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Various Types of Line Ratings
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Importance of Wind on Ratings
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Ampacimon ADR Sense Sensor

Direct Measurement | Wind Speed | Easy Installation | High Accuracy | High Data Availability

Vibration-based metrology Direct Measurement of
requires no calibration Perpendicular Wind Speed

Machine learning for highest accuracy ratings High Accuracy Sag and Clearance Measurements at

forecasts all conductor elevations

Measurement of Mean Conductor Temperature

Cellular or Satellite Communications

EMS Integration Through DNP3 Self-Powered on 10 kV — 700 kV lines

S o Live line installation in less Embedded Tension Sensor for Ice
than 5 minutes Detection and Conductor Health

ADRSENSES

> “~ | Protected by 3 patents
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Ampacimon DLR User Interfac
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PPL Use Case

Reconductor

Dynamic Line Rating

‘-——:_4

Time to 2 - 3 Years ~1 Year

Implement

Downtime Extended Outages Extended Outages No Outages s NPT 553

Cost $0.5 M per mile $2 - 3 M per mile <$50k per mile* on 20-mile line
& longer lines are

Est Capacity + 34% + 106% + 10 - 30% cheaper

Benefit
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Basin Electric Snapshot Central " Central
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139 Members in 9 States

3 million member-owners

Nearly 8,500 megawatts
of winter capacity
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Geographic territory served
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Annual Generating Capacity

YEAR

2000 _I-
2,839 MW gl o &

GENERATING CAPACITY Coal Oil/Diesel/Jet Fuel Hydro
2,400 MW < 84.6% 120 MW « 4.2% 319 MW « 11.2%

YEAR

2024 _I_-I—I_

8,427 MW d “ 4
MAXIMUM WINTER ( ) ;"
CENERATING CAPACTTY Coal Natural Gas Recovered Energy Solar
2,859 MW » 33.9% 1,268 MW * 15.0% 45 MW * 0.5% | 114 MW * 1.4%
g A A
O & T
Oil/Diesel/Jet Fuel Hydro Wind Market Purchases
175 MW « 2.1% 326 MW * 3.9% 2,358 MW = 28.0% 1,282 MW * 15.2%
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2025 Basin Electric Load Forecast
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Northwest North Dakota (NWND) Load Area
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Transmission Limits
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Congestion = Friction

* |n 2023, the single most |
congested transmission line
in all of SPP was in
northwestern North Dakota.

* Accrued $126M of
congestion costs between
June and October alone.

» Earliest expected relief from
new transmission was
18 months away.
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Project

« System Need:
— Thermal rating issue during peak load situations
— Long term mitigation (new transmission) under construction

e Options:
— TOP historically been utilizing temperature adjusted operating guides.
Inefficient and difficult for day ahead and real time analysis

— Opportunity for Dynamic Line Rating (DLR) efficiencies

* Solution:
— Implement DLR by the Summer of 2024
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Dynamic Line Rating Impact
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Assess Operational Value of DLR

Apples-to-oranges comparison

 DLR was immediate solution to severe market constraints
for summer 2024.

* Difficult to make direct comparison of before & after DLR.
* Why"?

 Ambient conditions vary.

 Load grew.

e Let’s review the conditional differences 2023 & 2024.
- Focus on summer after DLR enabled (7/3/2024).
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Average air temperatures (weekly basis
Apples-to-oranges comparison

DLR enabled 7/3
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2023 and 2024 are reasonably comparable.
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Average NWND loading (weekly basis

Apples-to-oranges comparison
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Significantly more load in 2024.
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Real-time market flowgate binding (weekly basis

Apples-to-oranges comparison

DLR enabled 7/3
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Dramatically reduced flowgate binding in summer 2024.

BASIN ELECTRIC
POWER COOPERATIVE

Basin Electric Power Cooperative | 22




Real-time market flowgate breaching (weekly basis

Apples-to-oranges comparison

DLR enabled 7/3
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Average Real-time ener rices (5-min LMP:

weekly basis)

s180 Apbples-to-oranges comparison
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Significantly lower delivered energy costs for load
customers in summer 2024.
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Takeaways

DLR Implementation: Between July & December 2024

* Yielded capacity above static rating 90% of the time.

* Avoided 500 hours of congestion (12% of period).

« Paid back full capital cost after just 38 days of operation.

« Over $20M of realized savings from congestion in 2024 alone.

Other:

— Placed the Roundup to Kummer Ridge 345 kV line in service on
December 17t 2024.
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Line 1 Example — Ampacity Gained

Ampacity gain - line BEPC_WC_WY
Period: from 2025-01-01700:00:00.000Z to 2025-07-02T00:00:00.000Z
200% - - - - - - - - - - - - - . - - - - -

180%
170%
160%
150%
140%
130%
120%
110%

100%

Rating relative to seasonal rating [%]
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30%

10%

" . . : : . . . . . : \]

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 5% 80% 85% 90% 95% 100%
Percent of the time (%)

— Rating [A] = Current [Afl
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Line 1 Example — Monthly Line Ratin

Monthly line rating - Line BEPC_WC_WY
Period: from 2025-01-01T00:00:00.000Z to 2025-07-02T00:00:00.000Z
1,600
1,500 : : : ; -
1,400 ¢ : s : |
1,300 ; 3 : |
1,200 : : : |
1,100 |
1,000 |
g
¢ 200 |
E
< 800 |
700 |
600 |
S00 |
400 |
300 |
200 |
100 |
G — N—— — S— —— |
Jan Feb Mar Apr May Jun Jul
Month
[l Average ampacity B Ampacity 90% of the time ™ Ampacity 98% of the time B Static rat:nq]
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ine 2 Example — Ampacity Gained

Ampacity gain - line BEPC_JDS_WN2
Period: from 2025-01-01T00:00:00.000Z to 2025-07-02T00:00:00.000Z

150% | = S - E— S —— —— . S
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Questions
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