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IIT Roorkee: at a glance
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Energy Systems Modelling @IIT Roorkee

Multi-level modelling for Integrated Assessment Models

Sustainable Energy
Systems

Techno-economic modelling
Multi-objective optimization

Supply chain modelling



Life Cycle Assessment

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



CAPEX OPEX



Case Study I: Biomass-
to-Hydrogen/Ammonia

Few facts regarding ammonia

Annual production : 240 Million tonne (3™
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.






Process economics
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Life cycle assessment
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BIOMASS BASED AMMONIA

Australia

Brazil

India
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Case Study IlI: Economic and Emission Analysis of

Decentralized Green Ammonia Production Plant

Flow Process Diagram
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Scenarios

Energy Supply | Operating hours | Energy supply distribution
from per day

GRID 24 hours

Dedicated '/ hours

Solar Plant

MIXED-GRID 24 hours ’h from Solar & 17h from Grid
OFF-GRID 24 hours '/h from direct Solar: 17h from
Solar Plant BES system charged by

dedicated solar plant



Capital Expenditure (CAPEX) and Operating Expenditure (OPEX)

ALCC: Annualized
Life Cycle Cost



ELECTROLYTIC AMMONIA
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Case Study lll: Energy storage?

 [Intermittent renewable energy
Grid stabilization

e Peak demand management

* Energy resilience

e Decarbonization of the grid



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
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Scenarios 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 Comparlson (S1vs S2 vs S3)
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Techno-economic analysis of PSP

X140
. . . . . . . X120
Table: Technical assumption in the analysis of a BESS Table: Financial assumption
X120 X10.6 210.4
Parameter Unit Value Parameter Unit Value ’g <100 %91 292 9.3 -
Base year for LCOS calculation Year 2023 Equity % 30.0% = ' 81 X8.4 8. 8.0
< 27.4 <7 7.3 Ry-6 7.2
Technology PHS Return on Equity % 16.5% © 8.0 6.9 6.5 g 536-9 % 6iofs.67'
Projeect construction time Years 5 Interest on loan % 9% “ 260
Project lifetime excluding the Years 40 Discount rate (WACC) % 11.25% b
Q.
construction time Loan Tenure Years 20 8 4.0
Power capacity MW 250 Moratorium Years 1 2.0
Charging/discharging cycle per day Number 1 Annual O&M expense % 3.5% <00
Discharging time Hrs 6 Annual O&M cost escalation % 4.77% ' 4 5 7 3 9 10
Operation cycles per year Cycles 365 Working Capital - O&M Months 1 . o
Normative availability % 95% Working Capital - Receivables Months 1.5 Dischaging time (hrs)
Storage round trip efficiency % 80.5% Working capital - Maintenance spares % 15%
Annual gross energy generation capacity GWh 5475 Salvage value at end of life % 10% M Capex=Rs 3.5CR/MW M Capex= Rs 4.5CR/MW Capex= Rs 5.5CR/MW
Annual energy generation @95% GWh 520.1 Number of years for accelerated Years 14
availability 25 depriciation
i 9 .59 A | depriciati te for first 14 % 5.28% . .
Transformation losses % 0.5% nnual depriciation rate for s ’ ’ Fig: LCOS sensitivity analysis
Auxillary consumption % 0.7% years
Net annual saleable energy GWh 513.8 Interest on Working Capital % 11% LCOS
Annual energy required for pumping GWh 680.1 Corporate Tax % 25%
Tax holiday Years 10
Assumed CAPEX Crore /MW 4 Electricity buy price (x10%) I
I. Direct costs Lakh I/MW 196
0 I
II. Indirect costs Lakh I/MW 4 Capex (ilo /0)
Il. Electro Mechanical work cost Lakh X/MW 200 Round trip efficiency (110%) _—
Total Capex Lakh X/MW 400 .
Electricity tariff for charging battery /kWh 3 Discount rate (ilO%) ]
Cost escalation for input/saleable % 0% .
octricity P ’ ° | Return on Equity rate (+10%) I
Table: Parametric results Sale tariff Z/kWh 15 O&M expenses (+10%) I
1cycle perday 1.5 cycle per day (6.0%) (4.0%)(2.0%) - 2.0% 4.0% 6.0%
% 28.54% 37.6%
NPV LakhX 1,85,525 3,34,085 Fig: LCOS sensitivity analysis -

LCOS X/kWh 7.88

6.58

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



Power capacity 150MW with 4 hours discharge
Power sale tariff is 15 per kWh

NPV (Lakh Rs.)
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GWP vs LCOS
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