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Abstract: The increasing share of renewable energy in the Spanish power system highlights the need for 8 

flexible resources capable of ensuring stability and market efficiency. Battery Energy Storage Systems (BESS) 9 

emerge as a strategic option, but their deployment is still limited by regulatory, technical, and economic 10 

barriers. This Master’s Thesis develops a techno-economic simulation tool designed in Excel-VBA to evaluate 11 

the profitability of BESS projects in the Spanish electricity market. The model integrates hourly wholesale 12 

prices (OMIE), regulated charges, and key technical parameters of batteries such as efficiency, equivalent 13 

cycles, degradation, and lifetime. It allows the user to define operating thresholds and strategies, generating 14 

energy and financial results over a 20-year horizon. The analysis demonstrates that pure arbitrage under 15 

current conditions results in negative Net Present Value (NPV), although it enables a clear comparison be- 16 

tween technologies and scenarios. Results show that increasing battery size or varying operation thresholds 17 

can significantly change equivalent cycles and captured spreads, while the choice of technology (e.g., LFP 18 

versus NCA) influences operational costs and long-term viability. Although current profitability remains lim- 19 

ited, the tool proves valuable for assessing different configurations, understanding key sensitivities, and sup- 20 

porting decision-making in the early stages of BESS project development in Spain. 21 
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1. Introduction 27 

The global energy transition is driving profound changes in power systems, with a growing 28 
integration of renewable sources that, while reducing emissions, introduce significant challenges 29 
in terms of stability, flexibility, and demand management. In this context, Battery Energy Storage 30 
Systems (BESS) are positioned as a key technology to enable a more resilient, efficient, and decar- 31 
bonized electricity grid. At the international level, reports from the International Energy Agency 32 
confirm that installed storage capacity is expected to multiply by more than ten by 2030, driven 33 
by falling costs and technological progress [1]. 34 

 35 
In Spain, the National Integrated Energy and Climate Plan (PNIEC) and the Energy Storage 36 

Strategy set ambitious targets of reaching 20 GW of storage capacity by 2030 and up to 30 GW by 37 
2050 [2]. However, several barriers still limit large-scale deployment, including double charging of 38 
network tariffs, the absence of capacity markets, and an evolving regulatory framework [3]. These 39 
elements create what national reports have described as a “technical-regulatory gap” [4], which 40 
hinders investment and slows down the consolidation of viable business models. 41 

 42 
This Master’s Thesis addresses these challenges by developing a techno-economic simula- 43 

tion tool capable of evaluating the performance and profitability of BESS in the Spanish electricity 44 
market. The model, built in Excel-VBA, integrates real wholesale market prices (OMIE), regulated 45 
costs, and battery technical parameters to replicate operating strategies such as arbitrage, time 46 
shifting, or participation in future capacity schemes. 47 
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The main aim of the work is to provide a practical and transparent tool to assess BESS pro- 48 
jects under realistic conditions, allowing the comparison of technologies and configurations, and 49 
supporting decision-making in early investment stages. The results demonstrate that, although 50 
pure arbitrage currently leads to negative Net Present Value (NPV), the model highlights the sen- 51 
sitivity of profitability to factors such as battery size, technology choice, or operating thresholds. 52 
Ultimately, the work contributes to clarifying the current limitations and potential of BESS in 53 
Spain, offering insights for both technical evaluation and strategic planning. 54 

 55 

2. State of the Art 56 

Battery Energy Storage Systems (BESS) have become one of the most relevant technologies 57 
to support the energy transition. Their value lies in the ability to provide flexibility, stability, and 58 
efficiency to electricity systems increasingly dominated by variable renewable sources. At the in- 59 
ternational level, the International Energy Agency projects that global storage capacity will multi- 60 
ply by more than ten by 2030, driven by declining investment costs and accelerated technological 61 
progress [1]. 62 

 63 
In Spain, energy storage has only recently been explicitly integrated into the regulatory 64 

framework. The National Energy Storage Strategy, approved in 2021, sets ambitious targets of 65 
reaching 20 GW of capacity by 2030 and up to 30 GW by 2050 [2]. Royal Decree 1183/2020 regu- 66 
lated access and connection to the networks for generation, consumption, and storage installa- 67 
tions, granting storage assets a status comparable to generation plants [3]. Despite these ad- 68 
vances, deployment remains limited, and several barriers continue to constrain the real partici- 69 
pation of BESS in the electricity market. 70 

 71 
Among the most critical challenges is the so-called “double charging” of tariffs: batteries 72 

must pay network charges when consuming electricity from the grid and are not exempted when 73 
reinjecting it. This reduces arbitrage margins and penalizes BESS compared to other technologies 74 
[3]. Another structural limitation is the absence of a fully developed capacity market, which pre- 75 
vents batteries from monetizing their value as providers of firm capacity. In addition, administra- 76 
tive procedures for grid access remain complex and often discourage new investments [3]. 77 

From a technological perspective, lithium-ion batteries dominate the stationary storage mar- 78 
ket, thanks to their high efficiency, scalability, and decreasing costs. Within this family, LFP (lith- 79 
ium iron phosphate) chemistry has consolidated as the most common solution in large stationary 80 
applications, offering a balance between cost, efficiency, and durability. By contrast, NMC and 81 
NCA chemistries, although more energy dense, involve shorter lifetimes and higher costs, making 82 
them less attractive for long-duration stationary use. Other chemistries such as LTO (lithium ti- 83 
tanate) or high-temperature technologies (NaS, NaNiCl₂) remain relevant only in specific niches 84 
due to their high cost or lower commercial maturity [1,4]. 85 

 86 
Despite their technical maturity, the economic viability of BESS in Spain is still constrained. 87 

Pure price arbitrage in the wholesale market, the most direct business model, tends to produce 88 
limited margins and often negative Net Present Value (NPV). Studies by IDAE highlight that current 89 
profitability remains insufficient without complementary income sources [4]. This is consistent 90 
with the findings of this Master’s Thesis, which shows that under current cost structures, arbitrage 91 
alone cannot guarantee investment recovery. However, BESS have significant potential in other 92 
applications: frequency regulation, voltage control, and participation in future balancing or capac- 93 
ity markets [5]. 94 

 95 
Another controversial aspect is the uncertainty about future price signals. While battery 96 

costs have been decreasing globally, electricity prices in Spain have become more volatile, with 97 
frequent episodes of very low or even negative prices during hours of high renewable generation 98 
[4]. This creates opportunities for arbitrage, but also increases risks for investors, as the long-term 99 
stability of these patterns remains uncertain [5]. 100 

 101 
In addition to economic and regulatory challenges, financing and bankability also represent 102 

obstacles. The lack of consolidated business cases in Spain reduces investor confidence and in- 103 
creases the perceived risk of BESS projects. Recent European initiatives such as the Recovery and 104 
Resilience Plan (PRTR) and FEDER programs have tried to mitigate this barrier by providing 105 
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subsidies and financial support [4]. Still, these mechanisms are temporary and cannot replace sta- 106 
ble market revenues. 107 

 108 
In summary, the state of the art reveals a paradox. From a technical point of view, BESS are 109 

mature, versatile, and capable of providing multiple services. From a regulatory and economic 110 
perspective, however, their large-scale deployment in Spain is still constrained by tariff structures, 111 
the absence of stable remuneration mechanisms, and limited commercial experience. The ambi- 112 
tious national targets contrast with the reality of a market where, for the moment, profitability 113 
depends on external support schemes. This situation highlights the importance of developing 114 
tools, such as the one presented in this work, to realistically evaluate the viability of storage pro- 115 
jects and identify the conditions under which they can become competitive. 116 

 117 

3. Objectives 118 

The main objective of this Master’s Thesis is to carry out a techno-economic analysis of the 119 
operation of Battery Energy Storage Systems (BESS) in the Spanish electricity market. To achieve 120 
this, a simulation tool has been developed in Excel-VBA, designed to evaluate both the technical 121 
performance and the economic feasibility of different battery configurations and operating strat- 122 
egies. The ultimate purpose is to provide a practical and transparent framework that supports 123 
decision-making in early stages of BESS project development. 124 

 125 
In addition, the work defines the following specific objectives: 126 
 127 

• Regulatory and market analysis: Review the Spanish regulatory framework and the function- 128 
ing of the wholesale market, identifying the main opportunities, limitations, and barriers af- 129 
fecting the deployment of BESS, both as stand-alone assets and in hybrid configurations. 130 
 131 

• Technological assessment: Compare the main battery technologies currently available, ana- 132 
lysing their technical and economic characteristics (efficiency, lifetime, cost, scalability) and 133 
evaluating their suitability for different applications. 134 

 135 
• Model development: Design and implement a simulation tool in Excel capable of integrating 136 

real market data (OMIE prices, regulated charges) and technical parameters of batteries. The 137 
tool allows the definition of operating thresholds and the evaluation of strategies such as 138 
arbitrage, time shifting, or participation in potential capacity markets. 139 
 140 

• Scenario evaluation: Apply the tool to representative operating scenarios, analysing eco- 141 
nomic indicators such as Net Present Value (NPV), Internal Rate of Return (IRR), as well as 142 
technical variables like equivalent cycles, degradation, and energy flows. 143 
 144 

• Sensitivity analysis: Assess the impact of key parameters such as investment costs, efficiency, 145 
lifetime, and market prices on project profitability, in order to identify the most critical con- 146 
ditions for economic viability. 147 
 148 
Through these objectives, the work seeks not only to quantify the current profitability of 149 

storage projects in Spain but also to highlight the role of BESS as an enabling technology for the 150 
energy transition. 151 

4. Materials and Methods (Methodology) 152 

The methodology of this work is based on the design and implementation of a techno-eco- 153 
nomic simulation tool in Excel-VBA, which allows the evaluation of BESS projects under realistic 154 
operating conditions in the Spanish electricity market. The tool integrates technical parameters 155 
of batteries, real and simulated wholesale prices (OMIE), regulated network charges, and eco- 156 
nomic variables in order to produce energy and financial indicators over a 20-year horizon. 157 

 158 

4.1 Input parameters 159 

The model begins with the definition of the technical and economic characteristics of the 160 
storage system. Users can specify the installed power, capacity, efficiency, depth of discharge, 161 
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lifetime, and number of equivalent cycles, as well as the investment and operating costs. These 162 
inputs are structured in a parameter sheet that clearly distinguishes between user-defined values 163 
and automatically derived results, which can be seen in figures 1 and 2. 164 

 165 
  166 

 167 
 168 

Figure 1. Input parameters of the BESS simulation tool. 169 

 170 

Figure 2. System description parameters of the BESS simulation tool. 171 

In addition, the tool incorporates the regulated tariffs of the Spanish system. Depending on 172 
the contracted power and voltage level, different access periods and tolls are applied, which di- 173 
rectly affect the cost of charging the battery. This is managed through a reference table that links 174 
each hour of the year with its corresponding tariff period (see Figure 3) 175 

  176 
 177 

Figure 3. Tariff group by contracted power and voltage level 178 
 179 

 4.2 Simulation logic 180 

The core of the tool is the simulation of battery operation on a daily, monthly, and annual 181 
basis. For each hour, the model compares the market price with two thresholds: a charging 182 
threshold (percentile of the cheapest hours) and a discharging threshold (percentile of the most 183 
expensive hours). If the price is below the first threshold, the battery charges; if it is above the 184 
second threshold, it discharges. The model updates the state of charge of the battery at each step, 185 
considering round-trip efficiency and capacity limits. 186 

 187 
In addition, the model applies a minimum profit condition: if the arbitrage operations of a 188 

day do not exceed a predefined profitability margin, the battery remains idle. This feature pre- 189 
vents unrealistic operation in low-spread conditions. 190 

 191 

4.3 Price data and projection 192 
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Historical hourly price data are taken from OMIE records and complemented with simulated 193 
future trajectories up to 2034, generated by a VBA macro. This projection considers average 194 
hourly profiles, long-term decreasing trends in prices, random variability, and extreme solar 195 
events with very low or even negative prices. To extend the analysis horizon to 2045, another 196 
macro replicates the behaviour of the last simulated years, applying degradation factors and bat- 197 
tery replacement costs when lifetime limits are reached. 198 

 199 

4.4 Output Indicators 200 

The simulation produces a comprehensive set of technical and economic results. At the tech- 201 
nical level, the tool reports the energy charged and discharged, average purchase and sale prices, 202 
captured spread, and equivalent cycles per year. At the economic level, it generates annual net 203 
cash flows and includes the possibility of considering battery replacement once the cycle limit is 204 
reached. These values feed into the calculation of Net Present Value (NPV) and Internal Rate of 205 
Return (IRR), which are used to assess project profitability (see Figures 4 and 5). 206 

 207 
 208 

 209 
 210 
Figure 4. Annual technical and economic results of the BESS simulation 211 

 212 
The tool is structured in four main blocks: parameters, simulations, results, and economic 213 

analysis; which makes it flexible and user-friendly, enabling its application to different technolo- 214 
gies, system sizes, and operational strategies. 215 

 216 

5. Results 217 

5.1 Daily operation example 218 

To illustrate the functioning of the simulation tool, Figure 5 presents an example of daily 219 
operation, showing the relationship between OMIE market prices and the battery state of charge. 220 
The model applies two operating thresholds: when the price falls below the charging threshold, 221 
the battery is charged, while discharge occurs if the price exceeds the discharging threshold. 222 

 223 

 224 
 225 

Figure 5. Battery state evolution vs OMIE Price 226 
 227 
In the example, the battery remains idle during the first hours of the day as the price does 228 

not cross the defined thresholds. Between hours 7 and 10, the system identifies a period of high 229 
prices and starts discharging, reaching its maximum state of charge at hour 10. Later, during hours 230 
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of low market prices (between 14 and 17), the battery charges again, taking advantage of cheap 231 
energy. Finally, in the evening peak, the battery discharges to capture the spread between low 232 
and high price periods. 233 

 234 
This daily profile highlights the arbitrage potential of BESS in the Spanish market. It also 235 

shows how the tool enforces the operational constraints of the system: the battery never exceeds 236 
its maximum state of charge, efficiency losses reduce the net energy delivered, and idle periods 237 
are preserved when profitability thresholds are not met. This approach ensures that the simulated 238 
behaviour remains realistic and avoids overestimating revenues in scenarios with low spreads. 239 

 240 

  241 
 242 

Figure 6. Example of daily simulation: OMIE prices, charging/discharging decisions, energy flows, and associ- 243 
ated costs. 244 
 245 

5.2 Annual aggregated results 246 

The annual results of the simulation are presented in Figure 7. The indicators provide an 247 
overview of the technical performance and the economic feasibility of the storage project under 248 
the baseline scenario. During the year simulated, the battery charged a total of 1,820 MWh and 249 
discharged 1,825 MWh, resulting in a net delivery of energy close to the expected round-trip bal- 250 
ance. The small difference between charged and discharged energy reflects the efficiency losses 251 
of the system. 252 

 253 
From the economic perspective, the total charging cost amounted to approximately 117,917 254 

€, while revenues from selling the discharged energy reached 197,673 €. This generated a positive 255 
net profit of 79,756 € for the year. The average spread captured between purchase and selling 256 
prices was 43.5 €/MWh, which illustrates the ability of the battery to take advantage of daily price 257 
fluctuations in the Spanish wholesale market. 258 

 259 
In terms of technical operation, the system completed around 203 equivalent cycles during 260 

the year. This value is consistent with the use of a storage asset designed for arbitrage purposes, 261 
as it corresponds to a relatively low cycling intensity compared to the lifetime capacity of modern 262 
lithium-ion batteries. The average charging price was 64.8 €/MWh, while the average selling price 263 
reached 108.3 €/MWh, confirming that arbitrage is only profitable when there is a significant price 264 
spread between valley and peak hours. 265 

 266 
Overall, the annual results confirm that under current assumptions, BESS can generate pos- 267 

itive yearly cash flows, although the magnitude of profits remains modest when compared with 268 
the high capital investment required. These findings align with national studies that underline the 269 
current limitations of arbitrage-only business models in Spain. 270 

 271 
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  272 
 273 

Figure 7. Annual technical and economic results of the BESS simulation. 274 

5.3 Monthly Perfomance 275 

To better understand the dynamics of BESS operation, Figure 8 shows the monthly distribu- 276 
tion of energy charged and discharged, together with the corresponding profit. This representa- 277 
tion highlights how both technical and economic results vary throughout the year depending on 278 
market conditions. 279 

 280 
The energy charged and discharged remains relatively constant across months, reflecting the 281 

daily operation logic of the model. However, the associated revenues and profits show a clear 282 
variability. During certain months, higher wholesale prices in peak hours lead to larger spreads 283 
between charging and discharging, which translates into greater profitability. In contrast, months 284 
with lower volatility or compressed spreads generate lower margins, even if the total energy 285 
transacted remains similar. 286 

 287 
This seasonal behaviour illustrates a key characteristic of the Spanish electricity market: 288 

while renewable generation patterns tend to reduce prices in spring and summer, demand peaks 289 
in winter and late summer increase spreads and make arbitrage operations more attractive. Con- 290 
sequently, profitability is not only a function of the total energy managed, but also of the timing 291 
of charging and discharging relative to price fluctuations. 292 

 293 
The monthly analysis therefore provides valuable insight for investors. It shows that annual 294 

profitability is driven by a limited number of favourable months, while other periods contribute 295 
much less to overall revenues. This underlines the importance of flexible operating strategies and, 296 
in the future, potential participation in complementary markets such as balancing or capacity 297 
mechanisms to stabilize income. 298 

 299 

 300 
 301 

Figure 8. Monthly charged/discharged energy and profit. 302 
 303 

5.4 Cycles and Degradation 304 

Figure 9 presents the distribution of equivalent cycles per month, which provides insight into 305 
the intensity of battery usage across the year. The number of equivalent cycles varies depending 306 
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on market conditions, with higher cycling occurring in months where daily spreads are more pro- 307 
nounced. Conversely, in months with compressed spreads or reduced volatility, the battery per- 308 
forms fewer charging and discharging operations. Over the entire year, the system completed 309 
approximately 203 equivalent cycles, which corresponds to a moderate level of utilization com- 310 
pared to the technical lifetime of lithium-ion batteries (typically above 3,500 cycles). This result 311 
confirms that under an arbitrage strategy, the asset does not experience excessive degradation in 312 
the short term, as it is not cycling every day to its full capacity. 313 

 314 
The analysis also shows that degradation is not uniform across months: periods with higher 315 

profitability coincide with a greater number of cycles, which accelerates wear on the system. This 316 
trade-off between revenue maximization and lifetime consumption is a key factor in project de- 317 
sign, since excessive cycling can reduce the economic life of the asset and force earlier reinvest- 318 
ment. Therefore, understanding the monthly distribution of equivalent cycles is essential for eval- 319 
uating the long-term sustainability of the business model. Investors must balance short-term prof- 320 
itability with the need to preserve the technical lifespan of the battery, ensuring that financial 321 
returns are not eroded by premature replacement costs. 322 

 323 
 324 

  325 
 326 

Figure 9. Equivalent cycles per month. 327 
 328 

5.5 Sensitivity Analysis 329 

A sensitivity analysis was carried out to assess the impact of key parameters on the profita- 330 
bility of BESS projects. The purpose is to identify which variables have the greatest influence on 331 
financial performance and to understand the conditions under which storage becomes a viable 332 
investment. 333 

Three main aspects were evaluated: 334 
1. Charging and discharging thresholds 335 

By varying the percentile thresholds that define charging and discharging hours, the model 336 
shows how arbitrage results are highly sensitive to this parameter. Conservative thresholds 337 
(e.g., 0.15 for charging and 0.85 for discharging) result in fewer cycles but higher average 338 
spreads, leading to more profitable operations with reduced degradation. On the contrary, 339 
looser thresholds increase the number of cycles but reduce the spread, often lowering overall 340 
profitability. 341 

 342 
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            343 
      344 

 345 
   Figure 10. Configuration 1 –Results 346 
 347 
      348 

 349 
 350 

 Figure 11. Configuration 2 –Results 351 
 352 

When comparing the two configurations, the results confirm the expected trade-off between 353 
the number of cycles and the profitability per cycle. Configuration 1 (0.15 / 0.85) performed 354 
fewer equivalent cycles (203 per year) but achieved a higher average spread (43.5 €/MWh), 355 
leading to more selective but efficient arbitrage. In contrast, Configuration 2 (0.30 / 0.70) 356 
resulted in more frequent cycling (234 cycles) and higher total energy throughput, but the 357 
average spread was significantly reduced (30.5 €/MWh). 358 
 359 
From an economic perspective, both cases show a negative Net Present Value (NPV), but with 360 
notable differences in Internal Rate of Return (IRR). Configuration 1 achieved a modest IRR 361 
of 5.5%, while Configuration 2 reached 11.3%. Although the second configuration improved 362 
financial performance in relative terms, the lower spreads reduced overall profitability, and 363 
the accelerated cycling implies greater long-term degradation. 364 
 365 
These findings suggest that conservative thresholds provide higher margins and help pre- 366 

serve battery life, while looser thresholds increase short-term revenues but at the cost of 367 
higher degradation and a less favourable balance between NPV and IRR. In practice, the opti- 368 
mal operating point would likely fall between these two extremes, depending on market vol- 369 
atility and the investor’s tolerance for risk and degradation. 370 
 371 
 372 

2. Battery size and Technology 373 
Increasing storage capacity while keeping power constant (longer-duration systems) leads to 374 
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higher absolute revenues, as more energy can be shifted between low- and high-price periods. 375 
However, the marginal profitability per unit of energy decreases beyond a certain point, since 376 
not all additional capacity can be used efficiently every day. This result suggests that optimal 377 
battery sizing is a trade-off between investment cost and utilization rate. 378 
  379 
As shown in Figure 12, the 30 MWh LFP system achieved significantly higher annual revenues 380 

and net profit compared to smaller systems, thanks to its ability to manage larger energy vol- 381 
umes. It charged 5,460 MWh and discharged 5,475 MWh, with total revenues of 554,433 € 382 
and a net profit of 200,592 €. However, despite these strong operational results, the large 383 
investment cost of such a system resulted in a highly negative NPV (–3,993,531 €) and an IRR 384 
of only 7.78%. This indicates that, under current cost assumptions, large-scale projects strug- 385 
gle to recover capital, even if they perform well technically. 386 
 387 
By contrast, Figure 13 shows the results for the 10 MWh NMC/LMO system, which delivered 388 

much lower absolute revenues (197,673 €) and net profit (79,756 €), consistent with its 389 
smaller size and throughput (1,820 MWh charged, 1,825 MWh discharged). Nevertheless, its 390 
reduced capital requirements allowed it to achieve a less negative NPV (–1,151,293 €), alt- 391 
hough the IRR was also lower at 5.51%. 392 
Taken together, these results confirm the trade-off highlighted at the beginning of this sec- 393 

tion: larger systems maximize revenues but face a heavier investment burden, while smaller 394 
systems reduce financial risk but generate modest profits. In practice, optimal battery sizing 395 
must balance these two forces. At current technology costs, intermediate storage sizes may 396 
offer a more favourable compromise between utilization rate and investment recovery, mak- 397 
ing them more attractive for investors in the Spanish market. 398 

 399 
 400 

 401 
 402 
 403 
Figure 12. Scenario 1 –Results 404 
 405 

 406 
  407 
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 408 
Figure 13. Scenario 2 –Results 409 
 410 
 411 

3. Technology choice 412 
Different chemistries show distinct economic profiles. NMC-based batteries provide higher 413 
energy density but shorter lifetime and higher costs, while LFP technology offers longer dura- 414 
bility and lower investment per cycle, making it more attractive for stationary applications. 415 
The model confirms that profitability indicators such as NPV and IRR are strongly dependent 416 
on the chosen technology, with LFP typically outperforming NMC in long-term scenarios. 417 

 418 
The sensitivity analysis demonstrates that the economic viability of storage is not only deter- 419 
mined by market prices but also by technical decisions and operating strategies. Optimal pa- 420 
rameter selection can significantly improve profitability and extend the useful life of the sys- 421 
tem. For investors and project developers, this highlights the importance of flexible models 422 
capable of adapting to different market conditions and technological pathways. 423 
 424 
The comparison between NCA and LFP chemistries highlights the impact of technology choice 425 
on both technical and economic outcomes. 426 
From a technical perspective, the NCA-based system (Scenario 3) achieved slightly higher an- 427 
nual energy throughput, with 3,650 MWh discharged compared to 3,550 MWh for LFP (Sce- 428 
nario 4). This translated into higher gross revenues (€402,589 vs. €364,058). However, these 429 
gains came at the cost of higher charging expenses (€226,344 for NCA vs. €213,783 for LFP), 430 
which reduced the advantage in net profit. As a result, the difference in profitability narrowed, 431 
with NCA reaching €176,246 of net profit and LFP €150,275. 432 
When considering economic indicators, the outcomes shift in favor of LFP. Despite slightly 433 
lower revenues, the Net Present Value (NPV) for LFP was less negative (-€2.95M vs. -€3.00M 434 
for NCA), and the Internal Rate of Return (IRR) was higher (8.00% vs. 7.24%). This suggests 435 
that LFP technology, with its lower investment per cycle and better cost-efficiency, offers a 436 
more sustainable profile for long-term stationary storage projects. 437 
The spread captured per MWh reinforces this conclusion: 44.5 €/MWh for NCA vs. 38.2 438 
€/MWh for LFP. While NCA can exploit higher market differentials due to its energy density, 439 
its shorter lifetime and higher capital cost penalize overall returns. LFP, conversely, demon- 440 
strates more balanced results with lower spreads but superior economic indicators. 441 
In summary, the results confirm that LFP outperforms NCA from a long-term investment per- 442 
spective, as its lower costs and longer durability outweigh the revenue advantage of NCA. This 443 
reflects the general industry trend favouring LFP for stationary applications, where resilience 444 
and cost-effectiveness are prioritized over high energy density. 445 
 446 

 447 

 448 
 449 
Figure 14. Scenario 3 –Results 450 
 451 
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 452 
Figure 15. Scenario 4 –Results 453 
 454 

 455 

6. Discussion 456 

The results obtained in this study provide valuable insights into the technical and economic 457 
performance of battery energy storage systems (BESS) within the Spanish electricity market. The 458 
analysis shows that operational strategies, system size, and technology selection strongly influ- 459 
ence profitability, confirming that storage is not only a matter of energy arbitrage but also of 460 
optimizing design parameters and investment decisions. 461 

 462 
First, the sensitivity analysis on charging and discharging thresholds demonstrated that mar- 463 

ket participation strategies are highly dependent on the percentile selection. Conservative thresh- 464 
olds reduced the number of cycles but achieved higher spreads, improving operational margins, 465 
while looser thresholds increased utilization but eroded profitability. This aligns with the findings 466 
of international studies, which highlight the importance of balancing cycle frequency and degra- 467 
dation costs in order to maximize net value over the project lifetime [1,2]. 468 

 469 
Second, battery size was shown to be a critical driver of profitability. Larger systems (30 470 

MWh LFP) generated higher absolute revenues but suffered from diminishing marginal returns 471 
per unit of capacity, since not all stored energy could be effectively monetized. Smaller systems 472 
(10 MWh NMC/LMO), in contrast, exhibited lower revenues but more efficient capacity utiliza- 473 
tion. These results confirm the existence of an optimal trade-off between system size, investment 474 
costs, and market opportunities, which is consistent with previous techno-economic analyses of 475 
storage deployment in European markets [3]. 476 

 477 
Finally, the comparison between technologies revealed significant differences in economic 478 

performance. While NCA and NMC chemistries benefited from higher energy density and spreads, 479 
their shorter lifetimes and higher costs translated into worse NPVs and IRRs. LFP technology, with 480 
lower investment per cycle and longer durability, achieved better long-term performance despite 481 
lower spreads. This reinforces current industry trends that position LFP as the preferred technol- 482 
ogy for stationary storage applications [4,5]. 483 

 484 
Overall, the discussion highlights that the economic viability of BESS projects cannot be as- 485 

sessed solely on market prices. Instead, it requires a comprehensive evaluation of technical pa- 486 
rameters, degradation, and capital costs. For policymakers, these results underline the need for 487 
regulatory frameworks that properly value the flexibility and grid services provided by storage. 488 
For investors, they emphasize the importance of carefully tailoring system design and technology 489 
choice to market conditions. Future research could expand on this work by incorporating addi- 490 
tional revenue streams (e.g., ancillary services or capacity markets), stochastic modelling of price 491 
uncertainty, and hybrid configurations that combine different storage technologies. Such exten- 492 
sions would provide a more complete picture of the role BESS can play in accelerating the energy 493 
transition in Spain and beyond. 494 

 495 
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7. Conclusions 496 

This study has carried out a comprehensive technical and economic assessment of battery 497 
energy storage systems (BESS) in the Spanish electricity market. Using an Excel-based simulation 498 
tool, different operational strategies, system sizes, and battery technologies were evaluated to 499 
determine their impact on project profitability. The results provide several key conclusions that 500 
contribute to a better understanding of the challenges and opportunities of energy storage in 501 
Spain. 502 

 503 
1. Impact of operational thresholds 504 

The first set of simulations revealed that battery profitability is highly sensitive to the definition 505 
of charging and discharging thresholds. Conservative thresholds (e.g., 0.15 for charging and 0.85 506 
for discharging) limited the number of annual cycles but achieved higher spreads between pur- 507 
chase and sale prices. This strategy improved operational margins and reduced degradation, ex- 508 
tending the system’s useful life. On the contrary, looser thresholds increased the frequency of 509 
cycles and total discharged energy but captured smaller spreads, which ultimately reduced eco- 510 
nomic results. 511 
This finding shows that the optimal operation of a BESS cannot rely exclusively on maximizing the 512 
number of cycles, but must instead strike a balance between utilization, degradation, and arbi- 513 
trage opportunities. Operators should therefore carefully adjust thresholds according to market 514 
price volatility and project lifetime expectations. 515 

 516 
2. Influence of system size 517 

The analysis of two different capacities (30 MWh and 10 MWh) confirmed the existence of econ- 518 
omies of scale but also of diminishing returns. Larger systems generated higher absolute reve- 519 
nues, since more energy could be shifted between low- and high-price periods. However, the ad- 520 
ditional capacity was not always fully utilized, which penalized marginal profitability. Smaller sys- 521 
tems achieved lower revenues in absolute terms but presented better efficiency in the use of their 522 
capacity and lower investment needs. 523 
This result highlights that optimal battery sizing is a fundamental decision in project development. 524 
Oversizing leads to underutilized assets, while under sizing limits income opportunities. There- 525 
fore, dimensioning should not be based only on technical potential but must also consider the 526 
volatility of market prices, the expected frequency of arbitrage opportunities, and financing con- 527 
straints. 528 

 529 
3. Technology choice and performance 530 

A comparison between chemistries (NMC/LMO, NCA, and LFP) revealed clear differences in both 531 
technical and economic performance. NMC and NCA technologies benefited from higher energy 532 
density and higher spreads captured per MWh, but their shorter lifetimes and higher investment 533 
costs resulted in more negative NPVs and lower IRRs. By contrast, LFP technology, with lower 534 
energy density but greater durability and lower cost per cycle, delivered superior long-term indi- 535 
cators. 536 
These findings align with current industry practice, where LFP is increasingly adopted for station- 537 
ary applications due to its resilience, safety, and favourable cost profile. For investors and devel- 538 
opers, this confirms that technology choice is not a neutral factor but a decisive variable in ensur- 539 
ing the long-term success of BESS projects. 540 

 541 
 542 
4. Policy and regulatory implications 543 

The results also highlight the importance of the regulatory environment in enabling the economic 544 
viability of storage. In the Spanish market, the absence of a stable remuneration mechanism for 545 
capacity or flexibility services limits the profitability of storage projects that rely solely on price 546 
arbitrage. As shown in the simulations, even under favourable price spreads, NPVs remained neg- 547 
ative, reflecting the challenge of recovering investment exclusively through energy markets. 548 
For policymakers, this underlines the need to design market frameworks that value the multiple 549 
services provided by BESS, including grid stability, renewable integration, and peak shaving. The 550 
implementation of capacity markets or ancillary service remuneration schemes would signifi- 551 
cantly improve the bankability of projects and accelerate deployment. 552 

 553 
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5. Methodological contributions 554 
Beyond the numerical results, this work also contributes methodologically by developing a trans- 555 
parent, flexible, and user-friendly simulation tool in Excel. The model allows the adjustment of 556 
parameters such as thresholds, system size, technology, tariff type, and investment costs, provid- 557 
ing a versatile platform for sensitivity analysis. This tool can be applied to evaluate specific pro- 558 
jects, test different regulatory scenarios, or support investment decision-making, representing an 559 
added value beyond the scope of the study itself. 560 

 561 
 562 
6. Limitations and future research 563 

It should be noted that the analysis focused primarily on the energy arbitrage strategy and did not 564 
account for other potential revenue streams such as ancillary services, capacity markets, or bilat- 565 
eral contracts. Moreover, price forecasts were treated deterministically, without considering sto- 566 
chastic approaches that could capture the uncertainty of future market conditions. These limita- 567 
tions open up avenues for further research. Future extensions of the model could integrate: 568 

• Probabilistic simulations of market prices. 569 
• Inclusion of multiple revenue streams. 570 
• Hybrid systems combining batteries with renewable generation or hydrogen storage. 571 
• Analysis of degradation models with higher technical granularity. 572 

 573 
Final reflection 574 

Overall, the conclusions of this study confirm that BESS projects in Spain face significant chal- 575 
lenges if based solely on arbitrage, but they also present a wide range of opportunities if technical, 576 
economic, and regulatory factors are carefully aligned. Profitability depends not only on market 577 
signals but also on the ability to optimize operational strategies, choose the right technology, and 578 
size the system appropriately. In addition, the role of public policies will be decisive in determining 579 
whether energy storage can become a fully integrated and profitable pillar of the Spanish power 580 
system. 581 

In summary, this work demonstrates that battery storage is a key element in achieving the 582 
energy transition objectives. With adequate regulation, optimal design, and complementary rev- 583 
enue sources, BESS can play a central role in providing flexibility, improving renewable integra- 584 
tion, and ensuring the stability of the electricity system in Spain. 585 

 586 
Appendix A 587 

The appendix is an optional section that can contain details and data supplemental to the 588 
main text—for example, explanations of experimental details that would disrupt the flow of the 589 
main text but nonetheless remain crucial to understanding and reproducing the research shown; 590 
figures of replicates for experiments of which representative data is shown in the main text can 591 
be added here if brief, or as Supplementary data. Mathematical proofs of results not central to 592 
the paper can be added as an appendix. 593 

 594 
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