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Abstract

Iran is one of the most seismically active regions in the world. With each earthquake, a rela-
tively large amount of kinetic energy is released on the surface of the earth. In the history of
Iran, the occurrence of any earthquake has always been recorded as a major hazard. Consid-
ering the importance of using new energies and reducing the use of fossil fuels in seismically
active regions such as Iran, the energy from earthquakes can be used as a suitable opportunity
to provide alternative energy. This requires that the feasibility of harvesting and storing
earthquake energy be examined first. Therefore, in this paper, the released energy of earth-
quakes that have occurred in Iran since 1974 was examined separately for each seismic zone
in Iran and also for each decade in which the earthquake occurred, and finally, the energy re-
leased in the earthquake was compared with the required electrical energy. As a general con-
clusion, it can be said that Iran has a great potential for harvesting energy theoretically, but it
is not currently justified from a practical and economic perspective.

Keywords: Earthquake energy; Vibrating piezoelectric, Earthquake harvesting; Ground mo-
tion.

Introduction

Earthquakes, while destructive, release substantial magnitude-dependent energy that offers po-
tential for future energy harvesting [1-4]. Thus, evaluating released energy relative to earthquake
magnitude remains an important research topic. Understanding earthquake energy release depends
on multiple parameters. Various methods have been proposed, such as Mattesini’s estimates of total
released energy showing deep earthquakes can produce up to six times more rupture energy than
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radiated energy [5,6]. Ommi and Smirnov [7] also introduced a method identifying energy release
patterns before the mainshock. Overall, different approaches exist for defining earthquake energy
release. Studies show that earthquake potential energy comprises elastic, strain, and gravitational
components, along with radiant, fracture, and thermal energies [8]. Elastic and radiant energies are
influenced by fault heterogeneity [8,9], and less than 20% of the total energy is radiated as seismic
waves. Understanding how energy is partitioned within the fault zone is essential for earthquake
mechanics; the energy budget is typically expressed as work density per fault area [10,11]. Most of
this budget is associated with fracture processes [12—14]. Seismic energy (E) can be simply estimat-
ed from earthquake magnitude (M) using the relation log(E=1.5M + 11) [15]. Radiated energy re-
flects fault dynamics, and the scaled energy e = ER/MO is used to assess the dependence of seismic
energy on moment [16,17]. Ide and Beroza showed that energy estimates for small earthquakes are
underestimated due to instrumental bandwidth limits [18-20]. Various studies have proposed meth-
ods to estimate earthquake energy. Ommi et al. [7] predicted magnitude and failure time from
preseismic energy release in the Fin doublet. Toffol et al. [21] estimated ~13 MJ/m? of released en-
ergy from shocked garnet, mainly from heat, surface energy, and lattice distortion. Kato [22] report-
ed rupture energies ranging from 0.1-1 MJ/m? for Mw 4.8 Nankai events to ~10 MJ/m? for the Mw
9 Tohoku-oki earthquake, showing fracture energy increases with magnitude. Several studies have
examined patterns of earthquake energy release. Lin et al. [23] showed that 98% of earthquakes
occur shallower than 100 km, with 49%, 7%, and 12% of total energy released at 0-20 km, 2040
km, and 40-60 km depths, respectively, indicating dominant activity in the brittle upper crust. Var-
ga et al. [24] found that 60—76% of earthquake energy dissipates within the upper 50 km, while only
about 20% is released throughout the deeper subduction zone (50-550 km). Miao and A. Langston
[25] studded the released energy around the U.S.A, they found that releasing energy in the central
of United State rather than other places is lower and the north of United State had the maximum
amount of energy releasing. While the most releasing earthquake energy in Iran happen in the
South, East and sometimes central. Telesca et al. [26] done Multifractal Detrended Fluctuation
Analysis (MF-DFA) for El Hierro volcano (Canary Islands). They found that released energy is
more than 8 GJ considering by GR law. It should be considered that the short- and medium-periods
happening earthquake is 1 s and 5 s. In addition, many researchers try to harvest earthquake energy
in different ways. As an example, R. Kivi et al. [27] analyzed injection-induced seismicity through
"Enhanced Geothermal Systems (EGS)". They understand that injection-induced seismicity can be
prepared and safely unlocked the enormous potential of clean and sustainable geothermal energy. In
this type of energy harvesting, the fault is controlled to form an earthquake and the geothermal en-
ergy from the broken rocks is stimulated at the moment of the earthquake. Although most of the
seismicity caused by EGS has small magnitudes [28], it can contribute to earthquake energy har-
vesting. In another example, Diaz-Mora and Gonzalez-Fallas [29] attempted to convert seismic
waves into electricity by converting the kinetic energy of earthquakes into potential energy. Satya-
narayana et al. [30] have researched the conversion of earthquake vibrations into electricity through
the servo-electric vibration sensor in the vibration table. Iran as a potential region for the occurrence
of earthquakes with high magnitudes and having many faults can extract a large amount of energy
from earthquakes [31-33]. For example, Talebi et al. [34] has mapped the faults and probability of
earthquake in the east of Iran. Their goal was to make the connection between studies of earthquake
activity and buildings resistant to impending earthquakes. In another study, Gutierrez et al. [35]
investigating the geotectonic phenomenon in the Zagros Mountain range, south of Iran. They ana-
lyzed strike-slip salt diapir systems and the relationship of strike-slip faults. They found that the
Kareh Bas fault system, despite its fragmentation and even if the ruptures are confined to the over-
lying salt mantle, is capable of generating large earthquakes of Mw 6.5—7. As far as the studies con-
ducted indicate that due to the occurrence of large and small earthquakes, Iran has the ability to be
rich in clean energy caused by earthquakes. The purpose of this study is to measure the amount of
energy emitted from all earthquakes in Iran based on magnitude unit. This research was done with
the aim of obtaining Iran's annual energy budget from earthquakes and related formulas. This re-
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search can be useful as a basis or a step for extracting and collecting earthquake energy in Iran in
the future.

Fig. 1. Seismic Zone (SZ) of Iran [38]. Fig. 2. The é;l.rthqnl‘;étkes”gcco;aing to Me;éﬁitudes and
SZ in the current study.

2. Methodology

2.1. Methodology of Seismic Potential

Iran, located in the active Alpine-Himalayan belt, experiences many earthquakes [36]. Notable
examples include the Kobe earthquake (1995) in Japan and the Bam earthquake (2003) in Iran [37].
Due to its wide geographical and geological diversity, this study investigates the seismic potential
of different Iranian zones. Karimiparidari et al. [38] reported over 29 Seismic Zones (SZ) in Iran
(Fig. 1), and earthquake magnitudes (Mw) across these zones were analyzed using ArcGIS (Fig. 2).

2.2. Database

This study analyzed the number of 10899 earthquake records with Mw between 1.9 and 7.7 with
distance from source from 1 km to 600 km to find the discovery the energy. These records have
been gathered from Road, Housing & Urban Development Research Center website [39]. Table 1
illustrates the records and specific details, Fig. 3 illustrates the data location and, moreover Fig. 4
illustrates of distribution of earthquake records.
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Fig. 3. The égﬂh(i{iaké;'evéﬂ:cs in the current study. Fig. 4. Data distribution of earthquake records.

Table 1. Some records in this investigation.
Record PGA Distance Station

Station Name Num. Date (cm/s/s) Lat. Long. (Km) Code VS30 Mw
Minab* 1007 7/03/1975 7:04 27 27.47 56.44 72 MIB-A 453 6.10
Makoo* 1046/02 24/11/1976 12:36 72 39.24 44.27 22 MAK-A 441 5.44
Nagan* 1061/04 26/04/1977 17:34 19 32.78 48.6 221 NGN2-A 700 4.28
Vandik* 1065/03 19/03/1977 3:29 162 33.82 59.36 12 VAK-A 658 4.73
Tabas* 1103/03 17/01/1979 3:29 115 33.74 57.09 24 TBS-A 650 5.09

2.3. Calculating Energy

Fault movement causes displacement and releases energy, with earthquake magnitudes follow-
ing an exponential distribution. Converting magnitude to seismic energy follows the Gutenberg-
Richter (GR) law [40], which can be calculated as described in [41]. In this study, the GR relation is
applied using the following equation [42,43]:

logE = 11.8 4+ 1.5My, (1)

Here, E is energy and My is earthquake magnitude. Many studies have used the GR equation to
estimate earthquake energy; for example, Maine and Al Kindy [44,45]. Pisarenko and Sornette [46]
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applied statistical tests using the Generalized Pareto Distribution (GPD). About 60% of released
energy dissipates within 50 km, while 6% occurs in a narrow interval at 550-680 km depth [24].
Released energy is divided into radiated, fracture, and thermal components [8§].

2.4, Current Study Methods

This study analyzed earthquakes by magnitude and date. Magnitudes were divided into <4.5 Mw
and >4.5 Mw, and released energy was reported per decade (Fig. 5). Records from 29 SZ were ap-
plied to the GR equation, and results separated by magnitude. Magnitudes >4.5 Mw have significant
building impact, while <4.5 Mw are generally harmless [47].

Under and up to 4.5 Mw

Divided Magnitude (Mxw)

Every Decade

Fig. 5. The scheme of the current study.

3. Results

3.1. Under 4.5 Mw Earthquakes

Higher-magnitude earthquakes release more energy. For example, a 3.65 Mw earthquake releas-
es 5,282 ], while a 4.37 Mw event releases over 62,687 J (Fig. 6). Earthquakes below 3 Mw have
negligible energy release, but energy rises sharply above 3 Mw (e.g., 3.6 Mw — 4,402 J; 4.3 Mw —
49,396 J) (Fig. 6). Post-1974, more records increased observed values. Decadal energy sums (Table
2, Fig. 7) show 2010-2020 released >5.795 MJ, 2000-2010 >3.353 MJ, and 2020-2024 >1.660 MJ.
Earthquake source distance also varies, mostly 167—182 km, except 1974—1980 with >221 km (Fig.

7b).

Table 2. The released energy by each year.

Year Interval Sum J (Kwatt.Hr) Min Mw Max Mw Min Distance (Km) Max Distance (Km)
1974-1980 45498 3.65 4.46 11.00 221.00
1980-1990 29767 3.83 4.46 5.00 98.00
1990-2000 674938 3.21 4.46 0.00 182.00
2000-2010 3353082 1.91 4.48 1.00 166.00
2010-2020 5795128 2.36 4.48 0.00 167.00
2020-2024 1660156 2.50 4.48 0.00 167.00
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Fig. 6. Results of under 4.5 Mw per decade. (a) 1974-1979; (b) 1980-1989, (c) 1990- 1999, (d) 2000-2009
(e) 2010-2019.
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3.2. Up to 4.5 Mw Earthquakes

This section examines earthquakes with Mw > 4.5. Table 3 and Fig. 8 show that higher magni-
tudes release more energy, posing greater risks to structures and cities (e.g., 4.64 Mw — 0.158 MJ;

6.50 Mw — 9.856 MJ) (Fig. 8). Between 2000 and 2010, the total released energy could have
reached >595 GJ (Fig. 9a, Table 3). Earthquake source distances ranged from 0-7km up to
>600 km (Fig. 9b).
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Fig. 8. Results of up to 4.5 Mw per decade. (a) 1974-1979; (b) 1980-1989, (c) 1990- 1999, (d) 2000-2009 (e)

2010-2019.
Table 3. The released energy by each year.

Year Interval Sum J (Kwatt.Hr) Min Mw Max Mw Min Depth Max Depth
1974-1980 2.85E+10 4.60 7.00 7.00 132.00
1980-1990 1.11E+10 4.64 5.00 7.00 73.00
1990-2000 8.83E+10 4.55 7.40 2.00 236.00
2000-2010 5.95E+11 4.50 7.40 0.00 474.00
2010-2020 3.14E+10 4.50 7.70 1.00 600.00
2020-2024 4.47E+09 4.55 7.70 1.00 600.00

3.3. Results of the Earthquake Energy Considering Seismic Zone

However, results of this study divided by two factors (the earthquakes bellow 4.5 Mw and more
than 4.5 Mw), while Fig 10. illustrates energy releasing for all magnitudes and Table 4. shows the
released energy for all SZ. Fig. 10. shows that the pattern release energy is higher during high-
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magnitude earthquakes, but the cumulative energy released is more effective than one or two high-
magnitude earthquakes.
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Fig. 9. Details of releasing energy. (a) Sum of energy in different decades, (b) Maximum and minimum dis-
tance to source of earthquake.
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Fig. 10. All releasing energy per years.

Zone 26 releases the most energy due to high-magnitude earthquakes (4.3—7.7 Mw) but is un-
suitable for energy harvesting because of low earthquake frequency and high damage risk. Zone 8
has minimal energy release and few earthquakes, making it unsuitable. Zone 16 in the Zagros re-
gion has the highest number of earthquakes (2.6—7.4 Mw), offering good energy potential but also
risk to equipment. Zone 9 is suitable for earthquake energy absorption, with many events up to

6.7 Mw.
Table 4. Released energy for all seismic zones.

Zone Number Number of earth- Min Mw Max Mw Min Distance Max Distance Sum of Energy (MJ) (Kwatt.Hr)
quakes (Km) (Km)

1 118 2.8 5.8 4 167 168.8
2 64 29 6.1 5 116 93.8
3 49 2.8 6.0 2 96 63.7
4 194 3.0 7.3 2 474 56912.8
5 327 2.1 7.2 1 288 15898.7
6 688 2.3 7.2 1 317 6019.6
7 10 4.4 6.0 16 108 74.4
8 26 3.2 5.3 3 115 4.2
9 1876 2.7 6.7 1 218 5818.3
10 101 3.3 6.2 5 112 350.0
11 31 34 5.4 3 131 21.7
12 101 32 6.6 5 249 2685.4
13 1469 2.5 6.5 0 217 15457.0
14 581 1.9 6.5 1 325 8027.8
15 699 2.4 7.4 0 174 3282.3
16 2030 2.6 7.4 0 543 190118.1
17 39 3.3 5.5 3 97 28.4
18 181 2.8 7.4 1 259 50892.1
19 135 29 6.2 4 162 358.8
20 229 29 6.5 3 162 366.5
21 619 2.7 6.3 1 359 7553.2
22 33 3.5 5.5 8 150 25.3
23 133 29 5.7 3 118 90.8
24 112 3.0 5.7 2 93 42.3
25 77 3.0 5.8 4 217 98.9
26 57 43 7.7 16 600 280061.8
27 - - - - - -
28 162 29 6.1 2.0 172.0 636.3
29 343 2.6 7.0 1.0 463.0 9031.2

Min 10 1.9 5.3 0.0 93.0 4.2

Max 2030 44 7.7 16.0 600.0 280061.8
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3.4. Consuming Energy

From 2000 to 2008, earthquake energy in Iran often exceeded electricity production [48], with
Mw >4.5 events contributing most [49]. Between 2003-2013, released energy surpassed consump-
tion, showing potential to improve energy balance [50]. However, high costs, unpredictability, and
risks make harnessing this energy currently impractical, though it remains a promising future re-
newable source alongside solar and wind.
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4. Discussion

Theoretically, the energy released in an earthquake is very significant and impressive, but its
practical aspect also needs to be examined. From this practical aspect, the idea was investigated by
choosing an earthquake with 4.3 Mw and also by choosing an existing piezoelectric.

Considering the information on the earthquake with 4.3 Mw, frequency equal to 47.73 Hz and
PGA equal to 0.42g m/sec”2, the electrical energy generated by the earthquake can be calculated

The Murata company's vibrating piezoelectric catalog [52] was used to calculate the energy
from earthquake vibration (Fig. 12). According to the above diagram, for a 4.3 Mw earthquake,
about 50mv of voltage will be generated. V=50mv

The piezoelectric sensor performed like a capacitor. Using the charging amplifier circuit, the en-
ergy generated and stored in it is obtained from the following equation:

E—1CV2
T2
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Where, E is the energy stored in the capacitor, C is the capacitance of the capacitor and V is the
voltage applied to the capacitor. Considering the selection of the PKS1-4A1 vibrating piezoelectric,
the capacitance of the capacitor will be C=10000 PF. Keep in mind that the cross-sectional area of

the above piezoelectric sensor is about 7 (cm)"2.
C = 10000 x 10712 F

Energy calculation:
1
E= 3 cv?
We already have: V=50mv and assuming that the maximum voltage can be obtained from such
a sensor:
V=>5bv
The amount of electrical energy per piezoelectric number will be as follows:

1
E= 3% 10000 x 10712 x 52 = 1.25 % 1077 Jouls

Covering a 1000 m x 1000 m area with sensors (~10° sensors at $40 each) would generate only
125 ] during a 20 s earthquake, yielding ~7 W (1.4 A), which is negligible and economically unfea-
sible. In contrast, the same investment could fund a solar plant supplying daily electricity for five
cities the size of Tehran. Thus, earthquake energy is currently impractical for electricity generation.
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Fig. 12. Frequency Response is nearly flat at vibration frequencies up to 1kHz [52].
5. Conclusion

Iran’s seismic activity offers theoretical potential for energy harvesting, but practical application
is currently economically and technologically unfeasible due to the unpredictable nature of earth-
quakes. This study analyzed 10,899 Iranian earthquake records (1973-2024, Mw 1.9-7.7, distances
1-600 km) to assess seismic potential and energy harvesting feasibility. Records were divided into
Mw <4.5 and Mw >4.5 due to structural impact. For potential harvesting, equipment must be placed
in areas with continuous seismic activity for economic viability. Seismic zoning followed Karimi-
Pridari et al. [38]. Zone 26 releases the most energy but is unsuitable due to infrequent, high-
magnitude earthquakes. Zone 8 has low energy and activity, also unsuitable. Zone 16 (Zagros) has
high earthquake frequency (2.6—7.4 Mw), offering potential but with risk. Zone 9 is a viable candi-
date for energy absorption, with many events up to 6.7 Mw. Operational assessment using piezoe-
lectric systems shows earthquake energy is minimal and uneconomical. Low efficiency, high costs,
and the sporadic nature of seismic events limit consistent energy generation, providing only a tiny
fraction of Iran’s electricity needs. Economic analysis shows harvesting earthquake energy is costli-
er than alternatives like solar or wind, which provide consistent, scalable energy better suited to
Iran’s infrastructure and policies. In conclusion, seismic energy use is scientifically interesting but
currently impractical due to technological and economic limits. Future research should improve
harvesting technologies, but prioritizing solar and wind investments is more effective for Iran’s en-
ergy security and sustainability.
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