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Ecosystem

Jenergy
transition

players driven by

business
‘perspective

O BUSINESS NETWORK INNOVATION

N‘ o000

I",
Bridge [SSEEs Over
ENTSO-E and 130 members ¢
start-ups, citizen Tesla, GE, Utrecht
INitiatives, opinion University, ESA,
leaders, instifutions, Ampacimon

energy. businesses

Join today #lnnovationENTSO-E

www.entsoe.eu/research-and-innovation/business-coalition/

L

luncheonst

Storage, Dynamic
Line Rating,
/Ngilileile]
Intelligence,
Common grid
model and energy
data
architecture...




ENTSO-E UPCOMING CONFERENCES
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INNOGRID2020+ N
\ the innovative power conference
May 13-14 2019 e Brussels
Connecting physics and digits:
Power Platforms on therise
RSC Conference : o % :.::‘.;* Crg. '
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— Celebrate 10 years of TSO cooperation
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TERNA example

Innovative DTR (ffensiel
Cooperative Smart Sensor Networks: a distributed DTR architecture

* To address the problem of dynamic loading of |
overheads lines a decentralized non-hierarchal , S
architecture based on cooperative dynamic agents L o g y
has been conceptualized Seaa

=  Similarly to self-organizing biological populations, T
dynamic thermalrating assessmentis achieved by
cooperation of the single agents that communicate
with a reduced number of surrounding elements by
shortrange communication link

Master
Sensor (((O)D
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Smart solutions for a dynamic grid

GRID MONITORING AND
DYNAMIC LINE RATING




Presentation Overview

Grid monitoring and Dynamic Line Rating

N\

@ DLR Basics — How does it work?

\

Technologies — What are the advantages of different types of
DLR?

@ Applications: when should it be used ?

[

@ Testimonials — How does it really benefit the System Operator?

/




What is DLR and how does it work?

- Line Sag and conductor temperature -

Ic
Security limits: Static vs. Dynamic ratings:
* Maximum conductor temperature Maximum current based on:
(Tema)  Static Line Ratingb(SLR): fixed,
* Minimum clearance (C) conservative ambient conditions

* Dynamic Line Rating (DLR): variable,
real-time ambient conditions



What is DLR and how does it work?

- Weather sensitivity of line ratings -

Ambient conditions impacting rating
 Wind speed

* Temperature

* Solarirradiation

Conductor

temperature C
f [ ] Temperature vs. Current simulation [570.22 AMS] alpha=0.9 epsilon=0.7
T

T H
100} : Design.(reference) /... (&(o - 6‘\6 ]
v=0.5m/s 4”(]’ %
Maximum b esssen s ensseessenssseebesgfonnnnsessnsnensnssnes sy nnensnsasnsssnssesss gl nennes s enseeeee]
conductor 75°C ¥ Maximum sag
temperature
Adv;znang Technology —//
for Humanity
Seasonal Actual line
0 rating --capacity-
w00~ Load [A]

1000 A <1500 A > 2000 A



Technologies

DLR technology comparison

- Advantages and disadvantages -

&

Line-mounted sag sensor

e Calibration

e Live installation

e Self-powered

e Min. load current
required

e Wind
measurements

e Optical sensor

aﬂ\e‘e‘s

=\
10

Line-mounted conductor temperature

-

e Calibration

e Temperature
inconsistent
along spans
Sensor acts as
heat sink,
temperature
varies between
core and surface

Requires other
input/device for
wind speed

Pole-mounted weather station

¢ |nstallation ease

e Measurement of
ambient
conditions only

e Does not
consider
conductor
condition

¢ |Inaccurate
estimation of
local ambient
conditions

e |Inaccurate
estimation of DLR
bcse no
conductor
measurements

~

[N

Weather model (J

[1x

* No hardware
required

e Measurements
remote from
assets

¢ |naccurate
estimation of
local weather
parameters

¢ |naccurate

estimation of DLR

CAPACITY GAINS

SAFETY /SECURITY RISK




Applications




Application 1

Congestion management measures in Europe

ENTSO-E Bidding Zone Configuration Technical Report

Costs 1 Billion EUR in 2017 and 2018 in Germany alone!
25000 * Cost of congestion is approx. 100 kEUR per hour, or 4 mEUR per day

*1
20000 Average redispatch cost is 23kEUR/GWh *2
15000 I

10000

5000
wn 0 ~ n 0 ~ wn el ~ wn 0 ~ wn 0 ~ wn el ~ v el ~ v 0 ~
& £ 3 8 5388 538 &8 5388 &8 5388 8538 &8 538 &8 8 8
DE ES GB IT NL NO PL PT

BCTdown MCTup "InternalRDdown "InternalRDup ™ Renewable Curtailmentdown M Grid Reservesup MXBRD down BXBRD up

Figure 94: Total volume of measures applied, GWH (1/2)

The Figure shows evolution of (total) volumes of activated remedial actions for differ- *1 Based on total cost of congestion management including
ent categories. By far the highest total volume can be observed in the case of Germany the “Netzreserve” costs in addition to redispatch and

(on the level of 20 TWh/year or more), followed by Poland* (around 15 TWh/year). curtailment (not shown in fig. ~480 mEUR

*2 Redispatch cost divided by redispatch amount

33 *Duetothe fact that PSE applies ISP, cost and volume reported by PSE cover the whole ISP i. e. not only congestion management and thus reported cost and volume should
be deemed as stronelv overestimated. For a more detailed exolanation sees. 431



Testimonial 1

Congestion management in Germany
TSO line (Rommerskirchen - Sechtem)

. — » p— ———
— s = .
. L]

b Y8 Bt S . Dortmliﬂ? V ;
| S e 29 Line Ville Ost (Rommerskirchen - Sechtem)
S e s often congested:
. e 3 * In 2017 it caused 393 hours of
| Disseldorf ey redispatch, 273 GWh reduction at one
J _. NS LK AN end, 271 GWh increase at other*
_ o Power plants at north end of line:
N : * Niederaullen and Neurath are often
- < WF—— redispatched down to relieve
s b |goen | congestion
; \ * Total 431 GWh was redispatched down
"\ . by these two power plants in 2017

Graphics: German Grid Development Plan 2030 2" Draft Startnetz * According to Monitoring Report by BNetzA



Testimonial 1

Congestion management
Typical DLR equipped line

Ampacity gain - line _
Period: from 2017-04-14T00:00:00.000Z to 2019-02-14T00:00:00.000Z
200% 1

115% gain 90% of time
111% gain 95% of time
106% gain 98% of time

- N N -
=) ~ @ 3
o a o a
x x X B

\,
a
x

Rating relative to seasonal rating [%]
2
ES

o
a
X

o
x

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percent of the time (%)

|— Rating [A] — Ambient temp rating [A] — Current [A]l

In a typical day, 6hr redispatch of 200MW max can be instructed.

This is 1200MWh which could be avoided, or 27kEUR for this day alone.




Testimonial 2

Cross-border exchange for market integration
Increase import capacity to secure electricity supply

All Belgium cross-border lines
equipped with DLR

—717a

Belgian border lines

DLR allows more imports

Line ampacity and forecast -
Period: from 2015-01-01T00:00:00.000Z to 2015-02-01100:00:00.000£

7.000 {f-i——- — I I S— A — — - N N— RSN SN — S—
6.500 : : |
6,000 1f
5.500
5.000
4,500
& 4.000
& 3.500
< 3,000
2,500 ez
2,000
1,500 {--
1.000
500 {M

0

2-Jan 4Jan 6-Jan 8-Jan 10-Jan 12-Jan 14-Jan 16-Jan 18-Jan 20-Jan 22-Jan 24-Jan 28-Jan 28-Jan 30-Jan
Time in UTC

— Ampacity (no degraded) — Current — Static Rating — 48h-P30 Forecast ampacity
~—48h-P80 Forecast ambient temperature ampacity

Example: 19/2/2015, market limited by Belgian
lines. D-2 ahead forecast of 3% gain on limiting

lines released 22% gain on x-border exchange.
Result: in 4 hours, the gain on the CWE welfare
computed to 247 250 €




Application 3

Wind integration: offshore wind developments

on west coast Belgium

-
712 MW installed and operational

® 325 MW connected to Oostende
* 387 MW to Zeebrugge

-

~

-

Additional 811 MW in preparation
to be connected to Zeebrugge

~

N J
e N
Finally 2251 MW installed
capacity for Belgium
N J

wind farms in the Dutch
partofthe NorthSea  —

wind farms in the Belgian . e '_// N\
- BORSSELES / / \
part of the North Sea oy PG /;/' \
S ~/
= \‘S,\ BORSSELE "‘) Q.,_»_ﬂ_ ‘
IZTAN e S
(=™ Vo
" / ,. V4 ] N |
ATHWE IN 2T BELWING / BORSSELE 3¢ [/
NORTH SEA =%/ | )
NOSELWIND! \_:\\ : [ |
Py % [/
Blighbank / .,‘ \\ [ I
N ol N )
L N 134N
dewijkbank / g 3°03'E
Lodewij n 5 »\_ _
\\
N
~

‘ :
WER H
h 1
Thomtonbank ]
] NORTHE
] [
' [
!

wind farm under construction

"wind farm in preparation ]

PORT OF OOSTENDE

info: www.reboostende be 51°14°N
002° 55'E

BELGIUM



Testimonial 3

High line loading on 150KV lines connecting the

offshore wind

* Elia has offshore wind
developments on west coast
that feed in to Slijkens and

Zeebrugge

e 150kV lines Slijkens — Brugge -

Langerbrugge subject to
congestion with high wind infeeds

* DLR installed on Slijkens-Brugge
since 2010 and Brugge —
Langerbrugge since 09/2016

Koksijde

22



DLR is always above SLR when needed

Wind infeed above average + line load above 50% (2018)

High line loading due to high wind infeed results in high DLR
200%

120 o :.'.: . -.W”"*’“

100%
o ..
50% nc&.ddnf

0%
0% 20% 40% 60% 80% 100% 120%
Wind infeed [% of installed capacity]

% of SLR

e Loading ¢ DLR

120% gain captures 10% of additional wind energy without need for reinforcement



Take aways

»DLR technologies are now well proven, sensors-based, and
including Scada/EMS integrated software to optimize grid
operations

» Congestion management (redispatch reduction),
Interconnectors optimization, Renewables integration are
obvious use cases, with EXTREMELY quick pay-backs

»Won’t replace new/upgraded lines, but can help significantly
thanks to very quick deployments, flexibility and low
investment



Further trainings

Basics of Dynamic Line Rating — DLR

* Course description : http://www.wlenergy.fr/2016/12/16/dynamic-line-rating /#

* Contact info : info@wlenergy.fr / francois.hussenot@wleenrgy.fr / T +33 (0) 9 82
44 12 23

Tutorial on Dynamic Line Rating

@ the Wind Integration Workshop http://windintegrationworkshop.org/
e 14t or 15t October, Dublin



http://www.wlenergy.fr/2016/12/16/dynamic-line-rating/
mailto:info@wlenergy.fr
mailto:francois.hussenot@wleenrgy.fr
http://windintegrationworkshop.org/

Smart solutions for a dynamic grid
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DLR in operation at Elia

03/2019 — Enstoe webinar




History

2008: First collaboration with Ampacimon, installation of prototype on a test line 380kV
2011: 2 lines equipped in RT operation (congestion due to wind infeed)

2014: “BeReady” situation -2 first roll-out on a dozen lines (150kV and 380kV)

2015: New algorithm the “Forecast Horizon” (+55h) = first tests

2016: Use of 5 Horizon licences in D2CF, DACF and IDCF files (i.e. increase of market exchange capacities up to 105% peak hours and

109% off-peak)
2017: 8 newly equipped lines + 4 extra Horzion licences (notably for easing HTLS works)

2018-2019: Switching modules and licenses from one line to another
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Maintenance policy & line-ends limitations

- Increasing current by 30% on a line ~ 70% extra heat

- Increasing temperature = increasing aging of assets

- maintenance policy has been adapted (especially for line-ends/bays)
- more preventive maintenance

- Extra thermo-visions & visual control (line-ends/bays + conductor junctions)

Line-ends/bays are not supervised by DLR:

- Make sure those are not limiting

- Foresee upgrades to tap maximum potential of DLR



EMS (RT tool)

Ampacimon - Dynamic Line Ratings

Reference

Measured
Flows RT

Limit
Season

Limit 1h
Capped

Limit 15min
Capped

Service
Avail

Reference

Measured
Flows RT

Limit 1h
Capped

22.8
10.6
23.0
10.4
96.8
95.4
36.1
35.2

7.4

5.9

173.6
173.6
173.6
173.6
246.4
246.4
174.7
174.7
196.0
196.0

177.7
177.0
177.7
180.6
320.3
320.3
190.6
227.1
196.0
196.0

9.7
6.6

70.6
70.6

85.1
72.6

260.8
285.5
689.6
265.6
0.1
289.6
268.9
96.8
557.3
100.6
365.9
736.3
586.3
636.9
500.9
0.4
1.6
59.2
341.2
308.5

1658.1
1816.0
1916.5
1611.3
1569.3
1581.5
1611.3
1579.6
2232.8
2231.6
1684.5
1539.7
1916.5
1684.9
1611.3
1474.3
1711.6
1579.6
1916.1
1971.4

126.4
131.9

596.3
561.8




14/09/2017

High N-> S flows + 380.74 in outage

D-1:PSTs = 6/6/6/6 + 150kV topological measures (still problematic, redispatching prepared)

RT: PSTs = 4/4/4/4, 380.73 highly loaded, no topological measures left, DLR avoid redispatching
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Conclusions

Ampacimon has become a mature technology, integrated in all our operational processes; allowing on the one hand to
reduce re-dispatching costs, increase robustness, while at the same time it can have a positive impact on capacity
calculation processes.

Care has to be taken however for managing the operational risks when considering Dynamic Line Rating for capacity
calculation. One can’t afford to provide capacity to the market, based on forecasts, without sufficient certainty. Elia
applies a 99,9% risk level in line with our industry standards (same risk level applied for dimensioning reserves), in
Belgium NRA approval is requested by CREG.
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Many thanks for your attention!

ELIA SYSTEM OPERATOR
Boulevard de I'Empereur 20

1000 Brussels

+322546 70 11

info@ elia.be

www.elia.be

An Elia Group company
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Applying DLR in cables

Webinar ENTSO-E
20-03-2019




Overview
Enef )
Sn'.uim"y \

/

Used abbreviations:

* DLR (Dynamic Line Rating)
 DCR (Dynamic Cable Rating)
 RTTR (Real Time Thermal Rating)

Millikan aluminivm conductor

KLPE insulation

S0 swelling tape

Copper counier-helx

Swelling tape

PE sheath

Conductor screen

Insulation screen

Optical fibre fube

Copper wire screen

Aluminium laminated
sheath



Thermal model
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Thermal zones

Road HDD Duct
Duct i
Ground level
Soil layer 1
Cable
Soil layer 2
Soil layer 3 —pp
< B C D Epi< A B >
€ 1—Pi€2Pi<¢ 3 P 4 P 5 >




Calculation model

Calculated
Parameters

Drill design

Cable type

Measurements

Current measurement

Modeling
IEC 60287
> IEC60853-2
A A

Results

Calculated
temperatures

OTS temperature

Unknown parametel
Thermal resistivity soil
Surrounding temperature




\ \ Temperature monitoring

tneray |

f"f" —-—r

Hotspot monitoring using:

* PT-100 temperature sensors
e 4G modem
e Solar panel




\ Temperature monitoring
"'\

Enefg —
s.muumﬁ)
/

Distributed Tem pe rature Sensin g ( DTS) / Anti-Stokes components : Stokes components 7 /
Rayleigh d

e Brillouin Raman Brillouin Brillouin Raman

 Raman = LY

A Wavelength




Temperature monitoring

Fibre optic

Fibre optic

”"‘3'3-:@'3@"" '. ’S‘L
ar
AX(FIK2




Temperature monitoring

| ._'-\,_‘.
| 3
| J-tube | Jtube  CPS

abowve | in ' )
| @ Cable in seabed

SCADA Cable
room deck

- water | water A B
| — | —p > fAfppreorem—  —
5 | - |
5 | I.
: , —
S |
N, )
- J
I )
1 | 7
- s -

Al 1[4 |




\ Temperature monitoring
tneray :
m)f\

i\h
o

Temperature measurement Load [A]
1200 1200
[ Fiber temperature |
50 T T T T T T
i ] 1000 1000
40 1 y ]
o f Y ﬂ 800 - - 800
30+ 1
2 1 Al
e ff l g JIAJ ﬂj I\\'KNU U‘\)M 600 - L 600
2 20 Nmmﬂm NJ l
5
'_
01 400 L 400
0 - : e e : 05 .-
1000 2000 3000 4000 5000 6000
Distance [m] 0 0




/ \ Practical examples
\

Overload on 150 kV cable during one cable out of

service
Thermal problem on wind farm export cable

Thermal problem on 150 kV cable connection




\ Examples
Enef )
Sn\ﬂi‘m‘y \
/ Overload on 150 kV cable

90 2000

150 kV connection with two parallel circuits:

[A]

1000

* Failure in one of the circuits

* Lots of wind production connected to cable

* Other circuit is loaded for 130% for multiple
days

20

21-11-17 12:00
22-11-17 12:00
231117 12:00




Examples

Wind farm with thermal hotspot in cable:

* Prevented overheating of the cable
 Maximum use of cable at high wind
production




/ Examples

Sﬁ‘.ﬂﬂﬁ“ﬁ <\Q-"'--_ Hotspot in wind farm export cable

90
" ’ 80
70
60
50

40

Fibre temperature [*C]

30

20

10

0
14-2-2019 00:00 19-2-2018 00:00 24-2-2019 00:00 1-3-2019 00:00 6-3-2019 00:00 11-3-2019 00:00 16-3-2019 00:00 21-3-2019 00:00



Examples

150 kV connection with one circuit: il . e Y oaeizoaicossingcsics

* Hotspot due to air filled duct
 |nduced currents increased losses




Examples

Telecom
duct
Filler pipe

150 kV cable

»
T -9
. Jr AR




Examples

g0 16040

0 1400

r 1200
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/ \ Conclusions
\

Benefits of using DCR/RTTR with cables:

* More optimal use of transport capacity of cable
connections

* Preventing cable failures due to overheating

* Postpone or reconsider new investments




End of presentation
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