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Overview
The rapid shift in the scientific outlook due to climate change and global warming has led researchers to actively pursue carbon neutral or net-zero alternatives. The COP 27 is scheduled in Egypt, in November 2022, and the world is looking toward its leaders to develop robust climate-resilient approaches. India announced its National Hydrogen Mission during the Union budget in 2021. Hydrogen is considered one of the prominent energy options and a rationale in low-carbon energy systems. With the decarbonization of energy systems and critical developments in hydrogen production technologies, the prospect for hydrogen to play a substantial role in energy systems has become realistic. The research and development of hydrogen production methods are gaining momentum, to develop a hydrogen economy in the future and to meet net-zero goals for India by 2070. 
[bookmark: _GoBack]This conference paper will showcase a techno-economic analysis and comparative analysis of different hydrogen production methods for an Indian scenario utilizing open-source tools developed by the US Department of Energy’s Office for Energy Efficiency and Renewable Energy Hydrogen Program and understanding the application of its fundamental assumptions. The different production methods for hydrogen include biomass gasification, solid oxide electrolysis, polymer electrolyte membrane electrolysis, and steam methane reforming. A Techno-economic analysis has been carried out to estimate the cost of hydrogen via these production methods and then a comparison is drawn to explain the cost of hydrogen by these production methods. This paper also utilizes an Excel-based model developed by the US Department of Energy, HDSAM (Hydrogen Delivery Scenario Analysis Model) for modeling the cost of delivering hydrogen from a central production facility into a vehicle. The delivery infrastructure deploys all transport, storage, and conditioning activities from the outlet of the Hydrogen production plant to the fueling station.The paper will also showcase the results of in-house process engineering models developed by the authors at the Indian Institute of Technology Ropar.  
Methods
H2A 
The cost analysis is performed by using the H2A Production model developed by the Department of Energy (DOE) Hydrogen program. The model examines the technical and economic aspects of different hydrogen production technologies. The model considers a standard discounted cash flow methodology and a specified after-tax internal rate of return from the production technology. It uses the Microsoft Excel spreadsheet analysis tool for the calculation of the Levelized cost of hydrogen. It requires detailed input variables such as plant performance information along with the financial and cost information to run a plant. There are a standard set of assumed assumptions that the model uses to ensure consistency.

HDSAM
Hydrogen Delivery Scenario Analysis Model (HDSAM), is an Excel-based model that estimates the cost of delivering hydrogen from a central production facility to a hydrogen-fuelled vehicle. The Infrastructure and refueling techno-economic assessments use a set of Excel macros which is a recording of regular steps in excel, Infrastructure, and refueling techno-economic assessments use an engineering economics approach to cost estimation. For a given scenario a set of “components” (e.g., pipelines, compressors, storage vessels, tube trailers, etc.) are specified, sized, and linked into a simulated delivery system or pathway. Technology cost and performance assumptions are then combined with system financial assumptions to compute the contribution of these components to the delivered cost of hydrogen
Results


Recently we have begun analysis on a case study for Davis, CA (USA) using the Hydrogen Delivery Scenario Analysis Model [A3]

Figure 1. Delivery Cost of H2 (US$/kg) by HDSAM Model  (Desired dispensing rate 2000 kg used/day) at HIGH production volume for Davis, CA (USA)
Conclusions

Our study will estimate the present cost of hydrogen with different production methods. A comparative analysis is drawn to understand the difference between the cost of grey, blue and green hydrogen. This study will help understand the prospects of using blue and green hydrogen in India. Gray hydrogen currently constitutes a market of $150 billion. But gray hydrogen is mainly a major polluter, the focus will be turned to producing blue hydrogen which is with carbon capture and storage. There is also an indication that the climate impact of blue hydrogen production would be similar to green hydrogen if emissions are minimized. While there is a lot of hype regarding green hydrogen, all the cost factors should be taken into consideration such as the price of producing green hydrogen.
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