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CONTEXT: CLIMATE-DRIVEN FUTURE ON POWER SYSTEMS
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Regarding overhead lines (OHL) transmission

capacity, a study relative to the United States

suggests a decline in the range between 1.9%
and 5.8%.
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INTRODUCTION: THERMAL RATINGS
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INTRODUCTION: THERMAL RATINGS

2019.06.01 DTR climate change projections for the IT-Lazio Region for a PT, evaluated
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INTRODUCTION: DYNAMIC THERMAL RATING

Historical Rating Broc Carros (2020 to 2020}
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INTRODUCTION: DYNAMIC THERMAL RATING
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OBJECTIVES

Objective Power System Planning (PSP) with Dynamic Thermal Rating (DTR).

Q1: How to estimate the DTR resource? Power Dynamic

System Thermal
Planning Ratings

* Thermal Models
» Historical reanalysis
* Future Projections

Q2: How can the DTR be included in PSP?
» Future and Scenario reduction Q3 Q1
» Develop Optimization problem G&TEP
: How to integrate Climate Change into PSP? Weather
» Scenarios Simulation and

Climate
Change
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CONTRIBUTIONS

Develop thermal ratings for
PSC based on climatic factors.

Enhanced Transmission
Capacity Probabilistic

Dynamic Rating

Included the Dynamic Thermal
limit in a deterministic - GTEP

A sample of this is available for the review period, before being

f r - _ _ uploaded to a more suitable platform, at the address:
/j | PSL* | PcRScc https://minesparis-psl.hal.science/hal-04453957v1 Sergio Montafia | 04/07/2024 13
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METHODS
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METHODS Q1 : THERMAL MODELS UGC
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METHODS Q1 : THERMAL MODELS PT
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METHODS Q1 : DYNAMIC THERMAL RATING

HISTORICAL DYNAMIC RATING

Historical Rating Broc Carros (2020 to 2020)
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METHODS Q1 : DYNAMIC THERMAL RATING
HISTORICAL DYNAMIC RATING

Historical Rating Broc Carros (2020 to 2020)
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METHODS Q1 : QUASI - DTR
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METHODS Q1 : QUASI - DTR

Cumulative Distribution Function DTR PT-BC (CDF)
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METHODS Q1 : QUASI - DTR
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Historical Rating Broc Carros (2020 to 2020)
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METHODS Q1 : QUASI - DTR
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METHODS Q1 : QUASI - DTR
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METHODS Q2 : POWER SYSTEM PLANNING

minz: OPEX + 2 CAPEX
¢

Gen

OPEX: - Operating cost of generation units

CAPEX: - Cost Building generation

subject to

Market Clearance optimization
Generation—-demand balance
Generator limits

Ramping constraints -
]

minEOPEX + z CAPEX
t lines+PT

OPEX: - Load-shedding cost

- Losses

- Operating cost of generation units
CAPEX: - Cost of Building new lines

- Upgrading

subject to
Power balance constraints
Branch power flow limit
Generator limits
Network constraints

(1]
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[1] A. J. Conejo, L. Baringo Morales, S. J. Kazempour, and A. S. Siddiqui, Investment in
Electricity Generation and Transmission. Cham: Springer International Publishing, 2016. doi:

10.1007/978-3-319-29501-5.
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METHODS - DATA AND SCENARIOS _

* Socio-Economics [ERAS Hourly Data On [CIimate And Energy
* Regional Geometry Single Levels From 1940 Indicators For Europe
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5.1 How to estimate the DTR
resource?




RESULTS : UNDERGROUND CABLES INTEGRATING SOIL DYNAMICS

II-C: Data Collection I1-B: Numerical data pre-processing

= In-situ Observations = Anomaly extraction

* Meteorological data * Eliminating poor-quality data

= Soil Taxonomy F» = Daily interpolation

= Cable Parameters = Encoding cyclical day-of-year

= Location = Feature selection

= Soil Encoding
v

II-B: Benchmark forecasting Model
*= Artificial Neural Network
= Regressions Tree
= K-Nearest Neighbors Reg.
= Extreme Gradient Boosting
= Random Forest
= Long short-term memory
= Lasso linear regression.

v
II-B: Model Evaluation an Analysis
= Error Metrics Analysis
= Computational Time
= ERAS Benchmark

As, = (Asat; —Aar ,)Ke, +Agr ,at 2mts

Ke=exp(a—y;?) atzmes TS

(Empirical model)

Develop thermal ratings for 37

PSC based on climatic factors.

Paper 2: Long-term Dynamic Thermal Ratings of Underground Cables Integrating Soil Dynamics and Climate Projections



RESULTS : UNDERGROUND CABLES INTEGRATING SOIL DYNAMICS

II-C: Data Collection I1-B: Numerical data pre-processing
= In-situ Observations = Anomaly extraction
= Meteorological data * Eliminating poor-quality data Model
= Soil Taxonomy F» = Daily interpolation
= Cable Parameters = Encoding cyclical day-of-year cv 0 1 2 3 4 _|ERAS
= Location 'Fe;fmu'esel.ecliou 0 2.2312.03(2.29|2.15|2.39|2.72
'S“”Em"“‘“i o | 1 |269]2.43]2.73|2.63|2.83|3.64
[ee]
T S——r o | 2 [2.92]4.81]3.19]3.16]3.37|2.76
* Atificial Neural Network g 3 |2.02|1.85/2.25|1.90|2.14|2.90
et < | 4 [2.89]3.48(2.60]3.11[2.70|3.56

= K-Nearest Neighbors Reg.
= Extreme Gradient Boosting A
= Random Forest

= Long short-term memory
= Lasso linear regression.

v
II-B: Model Evaluation an Analysis

2.71|3.16 | 2.83|2.74|2.95| 3.1
2.23(2.03(2.29|2.15|2.39 | 2.72
2.56 | 4.61|2.85|2.84|3.06|2.18
1.71[1.55|1.95|1.61|1.87|2.32
= Error Metrics Analysis 2.55|3.14|2.26|2.77|2.38 | 2.58
~Computaional Time 2.64|2.96 |3.03|2.56|3.41|2.21

= ERAS Benchmark
7 Avg. | 2.34 | 2.86 | 2.48 | 2.39 | 2.62 24/

Soil Layer Temperature Range (0.8 m to 1.2 m), Model LassoF in Falkenberg at 0.9

<
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Soil Layer Moisture Range (0.8 m to 1.2 m), Model XGboostF in ITCSM-03b at 0.8

As, = (Asat; — Aary, ) Ke, + Agry,at 2 mts

Kom exp (a—u7®) azmes (R

(Empirical model)
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RESULTS : UNDERGROUND CABLES INTEGRATING SOIL DYNAMICS

1I-C: Data Collection I1-B: Numerical data pre-processing
= In-situ Observations = Anomaly extraction
= Meteorological data * Eliminating poor-quality data Model 1350
= Soil Taxonomy F» = Daily interpolation
= Cable Parameters = Encoding cyclical day-of-year cv 0 1 2 3 4 _|ERAS 1200
= Location . Fea.mu'e sel.ecliou 0 2.23(2.03|2.29|2.15|2.39|2.72
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* Arificial Neusal Network 2 | 3 [2.02]1.85]2.25[1.90]2.14]2.90 w—
M o N & | 4 |2.89]3.48[2.60]3.11]2.70]3.56 °
* Extreme Gradient Boosting Avg. | 2.71(3.16 | 2.83 | 2.74 | 2.95| 3.1 56 B
= Random Forest
« Long short.term memory 0 |2.23]2.03]/2.29|2.15|2.39]2.72
* Lasso/linear repression. o 1 |2.56]4.61]285|2.84|3.06|2.18 600
*, - @, 2 [171)155|195|161|1.87|2.32
II-B: Model Evaluation an Analysis L
* Error Metrics Analysis <Z( 3 [255|3.14|2.26|2.77|2.38|2.58 450
= Computational Time
R e ke 4 12.64]2.96|3.03|2.56|3.41|2.21 -
Avg. | 2.34 1 2.86 | 2.48 | 2.39 | 2.62 | 2.4
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RESULTS : QuASI-DYNAMIC THERMAL RATINGS FOR POWER TRANSFORMERS

45.5°N

45°N

435°N

TABLE 11I: Average, minimum and maximum gDTR values
compared to historical values

Description Realtor Biagon Broc- Tamarcu Tavel
* ol Carros L A
Hist Avg (A) 1716 1652 1711 1575 1636
Hist Max (A)[ 1851 1787 1862 1706 1805
Hist Min (A) 1543 1455 1519 1363 1340
2.6 RCP Avg 0.3% 0.2% -0.2% 0.3% -0.4%
2.6 RCP Max| 0.18% 0.45% 0.013% 0.6% 031%
2.6 RCP Min| 0.06% -0.8% -1.0% -2.1% -0.8%
4.5 RCP Avg -0.9% 0.73% 0.74% 0.5% 0.8%
4.5 RCP Max| -0.5% 0.647% -0.8% 0.28% -0.08%
4.5 RCP Min| -0.7% -1.379% -0.5% -1.69% - 0.68%
8.5 RCP Avg| -1.67% - 1.69% -1.62% -1.01% -2.07%
8.5 RCP Max| -1.03% 0.16% -1.41% -0.23% -0.84%
8.5 RCP Min| -3.72% -3.44% -3.86% 2.21% -1.87%

Answer # 1 — Climate change could
reduce average rating up to 2%

Provence Region T&D
5°E 6E

s

sﬂw 3

Develop thermal ratings for

PSC based on climatic factors.
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RESULTS : QuASI-DYNAMIC THERMAL RATINGS FOR POWER TRANSFORMERS

TABLE 11I: Average, minimum and maximum gDTR values
compared to historical values
Description Realtor Biagon Broc- Tamarcu Tavel
* . ) 9 . .
———— I;v (l‘;':‘;“ ::75 m‘% Map Of Provence Transmission
ist Avg 2 3 . .
Hist Max (A)] 1851 1787 1862 1706 1805 Network With A Location Of PT
Hist Min (A)| 1543 1455 1519 1363 1340
26 RCP Avg| -03% 02% 0.2% 0.3% 0.4% ) . )
26 RCP Mux| 0.18% | 045% | 0013% | 0.6% 031% 1900 duasl Dyhamic Tharmal Rating 400 225k¢ BROC, CARROS {IF)
2.6 RCP Min| _0.06% 0.8% 1.0% 2.1% 0.8%
45RCP Avg| 09% | 0.73% | 0.74% | 05% 0.8% —
45 RCP Max| 05% | 0647% | 08% | 028% 0.08% 1850 —
45RCP Min| 07% | 1379% | 05% | -1.69% | - 0.68% — Mar .
85 RCP Avg| -1.67% | - 1.69% | -1.62% | -1.01% | 2.07% 1800 i Higher
85 RCP Max| -1.03% | 0.16% | -1.41% | 023% | -0.84% —n Ratings
8.5 RCP Min| -372% [ -3.44% | -386% | -221% | -1.87% o 1750 e .
3 — Sep
Answer # 1 — Climate change could B e = e
reduce average rating up to 2% & = $run
~ = AvrFall Perc 0.1% i
Provence Region T&D 0 -- A:r Saumm :er: 0.1% Reducmg
o ‘ ss E rE = = A Spoioyg Perc 1% the risk of
S . Po;ref;;sm;:vm‘ P i .
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A ’ -" \ I'E (o AT i 1550
: A
D1 2 3 245 6 7 8 9 101 121314151617 1819202 2 23
Month,Hour
wsw Answer # 2 — The gDTRs methodology
introduced an average uplift in the region of 7.7%
Develop thermal ratings for Enhanced Transmission
e PSC based on climatic factors. Capacity Brobabilistic a1
e Dynamic Rating
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RESULTS : POWER GRID TRANSMISSION CAPACITY

QUASI-DYNAMIC THERMAL RATINGS
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RESULTS : CLIMATE IMPACT (57210 2072)

yo 4

MINES PARIS

Table 1 Variation for the three scenarios with respect to historical values for gDTR for the

Furopean region.

OHL HIST UGC HIST

L. Component
Description
OI1L PT uGe
Ay (qDTRy, STRy)!
Mean 14.2 174 3.74
Ay (qDTRy)?
Max 10.7 17.4 29.6
Min -9.4 -16.4 -H7.8
Ag (STRRrep, STRy)?
2.6 -0.5 -1.3 -0.1
4.5 -0.9 -2.6 -0.2
8.5 -0.5 -3.7 -0.2
Ay (aDTRpepz.6, aDTRYy)?
Mean -0.4 -1.0 -0.1
Max -1.4 -2.4 -0.5
Min 0.75 0.3 0.8
Ay (qDTRRrepa.s, qDTRY)?
Mean -0.7 -1.7 -0.2
Max -1.7 -3.2 -(.6
Min 0.9 -0.6 0.5
Ay (qDTRreps.s, gDTRy)?
Mean -1.53 -2.3 -0.2
Max -3.9 -5.1 -1
Min 0.32 -0.8 1.0

'The average additional transmission capacity provided by gDTR in place of STR, calculated from

historical data.

2The spatial variation on the continent of qDTR, calculated from historical data.

3The variation of transmission capacity calculated with the specific climatic scenario versus historical

weather

| PSL#% | PERSEEL

o & 26.7 40.0 53.3 66.7 80.0 93.3 106.7 120.0
Rating Mean Difference gDTR (%)
PT RCP 2.6

OHL RCP 2.6 UGC RCP 2.6

43

5.5 -4.3 -3.1 -1.8 -0.6 0.6 18 31 4.3 5.5
Rating Mean Difference qDTR (%)
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OHL HIST PT HIST UGC HIST

RESULTS : CLIMATE IMPACT (57210 2072)

Reduce Capacity Enhance

Table 1 Variation for the three scenarios with respect to historical values for gDTR for the
Furopean region.

40.0 53.3 66.7 80.0 93.3 106.7 120.0
Rating Mean Difference gDTR (%)
PT RCP 2.6

L. Component UGC RCP 2.6
Description
OIIL PT UGC
Ay (qDTRy, STRy)!
Mean 14.2 174 3.74
Ay (gDTRy)?
Max 10.7 17.4 29.6
Min -9.4 -16.4 -H7.8
Ay (STRirop, STRY)?
2.6 -0.5 -1.3 -0.1
4.5 -0.9 -2.6 -0.2
8.5 -0.5 -3.7 -0.2
Ay (aDTRpep2.6, aDTRy)?
Mean -0.4 -1.0 -0.1
Max -1.4 -2.4 -0.5
Min 0.75 0.3 0.8
Ay (gDTRRrepas, qDTRy)?
Mean -0.7 -1.7 -0.2
Max -1.7 -3.2 -0.6
Min 0.9 -0.6 0.5
Ay (qDTRRcps.s, gDTRu)?
Mean -1.53 -2.3 -0.2
Max -3.9 -5.1 -1
Min 0.32 -0.8 1.0

'The average additional transmission capacity provided by gDTR in place of STR, calculated from
historical data.

2The spatial variation on the continent of qDTR, calculated from historical data.
3The variation of transmission capacity calculated with the specific climatic scenario versus historical
weather

Enhanced Transmission

: ot 44
Capacity Probabilistic 55 43 a1 18 06 06 18 31 43 55

D yn a m | C Ratl n g Rating Mean Difference qDTR (%)

Paper 3: The Climate Change Impact on Power Grid Transmission Capacity



RESULTS : CLIMATE IMPACT (57210 2072)

RCP 8.5 OHL RCP 8.5 UGC
Jan 1 ‘ =miT Jy——
&% == N | =
c { -l i -, | ¢
| 4=l He i
g» ' . -l 11— :
= ] T | 1 f
RCP 4.5 RCP 4.5 Inertia -
Jan 1 | ml (m| | I A A I A A — Monthly rate
Apr 11— a— IS ————— change of less
, g o f———8 = e S e than 5%.
Seasonality 2 | P .
RCP 2.6
; ] !
- 4 - e :
|- ] @ T —
IR TEE=
4 ‘ + Eo - - - ‘
0 3 6 9 12 15 18 2 0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Hour Hour Hour
=5 0 5 -5 0 5 =1 0 1
Rating differences (%) Rating differences (%) Rating differences (%)
Develop thermal ratings for Sergio Montafia | 04/07/2024 45

PSC based on climatic factors.

Paper 3: The Climate Change Impact on Power Grid Transmission Capacity



RESULTS : CLIMATE IMPACT (57210 2072)

yo 4

MINES PARIS

Table 1 Variation for the three scenarios with respect to historical values for gDTR for the
European region.
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Ay (qDTRy)?

Max 10.7 17.4 29.6

Min -9.4 -16.4 -H7.8
Ag (STRRrep, STRy)?

2.6 -0.5 -1.3 -0.1

4.5 -0.9 -2.6 -0.2

8.5 -0.5 -3.7 -0.2
Ay (aDTRpepz.6, aDTRYy)?

Mean -0.4 -1.0 -0.1

Max -1.4 -2.4 -0.5

Min 0.75 0.3 0.8
Ay (qDTRRrepa.s, qDTRY)?

Mean -0.7 -1.7 -(0.2

Max -1.7 -3.2 -(.6

Min 0.9 -0.6 0.5
Ay (qDTRreps.s, gDTRy)?
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'The average additional transmission capacity provided by gDTR in place of STR, calculated from
historical data.

2The spatial variation on the continent of qDTR, calculated from historical data.
3The variation of transmission capacity calculated with the specific climatic scenario versus historical
weather
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CONCLUSIONS AND NEXT STEPS

Enhanced Transmission Capacity: Implementing gDTR instead of STR significantly enhances average transmission capacity across
Europe. This method shows improvements of 14.2%, 17.4%, and 3.7% for overhead lines (OHL), power transformers (PT), and underground
cables (UGC), respectively.

Soil Moisture Anomalies: The research validates previous findings that soil moisture anomalies exhibit a memory effect, persisting for
weeks or months with a monthly rate change of less than 5%. This persistence impacts the thermal balance and, consequently, the
transmission capacity.

Optimize capacity utilization: The first results of the case studies presented in this thesis and the accompanying publications have
demonstrated the significant potential of DTR for RES grid integration.

Sensitivity to Climate: While geographical and technological factors influence transmission networks, capacity is susceptible to increases
in ambient air temperature and fluctuating environmental factors. With higher ambient temperatures, predicted climate projections cause a
reduction in power system transmission capacity in the region of 1.53%, 2.3%, and 0.2% for OHL, PT, and UGL, respectively.

Next Steps: Using the first PSP approach with Open - Tool, the overall grid costs change modestly, and the renewable curtailment is
consistently reduced. The objective will be to develop the optimal formulation for the G&TEP, which will be determined by considering
uncertain conditions for the demand and production scenarios.
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