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ABSTRACT: To enhance the operational performance of energy storage systems (ESS), this paper proposes an optimal
dispatch strategy that jointly considers reliability and economic efficiency. First, we formulate a cost-minimization
model that includes ESS dispatch costs, wind and photovoltaic (PV) curtailment costs, and load loss costs, while
explicitly enforcing power supply reliability constraints. Next, we develop a comprehensive evaluation indicator system
that integrates reliability, economic performance, renewable-energy utilization, and ESS technical indicators, thereby
addressing the limitations of single-indicator assessments. Finally, a case study using real data from a region in China
shows that the proposed strategy reduces the loss-of-load probability (LOLP) by 37.42%, halves the expected energy
not supplied (EENS), and increases the system reliability indicator to 99.98%, with only a 0.014% increase in total cost.
These results demonstrate the effectiveness and practical value of the proposed ESS dispatch optimization strategy.

KEYWORDS: Energy storage dispatch; reliability; economy; renewable energy consumption; evaluation indicator
system

1 Introduction
With the rapid growth of variable renewable energy (VRE) such as wind and solar PV, modern power

systems face new operational challenges. Heightened variability and uncertainty in renewable output strain
both the safety and the economics of grid operations [1,2]. Energy storage systems (ESS) can mitigate these
effects by smoothing VRE fluctuations and supplying reserve capacity [3]. However, designing a rigorous ESS
dispatch strategy that achieves a sound balance between economic efficiency and system reliability remains
a central challenge in both research and practice.

Existing work has primarily focused on storage sizing and siting. For example, Reference [4] formulates
a robust optimization model to minimize investment cost; Reference [5] optimizes locations along with
power and energy ratings; Reference [6] develops a bi-level model that couples capacity planning with system
operation; Reference [7] proposes an optimal capacity configuration method for energy storage based on
electrochemical energy storage operation modes; and Reference [8] presents an optimization model for
storage configuration in distribution networks to improve overall economic efficiency. While these studies
on storage planning advance the field from multiple angles, most do not explicitly embed reliability into the
configuration process, which can result in deployments that fail to meet reliability targets after installation.

Research that explicitly incorporates reliability includes several strands. Reference [9] proposes a
feeder-level storage configuration method that accounts for both economic performance and reliability.
Reference [10] quantifies reliability improvements from storage and formulates an optimization model with
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reliability constraints. Reference [11] develops a bi-level planning model that optimizes both economic
and reliability objectives simultaneously. Reference [12] designs a user-side storage optimization model
based on a high-reliability power-trading mechanism between utilities and customers. Reference [13]
establishes an energy storage planning model with the optimization objectives of minimizing investment
costs, operational costs, and the Expected Energy Not Supplied (EENS) of the system. Reference [14]
presents an economic sizing model for islanded microgrids that considers reliability constraints. While such
research incorporates reliability into planning, sizing alone is not sufficient. In real-world operations, storage
charging/discharging strategies are pivotal for mitigating load fluctuations and improving renewable-energy
utilization—underscoring the need for further work on optimal dispatch.

On storage dispatch optimization, Reference [15] proposes an optimal dispatch model for active
distribution networks, with the objective function of minimizing electricity purchase costs, grid loss
costs, and voltage deviation penalties. Reference [16] integrates battery energy storage systems (BESS) into
microgrid dispatch to enhance flexibility and economic performance. Reference [17] develops a two-stage
dispatch model for energy storage systems, considering both power and capacity aspects. Reference [18]
leverages large-scale BESS to construct a day-ahead optimal dispatch model. Reference [19] proposes a wind–
storage coordinated dispatch approach to track wind power forecasts. Reference [20] proposes a global
optimization model for distributed renewable-energy storage. Although these studies provide rich insights
into the economic operation of storage, they rarely embed reliability indicators systematically throughout
the optimization process.

In summary, existing studies on energy storage dispatch seldom consider reliability and economic
performance in a unified manner. To address this gap, this paper proposes an optimal dispatch method that
jointly accounts for system reliability and operational economy. The model incorporates supply-reliability
constraints and minimizes total cost, including storage dispatch, renewable curtailment, and load loss.
Additionally, it establishes a multidimensional evaluation framework—encompassing reliability, economic
performance, renewable energy utilization, and technical indicators—to facilitate a more comprehensive
assessment of dispatch strategies.

2 Energy Storage Dispatch Model Considering Reliability and Economy
To enable efficient operation under high renewable penetration, this paper formulates an energy storage

dispatch optimization model that jointly considers reliability and economic performance. By embedding
supply-reliability constraints and penalizing loss of load, the model internalizes the reliability objective
within the optimization, achieving a unified treatment of safety and economy.

2.1 Objective Function
The objective is to minimize the system’s total operating cost, comprising energy-storage dispatch cost,

curtailed wind/photovoltaic (PV) cost, and loss-of-load cost.

min J = Cess + Ccurt + Closs (1)

where J is the total system operating cost, Cess denotes the energy storage dispatch cost, Ccurt represents the
wind/PV curtailment cost, and Closs is the loss-of-load cost.

(1) Cost of Energy Storage Dispatch
The dispatch cost of the storage system comprises the operating costs incurred during charging and

discharging across all time periods [21]:
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Cess = cess

T
∑
t=1
(Pch (t) + Pdis (t)) ⋅ Δt (2)

where cess is the unit operating cost of energy storage, T is the total number of planning horizon over the
one-year simulation horizon, and Pch (t) and Pdis (t) represent the charging and discharging power of the
energy storage system at time t, respectively, and Δt is the dispatch interval (1 h).

It should be noted that the energy storage dispatch cost coefficient Cess in Eqs. (1) and (2) only accounts
for the electricity cost and general operation and maintenance expenses, and does not explicitly include
the economic impact of battery cycle aging and capacity degradation. This simplified treatment is adopted
to facilitate a comparative analysis of system-level economic and reliability characteristics under various
operating scenarios.

(2) Cost of Wind and PV Curtailment
The cost of curtailed wind and PV arises when renewable generation cannot be fully utilized due to

power-balance constraints [22]:

Ccurt = ccurt

T
∑
t=1
(Pwind,curt (t) + Ppv,curt (t)) ⋅ Δt (3)

where ccurt is the unit cost of curtailed renewable power, and Pwind,curt (t) and Ppv,curt (t)denote the curtailed
wind and PV power at time t, respectively.

(3) Cost of Load Loss
The loss-of-load cost penalizes unmet demand caused by insufficient conventional or renewable

generation [23]:

Closs = closs

T
∑
t=1

Pload,unmet (t) ⋅ Δt (4)

where closs is the unit cost of unserved load, and Pload,unmet (t) represents the power of unmet demand at
time t.

2.2 Constraints
(1) Power Balance Constraint
At each time step, supply–demand balance must hold, accounting for wind, PV, storage, curtailment,

and any unserved load:

Pload (t) − Pload,unmet (t) = Pwind (t) − Pwind,cur (t) + Ppv (t) − Ppv,cur (t) + Pdis (t) − Pch (t) (5)

where Pload (t) denotes the load demand at time t; Pwind (t) and Ppv (t) represent the wind power, and
photovoltaic power at time t, respectively.

(2) Energy Storage Power Limits
The charging and discharging power of the energy storage system are limited by their rated capacities:

0 ≤ Pch (t) ≤ δch (t) Pess,max (6)
0 ≤ Pdis (t) ≤ δdis (t) Pess,max (7)
δch (t) + δdis (t) ≤ 1 (8)
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where Pess,max is the maximum charging/discharging power, and δch (t) and δdis (t) are binary variables that
indicate the charging and discharging states of the energy storage system at time t.

(3) Energy Storage Capacity Limits
The stored energy of the system must remain within its operational capacity range:

Ssoc,minEess ≤ Eess (t) ≤ Ssoc,maxEess (9)

where Eess (t) is the stored energy in the system at time t; Eess is the rated capacity of the energy storage
system; and Ssoc,min and Ssoc,max represent lower and upper bounds of the state of charge (SOC), respectively.

(4) SOC Continuity Constraint
The state of charge (SOC) follows the dynamic energy-balance equation:

Eess (t) = Eess (t − 1) + (ηchPch (t) −
1

ηdis
Pdis (t))Δt (10)

where ηch and ηdis are the charging and discharging efficiencies of the energy storage system, respectively.
(5) Wind and PV Curtailment Limits
The curtailed renewable power must not exceed the available generation at any time:

0 ≤ Pwind,cur (t) ≤ Pwind (t) (11)
0 ≤ Ppv,cur (t) ≤ Ppv (t) (12)

(6) Load Loss Limit
The unserved load power cannot exceed the current demand:

0 ≤ Pload,unmet (t) ≤ Pload (t) (13)

(7) System Reliability Constraint [11]
To ensure supply reliability, the expected energy not supplied (EENS) must not exceed a prescribed

limit:
T
∑
t=1

Pload,unmet (t) ⋅ Δt ≤ EEENS,max (14)

where EEENS,max denotes the maximum allowable limit for EENS.

3 Evaluation Indicators of Energy Storage Dispatch
To comprehensively assess how the proposed dispatch strategy meets demand, controls cost, and utilizes

renewable energy, we construct a multi-indicator evaluation system spanning four dimensions: (i) power-
supply reliability, (ii) economic efficiency, (iii) renewable-energy utilization, and (iv) technical performance
of the energy storage system.

(i) Reliability Indicators
a) Loss of Load Probability (LOLP)
LOLP is the probability that the system fails to meet demand during the scheduling horizon. It is defined

as the ratio of time intervals with unmet load to the total number of intervals:
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LOLP =

T
∑
t=1

α (t)

T
× 100% (15)

where LOLP represents the loss-of-load probability; α (t) = 1 indicates a loss of load at time t; and α (t) = 0
indicates that no loss of load at time t.

b) Expected Energy Not Supplied (EENS)
EENS measures the total unmet energy over the entire scheduling horizon:

EENS =
T
∑
t=1

Pload,unmet (t) ⋅ Δt (16)

where EENS represents the expected energy not supplied during the scheduling period. This indicator
reflects the severity of power supply shortages, with units of megawatt-hours (MWh).

c) Reliability Indicator (RI)
RI denotes the fraction of load that is successfully served:

RI = 1 − EENS
T
∑
t=1

Pl oad (t) ⋅ Δt
(17)

where RI represents the reliability indicator over the scheduling horizon. Higher values indicate greater
reliability and a stronger supply-assurance capability.

(ii) Economic Indicators
The economic indicators correspond to the cost terms in Section 2:

• Cess: energy storage dispatch cost,
• Ccurt: wind/PV curtailment cost,
• Closs: loss-of-load cost.

(iii) Renewable Energy Utilization Indicator
To quantify the effect of energy storage dispatch on renewable energy consumption, the Abandonment

Rate (AR) is defined as:

AR =
T
∑
t=1

Pwind,cur (t) + Ppv,cur (t)
Pwind (t) + Ppv (t)

(18)

where AR represents the abandonment rate of wind and PV power during the scheduling horizon. A lower
AR value indicates better renewable energy absorption.

(iv) Technical Indicators of Energy Storage System
To comprehensively assess the operational efficiency and technical characteristics of the storage system,

three representative indicators are defined.
a) Annual Equivalent Full-Load Hours (FEH)
FEH reflects the total equivalent full-load discharge hours of the energy storage system during the year:
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FEH =

T
∑
t=1

Ed is (t)

Pess ,max
(19)

where FEH represents the annual equivalent full-load hours of the energy storage system during the
scheduling period, and Ed is (t) denotes the discharge energy of the storage system at time t. A higher FEH
indicates more efficient utilization of the energy storage system.

b) Annual Equivalent Cycle Number (ECN)
ECN represents the equivalent number of complete charge–discharge cycles performed by the energy

storage system within one year:

ECN =

T
∑
t=1

Ed is (t)

Eess
(20)

where ECN represents the annual equivalent number of discharge cycles of the energy storage system during
the scheduling period. A larger ECN value corresponds to higher utilization intensity and faster degradation.

c) Annual Charge–Discharge Energy Ratio (CDER)
CDER measures the ratio of total annual charging energy to discharging energy, reflecting the energy

balance and loss characteristics of the system:

CDER =

T
∑
t=1

Ech (t)
T
∑
t=1

Ed is (t)
(21)

where CDER represents the annual charge–discharge energy ratio of the energy storage system during the
scheduling period, and Ech (t) denotes the charging energy of the storage system at time t. A CDER value
close to 1 indicates balanced operation and high round-trip efficiency.

4 Experimental Results and Analysis
To verify the effectiveness of the proposed energy storage dispatch model, which considers both

reliability and economy, a case study is conducted using historical wind and photovoltaic (PV) generation
data from a region in China. The study sets the energy storage capacity to 5000 MWh. The unit dispatch cost
of energy storage is 80 RMB/MWh [24], the unit curtailment cost of wind/PV power is 150 RMB/MWh [25],
and the unit load loss cost is 20 RMB/MWh [26]. All simulations are implemented in MATLAB R2021b using
the GUROBI solver.

4.1 System Dispatch Results Analysis
To analyze the impact of reliability considerations on dispatch outcomes, three different scenarios

are compared:
Scenario 1: Dispatch considering only the reliability.
Scenario 2: Dispatch considering only the economy.
Scenario 3: Dispatch considering both reliability and economy.
Table 1 summarizes the optimization results for the three scenarios.
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Table 1 compares the optimization results under three dispatch strategies.

• Scenario 1 achieves zero loss of load (LOLP = 0, EENS = 0) with 100% reliability. However, this comes at
the cost of high storage utilization (FEH = 662.7 h, ECN = 133), and the dispatch cost exceeds half of the
total. Moreover, the renewable curtailment rate (AR = 40.21%) remains high, indicating weak economic
performance and low utilization of renewable energy.

• Scenario 2 significantly reduces total cost (−27%), with nearly halved storage operation cost
and improved renewable absorption (AR = 20.98%). Nevertheless, reliability declines noticeably
(LOLP = 0.0911%, RI = 99.95%), as the model allows load loss to minimize system cost.

• Scenario 3 strikes a better balance between reliability and economy. Although the total cost increases
by only 0.014% compared with Scenario 2, the LOLP decreases by 37.42%, the EENS is reduced by half,
and RI improves to 99.98%. This indicates that, under the current coefficients and system conditions,
the economically oriented dispatch in Scenario 2 is already close to the reliability constraint boundary.
As a result, tightening the reliability constraint in Scenario 3 mainly reshapes the charging/discharging
pattern of the energy storage system, leading to significant reliability improvements with an almost
negligible increase in total cost.

• Under the above modelling assumption adopted in Eqs. (1) and (2), the ECN values in Table 1 are mainly
used as a relative indicator of the storage cycling intensity among different scenarios, rather than a
precise estimate of the actual battery lifetime. Future research will consider introducing more detailed
degradation models to improve further the comprehensive assessment of the long-term lifetime and
economic performance of the energy storage system.

Table 1: Comparison of optimization results under different scenarios

Scenario Total cost
(104 RMB)

Storage dispatch
cost (104 RMB)

Curtailment cost
(104 RMB)

Load loss cost
(104 RMB) LOLP (%) EENS

(MWh) RI (%) AR (%) FEH (h) ECN CDER

1 22,063.88 10,595.59 11,468.29 / 0 0 100 40.21 662.7 133 0.998
2 16,020.24 4615.60 11,403.31 1.33 0.0911 667.67 99.9537 20.98 286.6 57 1.014
3 16,022.45 4618.54 11,403.31 0.60 0.0570 300.00 99.9792 20.98 286.8 57 1.013

4.2 Comparative Analysis of Costs in Scenarios 2 and 3
To further investigate why the optimal cost difference between Scenario 2 and Scenario 3 is slight, this

section considers three approaches: increasing the load level to 105%, reducing the wind/PV output to 95%,
and decreasing the ESS capacity. Table 2 reports the corresponding economic and reliability results of the
system under these approaches.

Table 2: System reliability and economic performance under different methods

Method Scenario Total cost
(104 RMB)

Storage dispatch
cost (104 RMB)

Curtailment cost
(104 RMB)

Load loss cost
(104 RMB) LOLP (%) EENS

(MWh) RI (%)

105% load level 2 15,442.04 5077.96 10,360.62 3.47 0.2163 1734.88 99.8854
3 15,498.98 5228.72 10,269.66 0.60 0.0455 300.00 99.9802

95% wind/PV output 2 14,754.07 4748.06 10,004.08 1.93 0.1138 962.57 99.9332
3 14,810.18 4872.20 9937.38 0.60 0.0569 300.00 99.9792

ESS capacity of 4500 MWh 2 16,049.17 4581.11 11,466.32 1.74 0.1708 868.52 99.9398
3 16,090.78 4700.30 11,389.88 0.60 0.1025 300.00 99.9792

From Table 2, under more stringent conditions such as increased load level, reduced wind/PV output,
or decreased ESS capacity, the total-cost difference between Scenario 2 and Scenario 3 expands from the
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negligible gap observed in Table 1 to approximately 0.26%–0.38%. This is because, as the system margin
decreases, the reliability constraint exerts a much stronger influence on the temporal charging/discharging
schedule of the ESS. Compared with Scenario 2, Scenario 3 increases the intensity of ESS dispatch to
constrain the EENS to 300 MWh, thereby markedly reducing the loss-of-load probability and the outage-loss
cost. Meanwhile, since the ESS contributes more effectively to system balancing during critical periods, the
wind/PV curtailment loss is also reduced. However, the increase in ESS dispatch cost required to satisfy the
reliability requirement is usually larger than the combined reductions in curtailment loss and outage-loss
cost, resulting in a slight increase in total cost but a substantial improvement in reliability. Overall, Table 2
further indicates that when the system margin decreases, the impact of the reliability constraint on the
dispatch strategy becomes stronger, making the differences between the two scenarios more pronounced.

4.3 Power Balance Analysis under Different Scenarios
To further illustrate the impact of dispatch strategies on system operation, Figs. 1–3 display the power

balance curves of the system for a typical 24-h day under the three scenarios.

Figure 1: System power balance considering only the reliability

In Fig. 1, during low-load hours (0–7 h), wind generation and storage discharge meet demand without
shortages. Between 8 and 13 h, when wind/PV output peaks, substantial curtailment occurs because storage
does not charge promptly, resulting in wasted surplus renewable energy. Although reliability is maintained,
economic performance is poor. Between 17 and 23 h, storage discharges to cover peak demand, sustaining
supply but revealing a delayed response and suboptimal resource utilization.

In Fig. 2, during the renewable peak (8–13 h), the system proactively charges storage, reducing cur-
tailment and improving economic performance. However, from 17–23 h, the model permits partial load
shedding rather than discharging storage because the discharge cost exceeds the penalty for unserved energy.
Allowing partial load shedding lowers total cost but degrades reliability.

In Fig. 3, under the proposed strategy, storage discharges moderately during peak demand (17–23 h),
cutting shortages while keeping costs low. Compared with Scenario 2, reliability improves markedly with
only a negligible increase in cost, confirming the benefit of jointly considering reliability and economy.
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Figure 2: System power balance considering only the economy

Figure 3: System power balance considering both reliability and economy

4.4 Effect of EENS Constraint on Dispatch Results
To assess the impact of the EENS constraint, Table 3 presents system performance under different

EEENS,max values.
As shown in Table 3, when the constraint is loose (≥1000 MWh), outcomes are nearly identical,

indicating high inherent reliability. As EEENS,max tightens, dispatch cost rises slightly while LOLP falls and
RI improves. In other words, stricter reliability limits trigger more proactive storage operations, enhancing
supply assurance at a modest economic cost.
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Table 3: System reliability and economy under different EENS constraints

EEENS,max(MWh) Total cost
(104 RMB)

Storage dispatch cost
(104 RMB) LOLP (%) EENS (MWh) RI (%)

No constraint 16,020.24 4615.60 0.0911 667.67 99.9537
1000 16,020.24 4615.60 0.0911 667.67 99.9537
500 16,021.24 4616.94 0.0684 500 99.9653
250 16,022.75 4618.94 0.0455 250 99.9827
100 16,023.65 4620.14 0.0114 100 99.9931

4.5 Effect of Unit Load Loss Cost on Dispatch Results
To further investigate the role of the unit loss-of-load cost (closs) in the model, Table 4 summarizes the

results under different closs values.

Table 4: System reliability and economy under different unit load loss costs

closs (104 RMB/MWh) Total cost
(104 RMB)

Storage dispatch
cost (104 RMB) LOLP (%) EENS (MWh) RI (%)

0.002 16,020.24 4615.60 0.0911 667.67 99.9537
0.005 16,022.24 4615.60 0.0911 667.67 99.9537
0.008 16,024.25 4619.31 0.0342 203.20 99.9859
0.011 16,024.25 4620.94 0 0 100

According to Table 4, when closs ≤ 0.005× 104 RMB/MWh, the system tolerates small load losses to mini-
mize cost, resulting in lower reliability. When closs ≥ 0.008× 104 RMB/MWh, storage discharge becomes more
intensive, LOLP and EENS drop significantly, and RI rises above 99.98%. At closs = 0.011 × 104 RMB/MWh,
no load loss occurs (RI = 100%), and total cost increases only marginally. Thus, increasing closs effectively
enhances reliability with minimal impact on economic performance.

5 Conclusion
This paper proposes an energy storage dispatch optimization model that simultaneously considers

system reliability and economic performance. Based on real data from a regional power system, a series of
case studies was conducted to verify the model’s effectiveness. The main conclusions are as follows:

1. Integrated reliability–economy framework. By incorporating reliability constraints and a loss-of-load
penalty into the objective function, the model internalizes reliability within economic dispatch, enabling
high supply reliability while minimizing total operating costs.

2. Significant performance gains. With only a 0.014% increase in total cost, the loss-of-load probability
(LOLP) falls by 37.42%, the expected energy not supplied (EENS) decreases by 50%, and the reliability
indicator (RI) reaches 99.98%.

3. More substantial impact under tighter operating conditions. When the system margin decreases, the
reliability constraint becomes more influential, widening the cost difference to 0.26%–0.38% while
delivering substantial improvements in reliability.
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4. Regulatory role of reliability parameters. Tightening the EENS limit or increasing the unit loss-of-load
cost drives more proactive storage response during peak demand or low renewable output, thereby
enhancing reliability.

5. Improved renewable utilization. The proposed method reduces curtailment, increases renewable absorp-
tion, and raises overall system efficiency.

Overall, the results show that the proposed reliability–economy coordinated dispatch strategy achieves
a balanced trade-off between economic efficiency and supply security, offering practical guidance for
the operation and planning of future power systems with large-scale renewable–storage integration. It is
worth noting that the case study presented in this paper is based on deterministic wind/PV generation,
as well as load profiles. In practical operation, forecasting errors and stochastic fluctuations may affect
the dispatch performance. In future work, uncertainty will be explicitly modelled through scenario-based
simulation or stochastic/robust optimisation to further evaluate the applicability of the proposed strategy
under prediction errors.

From the perspective of intelligent operation, the proposed optimization framework can serve as a
foundational environment for intelligent dispatch: load, wind/PV generation, and ESS SOC can be treated
as system states; ESS charging/discharging as the decision variables; and cost–reliability indicators as the
evaluation signal, which is suitable for reinforcement learning training. Meanwhile, the optimization results
can be used to generate labeled state–decision–indicator samples, providing training data for data-driven
dispatch models. Future work will leverage the labelled data generated from the optimization solutions
to train approximate policy models, thereby accelerating online decision-making and enhancing real-time
dispatch capabilities.
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Glossary
J The total system operating cost
Cess The energy storage dispatch cost
Ccurt The curtailed wind and solar cost
Closs The load loss cost
cess The unit operating cost of energy storage
ccurt The unit cost of curtailed renewable power
closs The unit cost of unserved load
T The total number of dispatch periods
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Δt The dispatch interval
Pch (t) The charging power of the energy storage system at time t
Pdis (t) The discharging power of the energy storage system at time t
Pload (t) The load demand at time t
Pgen (t) The conventional generation power at time t
Pwind (t) The wind power at time t
Ppv (t) The photovoltaic power at time t
Pload,unmet (t) The power of unmet demand at time t
Pwind,curt (t) The curtailed wind power at time t
Ppv,curt (t) The PV power at time t
Pess,max The maximum charging or discharging power
δch (t) The charging states of the energy storage system at time t
δdis (t) The discharging states of the energy storage system at time t
Eess (t) The energy stored in the system at time t
Ech (t) The charging energy of the storage system at time t
Ed is (t) The discharge energy of the storage system at time t
Eess The rated capacity of the energy storage system
Ssoc,min The upper bounds of the state of charge
Ssoc,max The lower bounds of the state of charge
ηch The charging efficiencies of the energy storage system
ηdis The discharging efficiencies of the energy storage system
EEENS,max The maximum allowable limit for EENS
LOLP The loss-of-load probability of the system
EENS The expected energy not supplied
RI The reliability indicator of the system
AR The abandonment rate of wind and photovoltaic power
FEH The annual equivalent full-load hours of the energy storage system
ECN The annual equivalent number of discharge cycles of the energy storage system
CDER The annual charge–discharge energy ratio of the energy storage system
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