide DRG scenario with 600 MW of dispersed generation.  
The results of the loss analysis are shown in Table 11. 
 
Table 11 – Loss Analysis Results 
 

 
 

Base Model 17291.5 15829.8
DRG Model with 600 MW 17282.0 15837.1

Loss Reduction with DRG 9.5 -7.3

Model 

Loss Analysis

SUOP 
  MW 

SUMP 
MW
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The results in the table above indicate that for the summer on-peak condition, the 
system-wide losses in a 600 MW DRG scenario are 9.5 MW lower than the base 
case where the generation is concentrated in a wide area around the Twin Cities.  
In summer peak conditions, more generation is on-line to serve the increased 
load levels and the generation has a tendency to stay local and be consumed in 
the nearby area.  With a DRG scenario, the generation is matched with larger 
local load levels, and the generation is consumed by that local load.   
 
The summer off-peak, however, shows a 7.3 MW loss increase in the DRG 
scenario when compared to the base case.  There are a few explanations for the 
net differences in the summer peak and summer off-peak results.  In a summer 
off-peak case where the load levels are lower, uneconomical generation is 
typically turned off in favor of more economical and renewable generation.  In this 
condition where fewer generators are on-line, the generation must travel further 
before being consumed by the load.  For this reason, having the generation 
dispersed is most beneficial in higher load level conditions when considering the 
system losses. 
 
In either case (9.5 MW loss decrease or 7.3 MW loss increase), the incremental 
loss impact is relatively minor, being less than +1.6 percent of the 600 MW 
generation increment. 
 
The full output of the loss analysis is available in Appendix F. 
 
System Upgrades 
 
There were no system upgrades required in the final generation pattern which 
constituted the 600 MW of DRG as shown in the AC Analysis section.  However, 
there was a realization that this DRG scenario was heavily biased toward the 
southern portions of the state as result of the contingency overload violations on 
the Dorsey 230/500 kV transformers and related 500 kV facilities.   The large 
portion of Minnesota that is negatively affected by the transfer limitations caused 
by these contingency loaded transformers necessitates discussion about the 
possible mitigation options. The following four solutions were discussed with the 
TRC. 
 

1. Install a third 1200 MVA, 230/500 kV transformer at Dorsey 
This transformer would be placed in parallel with the two existing 1200 MVA, 
230/500 kV transformers at the Dorsey substation or another new substation on 
the 500 kV line between Dorsey and Roseau.  This third transformer would likely 
cause a reduction in the impedance path from the 230 kV Dorsey bus to the 500 
kV Dorsey bus to Roseau, which could lead to increased flow on the line, causing 
a cascade problem where the Roseau series capacitors could become 
overloaded in a system intact condition. With the additional system intact loading, 
it is likely that additional shunt capacitors would be required at the Forbes 
substation. Additionally, given a likely lead time of about 18 months for the 
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manufacture and delivery of a new transformer, it is unlikely that this would be a 
possible solution to meet the 2010 timeframe.  An estimated cost for this 
transformer solution would be approximately $30 million plus $6 million to 
upgrade the Roseau series capacitors and $5 million for Forbes shunt capacitors 
for a final total of approximately $41 million. 
 

2. Install phase shifters on three northern 230 kV lines 
The Rugby-Glenboro, Drayton-Letellier, and the Roseau-Richer South 230 kV 
lines form the primary paths from northern Minnesota to the 230 kV bus at 
Dorsey. Installing phase shifting transformers on the three 230 kV lines would 
permit the control of flow on, and, in essence, create one-way valves on those 
230 kV transmission lines.  This would limit the loop flow from Minnesota to 
Manitoba through the 230/500 kV transformers, which would mitigate the 
transformer overloading caused by Minnesota generation.   
 
The exact lead time for installing three phase shifters is unknown, but it is likely 
that the manufacture time would extend the project beyond the 2010 timeframe.  
Also, the installation of phase shifters would change the operating nature and 
would degrade the dynamic stability performance of the existing transmission 
grid requiring extensive amounts of study to determine the post-project behavior 
of the transmission system.   
 
The estimated cost per phase shifter project is about $20 million or about $60 
million for all three phase shifter projects.  However, there are also system intact 
loading considerations regarding the 500 kV system; these could result in 
generation reductions during a considerable number of hours per year. 
 

3. Install a Special Protection Scheme to curtail Minnesota generation 
A Special Protection Scheme (SPS) would trip Minnesota generation in the case 
of a 230/500 kV transformer outage and curtail the Minnesota generation that 
could cause the remaining 230/500 kV transformer to overload.  The research, 
development and design of an SPS is a very involved process requiring 
coordination with and approval of regional reliability authorities, and the 
equipment and installation costs vary widely.  It is likely that each DRG site would 
need a separate SPS that would require the approval of Manitoba Hydro. 
However, it is a potential solution that could be examined further. 
 

4. Communicate and coordinate a resolution with Manitoba Hydro 
Manitoba Hydro has an existing DC runback scheme where they can reduce the 
power output of their hydro dams and the flow on their DC lines, which in turn, 
will reduce the loading on the 230/500 kV transformers.  However, Manitoba 
Hydro has firm transmission rights for their hydro power export and performing 
this runback action lowers their exports and the resulting revenues.  
Communicating with Manitoba Hydro and engaging in a possible agreement may 
result in an approval for generation interconnection with regard to the Dorsey 
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overload issues.  It should be noted that this type of coordination is the 
responsibility of the generation developer. 
 
The statewide aggregate AC analysis results showed a DRG scenario where 600 
MW could be sited without significantly affecting any transmission infrastructure.  
The statewide DRG site placement pattern for 600 MW was dictated by 
limitations found in the single site and zonal aggregation analysis as well as 
those found in the statewide aggregation analysis.  
 
In addition to the Dorsey transformer issues limiting the generator outlet 
capability at many of the sites, the single site analysis also revealed that 19 of 
the 42 DRG sites had other transmission limitations for generation output levels 
below 40 MW, although these limitations did not affect the ability to achieve 600 
MW of DRG statewide.  The transmission limitations for these sites were 
identified and specific system upgrades were created for each site. 
 
Table 12 lists the facility improvements (beyond the Dorsey Transformer Issues) 
identified as necessary to achieve outlet capability for up to 40 MW of DRG on a 
single site basis.  These improvements are only indicative of the actual 
corrections that may be undertaken after detailed engineering study. 
 
Tables 12 – Cost of Site Upgrades in the Five Planning Zones  
 

BEMIDJII AIRPORT
7909 AIRPORT JCT - 7910 AIRPORT OTP 0.3 41.6 1/0 ACSR 19.1 Line Rebuild 336 ACSR 52,000$         

Total 52,000$         

CROOKSTON
7972 CROOKSTON - 7974 SIMPLOT OTP 2.9 41.6 266&1/0&3/0 ACSR 26.8 Line Rebuild 336 ACSR 580,000$       
7972 CROOKSTON - 7982 CROOKSTON SUGAR OTP 1.3 41.6 266 ACSR 39.6 Line Rebuild 336 ACSR 273,000$       
7980 CROOKSTON - 7982 CROOKSTON SUGAR OTP 0.6 41.6 266 ACSR 40.2 Line Rebuild 336 ACSR 144,000$       
7975 CROOKSTON PLANT - 7980 CROOKSTON JCT OTP 0.3 41.6 266 ACSR 40.2 Line Rebuild 336 ACSR 69,000$         
66776 WILTON TAP - 66968 WILTON MPC XFMR 115/69 N/A 88.4 Xfmr Upgrade 112 MVA 1,703,000$    

Total 2,769,000$    

PLUMMER
7966 BROOKS - 7967 PLUMMER SW OTP 6.2 41.6 3/0 ACSR 17.4 Line Rebuild 336 ACSR 1,240,000$    
7967 PLUMMER SW - 63252 PLUMMER OTP XFMR 115/41.6 N/A 33.6 Xfmr Upgrade 48 MVA 1,264,000$    

Total 2,504,000$    

SILVER LAKE
63166 SILVER LAKE -  63366 SILVER LAKE OTP/GRE XFMR 230/41.6 N/A 27.0 Xfmr Upgrade 48 MVA 1,897,000$    

Total 1,897,000$    

Facility Name Owner Length Voltage Existing Cond Size Rate A 
(MVA)

Upgrade 
Size Estimated CostSystem 

Upgrade

Northwest Zone
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ALDRICH 34.5
38701 ALDRICH - 62905 STAPLES MP 6.3 34.5 336 ACSR 25.1 Line Rebuild 477 ACSR 1,323,000$    
7211 ULRICH -  66773 ULRICH OTP 0.3 41.6 266 ACSR 31.4 Line Rebuild 336 ACSR 50,000$            
66717 ULRICH -  66781 ULRICH TAP OTP/MPC XFMR 115/41.6 N/A 33.2 Xfmr Upgrade 48 MVA 1,264,000$       
66773 ULRICH - 66781 ULRICH TAP OTP/MPC XFMR 115/41.6 N/A 32.1 Xfmr Upgrade 48 MVA 1,264,000$       

Total 3,901,000$    

BERTRAM
38854 BERTRAM - 61836 SWANVILLE MP 3.2 34.5 336 ACSR 34.2 Line Rebuild 447 ACSR 677,000$       

Total 677,000$       

FLENSBERG
38885 508-27T7 - 62854 FLENSBERG MP 8.9 34.5 3/0 CU 18.8 Line Rebuild 336 ACSR 1,780,000$    
62852 GRE FLENSBERG - 62854 FLENSBERG MP 0.7 34.5 3/0 CU 19.1 Line Rebuild 336 ACSR 132,000$       

Total 1,912,000$    

HEWITT
38801 HEWITT - 38802 501-533H MP 2.5 34.5 336 ACSR 37.3 Line Rebuild 795 ACSR 600,000$       
38801 HEWITT - 62899 HEWITT MP 1.6 34.5 3/8 CU 37.8 Line Rebuild 336 ACSR 320,000$       
38802 501-533H - 38803 BERTHA   MP 4.5 34.5 336 ACSR 36.5 Line Rebuild 795 ACSR 1,080,000$    
38802 501-533H - 38812 501-533W MP 8.8 34.5 336 ACSR 37.3 Line Rebuild 795 ACSR 2,104,800$    
38803 BERTHA - 62900 EAGLE BEND MP 4.4 34.5 336 ACSR 34.8 Line Rebuild 795 ACSR 1,058,400$    
38810 WADENA - 38811 COMPTON TAP MP 1.3 34.5 3/8 CU 35.8 Line Rebuild 795 ACSR 312,000$       
38811 COMPTON TAP - 62899 HEWITT MP 3.5 34.5 336 ACSR 38.4 Line Rebuild 795 ACSR 840,000$       
38812 501-533W - 61842 VERNDALE MP 0.1 34.5 336 ACSR 37.3 Line Rebuild 795 ACSR 26,400$         

Total 6,341,600$    

WALKER
38741 BADOURA TAP - 38742 AKELEY   MP 0.7 34.5 2/0 CU 20.8 Line Rebuild 336 ACSR 140,000$       
38741 BADOURA TAP - 61838 AKELEY MP 0.2 34.5 2/0 CU 20.8 Line Rebuild 336 ACSR 147,000$       
38742 AKELEY - 38743 WALKER   MP 8.4 34.5 2/0 CU 21.5 Line Rebuild 336 ACSR 168,000$       

Total 455,000$       

Facility Name Owner Length Voltage Estimated CostExisting    Cond Size Rate A 
(MVA)

System 
Upgrade

Upgrade 
Size

Northeast Zone

 
 

ERDAHL
7202 POMME DE TERRE - 62762 SANFORD TAP OTP 1.5 41.6 3/0 A 24.3 Line Rebuild 336 300,000$          
7202 POMME DE TERRE - 7203 ERDAHL JCT OTP 5.0 41.6 3/0 A 24.5 Line Rebuild 336 1,000,000$       
7203 ERDAHL JCT - 62761 AMOCO TAP OTP 6.0 41.6 3/0 A 24.6 Line Rebuild 336 1,200,000$       

Total 2,500,000$       

GLENCOE MUNICIPAL
62985 HUTCHINSON PARK - 62986 HUTCHINSON HUC 0.2 69 336 ACSR 47.7 Line Rebuild 477 ACSR 42,000$            

Total 42,000$            

HOFFMAN
7215 ELBOW LAKE - 7446 BARRET OTP 4.8 41.6 266 ACSR 26.8 Line Rebuild 336 ASCR 960,000$          

Total 960,000$          

WEST PORT
60748 WESTPORT - 60749 DOUGLAS COUNTY Xcel 10.3 69 2/0 A 38.2 Line Rebuild 336 ASCR 2,060,000$       

Total 2,060,000$       

Facility Name Owner Length Voltage Existing    Cond Size Rate A 
(MVA)

System 
Upgrade

Upgrade 
Size Estimated Cost

West - Central

 
 
 



DRG Transmission Study                June 16, 2008                                                       
  

56

BROOKVILLE
34274 JOHNSONVILLE TAP - 62731 WANDA Alliant W 3.0 69 2/0 A 38.2 Line Rebuild 336 ACSR 600,000$       
62731 WANDA - 62732 SUNDOWN Alliant W 7.0 69 2/0 A 39.2 Line Rebuild 336 ACSR 1,400,000$    

Total 2,000,000$       

MAGNOLIA
34215 MAGNOLIA - 34269 ADRIAN TAP Alliant W 1.0 69 2/0 A 39.1 Line Rebuild 336 ACSR 200,000$       

Total 200,000$          

MORGAN
62072 SLEEPY EYE - 62080 HOME TAP Xcel 4.0 69 2/0 ACSR 27.7 Line Rebuild 336 ACSR 808,000$          

Total 808,000$          

SVEADAHL
34231 MOUNTAIN LAKE - 60935 BUTTERFIELD Xcel/Alliant 8.4 69 4/0 A 37.9 Line Rebuild 336 ACSR 1,680,000$    

Total 1,680,000$       

Existing    Cond Size Rate A 
(MVA)

System 
Upgrade

Upgrade 
Size

Southwest

Estimated CostFacility Name Owner Length Voltage

 

FRENCH LAKE
34299 WASECA JCT - 62876 FRENCH LAKE TAP Alliant W 1.0 69 3/0 A 41.0 Line Rebuild 336 ACSR $200,000
34300 MONTGOMERY - 34301 NEW PRAGUE Alliant W 1.0 69 4/0 A & 2/0 A 36.0 Line Rebuild 336 ACSR $200,000
34301 NEW PRAGUE - 60936 NEW PRAGUE TAP Alliant W 0.4 69 4/0 A 35.0 Line Rebuild 336 ACSR 80,000$         

Total 480,000$          

LAFAYETTE
60719 LAFAYETTE - 60725 WINTHROP Xcel 7.8 69 2/0A/336ACSR 37.0 Line Rebuild 336 ACSR 1,560,000$    
60719 LAFAYETTE - 62079 LAFAYETTE Xcel 1.0 69 2/0 A 37.0 Line Rebuild 336 ACSR 200,000$       
62077 SCHILLING TAP - 62079 LAFAYETTE Xcel 1.0 69 2/0 A 37.0 Line Rebuild 336 ACSR 200,000$       
61250 JAMESTOWN - 62351 JAMESTOWN TAP Xcel 2.8 69 4/0 ACSR 37.3 Line Rebuild 336 ACSR 560,000$       

Total 2,520,000$       

Estimated CostExisting    Cond Size Rate A 
(MVA)

System 
Upgrade

Upgrade 
SizeFacility Name Owner Length Voltage

Southeast

 
 
The Unit Cost Estimates used on the cost analysis are shown in Appendix G. 
 
E. Transient Stability Modeling and Study Assumptions 
 
After the final 20 locations were chosen for potential DRG based on power flow 
studies, the sites were tested for stability.  Each potential DRG plant was 
modeled in the Northern MAPP Operating Review Working Group (NWORWG) 
stability package with a typical generation plant model.  The stability analysis 
tested the critical regional faults for the state of Minnesota and the 
interconnected MAPP system to determine if adding 600 MW of DRG would 
affect regional system stability. Local stability near the DRG points of 
interconnection (POIs) was not assessed. 
 
DRG Plant Models  
 
All but three of the DRG sites were represented as equivalent wind farms using 
the equivalent wind farm model shown in Figure 1 for these plants.  The TRC 
decided which technology wind turbine to use for modeling purposes.  Their first 
choice was the Type 2 wind turbine, which is a wound rotor induction generator 
with variable rotor resistance, but the modeling software did not support this type 
of wind turbine.  Next the TRC and project team chose Type 3 (doubly fed 
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induction generator) wind turbines as the assumed generator in the transient 
stability analysis model.  The biomass model for the transient stability modeling 
was replicated from the existing Fibrominn biomass generator.   
 
Using this model, a typical wind farm substation transformer is connected to the 
point of interconnection stepping down the voltage to 34.5 kV.  Next , an 
equivalent branch is attached representing the impedance (series and shunt) of 
the 34.5 kV collector system.  This is followed by an equivalent generator step-up 
(GSU) transformer from 34.5 kV down to 0.575 kV.  Finally, a single equivalent 
generator is connected to the 0.575 kV bus. 
 

 
 

Figure 1 – DRG Wind Farm Model 
 
For this study, GE 1.5 MW wind turbines were assumed for all DRG wind farms.  
GE wind generators are of the doubly-fed induction generator (DFIG) type that is 
commonly installed today and is expected to be used in the future as well.  These 
generators have a reactive power capability from 0.90 leading to 0.95 lagging, 
and can dynamically supply the reactive power losses of their collector systems 
and regulate voltage. 
 
For the three biomass locations, the model of Figure 2 was used.  The model and 
data were copied from the existing FibroMinn biomass generator. 
 



DRG Transmission Study                June 16, 2008                                                       
  

58

POI
 (e.g. 

115 kV, 
69 kV)

GSU
transformer

Biomass
 generator  

 
Figure 2 – DRG Biomass Model 

 
 
System Stability Model 
 
The software package used for stability studies in Minnesota is the Northern 
MAPP Operating Review Working Group (NMORWG) package.  This package 
includes a set of programs built on top of the commercially available simulation 
program Power Systems Simulator for Engineering (PSS/E).  The NMORWG 
package automates the application of many faults, special controls, and 
operating procedures used in the MAPP region. 
 
Adding DRG to the Stability Model 
 
A software program was written in the IPLAN language to add the DRG projects 
to the NMORWG model.  A few of the buses chosen in the steady-state analysis 
do not exist in the NMORWG model due to its slightly less detailed 
representation of sub-transmission.  For these buses, the nearest bus that is 
represented in the NMORWG model was chosen as a replacement. 
 
When injecting the desired power levels into the chosen buses, voltage will 
frequently rise, sometimes significantly if the bus is relatively weak.  In cases 
where the voltage rose above 105 percent of nominal, the reactive power 
capability of the DRG (GE wind turbine generators and biomass synchronous 
generators) was used to limit the voltage at the POI to 105 percent.  At buses 
where overvoltage was not an issue, the voltage schedules were set to achieve a 
nominal power factor of 1.0 at the POI.  In other words, approximately zero 
exchange of megavolt ampere reactive (MVAr) between the system and the 
DRG. 
 
The sink generators used in the DRG steady-state analysis were also used in 
building the stability model.   
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The most significant interface flow change resulting from adding DRG is a 
decrease of 29 MW in the Minnesota-Wisconsin EXporting (MWEX) interface 
flow mainly due to the sinks chosen in the Twin Cities area. The MWEX is the 
sum of the flows on the Arrowhead-Stone Lake and the King Eau Claire 345 kV 
lines.  The Manitoba Hydro EXporting (MHEX) interface flow increased by only 5 
MW, but the 500 kV line flow at Dorsey increased by 17 MW due to loop flow up 
the 230 kV ties and back down the 500 kV line.  The MHEX is the sum of the 
flows on the three 230 kVand the 500 kV tie lines that cross the Manitoba and the 
Minnesota and North Dakota borders. The North Dakota EXporting (NDEX) 
interface flow increased by 3 MW.  The NDEX is the sum of the flows on the 18 
lines that make up the “North Dakota Export” Boundary. 
 
The DRG IPLAN program was also written to generate the standard GE wind 
turbine dynamic model for each DRG location, assuming each wind farm is 
running at 100 percent of capability.  This is a relatively realistic assumption for 
an off-peak model and aligns with MISO practices. 
 
Regional Faults 
 
Only regionally significant faults were tested in this stability analysis.  This 
includes all of the faults listed in Appendix K of the MAPP Reliability Criteria and 
Study Procedures Manual.  A few faults were added near the Square Butte 
HVDC rectifier and one fault was added for the new Arrowhead-Weston 345 kV 
line.   
 
In a normal interconnection impact study for a single generation plant, many 
faults around the POI are studied.  However, with many DRG locations and a 
tight deadline, this was not feasible for this study.  Additionally, these chosen 
sites are simply representative of possible sites for DRG, and the overall regional 
impact is more relevant to the goals of the DRG Study.  When an individual 
generation project requests interconnection, detailed local faults will be studied at 
that time. 
 
Stability Study Results 
 
The regional faults were simulated on the following previously described cases: 
 

• Pre-DRG case with coal generation at URGE levels 
• Post-DRG case without resetting the NDEX, MHEX, and MWSI interfaces 

to their maximum allowable levels 
• Post-DRG case with the NDEX, MHEX, and MWSI interfaces reset to their 

maximum allowable levels 
 
No violations of MAPP stability criteria were found across all three power flow 
cases and all 18 faults.  This includes generator stability, transient voltage dip 
criteria, damping criteria and wind farms not tripping. 
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Outputs from the simulations are given in the appendices, including the TBL 
tables. The RPT reports are available in Appendix H and the PDF plots are 
available upon request. 
 
These results seem to indicate that if the 600 MW of DRG plants are spread 
around Minnesota in an appropriate pattern, the impact on regional stability could 
be minimal. 
 
Important note:  These results are for the assumed conditions.  Some of the 
significant assumptions are: 
 

• Using a 2008 off-peak power flow case.  For a specific DRG 
interconnection impact study, a model would be built to represent the in-
service year for the requested plant and would include all prior-queued 
generation. 

• Only regional faults were simulated.  For a specific DRG interconnection 
impact study, faults in the local area around the POI would be tested. 

 
For a specific DRG interconnection impact study, it is possible that there could be 
a detrimental impact on stability that would need mitigation with a wide range of 
possible cost and time implications. 
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V.  DRG Integration Issues 
 
DRG developers need to contact the local utility to examine opportunities for 
DRG site selection and foster coordination for further study work and/or 
interconnection requirements.   
 
Each dispersed renewable generation project will need to be integrated into the 
existing electric utility transmission system.  Care must be taken to ensure that 
every entity that connects to this highly interconnected network follows the 
regulations set by Federal Energy Regulation Commission (FERC), the North 
American Electric Reliability Corporation (NERC), the Midwest Reliability 
Organization (MRO), and the guidelines set forth by each utility.   
 
Most Minnesota transmission owning utilities have generation interconnection 
guidelines available on their Web sites or by request. One purpose of 
interconnection guidelines is to assure the safety of electric utility personnel and 
the general public. Another reason the guidelines are imperative is to minimize 
degradation of the reliability and service for all users of the electricity grid and to 
provide a uniform process for all parties interested in interconnecting generators 
to a utility’s transmission grid.   Adherence to the guidelines also reduces the 
chance for property damage for the utilities, the public and the generator owner.   
 
FERC Orders 2003 and 2006 final rules require FERC-jurisdictional electric 
utilities to use standardized generation interconnection procedures and 
agreements for all pending or new requests to interconnect a generator at 
transmission voltage. FERC has established a pro forma generation 
interconnection procedure and a pro forma generation interconnection 
agreement.  FERC breaks down these procedures and agreements by greater 
than 20 megawatts (large generators) and less than 20 megawatts (small 
generators).  The FERC final rules also allow for each utility to account for 
regional differences in their own procedures and agreements where the detailed 
technical requirements for interconnection are documented.  There also may be 
specific technical requirements unique to an individual state or regional reliability 
organization.  The details on the FERC procedures and agreements can be 
found at http://www.ferc.gov/industries/electric/indus-act/gi.asp.  
 
All generation projects in the MRO region must meet all applicable NERC and  
MRO standards.  Interconnections to MISO members must be approved by 
MISO and the MAPP Design Review Subcommittee must approve 
interconnections to MAPP members. In addition, producers intending to supply 
generation capacity to members of the MAPP Generation Reserve Sharing Pool 
(GRSP) or MISO’s Contingency Reserve Sharing Group (CRSG)  must 
demonstrate reliable generating capacity capability. This is accomplished through 
the applicable generation accreditation processes. Producers adding generation 
will most likely be responsible for the cost of all study work performed by the 
utility required to obtain these acceptances.  The details on the MAPP 
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requirements can be found at http://www. Mapp.org and the Midwest ISO 
requirements can be found at http://www.midwestreliability.org.  
 
Utilities in Minnesota that are members of MISO are governed by the MISO Open 
Access Transmission Tariffs (OATT) while utilities that are not MISO members 
are governed by their own OATT.  Each OATT has stipulations regarding 
generation interconnection procedures as required by FERC. 
  
Persons seeking to interconnect to the transmission system must review the 
generation interconnection procedures set forth by the electric utility, MAPP, 
MISO, NERC and FERC to ensure that the most up-to-date procedures are used 
in the project design, operation and maintenance requirements.  
 
The following are examples of interconnection costs that may be borne by the 
power producer (this is not a complete list): 
 

• Study analyses and related expenses to determine: feasibility to 
interconnect, transmission facilities required for interconnection, system 
upgrades required for interconnection, construction and project schedules, 
cost estimates and other related information. 

• Preparation and presentation of study results to appropriate regional 
oversight committees or planning groups.  

• Land and rights-of-way, including any required licensing or permitting.  
• The producer’s interconnection facilities.  
• Meter installation, testing, and maintenance, including all parts and other 

related labor.  
• Meter reading and scheduling.  
• Telemetry installation, testing, and maintenance, including all parts and 

other related labor.  
• Operating expenses, including communication circuits.  
• The utility’s protective device installation, testing, equipment cost, and 

related labor.  
• The producer’s protective device and interlock review of design, 

inspection, and test witnessing.  
• Programming costs to incorporate generation data into the utility’s energy 

management system.  
 
Each electric utility may have unique technical requirements for generation 
interconnection.  The configuration requirements of the interconnection also will 
depend on where the physical interconnection is to occur and the performance of 
the system with the proposed interconnection. Each utility may have various 
substation designs that will affect interconnection requirements. The specific 
requirements for each installation will be determined in the required 
interconnection and facility studies. 
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While the utility studies will cite the specific technical requirements for 
interconnection to the utility transmission system, the generator developer should 
consult an expert in the field of system protection to help with the nuances and 
complexities involved in designing their own protection scheme in consideration 
of the site-specific conditions.
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VI.  MISO Interconnection Process  
 
DRG projects that connect to the transmission system may still need to enter the 
Midwest Independent Transmission System Operator (MISO) interconnection 
queue or another utility generation interconnection queue and complete a 
System Impact Study.  Dispersed distribution connected projects that largely (but 
not entirely) serve local load must undergo a coordinated study between the local 
utility and the Midwest ISO.  An operating agreement.  It is also important to 
understand that receipt of approval for a generation interconnection does not 
grant any transmission service, nor ensure availability of transmission service for 
delivery of the generation output to any purchaser. 
 

MIDWEST ISO GENERATOR INTERCONNECTION PROCESS – CURRENT 
AND PROPOSED 

(prepared by Durgesh Manjure, MISO) 
 
 
A. BACKGROUND 
 
The level of requests for generator interconnection in the Midwest ISO system 
has exploded in recent years, driven, in large part, by renewable mandates. The 
Midwest ISO received over 200 generator interconnection requests in 2007, 
which represents an increase of more than 60% over the number of requests 
received in 2006, and more than double the level of requests received in each of 
the years from 2002–2005. 
 
The current backlog of queued interconnection requests and high level of 
stakeholder frustration with the process indicate that the good intentions of 
Federal Electric Regulatory Commission (FERC) Order No. 2003 have resulted 
in a number of unintended consequences. The process is working as designed, 
but the design is not working in the current public policy and energy market 
environment. Specifically it appears that the current process, which places value 
in a queue position, rather than an interconnection agreement, with a relatively 
lower cost of queue entry, and with no cost for suspension at the end of the 
process, has effectively incented stakeholders to enter the queue early and often. 
When an earlier queued project suspends or drops out of the queue, customers 
who have the remaining queued projects face high levels of rework/restudy and 
frustrating delays. The problem is compounded by the fact that many of these 
requests submitted to the Midwest ISO are being proposed in areas where little 
or no transmission capability exists and significant network upgrades are 
required to support generator interconnection.  
 
In the face of a growing backlog of generator interconnection requests, the 
Midwest ISO initiated an effort to address the issues raised by stakeholders, with 
the goal of identifying improvements to the FERC Order No. 2003 generator 
interconnection process. Stakeholders have been actively involved in the 
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identification and development of solutions. This effort is ongoing through a 
Midwest ISO stakeholder committee, known as the Interconnection Process Task 
Force (IPTF) which reports to the Planning Advisory Committee. This group 
consists of a broad range of stakeholders, including generation developers, 
transmission owners, load serving entities and state regulatory staff, and has 
been working since September 2007 to identify solutions to reduce cycle time 
and increase certainty through the generator interconnection process. 
 
A high-level summary of the current and the proposed Generator Interconnection 
Process is provided ahead. It is important to note that the information contained 
in this section is current as of May 2008. The proposed process is yet to be filed 
at the FERC and is subject to change depending upon the FERC order that will 
be received. Detailed information is available in the reference documents cited at 
the end of the section. 
 
 
B. CURRENT GENERATOR INTERCONNECTION PROCESS OVERVIEW 
 
Currently, Midwest ISO processes interconnection requests per the rules 
established in Attachments X and R of the Midwest ISO Transmission and 
Energy Markets Tariff. Attachment X details the Large Generator interconnection 
procedure and applies to generating resources larger than 20 MWs. Attachment 
R pertains to smaller generators – 20 MWs or lesser in size. Per these 
processes, the Midwest ISO offers Energy Resource Interconnection Service 
(ERIS) and Network Resource Interconnection Service (NRIS). In order to grant 
interconnection service, Feasibility Studies, System Impact Studies and a 
Facilities Studies are performed. Details about the study procedures can be 
obtained from the existing interconnection tariff. Successful completion of these 
studies (along with meeting the tariff requirements) results in an interconnection 
agreement, which is typically a three-party agreement - between the 
interconnection customer, the transmission owner and the transmission provider 
(Midwest ISO). The document is mostly pro-forma, and is filed at FERC if it 
deviates from the pro-forma. 
 
The interconnection study and agreement jurisdiction within the Midwest ISO 
footprint is outlined in a flowchart posted to the Midwest ISO web-site (Generator 
Interconnection Planning page – see reference). As indicated in the flowchart, if 
the point of interconnection for a DRG project is on the transmission system 
under Midwest ISO’s jurisdiction, they would need to enter the Midwest ISO 
generator interconnection queue to obtain interconnection service. Otherwise, 
the DRG project would need to work with the local distribution company to which 
they are proposing to interconnect. The interconnection study in such cases may 
need to be coordinated with the Midwest ISO, depending upon the impacts to the 
transmission system. 
 
1. Factors Contributing to Interconnection Queue Backlog 
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The Midwest ISO hypothesizes that under the current process the following 
broad factors have contributed to the current backlog in the interconnection 
queue:  
 
– Queue position being significantly valuable 
 
– Having a relatively lower cost of entry into the queue 
 
– Inordinately high amount (MW and number) of interconnection requests 

against a highly constrained transmission system (for example, in the Buffalo 
Ridge area, there are approximately 23,000 MW of wind generation requests 
for interconnection by 2014, with only 1,900 MW of outlet capacity planned for 
the region by that same date, as shown in Figure 1 below) 

 
– High attrition driven primarily by the apparent oversupply of requests, and 

resultant rework, delays and uncertainty for subsequently queued projects  
 
– No cost/penalty for suspension, resulting in large number (& MW) of projects 

being suspended which adversely impact timelines and uncertainty for later 
queued generators dependent on the transmission upgrades of the 
suspended generators (a suspension trend observed is the increasing level of 
projects suspending shortly following execution of the Interconnection 

Agreement, supporting the theory that the current process incents projects to 
enter the queue, although they may not be ready to interconnect, and wait in 
suspension) 

Figure 3:  Generator Interconnection Requests in the Buffalo Ridge Area as of 
November 30, 2007 

Add BRIGO, 1200
Add CapX, 1900

Next upgrade, 825

Today’s level, 425 

Add BRIGO, 1200
Add CapX, 1900

Next upgrade, 825

Today’s level, 425 
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C. PROPOSED GENERATOR INTERCONNECTION PROCESS OVERVIEW 
 
An overarching solution to the current logjam in the generator interconnection 
queue is switching the queue process from a first-in, first-out method to one that 
is milestones based. Doing so will allow projects to progress based on readiness, 
rather than solely on queue order. 
 
In areas where transmission is unavailable, it is not expected that changes to the 
Generator Interconnection process in and of itself will significantly affect process 
time, because the limiting factor in those areas is a physical problem, not a 
process problem.  
 
The proposed Generator Interconnection Process (GIP or GI process) is divided 
into four phases: 
– Pre-Queue (represented by yellow in the diagram) 
– Application Review (green) 
– System Planning & Analysis (light blue) 
– Definitive Planning (dark blue) 
 
An overview of the proposed process is shown ahead in Figure 4. 

 
Figure 4: Proposed Generator Interconnection Process 
 
The process incorporates increased interaction between customers and the 
Midwest ISO and uses milestone achievement as a method of moving 
Interconnection Requests (IRs) through the queue. Milestones (represented by 
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black diamonds in the diagram) serve as control checkpoints where the Midwest 
ISO assesses IRs based on pre-defined criteria. Milestone achievement is a key 
determinant in how an IR is progressing through the process (the other key 
determinant is transmission availability). Milestones may be technical (such as a 
stability model) or business-related (such as proof of site control).   
 
At the bottom of the four-phase process, there is an Optional Study process, 
indicated by the red dashed lines. Optional Study is for customers who wish to 
have their projects studied without entering the queue. Optional Studies are 
available today, but are rarely utilized. This is not expected to change. 
 
In addition to implementing a milestone-based queue, the proposed process 
places limitations on Suspension, in order to reduce the level of uncertainty 
experienced by projects that follow suspending projects. It is expected that with 
the proposed milestone-based progression and changes to Suspension rules, 
IRs will move through the process quicker and with more certainty. 
 
The IPTF is currently working toward a second quarter 2008 Tariff filing at the 
FERC to further progress towards implementation of these solutions. 
 
D. COMPARISON OF MILESTONE-BASED QUEUE PROCESS TO CURRENT 
QUEUE PROCESS 
 
The proposed Generator Interconnection (GI) process will have many steps that 
are similar to the current queue process. In particular, the actual study processes 
will have the same basic study structure as currently utilized. The main 
differences occur in how projects meet milestones, deposit amounts, and the 
different paths a project can take through the GI process – including the addition 
of a “fast lane.” Figure 5 illustrates how the proposed study process compares to 
the current study processes. 
 

* This graphic illustrates comparison of studies procedural 
differences; differences in milestones, deposits, and paths 
through the phases are not shown.
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Figure 5: Diagram Comparing Proposed GI Process to Current Process 
 
The Pre-Queue Phase in the proposed GI process is completely new and is not 
comparable to any phase of the current GI process. This phase is designed to 
facilitate dialogue between the Midwest ISO and potential Interconnection 
Customers in order to have customers as prepared as possible when entering 
the queue.  
 
The Application Review Phase, where the Application is validated and the 
Feasibility Study is performed, modifies and expands upon the Feasibility Study 
Phase in the current GI process.  
 
System Planning & Analysis (SPA) is similar to the current System Impact 
Study Phase, but with a few very important distinctions: 

– Queue position has lesser value; order of position in the System Planning 
& Analysis Phase does not translate to the same order of position through 
the entire process. That is, downstream position order may change in the 
Definitive Planning Phase, based on the achievement of milestones. 

– Projects located where significant transmission constraints exist are not 
holding up projects that could otherwise move ahead. 

 
In the Definitive Planning Phase (DPP), the two studies that will be performed 
are similar to current study procedures. If, during the review of previous System 
Impact Studies (SPA Review), a restudy is determined to be necessary, the 
restudy will be similar to the current System Impact Study. GI requests proposing 
to interconnect in areas with less-constrained transmission system and meeting 
their M2 milestones will proceed to the system impact study directly (fast lane). 
These studies would be performed under the DPP as well. The Interconnection 
Agreement/Facilities Construction Agreement (IA/FCA) agreement in the 
proposed GI process will differ from the current agreement process mainly by 
modifying the Suspension provisions to support a cost for Suspension and 
restrict the ability to suspend to Force Majeure conditions only.  
  
References: 
 
[1] Midwest ISO Transmission and Energy Market Tariff Attachment X – Large 

Generator Interconnection Process – FERC Order 2003, [Online] Midwest 
ISO Website, 
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76630a48324a 

[2] Business Practices Manual for Generator Interconnection under FERC Order 
2003, [Online] Midwest ISO Website,  
http://www.midwestmarket.org/publish/Document/3b0cc0_10d1878f98a_-
7d230a48324a 

[3] Proposed Generator Interconnection Process Whitepaper, [Online] Midwest 
ISO Website, 
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VII.  DRG Phase II  
 
The DRG enabling legislation directs the study group to produce a second report 
due September 2009.  In the second phase of the study, participants will analyze 
the impacts of an additional total of 600 MW of dispersed generation projects 
installed among the five out-state transmission planning zones.  The utilities will 
employ an analysis similar to that used in the first phase of the study, and will 
use the most recent information available, including information developed in the 
first phase.  The second phase of the study will use a generally accepted 2013 
year transmission system model with all transmission facilities that are expected 
to be in service at that time.  The team will coordinate with recent and current 
regional power system study work including long-range transmission plans 
developed for the Renewable Energy Standard (RES). The Commissioner of 
Commerce must submit a report containing the findings and recommendations of 
the second phase of the study to the commission by September 2009. 
 
During discussions between the study team and the TRC on the strategy and 
technical details of the DRG Phase I Study, several potential Phase II Study 
opportunities surfaced and will be examined when the group reconvenes for the 
next phase.  As with any study, new methods and information may come to light 
that may be proposed for use in the DRG Phase II Study. 
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VIII. Conclusions 
 
The collaborative process of the study team with the TRC and public input 
provided a robust environment for rigorous analysis and creative problem 
solving.   
 
The statewide aggregate analysis demonstrated a dispersed renewable 
generation scenario where a total of 600 MW of 10 to 40 MW new generation 
projects could potentially be sited without significantly affecting any transmission 
infrastructure.  Significant impacts to the high voltage transmission system were 
found in the initial site distribution, as indicated by the Dorsey transformer issues, 
which limit the dispersed renewable generator outlet capability in aggregate and 
at many of the individual sites.  Additionally, the single site analysis revealed that 
19 of the 42 Potential Short List of DRG Sites had transmission limitations at 
levels below 40 MW.  The transmission limitations were identified for these sites 
and specific system upgrades were formulated for each site. 
 
The DRG Study team was tasked with identifying favorable project sites with 
minimal impact to the transmission system located throughout the five outstate 
Minnesota planning zones.  Months of data collection, model building, site 
screening, steady-state analysis, loss analysis, and transient stability modeling 
have produced sound results.  The study team, with stakeholders’ input, has 
identified a number of promising sites to reach the study’s statewide goal of 
analyzing the impact of 600 MW of DRG on the transmission system.   However, 
there may be existing interconnection requests in a utility queue or MISO queue 
that might occupy these potential DRG sites. 
 
Table 1 – Statewide Potential DRG Sites 
 

Zone Zone Total (MW) DRG Site DRG Site (MW) 

NW 0     
NE 40 Cloquet 40 

W-C 100 
Glencoe Municipal 40 
Bird Island 40 
Atwater  20 

SW 160 

Sveadah 19 
Steen 21 
New Ulm 21 
Mountain Lake 21 
Morgan 21 
Magnolia 16 
Lakeside Ethanol 21 
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Zone Zone Total (MW) DRG Site DRG Site (MW) 

Brookville 19 

SE 300 

Waseca 39 
Vasa 39 
New Prague 39 
Lafayette 29 
Goodhue 39 
French Lake 39 
Crystal Food 39 
Airtech 39 

 
The team also identified several interesting opportunities for additional analysis 
that may be investigated in the DRG Phase II Study.   
 
DRG developers need to contact the local utility to examine opportunities for 
DRG site selection and foster coordination for further study work and/or 
interconnection requirements.   
 
This study report is the result of extensive examination of the statewide 
potential for DRG sites.  The detailed assessment of any individual site’s 
actual and specific DRG potential requires coordination with the local 
utility and a regional transmission provider such as MISO or MAPP to 
conduct interconnection studies and assess delivery possibilities. Most 
Minnesota utilities have documented interconnection guidelines available 
on their Web sites that help explain their processes and requirements. The 
US Federal Energy Regulatory Commission (FERC), the North American 
Electric Reliability Corporation (NERC) and the Midwest Reliability 
Organization (MRO) each have generation interconnection requirements as 
well.   
 
This study report represents a snapshot in time.  Due to the tremendous level of 
wind generation interconnection requests in Minnesota and the surrounding 
states, some – or possibly all – of this transmission capacity may be used by 
other resources or interconnection requests, with some due to loop flow issues.  
This study should be understood as indicative only.  The performance of specific 
projects will depend on actual system performance and assumptions. 
 
In addition, the wind performance identified at specific locations is based on wind 
forecasting models and should be viewed as providing relative levels among 
sites.  Generators should not rely on the specific capacity factors identified but 
rather on their own measurements of actual wind conditions at the sites.
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Definition of Terms: 
 
Bus:  A physical electrical interface where many transmission devices share the 
same electric connection.  For example, a bus is a point in the transmission grid 
where transmission lines, transformers and other transmission devices connect 
at a common location. 
 
Dispersed Generation (as defined in Minnesota Legislation):  An electric 
generation project with a  generating capacity between 10 and 40 MW. 
 
Distribution factor (DF):  The percentage or proportion of a transfer that flows 
across a particular transmission facility. If the distribution factor is associated with 
a system intact condition, it is typically referred to as a Power Transfer 
Distribution Factor (PTDF). If the distribution factor is associated with an outage 
(contingency) condition, it is typically referred to as an Outage Transfer 
Distribution Factor (OTDF).  DFs can be positive, negative or zero.    
 
Eligible energy technology (as defined in Minnesota legislation): “Unless 
otherwise specified in law, ‘eligible energy technology’ means an energy 
technology that generates electricity from the following renewable energy 
sources: (1) solar; (2) wind; (3) hydroelectric with a capacity of less than 100 
megawatts; (4) hydrogen, provided that after January 1, 2010, the hydrogen 
must be generated from the resources listed in this clause; or (5) biomass, 
which includes, without limitation, landfill gas, an anaerobic digester system, 
and an energy recovery facility used to capture the heat value of mixed 
municipal solid waste or refuse-derived fuel from mixed municipal solid waste 
as a primary fuel.” 
 
MHEX:  The Manitoba Hydro EXporting (MHEX) is the sum of the flows on the 
three 230 kV and the 500 kV tie lines that cross the Manitoba and the Minnesota 
and North Dakota borders. 
 
MISO Queue: The MISO interconnection queue is the process to get an 
interconnection agreement from MISO to put power on the region’s electric 
transmission system.  
 
MWEX:  Minnesota-Wisconsin EXporting (MWEX) is the sum of the flows on the 
Arrowhead-Stone Lake and the King Eau Claire 345 kV lines. 
 
NDEX:  The North Dakota EXporting (NDEX) the NDEX is the sum of the flows 
on 18 lines that make up the “North Dakota Export” Boundary. 
 
OTDF: The Outage Transfer Distribution Factor (OTDF) is the proportion of the 
incremental (power) transfer that is observed on the particular facility of interest 
during an outage of another facility.  For example, if a 100 MW source to sink 
power transfer is simulated during an outage of a facility and the flow on a 
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particular line or transformer increases by 3 MW, the OTDF is reported as 0.03 or 
3 percent.   
 
PTDF: The Power Transfer Distribution Factor (PTDF) is the proportion of the 
incremental transfer that is observed on the facility of interest.  For example, if a 
100 MW source to sink power transfer is simulated, and the flow on a 
transmission facility increases by 2 MW, the PTDF is reported as 0.02 or 2 
percent.  PTDFs are usually used in reference to system intact conditions. 
 
SAF:  Significantly Affected Facilities (SAF) are those facilities which are 
overloaded in the base case OR that become overloaded as a result of the new 
generation AND the new generation causes increased overloading with a Power 
Transfer Distribution Factor (PTDF) > 5% or an Outage Transfer Distribution 
Factor (OTDF) > 3%.   
 
Wind net annual capacity:   This is found by dividing the expected annual 
energy production of the wind generator by the theoretical maximum energy 
production if the generator were running at its rated power all year.  Net annual 
capacity factor is commonly expressed as a percentage. 
 
 
 
 
 
 
 
 
 




