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Good morning,

I am Joey Alexander – Business Development Leader for Ampacimon, North America
Ampacimon is a Belgian based dynamic line rating solutions provider well established among European utilities and entered the N. American market back in 2017.

Today I will be presenting the case of a utility-wide, large-scale deployment of DLR with Belgium’s TSO, Elia
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Powering a world in progress

Netherlands

Belgium’s Transmission System

Operator
Belgium s

Over 8,700 km of transmission lines
13,000 MW peak consumption (Winter)

2-Day Ahead trading market with France and
Netherlands
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As Belgium’s exclusive transmission system operator, Elia operators over 8,700 km of transmissions lines that accommodate a peak consumption of 13,000 MW in the winter.
Belgium also participates in a 2-day ahead energy trading market with its bordering neighbors, France and the Netherlands


Elia’s Challenge

Netherlands
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1,000 MW 1,000 MW 1,000 MW 1,000 MW

1,000 MW

Belgium-——

Summer 2014
Elia facing the shutdown of 3 of its 4
nuclear plants due to various technical

reasons
The shutdowns represented 3,000 MW in Maximum import capacity of 3,000 MW from
lost generation capacity France and Netherlands

With the imports as a higher risk source, Elia needed to
increase it’s import transmission capacity by 30%
(1,000 MW) and capacity for North-South flows by the
winter peak loading time H
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In the summer of 2014 Elia was facing the shutdown of 3 of its 4 nuclear plants due to various technical reasons.  The shutdowns represented 3,000 MW in lost generation capacity.

Elia’s import capacity from France and the Netherlands was capped at 3,000 MW with static line ratings.

But the maximum import capacity — based on traditional seasonal rating of the transmission lines crossing the Belgium border — would be insufficient to accomodate
any shortfalls that would occur in the event of adverse winter weather conditions



DLR Deployment

Smart solutions for a dynamic grid

Large-Scale DLR Deployment
35 Lines | 167 Devices | 70 kV - 380 kV
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Elia, was familiar with the benefits of adopting DLR, having piloted Ampacimon technology on several domestic overhead lines in 2011. Therefore, to maximize imports in real time and to reduce the risk of load shedding during the 2014-2015 winter, Elia decided to implement DLR on all the critical overhead line transmission interconnectors with France and the Netherlands. 

2-Days ahead forecast enabled for lines causing import constraints

Elia also implemented DLR on North-South transfer flows to overcome limitations in transmitting imported power throughout the country.

Additionally, with increased wind farm generation being installed offshore, Elia was faced with significant constraints on their transmission system to move the power from limited onshore terminals to the rest of the grid. 

Initial planning studies looked at reconductoring several existing lines with high temperature low sag (HTLS) conductors. This option had several of its own constraints, most notably, the prolonged outages required to install the HTLS which required substantial congestion management over the existing lines. 

Instead, Elia decided to implement DLR to increase the capacity of the wind interconnections and avoid wind generation curtailment

Of special interest, Elia also conducted a comparison of DLR Vs. AAR that we will get to shortly.


How Ampacimon DLR works

ADRSENSES

Method of Operation

* 3-Dimensional vibration sensing (100 uG ) to measure line sag
and perpendicular wind speed in Realtime

* Powered by current transformer for energy harvesting (no
need for battery or solar panel)

* Installsin 15 minutes on deenergized or energized line

* Cellular 4G LTE and Satellite communications sends 5-minute
interval data to utility/host for real-time and forecasted DLR
using IEEE-738 and CIGRE TB-207

* Realtime Ampacimon HMI + SCADA/EMS Integration through
TASE2 and DNP3
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The DLR technology used at Elia is based on an sensor device that is installed on the most constrained (or ruling) spans of a transmission line.  Typically 5-10% of the span’s distance from the tower.

The device harvests the lines magnetic field for power and uses high sensitivity accelerometers to sense 3-D vibrations and measure line sag and perpendicular wind speed.

The sensor communicates via 4G LTE or satellite and sends 5 minute interval data to the utility/host for real-time and forecasted DLR using IEEE-738 and Cigre TB-207

The system offers an Ampacimon HMI for real-time DLR, along with hour to days ahead forecasting.

SCADA/EMS integration is completed through TASE2 or DNP3 


Measurement of Sag
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A little more detail about how the system measures conductor sag and I’ll do so first by using a simple analogy

If you could imagine taking out one of your shoe strings and holding it tightly between your two hands.  If that shoe string is plucked like a guitar string, it will vibrate at a specific frequency.

Now, if you hold the string a little looser and pluck it, it will vibrate at a different frequency.

These sensors work on the same fundamental principal that the sag of a line can be determined by knowing only the frequency at which it vibrates.

Analytically, the math works out the same way.  If you solve the equations for line frequency and line sag simultaneously. Sag is dependently only on the frequency that the line is vibrating and the constant force of gravity.

Since this methodology is free of span geometry, and line characteristics, no calibration is ever needed.

Show Animation


Wind is the key factor to increasing capacity

U.S. Department of Energy | April 2014

Operating Conditions Change in Conditions Impact on Capacity
Ambient temperature 2 °C decrease + 2%
10 °C decrease +11%
Solar radiation Cloud shadowing +/- a few percent
Total eclipse +18%
Wi e
ind 3ft fsnlncrease. +35%
45" angle
3 ft.fsnmcrease, - A%
90" angle

Source: Navigant Consulting, Inc. (Navigant) analysis; dota from (7)

Table 1. Impacts of Changing Operating Conditions on Transmission Line Capacity
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Heat causes the conductor to sag. And wind is the key factor to keeping the line cooler.

As a matter of fact, as reported by DOE, perpendicular wind is responsible for 44% of line temperature and transmission capacity.

If you can accurately measure wind speed on each segment of the line. Then you will know how much the conductor is being cooled.  This correlation also works in forecasted DLR models where accurately measured wind speed is compared to predicted weather conditions to achieve ultra accurate DLR models using machine learning.
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Strouhal number [0,185] St=fD/ U
* f:oscillation wind frequency
* D:Line diameter

* U : Flow velocity (perpendicular wind)

e High Accuracy at low speeds (Aeolian
vibrations)

* Measured as a “span-value” exactly at
the conductor/line level (not a single-
spot location)

Wind > 2m/s
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The accelerometers inside the sensor are also used to measure wind speed.

For wind speeds less than 2 m/s, the sensor picks up on vibrations cased by the turbulent flow regime over the cross section of the conductor.  This allows for very accurate mean conductor wind speed measurements even a low wind speeds.

For higher wind speeds, greater than 2 m/s, the accelerometers within the sensor picks up on the mechanical displacement of the line caused by the wind.


AAR gives less gain

Ampacity gain - line ELIA_150.6.B
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Now for some results from Elia

In a comparison of AAR and DLR, Elia found that DLR gains were over 2X that of AAR.


AAR is higher
than SLR, while
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Additionally, there are times when the actual capacity of the line as determined by DLR are lower than the AAR.  

In this case, using DLR helps mitigate the risk of conductor over capacity.


Wind speed at line affecting DLR is less than 4m/s
most of the time

* AAR does not capture ANY wind effect
* Weather-based models cannot estimate accurately local wind speeds in this range
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Elia determined that there is always at least 0.5 m/s of wind.  However, weather-based models are not capable of estimating accurately down to this level.  In order to realize the gains, it must be measured as a real condition on the lines


SCADA Integration (ABB

Ampacimon - Dynamic Line Ratings

Reference Measured |Limit Limit 1h Limit 15min Service Reference Measured | Limit Limit 1h
Flows RT |Season| Capped Capped Avail Flows RT |Season | Capped

1473.9 / ‘
1473.9 :
1474.3 :
1611.3 :
1312.1 :
1312.1 :
1611.3 :
1474.3 ]
1842.4 :

1473.9

1473.9

1474.3

1474.3

1611.3

0.4 | 14743
1.6 |1711.6
59.2 | 14743
341.2 |(1473.9

I 1842.4

5.9
. 97 | 706 851
0 66 | 706 726

308.5 |[1611.7

126.4 495.5 596.3
131.9 495.5 561.8
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As a final stage to DLR deployment Elia integrated real-time and forecasted dynamic line ratings into its SCADA system.  In the screen shot above, we are showing the 1 hour forecasted rating.  There is a similar view of the 2-days ahead DLR forecast used for import of energy from France and the Netherlands.



Elia DLR Results — 5 Years of Observation

DLR gains available 98% of the time
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Over the last five years, Elia has been able to achieve an average of around 30% gain above the static rating across it’s entire system.

Direct real-time monitoring enables Elia to import 30% more energy from it’s neighbors, and manage the transmission system with a higher level of confidence and reliability.


mon
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Th a n k YO U Joey Alexander

Director, Business Development
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