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1. INTRODUCTION

Adani Green Energy Limited — Adani Group Company focused on Renewable Energy

Adani Green Energy Limited is the renewable energy arm of Adani group is focused on energy
generation from renewable sources of power. We aim to add 10 GW of solar and 2 GW of wind
energy in India by 2022. In addition, we intend to tap overseas opportunities.

As of Marchdé16, we had 400 MW of operational Sol ar
have been constructed and commissioned in Sept-16. Further there are ~1.3 GW of solar and 500

MW wind projects under construction/ development and likely to commission by 2017. Our 648mw

solar project at Kamuthi, Tamil Nadu is one of the largest single location solar plant in the world.
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Figure 1: Pipeline of projects under various stages of development

1.1 Operational complexity

The current operating capacity of renewable power plants is 800MW and AGEL is expected to
commission another 1.2 GW of Solar PV and 300 MW of Wind Energy projects by FY18.
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Scale and Pan India Presence

Distributed Presence, Dynamic Technology Landscape and Plant Size Complexity
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Figure 2: Operational Complexity with Renewable Power Plants
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As our portfolio of renewable power plants grows, the no. of operational sites will increase
dramatically. Additionally, the renewable industry is going through significant disruption in
technology landscape and as a result, every plant has unique design features and size.

In such a scenario, it would be difficult to monitor and control the performance of operating
assets.

2. O&M PHILOSPHY
O&M Philosophy

Centralized v/s De-centralized
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Figure 3: O&M Philosophy types

AGEL portfolio of power plants will be characterized by large no. of small sized power plants.
Renewable Energy Generation plants are typically small in size (50 i 100 MW) in comparison to
conventional power plants (min 2000 MW).



Further, renewable plants are easy to operate and do not require highly skilled manpower for
operation and maintenance. Therefore, AGEL plants will be operated with minimum on-roll manpower
on site and most of the tasks such as module cleaning and grass cutting will be outsourced.

Lastly, over the next 5years, we expect the no. of operational sites to grow to 75-100. Based on
experience of other major players in the industry such as First Solar, Sun Edison etc., it is suggested
that a Central Control philosophy is needed for effective control on the assets.
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O&M - Source of Value Creation for Business
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Figure 4: Levers of Value Creation
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2.2 Operating Model

Below table provides complete list of tasks for O&M of Renewable power plants:

Overview of Operations & Maintenance Activities

Critical O&M Activities

1 malntenance 2 Governance 3 Operations 4 Plant Contracts 5  Inventory 6 ms
Mechanism Management
Scheduled Processes Plant monitoring  Module Cleaning  Spares Mgmt. Generation
Maintenance from SCADA Grass Cukting Reports
Condition Based Alarms / KPIs & Security Storage / Standard
Maintenance Motification Dashboards AMC Warehousing Templates
Corrective Fault Reporting Forecasting & Insurance Spares Revenue
Maintenance Scheduling Standardization Management
Knowledge Work Ticket Safety Warranty Mgmt.
Managemenk Dispatch
7 Control & Command Center (Value Proposition)
Asset Automatic Wark Real-time data Timely Virtual Transparency
Management Dispatch colleckion intervention warehousing
Insights Remate plant Single Source of
monitoring Truth

Figure 5: Overview of O&M activities

The O&M activities are divided into 7 main sections:

1. Maintenance

2. Governance Mechanism
3. Operations Monitoring
4. Plant Contracts

5. Inventory Management
6. MIS

7. Control and Command Centre

Based on internal & external reviews and discussions, the above activities are distributed
between Central and Site level O&M teams:



Site v/s Central

L Maintenance 2 Governance 3 Operations 4 Plant Contracts 5 Inventory 6 mis
Mechanism Management
Scheduled Processes Plant monitoring  Module Cleaning  Spares Mgmt. Generation
Maintenance from SCADA Grass Cukting Reports
Condition Based  Ajgrms / KPIs & Security Spares Standard
Maintenance Naotification Dashboards AMC Standardization Templates
Corrective Fault Reporting Forecasting & Insurance Storage / Revenue
Maintenance Scheduling Warehousing Management
Knowledge Work Ticket Safety Warranty Mgmit.
Management Dispatch
7 Control & Command Center
Asset Automatic Work Real-time data Timely Virtual Transparency
Management Dispatch collection intervention warehousing
Insights Remote plant Single Source of
monitoring Truth

Figure 6: Site and Central Level O&M Activities

2.3 Plant Level O&M Activities

The plant level teams are responsible for day to day operations and maintenance of renewable
plants.

The on-roll team consists of experienced manpower responsible for monitoring plant
performance and supervision of out-sourced semi-skilled and unskilled manpower.

The plant level teams will undertake scheduled maintenance activities and take corrective action
for any unplanned breakdown as per O&M practices.

Below table lists the major activities of Site level O&M teams:



Plant Level O&M Activities

Plant Operating Model - Insource vs Qutsource
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Figure7: Plant Level O&M activities

For Site teams, we intend to have Operational KPIs and Dashboard that give the on-ground
team insights into string level / inverter level / cluster level view. With this information, the plant
team can monitor and take corrective action.

Adequate algorithms have to be put in place to tracks the real time operational performance and
compare it with the design parameters at every plant.

2.4 Central O&M Activities

The Central O&M team is organized as follows:

1. Central Technical Cell: Consists of resources specialized in managing specifice qui pmdnt 6 s
renewable plants such as inverter, switchyard, SCADA, transformer etc. This team will
provide technical service for commissioning and RCA on equipment failure at various plant
sites.

2. Zonal teams: The Control & Command Centre would be divided into 4 zonal teams (North,
South, West, East) each handling a portfolio of 2 1 2.5 GW of Renewable plants. Each Zonal
team would be responsible for managing the performance of their respective zones and would

consist of:
a. Zonal Head (1)
b. Predictive Maintenance (1)
c. Forecasting & MIS reporting (2)
d. Inventory Management (1)

Each Zonal team would have access to resources in Central Technical Cell.
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Domain experts — Inverter, SCADA, Switchyard etc.

The Zonal teams is physically located in Headquarter at Ahmedabad, India. The teams will
be housed in a common monitoring & command office known as Renewable Operations
Nerve Centre.

Below is the overview of O&M activities at Central teams:

Central O&M Activities

Monitor -> Control -> Optimize

Governance Operations Plant Contracts Inventory
Mechanism Management

Condition Based Processes Forecasting & Insurance Generation
Maintenance Scheduling Reports

Knowledge Standardization Revenue
Management across all sites Management
Control & Command Center

Asset Automatic Work Real-time data Timely Virtual Transparency

Management Dispatch collection intervention warehousing

Insights Remote plant Single Source of
monitoring Truth

Figure 2: Central O&M team activities

3. RENEWABLE OPERATION NERVE CENTRE

The Renewable Operations Nerve Centre (RONC) is envisioned to be the single source of truth for all
stakeholders in the organization.




Value Proposition of Renewable Operations Nerve Centre
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Figure 9: RONC - Value Proposition

RONC design consists of following types of requirements:

1. Data acquisition System Design

2. IT Architecture Layer Design

3. Application / Ul Design

3.1 Guiding Principles for IT Infrastructure System

As a part of Adani Group, it is imperative that any system leveraging IT should be designed with
Common Guiding Principles of the Group:

Security

Reliability & Sustainability
Design Efficiency
Process Focus

Customer Centricity
Digital Enterprise

~o o0 oW



The design should be future proof
and based on industry best

Application and related infrastructure should be safe and secure from both intemal & external threats
Security

Must support the scalability, continuous
availability and must contribute towards

practices Corporate Social Responsibilities
Design Effici Reliability & Sustainability
esign Efficiency Guidi
Digital Enterprise Principles Customer Cenfricity

All IT systems must be designed
considering the end user’s ease of use and
adoption

Be prepared to embrace the digital
journey and create difference

Process Focus
Business process is the foundation for any IT system

Figure 10: Guiding Principles of IT Infrastructure

4, OPERATION ON MOBILE

The operation key data (Generation/Radiation/PLD availability) of Operational plant is available on
mobile device to all key members of AGEL. It helps to take action immediacy.

Key features Some Screen Shots
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Figure 11: Mobile app Screen shot

5. RISK IN SOLAR OPERATION

5.1 Module degradation
As of now all type of solar module installed in Indian market and now poly crystalline is dominating

the thin film. Thin film module performance is not as much as good as poly in long term operation
except first solar series 2 and above.



5.2 Warranty claim of the major equipment
In view of changing in the market scenario there is always risk with the new manufacturer. If thy are

not sustain the claim of warranty have always risk.

5.3 Spare of component
There is always risk with the spare component risk in the fast changing in the technology. As the
solar plant is designed for 20 years and if the component is isolated or the manufacture is stop after
few year there is always the risk with the procurement of the spare.

5.4 Increasing in manpower cost
The man power cost is continuously increasing, and as in the solar plant more no of unskilled man
power require for module cleaning/security/vegetation management etc. These cost can be
compensate by utilization of new and innovative technology.

5.5 Data Mismatching
The plant is designed with the data taken from various sources, Sometime the simulated data is not
matching with the data capture in the plant. In this condition operation have always risk with loss of
revenue with the estimated value.

5.6 Unpredictable Weather
Weather is unpredictable in nature and it is cause of risk in scheduling of the generation. Various
modelling technique is available in the market but no one taking the guarantee of 100 % accuracy.
Also some time have storm/hail storm is the cause of failure of solar plant component.

Heavy Hail Storm in 5 MW solar
Power Plant Vill. Deh Kolayat

Figure 12: Hail storm in solar plant



6. NEW AND INNOVATIVE TECHNOLOGY IMPLIMENTATION
6.1 Module Cleaning
The automatic robotic cleaning system for module cleaning is implemented in some part of the plant

and its cost/profit impact analysis is done.

The practice is under trial for various type of automatic robotic cleaning system.

6.2 Weather station

Installed the weather station with upcoming plant with soiling station to understand the radiation Vs
soiling across the upcoming plants. It gives the indication to preparation and planning to type and
cycle of cleaning required across the plant.

Module cleaning cost benifit analysis @4.34 Rs/KW
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Figure 13: Cost benefit analysis for module cleaning

6.3 Thermography / IR inspection

The periodic thermography /IR of major power equipment gives the indication of failure. The activity
implemented across the plant to identify the predictive failure.

6.4 PV Analyser

The analysis with PV Analyser gives us the indication about module degradation in the string, any
failure can be identified and re correct. It enhances the performance of the plant and gain of
generation increase on timely action.



6.5 Single axis /Seasonal tracker

We installed single axis and seasonal tracker of different make as well 105 MW SAT of Next tracker.
The performance is under evaluation stage. Also developing the seasonal tracker to reduce the cost
of the plant.

Figure 14: 2*52.5 MW Solar PV Plant at Bhatinda Punjab (Single axis tracker)

7. CONCLUSION

The RNOC is the plate form where we are able to monitor as well as control all plant at single
platform. The new technology gives us the performance gain, as well as learning of new
technology and feasibility analysis in the Indian scenario. Early calculation of soiling and
radiation gives us the indication about planning of the solar generation.



