Decentralized AI-Driven flexibility for transformer-constrained industrial energy communities
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Abstract. This study investigates whether decentralised, AI-driven flexibility agents can collectively reduce transformer peak load in an industrial park, even when each agent has no real-time knowledge of aggregate transformer loading or co-located consumers' actions. A two-stage simulation framework is used. First, a centralised day-ahead linear programme (LP) solves the joint scheduling problem for four industrial consumers over a synthetic training year, minimising peak transformer load subject to a ±10% per-hour flexibility envelope and daily energy neutrality. Its solutions serve as labelled training data, not an operational schedule. Second, one Random Forest model is trained per industry to map local inputs (own load profile, hour-of-day, calendar features) to the LP-optimal flexibility response; no transformer measurements or other industries' data are used. On a held-out synthetic year never seen during training, the four independently operating models reduce annual peak transformer load by 4.1%, compared to 5.7% for the LP benchmark. They eliminate all transformer overloading hours present in the unoptimised baseline, improve the Peak-to-Average Ratio, and retain 95.8% of the LP cost saving. These results offer preliminary simulation evidence that centralised optimisation data could transfer implicit system-level knowledge to independently acting agents, enabling coordinated grid impact without real-time communication infrastructure. Scalability to larger consumer populations and robustness to real industrial load variability still require further investigation before deployment conclusions can be drawn.
1. Introduction
The accelerating integration of renewable energy sources and the electrification of industrial processes are placing growing stress on distribution networks. Industrial parks are clusters of manufacturing facilities sharing a common grid connection point, typically a medium-voltage transformer. This represent both a significant source of peak demand and an underutilised reservoir of controllable flexibility. Activating this flexibility offers Distribution System Operators (DSOs) a cost-effective alternative to capital-intensive network reinforcement, extracting additional capacity without physical infrastructure upgrades.
Demand response (DR) is the adjustment of electricity consumption in response to system conditions or price signals  has matured as a cornerstone of demand-side management (DSM). Within the industrial sector, DR programmes shift load from high-demand to lower-cost intervals. Industrial flexibility is primarily categorised into load shedding, load shifting, and load substitution. Load shifting refers to the rescheduling of manufacturing processes to periods of lower grid demand. This approach is particularly relevant to industrial parks, as it preserves production targets while altering temporal consumption patterns. Integrating industrial flexibility into electricity markets can convert formerly rigid operational costs into dynamic sources of value through participation in energy and capacity markets [1,2]. Research on multi-type flexible loads in industrial parks has proposed multi-time-scale dynamic optimisation for integrated energy systems, demonstrating that DR strategies can shift demand across multiple energy carriers while reducing operational costs [3]. 
From an operational perspective, industrial processes exhibit diverse flexibility characteristics. A flexibility score framework [4] quantifies the degrees of freedom of individual energy flexibility measures (EFMs), providing a DSM potential indicator requiring only limited data. Multi-agent reinforcement learning (MARL) frameworks have emerged as particularly promising for industrial DR: a MARL-based energy management system modelling energy-intensive processes as Partially Observable Markov Decision Processes [5] incorporates buffer constraints and a flexible reward function balancing production efficiency against cost reduction which then  naturally extending to the multi-facility industrial park context where each facility responds to shared price signals without explicit coordination.
This paper addresses flexibility management for industrial consumers connected to a common transformer, with the dual objective of shifting aggregate peak load at the transformer level while allowing each industrial actor to optimise its own operations. As a representative to individual operational objectives, the market price signal is utilized. The study adopts a two-stage imitation learning framework, also known as behavioural cloning. In the first stage, a centralised day-ahead linear programme solves the joint peak-shaving problem for four industrial consumers sharing a distribution transformer. The resulting optimal flexibility activations are then used as supervised labels to train one Random Forest regressor per consumer. At inference, each agent operates solely on local inputs (own load profile, hour-of-day, and calendar features), reproducing the coordination that the LP achieved jointly, without any real-time inter-agent communication.
2. Experiences on industrial flexibility resources activation 
The distribution transformer serves as the critical interface between medium-voltage network infrastructure and downstream consumers. Transformer overloading is one of the primary triggers for costly network reinforcement. It is driven by coincident industrial demand peaks, electrification of heat and transport, and intermittent generation. Activating demand-side flexibility to manage transformer loading offers a market-based and operationally reversible alternative to asset upgrades. The economic case is well supported: peak load reduction translates directly into avoided capacity costs, reduced generation reserves, and deferred infrastructure investment [6–8]. Thermal modelling studies [9] have quantified overloading potential and associated ageing costs, demonstrating that price-sensitive industrial loads can cost-effectively postpone asset upgrades.
Flexibility services for congestion management have been studied extensively in the context of the European CoordiNet project, which demonstrated a DSO flexibility platform based on optimal power flow for congestion resolution [10]. The aggregator-centric model conveys congestion information through dynamic cost signals, enabling aggregators to reschedule consumer loads. While effective, this approach requires near-real-time data exchange between the DSO, aggregator, and end consumers; a limitation this paper explicitly seeks to relax through pre-trained decentralised models.
Price-based demand response, exposing consumers to time-varying prices reflecting system conditions, represents the most scalable and communication-light approach to flexibility activation. Unlike explicit DR, which requires bilateral communication of control signals, price-based DR relies on the autonomous response of consumers to market signals. Dynamic pricing has been shown to effectively stimulate demand-side flexibility in industrial contexts, with time-of-use and real-time pricing tariffs incentivising load shifts to off-peak periods without direct load control.
The design of optimal price signals has been formulated as a learning problem in several recent studies. Reinforcement learning (RL) approaches cast dynamic pricing as a Markov decision process, enabling adaptive retail price setting by learning from consumer responses. Offline RL for price-based DR design [11] demonstrates that offline pre-training using simulated demand response data can significantly reduce data costs and accelerate deployment convergence. Implicit flexibility approaches, where machine learning determines optimal price signals to achieve congestion avoidance, have been demonstrated in real-world trials using consumer price sensitivity models built from historical data.[image: ]
Figure 1. Two stage framework for training and executing decentralized flexibility resources

Privacy constraints are a defining challenge of industrial flexibility management. Federated learning (FL) has emerged as a leading paradigm for privacy-preserving coordination, enabling collaborative model training without sharing raw data [12]. Privacy-preserving federated reinforcement learning has been applied to virtual power plant scheduling [13,14], allowing multiple agents to collaboratively learn coordination policies without exposing individual data. These approaches demonstrate that coordination performance comparable to centralised solutions is achievable without privacy compromise.
The concept of treating flexibility activation as a training problem, where consumer response models are learned from historical data and deployed autonomously, represents a rapidly growing research direction. The LearnAMR framework in [15] combines adaptive model predictive control with RL, embedding trained facility models as MILP constraints within an optimisation framework to enable fast real-time energy optimisation without a continuous feedback loop with a central coordinator. Decentralised DR frameworks [10] and cooperative flexibility exchange architectures further demonstrate that decentralised models responding to common price signals can achieve coordination outcomes comparable to centralised solutions, validating the core architectural premise of the proposed approach.
Collectively, these experiences reveal four critical gaps that motivate this paper. First, existing frameworks address individual facilities or heterogeneous DER portfolios rather than the specific topology of an industrial park bound by a shared transformer capacity constraint. Second, most implementations require some form of real-time data exchange. A fully offline-trained architecture has yet to be formalised, in which agents are trained on centralised optimisation data with aggregate peak load reduction as the primary objective and market energy price retained as a secondary, facility-level cost objective. Third, transformer-level peak shifting has not previously been framed as a decomposed, facility-level training problem within a unified system. Fourth, federated and blockchain approaches avoid disclosing raw data during training, but the proposed framework eliminates data exchange entirely during operational activation. This is a qualitatively stronger privacy guarantee, and one more compatible with industrial operational realities.
3. The two-stage framework
The simulation framework was structured as a two-stage framework. In the first stage, a centralised day-ahead linear programme solved the joint scheduling problem for all four industries simultaneously over a full synthetic year (8,760 hours). The LP had full visibility of all baseline load profiles and the shared inflexible background load, and minimised the peak transformer load as its primary objective, with energy cost minimisation as a subordinate secondary goal. Each industry was constrained to shift at most ±10% of its hourly load, with daily energy neutrality enforced, total daily consumption was preserved exactly.
The LP solutions, specifically, the hourly flexibility activation decisions (delta values) for each industry, formed the labelled training dataset for the second stage. One Random Forest regression model was trained per industry, mapping local inputs (own load forecast, hour-of-day, day-of-year, day-of-week) to the LP-optimal flexibility response. Crucially, no transformer-level information or data from other industries was included as a model feature. At deployment, the four AI models operated fully independently, each deciding its own flexibility activation based solely on local information. The methodology is illustrated in Figure 1.
	Random Forest suits this task because the LP-optimal flexibility delta is a bounded, piecewise-smooth function shaped by the LP's own discrete constraints, which tree ensembles capture well without assuming a functional form. It also handles the mixed continuous and cyclic features with minimal preprocessing and tuning, making it a reasonable, computationally lightweight default, though not one tested here against simpler or more expressive alternatives.
3.1. Synthetic Data Generation
Hourly base load time series are generated for all 8 760 hours of the reference year 2024 (a leap year). Each industry's load is characterised by a bell-shaped daily profile, a seasonal modulation factor, and Gaussian noise:
		(1)                                                


where:
· : base load which is assumed to be 0.6 MW 
· : the hour of day at which the profile peaks. Gaussian bell curve centred at the industry's characteristic peak hour.
· σ: the standard deviation in hours; controls how wide/narrow the peak is (larger σ → broader peak)
·  winter peak, summer trough. doy = day of year (1–365)
· noise ~ N(0, 0.03): Gaussian noise simulating stochastic process variability.
Day-ahead prices are generated with two daily peak windows (morning 08:00–10:00 and evening 17:00–20:00) receiving the peak price of 150 €/MWh, a seasonal premium of 20·(1 + cos(2π*doy/365)) €/MWh representing winter scarcity, and Gaussian noise σ = 5 €/MWh. Prices are clipped to [10, 300] €/MWh.
      (2)
3.2. Stage 1: Centralised Day-Ahead LP Training
For each of the 365 days in the year, a linear programme is solved jointly over all four flexible industries. The decision variable δ[i, h] (MW) represents the flexibility activation in hour h for industry i. A positive value indicates load shedding (demand reduction); a negative value indicates a rebound (additional consumption to compensate for an earlier shed).
Decision Variables
· 
· 
Indices and sets
· 
· 
Dual Objective Function
The objective simultaneously minimises transformer peak load (primary, weight wpeak = 1.0) and total energy cost across all industries (secondary, weight wcost = 0.001):
                             (3)
The secondary term rewards shedding (δ > 0) in expensive hours, aligning cost reduction with peak reduction. The weight ratio 1.0 : 0.001 ensures the peak objective always dominates.
Constraints
Peak load definition: M must be at least as large as the transformer load in every hour:
                                         (4)
Energy neutrality: each industry must consume the same total daily MWh as its unscheduled baseline:
                                                                  (5)
Flexibility bounds: shifts are bounded by ±10% of the baseline load each hour:
                                (6)
Non-negativity of peak variable:
                                                                                   (7)
Solution
The LP is formulated with n·T + 1 = 97 decision variables (4 industries × 24 hours + 1 peak variable M), 24 inequality constraints (one per hour), 4 equality constraints (one per industry), and 97 bound constraints. The HiGHS solver (via scipy.optimize.linprog) produces the globally optimal δ*[i, h] for each day. Solutions across all 365 days generate the complete annual label dataset for Stage 2.
Once the LP is solved, the actual scheduled load for industry i at hour h is: 
                                                                   (8)
And the total transformer load at hour h: 
                 (9)
3.3. Stage 2: Decentralised Activator Training
One Random Forest regressor is trained per industry using only local features. Features include price, local load forecast, hour-of-day, and day-of-year signals. The target is the LP-derived hourly flexibility delta for each industry. This creates a decentralised policy that does not require direct exchange of raw industry data. All features are computable by the industry locally, using only its own metered load history and the broadcast day-ahead price signal (See table 1).
Table 1. Feature Vector (per industry, per hour)
Feature
Description
Market price [EUR/MWh]
The single coordination signal, raw market energy price, no augmentation
Local load forecast [MW]
Day-ahead load forecast for that specific industry
sin/cos(2π·h/24)
Cyclic hour-of-day encoding (captures intra-day patterns)
sin/cos(2π·doy/365)
Cyclic day-of-year encoding (captures seasonal patterns)
Day-of-week (0–6)
Distinguishes weekday vs. weekend behaviour


	The Random Forest Regressor model consists of 250 decision trees, each trained on a bootstrap sample of the data and averaged at prediction time to reduce variance. A minimum leaf size of 2 samples provides mild regularisation by preventing leaves from fitting to single observations, offering a slight bias–variance trade-off over the default fully-grown setting. All available CPU cores are used in parallel to accelerate training, while a fixed random seed ensures full reproducibility of both bootstrap sampling and feature subsampling across runs.
Table 2. Synthetic Data Generation

Peak hour
Capacity
Time spread (σ)
FlexInd#1
10
3 MW
3 h
FlexInd#2
14
2.5 MW
4 h
FlexInd#3
19
2 MW
3 h
FlexInd#4
22
1.5 MW
5 h
Inflexible Background
18
5 MW
5 h


3.4. Decentralised Inference and Energy Neutrality
At deployment time, each industry runs its trained local model hour-by-hour through the scheduling day. The procedure is iterative: the model predicts δ̂[h] at each hour h using the current feature vector, which includes the cumulative energy balance accumulated from predictions in hours 0 through h−1 and applies the result before moving to hour h+1.
The inference loop for each industry proceeds as follows: 
1. Receive broadcast day-ahead price vector price[0..23].
2. Compute own base load forecast from historical meter data.
3. Initialise cumulative balance: cum = 0.
4. For each hour h = 0..23: assemble feature vector X[h], predict raw activation, clip to ±10% bounds, apply neutrality correction, update cum += δ̂[h].
5. Submit scheduled load profile: sched[h] = base[h] − δ̂[h].
To preserve the energy neutrality constraint (total daily consumption unchanged) without access to a central solver, each industry's inference loop applies a soft neutrality correction. When the cumulative balance is drifting away from zero and insufficient hours remain to correct it, the raw prediction is steered toward the compensating direction:
(9)
At the final hour (h = 23), a hard correction forces neutrality:
                                   (10)
4. Case study
An industrial park consisting of multiple industries connected to a common secondary substation transformer is considered in this study (see Figure 2). Four of the industries are considered to have flexibility potentials while the rest of the industries are aggregated as inflexible loads. The flexibility management plan is implemented for the four industries. For synthetic data generation the parameter listed in table 2  are utilized.
	To generate price signal the following parameters are considered:
· Base: 50 EUR/MWh
· Morning/Evening peaks: 150 EUR/MWh
· Seasonal premium + noise
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Figure 2.  Industries in industrial park sharing transformer. Part of the industries subscribed to flexibility provisioning.

5. Results and discussion
The centralised LP represents the best achievable outcome given the ±10% flexibility envelope and full system observability, and serves here as the benchmark against which the decentralised AI is judged on a held-out synthetic year never used for training. On this unseen year, the LP reduced the annual peak transformer load from 12.426 MW to 11.714 MW, a 5.7% reduction, and eliminated all 49 hours per year during which the transformer exceeded its 12 MVA rated capacity. The decentralised AI, despite having no access to transformer-level measurements or other industries' data, reduced the same annual peak to 11.915 MW, a 4.1% reduction, and matched the LP in eliminating every hour of overload. The Peak-to-Average Ratio improved from 1.537 to 1.449 under the LP and to 1.474 under the AI, both representing a measurably flatter annual load profile. Total energy costs for the flexible industries fell by 3.20% under the LP and by 3.07% under the AI, meaning the decentralised agents retained 95.8% of the LP's cost saving while using only local information.
These results establish the LP as the upper-bound reference against which the decentralised AI must be evaluated. The LP achieves this outcome through perfect foresight and full system visibility; conditions that are not replicable in real-time decentralised deployment.
The core finding of this study is that the decentralised AI models, operating with no knowledge of the transformer state and no communication with each other, replicated the LP outcome with high fidelity. The KPI’s from the simulation results are presented in table 3.
Table 3. LP Centralised vs AI Decentralised evaluation with out-of-Sample data

KPI
Baseline
LP Centralised
AI Decentralised
Annual Peak (MW)
12.43
11.71 (+5.7%)
11.92 (+4.1%)
Avg Daily Peak (MW)
10.30
9.70
9.87
Annual Energy Cost
4.750
4.598 (saving 152 kEUR)
4.604 (saving 146 kEUR)
Hours Over 12 MVA
49 h
0 h
0 h
Peak-to-Average Ratio
1.5372
1.4491
1.4737
Price Signal Used
-
Market EUR/MWh only
Market EUR/MWh only
Data Exchange
-
Centralised (all industries)
None (fully local)


	Figure 3 shows the decentralized AI model rescheduled load profiles of the flexible industries in a typical week. More importantly, Figure 4 shows the comparison of LP-based and decentralized AI-based total transformer load profiles for a typical week.  These results provide strong evidence in support of the central hypothesis. The AI models, trained entirely on LP-generated labels, acquired an implicit understanding of how each industry's individual flexibility activation contributes to the collective transformer load reduction. This knowledge was encoded during the offline training phase and was reproduced faithfully at deployment, without any real-time system-level information.
[image: ]
Figure 3. Baseline vs AI-scheduled load profile per industry for a typical week
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Figure 4. Transformer Aggregate Load- LP vs AI (Typical Winter Week, Jan 15-21)


[bookmark: _Ref233721022]Figure 5. Comparison of Transformer level daily peak load among the baseline profile, the LP optimized and the AI model output profiles



	The near-zero gap between LP and AI on the overload-hours metric is particularly significant: this is the operationally critical outcome from the perspective of transformer protection and grid reliability (see Figure 5). The AI deployment met this objective as completely as the theoretical optimum.
The following limitations should be considered when interpreting these results:
· Load profiles were generated synthetically from parameterised Gaussian shapes. Real industrial loads may exhibit stronger non-stationarity, process coupling, or equipment-level constraints not captured here.
· The ±10% flexibility envelope is applied uniformly and continuously. In practice, flexibility may be time-restricted, asymmetric, or subject to ramp-rate limits specific to each industry's processes.
· The AI models were trained and evaluated on the same synthetic distribution. Robustness to distribution shift, e.g. new seasonal patterns, demand anomalies, or structural load changes, was not assessed.
· The study assumes that LP solutions from historical or simulated data are sufficiently representative of future operating conditions for effective knowledge transfer. Periodic retraining may be required as load patterns evolve.
· The simulation does not model network power flow, voltage constraints, or reactive power, which would be relevant in a real distribution network context.
	Future extensions could explore reinforcement learning agents, adaptive retraining pipelines triggered by load pattern drift, multi-energy flexibility (thermal storage, compressed air), and validation against real industrial metering data. 
6. Conclusion
The central question of this study is whether individual industrial consumers can activate demand-side flexibility in a way that reduces the aggregate load on a shared distribution transformer, without access to real-time transformer measurements, and without direct communication with each other. The hypothesis is that a decentralised AI model, trained exclusively on the output of a centralised LP optimisation, inherits sufficient system-level knowledge to behave in a grid-beneficial manner at deployment time, even though it operates in complete informational isolation.
	The results support the hypothesis:
· The decentralised AI agents eliminated all transformer overload events, matching the LP benchmark on the most critical grid reliability metric
· The annual peak load was reduced by 4.1% on unseen data (vs 5.7% for LP), with a gap of 0.20 MW between the two approaches
· 95.8% of the LP energy cost saving was retained on unseen data, demonstrating that the system-level objective generalises beyond the training year, through the knowledge-transfer training mechanism
· Each AI model operated in complete informational isolation at inference. No transformer measurements, no inter-industry communication, no real-time coordination signal
	These findings suggest the proposed framework, centralised optimisation as an offline knowledge source, and decentralised AI as the operational delivery mechanism, is a viable approach, though further validation is needed. The approach could offer a practical pathway to scalable, privacy-preserving, and infrastructure-light demand-side flexibility management in shared-grid industrial settings.
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LP_Peak_After_MW	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	11.5291	11.485900000000001	11.401999999999999	11.2522	11.266400000000001	11.5921	11.472899999999999	11.4162	11.3102	11.467000000000001	11.597899999999999	11.4428	11.211600000000001	11.403	11.2628	11.611599999999999	11.230499999999999	11.4499	11.272600000000001	11.631500000000001	11.0969	11.1539	11.714	11.269	11.3512	11.3611	11.4826	11.5212	11.2601	11.5688	11.6967	11.0829	11.3278	11.5989	11.167	11.0847	11.3812	11.313599999999999	11.302099999999999	11.1251	11.244899999999999	11.202400000000001	10.963200000000001	11.6136	11.1424	11.193899999999999	11.0442	11.29	10.9754	11.102	11.1153	10.8744	10.9818	11.002599999999999	11.113200000000001	11.333299999999999	11.302099999999999	10.8383	10.7385	11.1221	10.8842	10.915699999999999	10.8988	10.894600000000001	10.949	10.749599999999999	10.6121	10.6157	10.8483	10.7376	10.4377	10.584899999999999	10.647	10.357799999999999	10.2416	10.5731	10.254099999999999	10.5145	10.504200000000001	10.4771	10.7263	10.380800000000001	10.163600000000001	10.289	10.331099999999999	10.1213	10.285399999999999	10.069000000000001	10.1501	10.168900000000001	9.9551999999999996	9.9192999999999998	9.9931000000000001	10.0983	10.1364	9.8946000000000005	9.9916999999999998	9.6697000000000006	9.6273	9.6912000000000003	10.0916	9.9337	9.8193999999999999	9.6959999999999997	9.8447999999999993	9.6974999999999998	9.5798000000000005	9.6994000000000007	9.5593000000000004	9.548	9.5484000000000009	9.2698999999999998	9.6507000000000005	9.6243999999999996	9.4931000000000001	9.1776999999999997	9.2146000000000008	9.3941999999999997	9.2567000000000004	9.1862999999999992	9.2357999999999993	9.2250999999999994	9.2745999999999995	9.2558000000000007	9.5578000000000003	8.9920000000000009	9.0845000000000002	9.0650999999999993	8.9940999999999995	9.0975000000000001	8.98	8.8132999999999999	8.9054000000000002	9.2635000000000005	8.9502000000000006	8.7532999999999994	8.9597999999999995	8.8640000000000008	8.8017000000000003	8.7967999999999993	8.6067999999999998	8.6532999999999998	8.7133000000000003	8.6417000000000002	8.5694999999999997	8.5404999999999998	8.5714000000000006	8.7803000000000004	8.5829000000000004	8.5513999999999992	8.4659999999999993	8.5351999999999997	8.5277999999999992	8.6959999999999997	8.4297000000000004	8.5388999999999999	8.3396000000000008	8.3657000000000004	8.3012999999999995	8.2356999999999996	8.4183000000000003	8.1941000000000006	8.0076999999999998	8.2804000000000002	8.2780000000000005	8.2561999999999998	8.1176999999999992	8.3486999999999991	8.1304999999999996	8.4913000000000007	8.3842999999999996	8.3101000000000003	8.0717999999999996	7.9793000000000003	8.1523000000000003	8.2744	8.1704000000000008	8.2281999999999993	8.16	8.1745000000000001	8.1042000000000005	7.9702999999999999	8.0652000000000008	8.1593	7.9553000000000003	8.0783000000000005	8.1806999999999999	7.9660000000000002	8.0698000000000008	8.0068999999999999	7.9682000000000004	8.3417999999999992	8.0975000000000001	7.9787999999999997	8.0593000000000004	7.8395999999999999	7.9086999999999996	7.9885999999999999	7.9295999999999998	7.984	8.0189000000000004	8.1893999999999991	7.9861000000000004	7.9127000000000001	7.9557000000000002	7.9570999999999996	8.1628000000000007	8.2010000000000005	7.9172000000000002	7.9508000000000001	7.8758999999999997	8.0200999999999993	7.9024000000000001	8.2283000000000008	7.9596999999999998	8.0702999999999996	8.1826000000000008	7.9691000000000001	8.1433999999999997	8.1523000000000003	8.1693999999999996	8.1714000000000002	8.2379999999999995	8.2304999999999993	8.0894999999999992	8.1798999999999999	8.1491000000000007	8.2558000000000007	8.3937000000000008	8.3070000000000004	8.4799000000000007	8.1583000000000006	8.2433999999999994	8.4044000000000008	8.3529999999999998	8.3513999999999999	8.3829999999999991	8.2514000000000003	8.3233999999999995	8.5200999999999993	8.4580000000000002	8.4436	8.5138999999999996	8.5106999999999999	8.5001999999999995	8.3725000000000005	8.4799000000000007	8.7279	8.4358000000000004	8.6456	8.5860000000000003	8.7965999999999998	8.6143999999999998	8.6822999999999997	8.8085000000000004	8.6114999999999995	8.6746999999999996	8.7392000000000003	8.7297999999999991	8.6938999999999993	8.9479000000000006	8.7680000000000007	9.2353000000000005	8.9446999999999992	8.8617000000000008	9.0282999999999998	9.1255000000000006	9.1463000000000001	9.3573000000000004	9.1580999999999992	9.1112000000000002	9.4465000000000003	9.2049000000000003	9.1641999999999992	9.4705999999999992	9.4204000000000008	9.3615999999999993	9.4121000000000006	9.4763999999999999	9.2795000000000005	9.3856999999999999	9.4558	9.7050999999999998	9.6934000000000005	9.6217000000000006	9.6791999999999998	9.4474	9.5152000000000001	9.7942999999999998	9.4922000000000004	9.8779000000000003	9.9215	9.8167000000000009	10.0128	9.8566000000000003	9.8740000000000006	9.9773999999999994	10.0222	10.0017	9.93	10.144500000000001	10.040900000000001	10.1648	10.372199999999999	10.0472	10.172599999999999	10.17	9.9986999999999995	10.3797	10.221500000000001	10.3672	10.250500000000001	10.5124	10.433	10.548400000000001	10.5101	10.4992	10.5617	10.549200000000001	10.648099999999999	10.662100000000001	10.6372	10.723800000000001	10.355	10.589399999999999	10.706099999999999	10.7905	10.658799999999999	10.7631	11.0273	10.7789	10.9184	10.8847	10.916499999999999	10.7563	10.881500000000001	11.195600000000001	10.993499999999999	11.1617	11.0854	11.4557	11.0847	11.1259	11.0967	10.968299999999999	11.2858	11.083299999999999	11.022	11.008900000000001	11.2461	11.4055	10.9788	11.3948	11.0844	11.1912	11.704599999999999	11.040100000000001	11.2257	11.4093	11.131399999999999	11.1868	11.5639	11.479699999999999	11.230700000000001	11.558	AI_Peak_After_MW	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	11.5967	11.540800000000001	11.473000000000001	11.5367	11.764699999999999	11.670199999999999	11.520099999999999	11.737	11.4984	11.915699999999999	11.7857	11.7057	11.4573	11.4991	11.6625	11.6386	11.486499999999999	11.4499	11.5045	11.631500000000001	11.579700000000001	11.567500000000001	11.845000000000001	11.742800000000001	11.628299999999999	11.6858	11.5281	11.742900000000001	11.4078	11.606199999999999	11.6967	11.5992	11.7082	11.5989	11.6333	11.5305	11.3819	11.5223	11.308	11.274100000000001	11.425800000000001	11.3955	11.052199999999999	11.6136	11.2767	11.243	11.1005	11.2959	11.2036	11.397399999999999	11.296200000000001	10.9427	11.1846	11.1972	11.1379	11.333299999999999	11.3096	11.0443	11.316000000000001	11.128	11.247400000000001	11.110200000000001	10.8988	10.977600000000001	10.958299999999999	11.138299999999999	11.1486	10.8582	10.8515	10.8797	10.800700000000001	10.761699999999999	10.924899999999999	10.8263	10.588200000000001	10.9155	10.6135	10.5145	10.6166	10.6432	10.7277	10.380800000000001	10.541600000000001	10.4635	10.859	10.5382	10.368	10.3421	10.1866	10.349500000000001	10.245900000000001	10.052	10.2446	10.132	10.192	10.1408	10.3215	10.078900000000001	9.9946999999999999	9.8697999999999997	10.092599999999999	10.0206	10.034700000000001	10.0481	9.8772000000000002	9.9397000000000002	9.9129000000000005	9.7527000000000008	9.7339000000000002	9.6606000000000005	9.7288999999999994	9.8554999999999993	9.8626000000000005	9.6243999999999996	9.5106000000000002	9.4831000000000003	9.4725000000000001	9.4245000000000001	9.4078999999999997	9.3341999999999992	9.4994999999999994	9.4273000000000007	9.4620999999999995	9.4617000000000004	9.5578000000000003	9.3561999999999994	9.4130000000000003	9.1819000000000006	9.1042000000000005	9.0975000000000001	9.2834000000000003	8.8521999999999998	9.2194000000000003	9.2635000000000005	9.0335000000000001	8.8373000000000008	9.1649999999999991	8.8640000000000008	8.8017000000000003	9.0983999999999998	8.9288000000000007	8.6532999999999998	8.8314000000000004	8.8628	8.7872000000000003	8.8632000000000009	8.7409999999999997	8.7803000000000004	8.6051000000000002	8.7111999999999998	8.8003	8.6180000000000003	8.8611000000000004	8.6959999999999997	8.4297000000000004	8.7937999999999992	8.6716999999999995	8.8375000000000004	8.5692000000000004	8.3634000000000004	8.4183000000000003	8.3969000000000005	8.3001000000000005	8.3668999999999993	8.4414999999999996	8.4832999999999998	8.407	8.3523999999999994	8.3093000000000004	8.4990000000000006	8.3854000000000006	8.3408999999999995	8.32	8.3079999999999998	8.3149999999999995	8.2819000000000003	8.3131000000000004	8.2330000000000005	8.3084000000000007	8.1745000000000001	8.3717000000000006	8.1115999999999993	8.1769999999999996	8.1951000000000001	8.1241000000000003	8.1580999999999992	8.1874000000000002	8.0325000000000006	8.1024999999999991	8.1668000000000003	8.1233000000000004	8.3417999999999992	8.1129999999999995	7.9787999999999997	8.0650999999999993	8.1288	8.2143999999999995	8.1931999999999992	7.9596	8.1545000000000005	8.1213999999999995	8.1893999999999991	8.1669	7.9573999999999998	8.0886999999999993	8.2834000000000003	8.3071000000000002	8.2355	8.1537000000000006	8.1829000000000001	8.0425000000000004	8.1946999999999992	8.0538000000000007	8.2283000000000008	8.2199000000000009	8.1463000000000001	8.1826000000000008	8.1487999999999996	8.4250000000000007	8.3010000000000002	8.2584999999999997	8.2352000000000007	8.2379999999999995	8.3764000000000003	8.3307000000000002	8.375	8.1829999999999998	8.3254000000000001	8.5327000000000002	8.4840999999999998	8.5053000000000001	8.2139000000000006	8.4727999999999994	8.4570000000000007	8.4323999999999995	8.7345000000000006	8.4014000000000006	8.4710000000000001	8.5911000000000008	8.5215999999999994	8.4596999999999998	8.4748999999999999	8.6019000000000005	8.5347000000000008	8.6407000000000007	8.8240999999999996	8.5533999999999999	9.0160999999999998	8.7265999999999995	8.8737999999999992	8.9091000000000005	8.8106000000000009	8.9223999999999997	8.8353999999999999	8.8396000000000008	8.7466000000000008	8.9072999999999993	8.8180999999999994	8.7768999999999995	9.1227	8.9479000000000006	8.9895999999999994	9.2353000000000005	8.9446999999999992	9.3303999999999991	9.0884	9.1255000000000006	9.1539999999999999	9.3574000000000002	9.2067999999999994	9.4309999999999992	9.4465000000000003	9.3817000000000004	9.1641999999999992	9.4893000000000001	9.6603999999999992	9.6875	9.7704000000000004	9.6687999999999992	9.6577000000000002	9.5002999999999993	9.6418999999999997	9.9396000000000004	9.9418000000000006	9.8043999999999993	9.7681000000000004	10.2285	9.8082999999999991	9.9045000000000005	9.8630999999999993	10.256	9.9215	9.9437999999999995	10.0328	10.057700000000001	10.185	10.0695	10.24	10.2819	10.1731	10.461	10.120900000000001	10.35	10.478199999999999	10.383900000000001	10.363200000000001	10.3561	10.6469	10.671200000000001	10.564	10.4223	10.4802	10.5748	10.679399999999999	10.548400000000001	10.5702	10.561400000000001	10.5617	10.553900000000001	10.709	10.8019	10.795299999999999	10.831	10.6868	10.653	10.706099999999999	10.7905	10.8492	10.7631	11.0786	11.066599999999999	10.992000000000001	10.907	10.916499999999999	11.0578	10.881500000000001	11.315099999999999	11.302300000000001	11.4964	11.3399	11.4849	11.361800000000001	11.319100000000001	11.4034	11.172700000000001	11.4617	11.517200000000001	11.379	11.5702	11.3027	11.4055	11.413600000000001	11.400600000000001	11.157299999999999	11.531700000000001	11.7622	11.383699999999999	11.441800000000001	11.447699999999999	11.521699999999999	11.322100000000001	11.681699999999999	11.4946	11.2416	11.5875	Base_Peak_MW	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	12.2315	12.166499999999999	12.1031	11.950200000000001	11.9663	12.2872	12.1663	12.105499999999999	12.012700000000001	12.150399999999999	12.2964	12.1509	11.8978	12.099299999999999	11.961	12.318099999999999	11.92	12.148999999999999	11.9702	12.332800000000001	11.8032	11.838800000000001	12.425800000000001	11.9651	12.0474	12.0611	12.1989	12.232699999999999	11.9489	12.249000000000001	12.3948	11.7682	12.025600000000001	12.2979	11.8599	11.7806	12.073700000000001	12.010199999999999	12.0062	11.8064	11.9377	11.8963	11.6469	12.320399999999999	11.8314	11.8637	11.729900000000001	11.9809	11.6335	11.7822	11.794700000000001	11.5428	11.662100000000001	11.678000000000001	11.781599999999999	12.0237	11.964	11.496	11.3969	11.8	11.5482	11.5954	11.5585	11.544499999999999	11.6083	11.428900000000001	11.2697	11.2758	11.513500000000001	11.3996	11.0768	11.233000000000001	11.303100000000001	11.007999999999999	10.873200000000001	11.2072	10.8901	11.152699999999999	11.161	11.113200000000001	11.3802	11.004200000000001	10.7888	10.931900000000001	10.9663	10.741899999999999	10.9169	10.696099999999999	10.771800000000001	10.7974	10.585699999999999	10.550800000000001	10.623200000000001	10.719900000000001	10.7651	10.508599999999999	10.617699999999999	10.283300000000001	10.236700000000001	10.295400000000001	10.705299999999999	10.5387	10.424300000000001	10.298	10.434900000000001	10.3003	10.177899999999999	10.2844	10.125500000000001	10.1332	10.126300000000001	9.8440999999999992	10.2477	10.1951	10.078200000000001	9.7522000000000002	9.7879000000000005	9.9585000000000008	9.8216000000000001	9.7573000000000008	9.8108000000000004	9.7988999999999997	9.8393999999999995	9.8292000000000002	10.132999999999999	9.5408000000000008	9.6331000000000007	9.6212	9.5480999999999998	9.6597000000000008	9.5300999999999991	9.3600999999999992	9.4581999999999997	9.8146000000000004	9.4921000000000006	9.3116000000000003	9.5048999999999992	9.4047999999999998	9.3452999999999999	9.3429000000000002	9.1478000000000002	9.2013999999999996	9.2521000000000004	9.1646999999999998	9.1006	9.0577000000000005	9.0996000000000006	9.3160000000000007	9.0996000000000006	9.0808	8.9911999999999992	9.0512999999999995	9.0366999999999997	9.2194000000000003	8.9407999999999994	9.0619999999999994	8.8549000000000007	8.8855000000000004	8.8149999999999995	8.7561	8.9181000000000008	8.7064000000000004	8.5062999999999995	8.7888999999999999	8.7949999999999999	8.7523999999999997	8.6196999999999999	8.8523999999999994	8.6275999999999993	8.9986999999999995	8.8872999999999998	8.81	8.5634999999999994	8.4799000000000007	8.6426999999999996	8.7606999999999999	8.6655999999999995	8.7253000000000007	8.6652000000000005	8.6675000000000004	8.5944000000000003	8.4673999999999996	8.5626999999999995	8.6493000000000002	8.4494000000000007	8.5703999999999994	8.6841000000000008	8.4577000000000009	8.5579000000000001	8.4911999999999992	8.4640000000000004	8.8331999999999997	8.5983999999999998	8.4674999999999994	8.5533999999999999	8.3242999999999991	8.3986000000000001	8.4779999999999998	8.4266000000000005	8.4530999999999992	8.5040999999999993	8.6829000000000001	8.4742999999999995	8.4111999999999991	8.4481999999999999	8.4514999999999993	8.6560000000000006	8.6966999999999999	8.4167000000000005	8.4389000000000003	8.3656000000000006	8.5245999999999995	8.3977000000000004	8.7310999999999996	8.4613999999999994	8.5610999999999997	8.6713000000000005	8.4537999999999993	8.6465999999999994	8.6503999999999994	8.6675000000000004	8.6728000000000005	8.7294999999999998	8.7326999999999995	8.5940999999999992	8.6700999999999997	8.6517999999999997	8.7540999999999993	8.9077000000000002	8.8103999999999996	8.9977999999999998	8.6539999999999999	8.7659000000000002	8.9036000000000008	8.8562999999999992	8.8625000000000007	8.8923000000000005	8.7607999999999997	8.8308	9.0298999999999996	8.9817	8.9566999999999997	9.0358000000000001	9.0314999999999994	9.0184999999999995	8.9031000000000002	9.0027000000000008	9.2554999999999996	8.9509000000000007	9.1705000000000005	9.1250999999999998	9.3428000000000004	9.1372999999999998	9.2271999999999998	9.3323999999999998	9.1617999999999995	9.2207000000000008	9.2971000000000004	9.2623999999999995	9.2350999999999992	9.4981000000000009	9.3280999999999992	9.8063000000000002	9.5051000000000005	9.4136000000000006	9.5784000000000002	9.6759000000000004	9.7040000000000006	9.9240999999999993	9.7146000000000008	9.6809999999999992	10.025399999999999	9.7711000000000006	9.7306000000000008	10.0505	9.9882000000000009	9.9440000000000008	9.9992999999999999	10.0657	9.8697999999999997	9.9633000000000003	10.0451	10.276999999999999	10.2849	10.2148	10.2781	10.0306	10.1021	10.4009	10.0806	10.488200000000001	10.5115	10.414899999999999	10.6173	10.466799999999999	10.4825	10.5869	10.6332	10.604799999999999	10.5358	10.763400000000001	10.6587	10.781000000000001	10.998200000000001	10.68	10.8086	10.790900000000001	10.6233	11.014699999999999	10.853899999999999	10.993499999999999	10.875	11.1569	11.090999999999999	11.186299999999999	11.1533	11.1561	11.210599999999999	11.190300000000001	11.305099999999999	11.3163	11.284599999999999	11.3748	11.0031	11.2432	11.385400000000001	11.4618	11.3194	11.4191	11.711600000000001	11.4314	11.5733	11.562099999999999	11.573700000000001	11.433999999999999	11.555099999999999	11.8903	11.6633	11.843500000000001	11.7555	12.1312	11.765599999999999	11.815099999999999	11.774800000000001	11.6409	11.963800000000001	11.7685	11.705399999999999	11.6919	11.918799999999999	12.094799999999999	11.6502	12.102	11.794600000000001	11.876099999999999	12.4048	11.728400000000001	11.9358	12.1105	11.817500000000001	11.8818	12.2727	12.167899999999999	11.9359	12.2577	Days of the year


Maximum load of the day
(MWh/hour)
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