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IIT Roorkee: at a glance

•1191 Staff

•9210 Students

•526 Faculty members

•365 Acres at Roorkee

•10 Acres at Gr. Noida

•25 Acres at Saharanpur

•23 Departments

•7 Academic Center

•1 Mehta Family School of 
Data Science and Artificial 
Intelligence

IIT ROORKEE: 
AN 

OVERVIEW



Energy Systems Modelling @IIT Roorkee

Integrated Assessment Models

Multi-objective optimization

Lifecycle assessment

Techno-economic modelling

Multi-level modelling for 
Sustainable Energy 

Systems

Supply chain modelling
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Life Cycle Assessment

Source: https://eplca.jrc.ec.europa.eu/lifecycleassessment.html
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CAPEX

Biogas: Fundamentals, Process, and Operation Volume 6 of Biofuel and Biorefinery Technologies
Editors Meisam Tabatabaei, Hossein Ghanavati Publisher Springer, 2018 ISBN 3319773356, 9783319773353
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Case Study I: Biomass-
to-Hydrogen/Ammonia

• Few facts regarding ammonia
• Annual production : 240 Million tonne (3rd 

most produced chemical in the world.) 
• Global primary energy consumption: 2 %
• Global natural gas consumption: 5 %
• 70 % of the ammonia produced is used in the 

fertiliser industry.
• Global Greenhouse Gas Emissions(GHG’s): 

2 % (Every Kilogram of Ammonia produced 
releases 1.8 Kilogram of Carbon-dioxide in 
the atmosphere)

• Biomass with its wide availability and carbon 
neutrality is a strong candidate to replace 
fossil fuels.
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Process economics
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Life cycle assessment
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Ozone depletion potential
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BIOMASS BASED AMMONIA

India

Brazil

Australia
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Case Study II: Economic and Emission Analysis of 
Decentralized Green Ammonia Production Plant

Flow Process Diagram
N2 Production

1. ASU
H2 Production

2.
Deionisation 
system

3. Pump
4. Heater 
5. PEMe

NH3 Synthesis
6. Reactor (Bed 1, 2, & 3)
7. Compressor
8 Ref - Compressor
9. Heat Exchangers 1
10. NH3 Separator

Major Equipment
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Scenarios

Energy Supply 
from

Operating hours 
per day

Energy supply distribution

GRID 24 hours

Dedicated 
Solar Plant

7 hours

MIXED-GRID 24 hours 7h from Solar & 17h from Grid

OFF-GRID 
Solar Plant

24 hours 7h from direct Solar; 17h from 
BES system charged by 
dedicated solar plant
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ALCC: Annualized 
Life Cycle Cost

Capital Expenditure (CAPEX) and Operating Expenditure (OPEX)



ELECTROLY TIC AMMONIA

IN INDIA
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Case Study III: Energy storage?

• Intermittent renewable energy
• Grid stabilization
• Peak demand management
• Energy resilience
• Decarbonization of the grid
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Storage alternatives considered

• Lithium-ion Battery (LIB)

• Molten Salt Storage (MS-CSP)

• Pumped Hydro Storage

• Vanadium Redox Flow Battery (VRF-B)

• Compressed Air Energy Storage
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LIB system layout

Cells

Bars

Housing 
Trays

BMS

Cables

Trays

Housing 
Racks

Fans

Cubicle

Racks

LIB 
Manufacturing

LIB Use-phase LIB end-of-life

ElectricityInverter

1 MWh of 
electricity
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Scenarios Considered

S3S1 S2

Storage

Input electricity from solar 
grid (based on a future 
solar grid)

• LCA impacts of total electricity 
input have been considered

Storage

Input electricity from 
Indian conventional grid

• LCA impacts of total electricity 
input have been considered

Storage

Input electricity from solar 
grid (based on a future 
solar grid)

• LCA impacts of electricity 
(only storage operation and 
maintenance) input have 
been considered
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S1: LCIA of LIB, MS-CSP, and Pumped Hydro (Impact Share)
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S1: LCIA of VRF-B, CAES (Impact Share)
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GWP Comparison (S1 vs S2 vs S3)
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Table: Financial assumptionTable: Technical assumption in the analysis of a BESS

Table: Parametric results

Fig: LCOS sensitivity analysis

Techno-economic analysis of PSP

Parameter Unit Value

Base year for LCOS calculation Year 2023

Technology PHS

Projeect construction time Years 5

Project lifetime excluding the 

construction time

Years 40

Power capacity MW 250

Charging/discharging cycle per day Number 1

Discharging time Hrs 6

Operation cycles per year Cycles 365

Normative availability % 95%

Storage round trip efficiency % 80.5%

Annual gross energy generation capacity GWh 547.5

Annual  energy generation @95% 

availability

GWh 520.1

25

Transformation losses % 0.5%

Auxillary consumption % 0.7%

Net annual saleable energy GWh 513.8

Annual energy required for pumping GWh 680.1

Parameter Unit Value

Equity % 30.0%

Return on Equity % 16.5%

Interest on loan % 9%

Discount rate (WACC) % 11.25%

Loan Tenure Years 20

Moratorium Years 1

Annual O&M expense % 3.5%

Annual O&M cost escalation % 4.77%

Working Capital - O&M Months 1

Working Capital - Receivables Months 1.5

Working capital - Maintenance spares % 15%

Salvage value at end of life % 10%

Number of years for accelerated 

depriciation

Years 14

Annual depriciation rate for first 14 

years

% 5.28%

Interest on Working Capital % 11%

Corporate Tax % 25%

Tax holiday Years 10

Assumed CAPEX Crore ₹/MW 4

I. Direct costs Lakh ₹/MW 196

II. Indirect costs Lakh ₹/MW 4

III. Electro Mechanical work cost Lakh ₹/MW 200

Total Capex Lakh ₹/MW 400

Electricity tariff for charging battery ₹/kWh 3

Cost escalation for input/saleable 

electricity

% 0%

Sale tariff ₹/kWh 15

1 cycle per day 1.5 cycle per day 

IRR % 28.54% 37.6%

NPV Lakh ₹ 1,85,525 3,34,085

LCOS ₹/kWh 7.88 6.58

Fig: LCOS sensitivity analysis

Note: LCOS also includes the cost of electricity for charging. 
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Comparative analysis

Fig: LCOS comparison

Fig: IRR comparisonFig: NPV comparison

Power capacity 150MW with 4 hours discharge

Power sale tariff is ₹15 per kWh
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GWP vs LCOS
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Energy Systems Modelling Lab

Email: Pratham.arora@hre.iitr.ac.in

Research group website: energylab.co.in
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