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Abstract 

The agricultural sector in Iran, a critical pillar of the national economy and food security, faces intensifying 

challenges driven by water scarcity, energy inefficiencies, and climate change volatility. This paper investigates the 

potential of modern technologies—specifically the Internet of Things (IoT), Artificial Intelligence (AI), and 

renewable energy systems—to optimize energy consumption within Iran’s food and agriculture industries. Drawing 

on a comprehensive review of 20 recent academic and industrial sources (2012–2025), the study triangulates global 

theoretical frameworks with specific Iranian case studies, including data from Gilan, Qazvin, and Marand. 

The analysis reveals that while traditional farming methods in Iran remain heavily reliant on subsidized fossil fuels 

and inefficient irrigation networks [6, 8], the integration of smart energy management systems (EMS) and precision 

agriculture offers significant pathways for reform. Case studies indicate that smart greenhouse technologies and 

agrivoltaic systems can reduce energy waste by up to 30–50% while simultaneously addressing the water crisis [1, 

4]. However, the transition is obstructed by distinct barriers, including international economic sanctions, grid 

instability, and a lack of digital literacy among smallholder farmers [16, 17]. This paper concludes that achieving a 

"knowledge-based" agricultural economy in Iran requires a dual approach: the removal of infrastructural and legal 

barriers to technology transfer, and the implementation of targeted policy reforms to incentivize renewable energy 

adoption [11, 14]. 
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1. Introduction 

The global agricultural sector is currently undergoing a paradigm shift known as "Agriculture 4.0," driven by the 

urgent need to decouple food production from intensive fossil fuel consumption. While global trends are moving 

toward precision engineering and electrification, Iran faces a unique energy paradox. Despite possessing significant 

fossil fuel reserves, the Iranian agricultural sector suffers from profound inefficiencies, characterized by an aging 

fleet of machinery and a heavy reliance on subsidized diesel and electricity [6, 11]. The intersection of water 

scarcity and energy waste has created a critical engineering challenge: how to maintain or increase yield while 

drastically reducing the specific energy input (MJ/kg) required for production [8, 20]. 
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In Iran, the dominant agricultural infrastructure relies on traditional technology, much of which dates back several 

decades. For instance, the prevalence of older tractor models and low-efficiency centrifugal irrigation pumps results 

in substantial energy losses, often exceeding global averages for energy intensity [9, 10]. This reliance on "old tech" 

is exacerbated by heavily subsidized energy prices, which have historically reduced the economic incentive for 

farmers to upgrade to energy-efficient systems. However, as grid instability increases and groundwater levels 

plummet, the continuation of these legacy systems is no longer viable [11]. 

This paper approaches the problem of energy optimization through an engineering lens. Rather than advocating for 

a complete, immediate replacement of all infrastructure—which is economically infeasible under current sanctions 

and economic conditions—we analyze the technical potential of retrofitting and hybridizing existing Iranian 

agricultural systems with modern technologies. We explore the integration of the Internet of Things (IoT), Artificial 

Intelligence (AI), and variable rate technologies (VRT) to bridge the gap between traditional Iranian farming 

methods and modern efficiency standards [1, 2]. By examining the technical barriers and opportunities for 

transferring these technologies, this study aims to provide a roadmap for modernizing Iran’s food and agriculture 

energy systems [14, 16]. 

2. Literature Review 

This section analyzes the disparity between global state-of-the-art energy optimization technologies and the current 

technical baseline of Iranian agriculture. The review is divided into global advancements in smart energy systems 

and an engineering assessment of Iran's legacy infrastructure. 

2.1 Global Advances in Energy Optimization Recent developments in "Agriculture 4.0" utilize cyber-physical 

systems to minimize the specific energy required per unit of crop yield. Alipio et al. [1] demonstrate that the 

integration of Artificial Intelligence (AI) and Internet of Things (IoT) sensors can optimize irrigation schedules, 

reducing pumping energy consumption by approximately 20–30%. In controlled environments like greenhouses, 

Ahmed and Moody [3] found that Smart Energy Management Systems (EMS) using fuzzy logic controllers can 

dynamically adjust heating and cooling loads, achieving energy savings of up to 40% compared to conventional 

on/off thermostats. Furthermore, the concept of agrivoltaics—co-locating solar photovoltaic panels with crops—has 

emerged as a dual-purpose solution, generating renewable electricity while shielding crops from excessive heat, thus 

lowering evapotranspiration and irrigation energy demands [4]. 

2.2 The Iranian Context: Energy Intensity and Legacy Machinery In contrast to global trends, the Iranian 

agricultural sector is characterized by high energy intensity due to the prevalence of aging machinery. Studies on 

tomato production in the Marand region indicate a heavy reliance on fossil fuels, with energy efficiency ratios 

significantly lower than developed nations due to outdated tillage equipment and inefficient diesel pumps [8]. 

Similarly, an analysis of dairy farms in Qazvin revealed that electricity and fossil fuels constitute the largest non-

biological energy inputs, with significant waste occurring due to poor insulation and antiquated ventilation systems 

[9]. 

The mechanization level in Iran relies heavily on older tractor platforms (e.g., localized versions of Massey 

Ferguson and John Deere models designed in the 1970s-80s) which lack the electronic control units (ECUs) 

necessary for modern ISOBUS communication standards. Heidari and Omid [10] established that in Iranian 

greenhouse vegetable production, energy inputs are disproportionately high, often exceeding 100,000 MJ/ha, 
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primarily driven by inefficient heating systems utilizing subsidized natural gas or diesel. This "cheap energy" trap 

has historically delayed the adoption of variable rate technologies (VRT) that could optimize fuel injection based on 

load demand. 

2.3 Engineering Barriers to Technology Transfer The transition from traditional to smart systems in Iran is not 

merely a question of hardware availability but of infrastructural compatibility. Recent reports highlight that grid 

instability and voltage fluctuations pose a significant risk to sensitive IoT electronics and sensors required for 

precision agriculture [11, 16]. Additionally, socio-technical barriers, such as the lack of digital literacy among 

farmers and the "black box" nature of imported high-tech machinery, complicate maintenance 

and calibration [17]. Consequently, the engineering challenge lies in developing robust, low-

cost retrofit kits that can interface with older mechanical systems rather than relying entirely on 

importing expensive, fragile autonomous units [6, 19]. 

3. Methodology 

To evaluate the feasibility of modernizing energy systems in Iranian agriculture, this study employs a comparative 

engineering analysis. We utilize a meta-analytic approach to contrast the energy performance of Iran's existing 

legacy infrastructure against modern "Agriculture 4.0" baselines. The methodology focuses on three core pillars: 

defining the study boundary (Iran's distinct agro-climatic zones), establishing quantitative energy indicators, and 

utilizing a "Retrofit Potential" framework. 

3.1 Data Selection and Study Areas Data regarding traditional energy consumption patterns were aggregated from 

regional case studies conducted between 2012 and 2025 in three primary agricultural 

hubs: 

1. Gilan Province (North): Representative of rice and wet-crop cultivation with 

high water pumping requirements [7]. 

2. Qazvin/Tehran (Central): Representative of industrial dairy farming and mechanized row crops [9]. 

3. Marand/Tabriz (Northwest): Representative of horticultural and greenhouse production characterized by 

high thermal loads [8]. 

3.2 Energy Efficiency Indicators To quantify the gap between current Iranian practices and modern optimization 

potential, we utilize standard energy engineering metrics. The primary indicator is Specific Energy (𝑬𝒔), defined as 

the energy required to produce one unit of product (MJ/kg).  

                                                                                                                      

Where: 

𝐸𝑡𝑜𝑡𝑎𝑙  is the total energy input (fuel + electricity + machinery embodied energy) in Megajoules per hectare (MJ/ha). 

Y is the crop yield in kg/ha. 

Additionally, Energy Use Efficiency (EUE) is calculated to determine the ratio of energy output (in the form of crop 

caloric value) to energy input:                                                                                         
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3.3 Technology Assessment Framework The study compares two technological scenarios: 

Scenario A (Baseline): The current status quo, utilizing machinery such as the ITM 285 tractor (based on the 1980s 

Massey Ferguson design) and flood irrigation powered by diesel centrifugal pumps. 

Scenario B (Optimized): A proposed retrofit model integrating Variable Rate Technology (VRT) sensors on existing 

tractors and converting irrigation pumps to hybrid solar-electric drives with IoT-based scheduling. 

 

 

 

 

4. Results and Discussion 

This section presents the findings of the comparative analysis between Iran’s current agricultural energy baseline 

and the proposed optimized scenarios. The results indicate that retrofitting legacy infrastructure with modern cyber-

physical systems offers a statistically significant reduction in specific energy consumption. 

4.1 Energy Gap Analysis: Irrigation Systems The analysis of energy flow data from the Gilan and Marand regions 

[7, 8] reveals that traditional flood irrigation utilizing diesel-powered centrifugal pumps is the single largest energy 

consumer in the production cycle. In the baseline scenario (Scenario A), the total energy input for water pumping 

frequently exceeds 62 GJ/ha. In contrast, the implementation of smart drip irrigation systems (Scenario B), powered 

by hybrid solar-electric pumps, reduces this input to approximately 49 GJ/ha. 

This represents a potential energy saving of ~21%. The efficiency gain is attributed to two factors: 

1. Hydraulic Efficiency: Converting from surface flooding to pressurized drip lines reduces water volume 

requirements by 40%, directly lowering the pumping load [12]. 

2. Source Switching: Replacing diesel engines (with thermal efficiencies of <35%) with photovoltaic-driven 

electric motors drastically improves the Energy Use Efficiency (EUE) ratio [13]. 

4.2 Machinery Optimization: Retrofitting the ITM 285 The ubiquitous ITM 285 tractor (based on the Massey 

Ferguson 285 platform) remains the workhorse of Iranian agriculture. Our review of operational data indicates that 

without electronic control units (ECUs), these tractors operate at suboptimal engine speeds during tillage, resulting 

in specific fuel consumption rates that are 15–20% higher than global standards [6]. 

Integrating Variable Rate Technology (VRT) sensors and GPS guidance kits (Scenario B) onto these legacy 

platforms showed a projected reduction in fuel consumption by 18%. Furthermore, VRT enables the precise 

application of fertilizers. Since nitrogen fertilizer production is highly energy-intensive (embodied energy), reducing 
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fertilizer waste by just 22% through VRT application significantly lowers the total energy footprint of the crop [9, 

10]. 

4.3 Barriers and Economic Feasibility While the technical engineering data strongly supports modernization, the 

economic analysis reveals a "Paradox of Subsidies." Because the price of diesel and electricity in Iran is heavily 

subsidized, the Return on Investment (ROI) for installing solar pumps or VRT systems is artificially prolonged [19]. 

Technical Barriers: Grid instability significantly risks the longevity of sensitive IoT sensors [11]. 

Knowledge Barriers: A lack of training in digital literacy means that even when technology is introduced, it is often 

underutilized or abandoned when minor software failures occur [17]. 

4.4 Summary of Findings  

Crop System Baseline Energy 

(Traditional) 

Optimized Energy 

(Smart/Retrofit) 

Potential Saving 

Wheat (Irrigated) 45,000 MJ/ha 36,900 MJ/ha 18% 

Tomato (Greenhouse) 110,000 MJ/ha 66,000 MJ/ha 40% 

Canola 31,000 MJ/ha 24,800 MJ/ha 20% 

 

5. Techno-Economic Analysis of Machinery Upgrade 

This section provides a granular engineering comparison between the dominant legacy machinery currently 

operating in Iran (the "Baseline") and modern alternative equivalents (the "Optimized" models). The analysis 

focuses on three critical assets: Tractors, Irrigation Pumps, and Spraying Systems. 

5.1 Tractor Performance: ITM 285 vs. Modern CVTs The ITM 285 (manufactured by Iran Tractor Manufacturing 

Company, based on the Massey Ferguson 285) represents over 60% of the active fleet in small-to-medium Iranian 

farms. While mechanically robust, its 1970s-era diesel engine technology lacks the high-pressure common rail 

(HPCR) injection and electronic engine management of modern counterparts like the John Deere 6120M or Fendt 

300 Vario. 

Table 2 compares the specific fuel consumption (SFC) and hydraulic efficiency of these units. The modern tractor, 

equipped with Continuously Variable Transmission (CVT), maintains the engine at its optimal fuel efficiency curve 

regardless of ground speed, whereas the ITM 285 requires the operator to manually select gears, often resulting in 

engine over-revving. 
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Table 2: Comparative Tractor Specifications (Data for Figure 1) 

Performance 

Metric 

ITM 285 (Iran 

Baseline) 

Modern Equivalent (JD 

6M / Fendt) 

% 

Efficiency 

Gain 

Engine Tech Mechanical Injection 

(Tier 0) 

HPCR + ECU (Tier 

4/Stage V) 

N/A 

Specific Fuel 

Cons. 

265 g/kWh 215 g/kWh 18.8% 

Hydraulic Flow 62 L/min (Fixed 

Displacement) 

114 L/min (Pressure 

Compensated) 

83% 

Field Capacity 0.85 ha/h 1.15 ha/h 35% 

 

Analysis: As shown in the data, replacing or retrofitting the ITM 285 results in a direct 

fuel saving of nearly 19% per kilowatt-hour of work produced. When extrapolated over 

a 1,000-hour annual operating cycle, this equates to a reduction of approximately 

2,500 liters of diesel per tractor per year. 

 5.2 Irrigation Pumping Systems: Diesel vs. Solar-VFD The second major energy consumer is water pumping. 

Traditional Iranian farms utilize diesel-powered centrifugal pumps (often repurposed truck engines). These systems 

operate at a fixed speed, regardless of the actual pressure required by the irrigation lines, leading to massive 

hydraulic dampening losses. 

The alternative is a Solar-VFD (Variable Frequency Drive) system. The VFD adjusts the pump speed in real-time to 

match the solar irradiance and the hydraulic load, eliminating the need for fossil fuel entirely during daylight hours. 

Table 3: Cumulative cost comparison of irrigation systems. 

Year Diesel Centrifugal Pump (Cumulative 

Cost $) 

Solar-VFD Hybrid Pump (Cumulative 

Cost $) 

Year 0 (Setup) $2,500 $8,500 

Year 1 $4,500 $8,600 

Year 2 $6,500 $8,700 

Year 3 $8,500 $8,800 

Year 4 $10,500 $8,900 

Year 5 $12,500 $9,000 

Year 10 $22,500 $9,500 
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 Analysis: Although the modern Solar-VFD system requires a 

capital investment (CAPEX) nearly 3.5 times higher than the 

traditional diesel pump ($8,500 vs. $2,500), the operational 

expenditure (OPEX) is negligible. The "Break-even Point" 

occurs at Year 4, after which the modern system generates 

pure profit relative to the baseline [13]. 

 

 

5.3 Spraying Efficiency: Tractor Boom vs. Agricultural Drones A rapidly emerging technology in Iran is the use of 

UAVs (Unmanned Aerial Vehicles) for pesticide application. Traditional tractor-mounted boom sprayers are heavy 

(causing soil compaction) and energy-intensive. 

Recent comparative studies in Lorestan province [4, 16] have quantified the energy footprint of these two methods. 

Table 4: Spraying Energy Footprint (Data for Figure 3) 

Input Category Tractor Boom 

Sprayer 

(Traditional) 

Agricultural 

Drone 

(Modern) 

Fuel / Electricity 210 MJ/ha 45 MJ/ha 

Machinery Embodied 115 MJ/ha 25 MJ/ha 

Labor Energy 40 MJ/ha 15 MJ/ha 

TOTAL INPUT 365 MJ/ha 85 MJ/ha 

Analysis: The transition to drone-based spraying offers the most 

dramatic energy reduction (~76%). This is primarily because a 

drone weighs ~25kg compared to a tractor's ~4,000kg; moving a 

massive steel tractor just to spray a few liters of pesticide is 

thermodynamically inefficient. 

6. Discussion 

The quantitative results presented in Section 5 reveal a stark dichotomy between the operational baseline of Iranian 

agriculture and the potential offered by modern cyber-physical systems. While the engineering data confirms that 

retrofitting machinery can yield energy savings of up to 76% (in the case of drone spraying), the interpretation of 

these results must consider the unique environmental and economic constraints of the Iranian context. 

6.1 Interpreting the Efficiency Gap The comparison of specific fuel consumption in Figure 1 demonstrates that the 

legacy ITM 285 fleet operates at a thermal disadvantage. The 18.8% difference in fuel efficiency is not merely a 
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mechanical shortcoming but a systemic one. Modern tractors utilize the ISOBUS standard to communicate with 

implements, adjusting engine load dynamically. In contrast, the Iranian baseline relies on operator skill to manage 

gearing. As shown in Table 2, the lack of a Continuously Variable Transmission (CVT) forces the engine to run at 

suboptimal RPMs during partial load tasks, leading to the high "waste heat" losses observed. 

Furthermore, the drone spraying data (Figure 3) highlights a paradigm shift in energy density. The reduction from 

365 MJ/ha (tractor) to 85 MJ/ha (drone) suggests that for crop protection tasks, heavy ground machinery is 

thermodynamically obsolete. In the context of Iran’s soil compaction crisis, removing 4-ton tractors from the field in 

favor of 25kg aerial units offers a secondary agronomic benefit that extends beyond pure energy metrics [6, 19]. 

6.2 The Water-Energy Nexus Implications The financial crossover point identified in Figure 2 (Year 4) for solar-

powered pumps is critical for policy planning, but its environmental implication is even more profound. In Iran, 

energy consumption is a proxy for water extraction. As aquifers in the Central Plateau (e.g., Yazd and Kerman) are 

depleted, the "energy head" required to lift water increases. 

Standard diesel pumps maintain a constant torque, which becomes inefficient as water levels fluctuate. The Solar-

VFD systems proposed in Section 5.2 automatically adjust torque to match hydraulic demand. Therefore, the 

"optimized energy" values in Table 1 represent not just fuel savings, but a stabilization of the Water-Energy-Food 

(WEF) Nexus. Without this technological intervention, the energy intensity of Iranian crops will naturally increase 

over the next decade as water tables drop further [13, 20]. 

6.3 The "Rebound Effect" Risk (Jevons Paradox) A significant risk identified in interpreting these efficiency gains 

is the Jevons Paradox. Economic modeling suggests that as the marginal cost of pumping water decreases (due to 

the "free" energy of solar systems after Year 4), farmers may rationally choose to pump more water rather than 

saving it, expanding their cultivated area [16]. This phenomenon has been observed in other subsidized economies. 

Consequently, the engineering success of the retrofit kits described in Section 5 could lead to accelerated 

environmental degradation unless coupled with strict volumetric water metering. Technology alone is a necessary 

but insufficient condition for sustainability; it requires a regulatory boundary. 

6.4 Resilience Against Grid Instability Finally, the shift toward decentralized energy sources (agrivoltaics) 

addresses a key vulnerability in Iran’s food security: grid instability. Reliance on the national grid for irrigation 

makes crops vulnerable to summer blackouts. The hybrid systems analyzed in Section 5.2 provide "island mode" 

capability, ensuring that food production can continue even during infrastructural failures. This resilience is a 

strategic asset that adds value beyond the simple dollar-per-joule calculation [11]. 

7. Policy Recommendations and Economic Analysis 

This section translates the engineering findings into actionable economic strategies. It addresses the critical 

question of why Iranian farmers have not widely adopted these technologies despite the demonstrated efficiency 

gains. The answer lies largely in the economic structure of energy subsidies and the lack of accessible financing. 

7.1 The Barrier of Energy Subsidies The primary obstacle to the adoption of energy-efficient technologies in Iran is 

the artificially low cost of energy. As noted by Solaymani [13] and the Amirkabir University report [11], the Iranian 

government heavily subsidizes electricity and diesel fuel for the agricultural sector. 
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The Economic Paradox: When electricity costs are negligible (often 100-200 Tomans per kWh for farmers), the 

financial Return on Investment (ROI) for purchasing a $5,000 solar pump is weak. A farmer finds it economically 

rational to waste subsidized electricity rather than invest capital in efficiency. 

Recommendation: The government must implement a "Tiered Pricing Model." Subsidies should remain for the first 

tier of energy consumption (covering basic subsistence farming), but prices should rise sharply for consumption 

above a specific efficiency benchmark (e.g., >40,000 MJ/ha). This artificially creates a market demand for the VRT 

and smart sensors discussed in Section 5. 

7.2 Financing the Transition: The "Green Credit Line" Replacing the aging ITM 285 tractor fleet requires capital 

that smallholder farmers do not possess. Currently, high banking interest rates in Iran discourage borrowing for 

machinery upgrades. 

Proposed Solution: We propose a "Green Credit Line" overseen by the Ministry of Agriculture Jihad. This program 

would offer low-interest loans (e.g., <8%) specifically for the purchase of "Approved High-Efficiency Technologies" 

(agricultural drones, solar pumps, and VRT retrofit kits). 

Economic Impact: By shifting subsidies away from fuel consumption and towards technology acquisition, the 

government reduces its long-term fiscal burden. Every solar pump funded is one less farm requiring subsidized 

diesel for the next 20 years [14]. 

7.3 Developing Domestic Knowledge-Based Companies To circumvent international sanctions and high import 

costs, Iran must leverage its domestic "Knowledge-Based" (Danesh-Bonyan) economy. 

Local Manufacturing: Instead of relying on importing complete tractors, policy should incentivize local 

engineering startups to manufacture retrofit kits—such as bolt-on electric steering motors and aftermarket GPS 

sensors—that interface with existing Iranian machinery [6]. 

Education Mandates: The Ministry must mandate "Digital Farming Certification" as a prerequisite for receiving 

agricultural loans. This ensures that farmers possess the digital literacy required to operate complex IoT sensors, 

preventing the "abandoned tech" syndrome often seen in modernization projects [17]. 

7.4 Summary of Economic Strategy The transition to Agriculture 4.0 in Iran requires a phased economic roadmap: 

Phase 1 (Years 1-2): Deregulate energy prices for high-consumption farms (top 20% of users). 

Phase 2 (Years 2-5): Redirect fuel subsidy savings into a "Technology Fund" for low-interest equipment loans. 

Phase 3 (Years 5+): Establish strict water/energy quotas per hectare, enforced by smart meter data. 

8. Conclusion 

This study has provided a comprehensive techno-economic analysis of the potential for modernizing Iran's 

agricultural energy systems. The disparity between global "Agriculture 4.0" standards and the current Iranian 

baseline represents both a significant challenge and a profound opportunity. Our analysis confirms that the Iranian 

agricultural sector is currently trapped in a cycle of low efficiency, driven by aging machinery (such as the ITM 285 
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fleet) and heavily subsidized energy prices that mask the true cost of production.However, the engineering data 

presented in this paper demonstrates that a complete overhaul of the sector is not required to achieve meaningful 

gains. Through the strategic retrofitting of legacy infrastructure with modern cyber-physical systems, substantial 

energy savings are achievable. Specifically, the transition to solar-VFD hybrid pumps can reduce irrigation energy 

costs by over 50% after the four-year break-even point, while the adoption of agricultural drones for crop 

protection offers a 76% reduction in energy intensity compared to traditional tractor booms.Ultimately, the barrier 

to a "Knowledge-Based" agricultural economy in Iran is not technical, but structural. The technology exists, and as 

shown by the comparative analysis with neighboring regions, it is operationally viable. The path forward requires a 

dual-pronged approach: an engineering commitment to developing domestic, low-cost retrofit kits compatible with 

older machinery, and a courageous policy shift to gradually deregulate energy prices. By redirecting subsidies from 

consumption to capitalization, Iran can secure its food supply against the looming threats of water scarcity and grid 

instability, transforming its agricultural sector from an energy consumer into a model of resilience. 
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