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ABSTRACT: This research paper presents an analysis of the system architecture, economic viability, and pollutant
emissions of a grid-integrated system designed for the Bhilai Steel Plant (BSP), situated in Bhilai, District Durg,
Chhattisgarh (C.G.) state. In the current context, there is a persistent government pushtowards promoting the
utilization of alternative and renewable energy sources to conserve coal in manufacturing industries. The Indian
Renewable Energy Development Agency Limited (IREDA) has established a robust policy framework aimed at
providing incentives for the advancement of power generation from diverse renewable energy sources, with solar energy
emerging as a particularly promising option due to its widespread availability and advantageous topological
characteristics for local power generation in industrial settings. In the context of heavy industry in Chhattisgarh (C.G.),
the proposed approach represents a novel initiative. This state boasts abundant solar radiation, owing to its location along
the Tropic of Cancer, which renders it conducive for the deployment of solar-dependent technologies. This research
paper focuses on assessing the economic feasibility of heavy industry, with a particular emphasison analyzing metrics
such as Net Present Cost (NPC) and Levelized Cost of Energy (LCOE). Additionally,it addresses the implementation of
a technical system aimed at minimizing pollutant emissions while evaluating the feasibility of integrating a grid
system to fulfill the load requirements of the Bhilai SteelPlant (BSP).

KEYWORDS: Net Present Cost, Levelized Cost of Energy, Pollutant Emission, PV system, Grid.
L. INTRODUCTION

In contemporary times, renewable energy is increasingly recognized as pivotal for off-grid services, representing a
significant choice for diverse generating stations. A comparative study conducted by the International Energy Agency
(IEA) on global energy consumption reveals projections indicating that solar arrays' installation will cater to
approximately 50% of the world's energy demand by 2050. To identify the optimal mix of renewable energy sources that
can be integrated into industrial operations to maximize energy efficiency and minimize environmental impact [20]. It is
incumbent upon energy engineers to devise and implement systems that offer energy solutions by enhancing energy
proportions while prioritizing sustainability, stability, and ultimately enhancing overall efficiency [2]. The system should
be economically feasible, meaning that the cost of implementing and operating the system is justified by the
environmental and economic benefits it provides [3]. In Bangladesh, a system has been devised to optimize solar PV
system utilization during daylight hours, supplemented by grid power during the night for industrial operations [9].
Certain scholars have conducted a comprehensive technical and economic assessment of hybrid renewable energy
systems to power auxiliary units in small-scale plants [10]. The persistent energy crisis in industries spanning decades
necessitates integration with additional renewable energy sources [11]. Opportunities for enhancing grid-connected
systems in industries exist. Power system planners and regulators have identified integrated units as highly beneficial in
distribution systems, contingent upon the comprehensive assessment of each unit's characteristics, including photovoltaic
systems, wind systems, and load profiles, alongside local renewable resources [13]. Proposed Method-1 (PM-I), which
relies entirely on solar power, and Proposed Method-II (PM-II), a solar-grid integrated system. Both of the systems are
meticulously modelled and simulated using the Hybrid Optimization Model for Electrical Renewable (HOMER) Pro
software. By using scraps and renewables, the objective could be to reduce the environmental impact of power
generation, including greenhouse gas emissions and other pollutants associated with traditional energy sources [21]. This
could include methods for managing the variability of renewable energy sources and ensuring grid stability and
reliability [15].
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II. PROPOSED STUDY

BSP is situated at a latitude of 21°10.7N and a longitude of 81°23.4E, with an elevation of 319 meters above sea level.
Data regarding temperature resources have been sourced from the National Aeronautics & Space Administration
(NASA) surface meteorology and solar energy database, as well as the National Solar Mission (NSM) administered by
the Government of India. Figure 1 and 2 depict month- wise variations in solar radiation, with the maximum recorded
solar radiation of 6.710 kWh/m2/day observed in April, followed closely by May. Conversely, the lowest radiation
levels are typicallyobserved in August. The clearness index is calculated at 0.639, with an average radiation level of 5.08
kWh/m2/day. Additionally, the highest recorded temperature, as identified by HOMER Pro, is 32°C.

TEMPERATURE RESOURCE ]

wrin
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Figure 2 Yearly temperature data at the site
II. METHODOLOGY

In this section, we propose the improvement in the existing technologies to find the potential inrenewable sources and
discuss the proposed options that may be required for enhancing the existing systems. It deals with modelling of
existing system and the two other proposed systems in Homer Pro.net present cost includes capital cost, replacement
cost, O&M cost, fuel cost, emission penalties with cost of power purchased from the grid. The salvage and grid sales
value are included in revenues.

A.NPC

NPC of any system is defined as the present value of a system cost over its lifetime minus the present revenue cost
earned by the system during its lifetime. HOMER Pro calculates NPC in each for reducing output in real-world
operating conditions compared to conditions under which the PV panel was rated. NPC is also a value of ranking
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system configuration by Homer Pro in optimized results. It is a baseline to calculate LCOE and the total annualized
cost.

B. LCOE
LCOE is calculated by dividing the total annual cost of electricity production by total served electric
load following an equation:-

lcoe = cann, tot —Cboiler hserved

Cserved

where,

Cann, tot = total annualized cost of system (Rs/year)
Cboiler = boiler marginal cost(Rs/kw)
Year of system lifetime by summing the total discounted cash flows
Hserved = total thermal load served (kwh/year)

C. Slavage
Salvage is the value remaining in the component of a power system at the end of the project's lifetime. HOMER Pro
assumes linear depreciation of components.

IV. SYSTEM ARCHITECTURE

A. PM-I model

In this setup, the plant operates exclusively with PV generation, as illustrated in Figure 3. The system is modelled by
integrating the plant load with the PV system and PP. A total of 730 solutions were simulated, resulting in 380 deemed
feasible and 350 deemed infeasible, while 153 solutions were omitted by the HOMER simulator.

AC DC
Genlarge | BHILAI STEEL PLA L4
I ® | =
! -
23624.83 kWh/d
1962.99 kW peak

Converter PowerSafe OPzV 1000

— W~ —ED

Figure 3 Arrangement in homer pro for PM-I system

B. PM-II model

The plant operates utilizing grid supply alongside captive generation plants PP and PV systems, depicted in Figure 4. A
total of 13,921 solutions were simulated, with 10,662 deemed feasible. Conversely, 3,259 solutions were found to be
infeasible, and 3,865 solutions were omitted by the HOMER simulator. Among the omitted solutions, none were due to
infeasibility, 1,450 lacked converters, and 250 included unnecessary converters.
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Figure 4 Arrangement in homer pro for PM-II system.
V. DISCUSSION

The above two models were simulated in HOMER using advanced optimization techniques. Among them, the PM-II
model emerged as the preferred system architecture. Figure 5 presents the cost breakdown of PM-I, where the total
system cost amounts to 33.1 million Rs. This includes a capital cost of 2.00 million Rs., operating cost of 2.09 million
Rs., a replacement cost of 3.91 million Rs., a salvage value of -172,794 Rs., and a resource cost of 25.2 million Rs.
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Figure 5 Cost Summary of PM-I

Figure 6 and 7 illustrates the cost summary analysis and total load consumptionfor the PM-II system, which emerged
as the winning system architecture, with a total system cost of 38.1 million Rs. This encompasses a capital cost of 7.83
million Rs., operating cost of 9.00 million Rs., replacement cost of 3.83 million Rs., a salvage value of -2.32 million
Rs., and a resource cost of 19.8 million Rs.
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Figure 6 Cost Summary of PM-II
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Figure 7 Cumulative discounted cash flow for PM-II system

Figure 8 indicate that the PM-II method is the most optimized, boasting a simple payback period of 7.92 years.
Additionally, generators contribute 29.9% to production, PV systems contribute 44.4%, and the grid system contributes
25.8%, showcasing efficient utilization in terms of percentage production and figure 9 shows the overall cost (NPC) of
PM-II system components is relatively lower compared to the total cost (NPC) when power is purchased from the grid.
The Net Present Cost (NPC) for the PM-II system amounts to Rs. 24,444,170, indicating a lower value in comparison

to PM-I configurations.
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VI. CONCLUSION

In the conducted study, the PM-II method emerges as the closely optimized approach tailored to the BSPplant's system.
Notably, the grid-integrated system stands out as the most feasible option. HOMER identifies various optimal systems
for BSP, with the one exhibiting the lowest NPC indicating adiscounted payback of 7.97 years and a simple payback of
7.97 years for the winning system architecture, whereas payback is not applicable for PM-I. Additionally, the inclusion
of sensitivity analysis cases could enrich the comprehensive nature of this research endeavour.
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