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Dated- 06/11/2026

Based on the queries and interaction held with the prospective bidders in the pre-bid meeting, the following clarifications, addendum, and corrigendum are hereby incorporated into the GeM Bid No. GEM/2026/B/8167400 dated 16/10/2026 for supply installation and commissioning of 2-5 TPD waste to energy gasification unit. 

	
	Queries raised by Bidders
	Clarification 

	1
	Eligibility Criteria: The document available on GeM appears to contain only the technical specifications, and the eligibility criteria are not clearly specified. We kindly request you to clarify the eligibility requirements for participating in this tender.
	Please refer to the addendum/corrigendum given below.

	2
	EMD Payment Mode: We request you to kindly clarify the prescribed mode of payment for the Earnest Money Deposit (EMD).

	Please refer to the Sl. 1 of the corrigendum below.

	3
	Please share any available characterization data for the legacy-waste RDF: composition, moisture, proximate and ultimate analysis, chlorine content, ash and inert (soil/grit) content, heating value and particle size. 
[bookmark: OLE_LINK1](Query raised by Ken Leong, Mursun Pte. Ltd.)
	The average values of moisture content, volatile matter, fixed carbon, and ash content of the legacy-waste RDF samples collected from the Bhuasuni Dumping Yard of Bhubaneswar are 6.6 wt.%, 80.3 wt.%, 1.8 wt.%, and 11.3 wt.%, respectively. The compositional ranges, including inert materials (7–9 wt.%), and the heating values for these RDF samples are specified in the tender document.

	4
	Could a representative sample be provided for laboratory analysis before the bid closes?
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	A representative RDF sample is not specified for distribution to bidders before the bid submission deadline. Bidders are requested to refer to the tender documents for the available feedstock details and make their bids accordingly.

	5
	Will IIT Bhubaneswar supply the RDF for commissioning and the performance tests, and in what form (loose, shredded or pelletised)?
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	Yes, IIT Bhubaneswar will supply the RDF for commissioning and the performance tests in the loose or shredded form.

	6
	Is further pre-processing (screening, drying, shredding, densification) within the bidder's scope?
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	Yes. As per the technical specifications, the contractor shall provide the design and supply of an appropriate feedstock pre-processing system, including screening/sorting, drying, shredding or particle-size reduction, and densification (pelletizing/briquetting), as required to ensure the RDF is suitable for gasifier feeding. The bidder shall include the necessary pre-processing equipment, engineering specifications, drawings, and feedstock preparation arrangements in the proposed scope.

	7
	Is the power generated to be connected to the power grid or as an island operation? If it is connected to the power grid, please provide the grid connection details: voltage level, point of interconnection, synchronisation and protection requirements, metering, and whether the DISCOM approval is in the bidder's scope.
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	As per the technical specifications, the plant is intended to be connected to the main power grid. The new connection shall not cause any adverse effect on the grid. The grid shall continue to perform with specified reliability, security and quality as per the Central Electricity Authority (Grid Standards) Regulations in force. The grid connection, synchronization panels, and net-evacuation metering system must strictly comply CEA (Central Electricity Authority) (Technical Standards for Connectivity to the Grid) Regulations and applicable Indian Standards (IS: 7098 Part II). All installations must meet MNRE stipulations and Odisha state DISCOM requirements to ensure grid safety and compliance. All net/gross meters, configuring for a nominal operating voltage of 415 V, 3-Phase, 4-Wire, 50 Hz, must be approved by TPCODL. Installation must be checked and certified by the DISCOM Supply Engineer. All these details are present in the tender document.

	8
	Please specify the acceptance test criteria and any other guaranteed parameters (syngas quality, tar content, availability).
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	The gasification plant shall undergo Factory Acceptance Tests (FAT), Site Acceptance Tests (SAT), commissioning, and performance testing. Acceptance criteria shall include a waste-processing capacity of 2–5 tonnes/day, a minimum net electrical power output of 50 kW after accounting for auxiliary power consumption, and verification of stable operation under the specified operating conditions. A minimum 72-hour continuous performance test at the design feed rate shall be conducted, followed by a 7-day reliability run. The plant shall also demonstrate the specified 8-week continuous steady-state operation without maintenance that requires a cold shutdown, as mentioned in the tender document.
The vendor should specify numerical guaranteed values for syngas composition (CO, H₂, CH₄, CO₂ and N₂), lower heating value (LHV), tar concentration, and particulate concentration. The vendor shall specify the minimum guaranteed syngas LHV required to achieve the guaranteed net electrical output of at least 50 kW. All guarantees shall state the measurement basis, test methods and operating conditions and shall be verified during performance testing. Acceptance testing shall include syngas sampling and analysis, verification of net power output and auxiliary power consumption, and third-party stack-emission testing.

	9
	Which emission standards apply (CPCB/OSPCB), and is continuous emissions monitoring required?
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	The gasification plant shall comply with applicable CPCB standards, the Solid Waste Management Rules, 2026, the Environment (Protection) Act, 1986, and Odisha State Pollution Control Board (OSPCB) Consent to Establish (CTE) and Consent to Operate (CTO) conditions. Suitably designed pollution control devices shall be installed to achieve the emission limits (from SWM rules, 2026) listed in the tender document under emission control section.
Stack shall be equipped with Online Continuous Emission Monitoring Systems (OCEMS) at the exit of the stack for real-time measurement and reporting of regulated parameters. The OCEMS shall continuously monitor and record the parameters such as PM, NOx, SO₂, HCl, HF, Carbon Monoxide (CO), Carbon Dioxide (CO₂) as mentioned in the tender document.

	10
	Please confirm whether the following are in or out of the bidder's scope: civil works and foundations, shed/building, utilities (water, power, compressed air), the dump load, and residue (ash/char) handling and disposal.
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	Civil works are not mandatory, but it is preferred to be integrated as part of the tender. In case if the vendor is unable to provide the civil works, they can quote only for other mandatory sections and scopes. The contractor is responsible for the required plant equipment, including the enclosed ash-handling system for safe collection and storage of ash. The bidder’s responsibility for utilities (water, power, and compressed air), dump load, and final disposal of ash/char residues shall be as specified in the applicable scope of work.

	11
	How much amount of inert material or ash content is observed in the RDF sample collected from the landfill site?
(Query raised by Shanghai Kai Renewable Energy Co. Ltd.) 
	Approximately 7–9 wt.% inert material, predominantly soil, and an average ash content of 11.3 wt.% were observed in the RDF sample collected from the landfill site.

	12
	May an Indian bidder (OEM/MSE) take part together with a foreign technology provider, as technology licensor, consortium partner or key sub-supplier?
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	This GeM bid is governed by Restrictions under Rule 144 (xi) of the General Financial Rules (GFRs), 2017, as amended. Order No.F .7110/2021-PPD (1) Dated 23.02.2026.

	13
	Will the technology provider's experience (including references outside India or with non-government clients) count towards the Experience and Past Performance criteria?
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	The technology provider’s experience and past performance, including projects executed outside India or for non-government clients, may be considered subject to the eligibility criteria and terms and conditions of the tender. The bidder must submit relevant supporting documents for evaluation by the competent authority.


	14
	Please confirm that Class 2 local suppliers (more than 20% local content) are eligible under the PPLC policy referred to in the bid, and how imported licensed process design or engineering is treated in the local content calculation.
(Query raised by Ken Leong, Mursun Pte. Ltd.)
	As per Public Procurement (Preference to Make in India), Order 2017, as amended, this Bid is reserved for Class-1 and Class-2 Local Supplier. Order No. P-45021/2/2017-PP (BE-II) Dated 16.09.2020

	15
	Our company is an overseas original equipment manufacturer and intends to participate in this tender. We need your official written clarification on the point below according to the GeM bid document:
According to the mandatory requirements "MII Purchase Preference" shown in the bidding documents, are we eligible to participate in the bidding? Please kindly clarify whether non‑MSE foreign original manufacturer without required Indian local‑content is allowed to submit bid for this tender. 
(Query raised by Jasmine Wu, DEBOBIO, China)
	

	16
	We kindly request you to extend the tender submission due date by at least two weeks from the currently scheduled deadline.
The extension will provide us with sufficient time to complete our registration on the GeM portal and submit our bid accordingly.
We sincerely appreciate your kind consideration of our request and look forward to participating in this tender.
(Requested by Gunjan Patel, Ankur Scientific Energy Technologies Pvt. Ltd.)
	Please refer Corrigendum below.

	17
	It is my honor to participate in the tender: 2-5 TPD Waste-to-Energy Gasification Pilot in Odisha India. However, in these two days, I cannot download the “Specification Document” and “specification of 2-5 waste to energy gasification unit” linked in the tender file, probably because of network limitation; thus, we cannot prepare documents right now.
Due to the time limitation, I write this e-mail to request for a one-week deadline extension, I would be very grateful if you could kindly approve this request. 
(Requested by Liu Hui You, Shanghai Kai Renewable Energy Co. Ltd., email sent on Oct 26, 2026 @ 9:52 A.M. IST)
	

	18
	Bidding process is totally online or not? Please specify the mode via which quotation should be submitted. 
(Query raised by Gunjan Patel, Ankur Scientific Energy Technologies Pvt. Ltd.)
	The bidding process is completely online. Quotations must be submitted online through GEM portal only.




a. Addendum

Part I – Eligibility Criteria for Bidders
	Particulars

	














Eligibility Criteria for the Bidder
	Shall be having national reputation while meeting the following criterion:

1. Technical Eligibility Criteria
· Completion of similar work in the past 05 years
· The bidder must have successfully executed at least five contracts of a similar nature, each with a value of not less than Rs. 05 Crores, during the preceding 05 financial years (for eligible SME and Startup bidders similar project executed is 02 nos.)
· Availability of qualified staff or equipment
· Certifications like ISO, BIS, or product-specific licenses
· Authorizations from OEMs (Original Equipment Manufacturers)

2. Financial Eligibility Criteria
· Minimum average annual turnover for the last 05 financial years shall be not less than Rs. 30 Crores the value of the current project (for eligible SME and Startup entity average annual turnover shall be not less than Rs. 15 Crores of the value of the current project). 
· Audited Financial Statements/CA certificate with UDIN to be submitted. 
· No default or NPA declarations from your bank.

3. Legal and Regulatory Criteria
Bidders must always comply with legal requirements. These are like:
· Valid PAN, GSTIN, and business registration
· UDYAM registration for MSMEs (if applying under MSME benefits)
· EPF, ESI registrations (if manpower supply is involved)
· Non-blacklisting certificate
· Affidavit or declaration on the company’s legal status
Note: Falsification of any legal document or suppression of disqualifying facts can lead to permanent blacklisting. 
4. Work Experience Requirements
Successful bidder is required to submit:
· Work order copies
· Completion certificates from clients
· Performance certificates, especially for government works
5. Certifications and Authorizations
· Authorization letters from OEMs
· Safety or environmental compliance certificates
· BIS or FSSAI registration (for food products)
· NABL accreditation (for testing labs)




Part II – Additional Technical Specifications
	
SECTION-3:

CORE INFRASTRUCTURE

TECHNICAL SPECIFICATIONS

PILOT PROJECT – WASTE TO ENERGY

	Document Reference
	SECTION 3: WTE CORE INFRA

	Revision
	1

	Date
	12 August 2026

	Status
	




i. Section-1 covers WtE Assets Specific to the Pilot Project. 
ii. Section-2 covers WtE Digitalization, Communication and Control Systems
iii. Section-3 covers Core Infrastructure, Switchgear, Transformers, Meters, and Earthing

The tenderer/developer shall comply with all applicable grid codes, CPCB, CEA, MNRE regulations and mandates concerning component sourcing, system quality, and specific asset testing protocols.



Contents

3.1	Power Grid Transformers	3
3.2	LT Switchgear 415V Network	7
3.3	Earthing and Lightning Protection Systems	9
3.4	Power Quality Meter	11
3.5	Power Meters	14
3.6	Protection Relays	17
3.7	Circuit Breakers	20
3.8	Cables (LT)	23
3.9	Civil Works for the WTE Facility	25
ANNEX (for Section-3)	31


Objective
Section-3 document covers the functional requirements, specifications of the WtE core infrastructure for the Development, Deployment and Demonstration of the envisioned pilot project (refer to Section-1 and 2).  Please note that the sizing and capacity of the following components in Section-3 shall be calculated by the tenderer/developer according to the bid submission of the proposed components in Section-1. Existing infrastructure shall be assessed on the feasibility of utilizing them for proposed WtE facility designs and site requirements.
1. Power Grid Transformers 
2. 415V Switchgear Network
3. Earthing and Lightning Protection Systems
4. Power Quality Meters, Protection Relays, Circuit Breakers
5. Civil Works for the WTE Facility

The overall system shall be holistically integrated for safe, continuous operation with 24x7 monitoring, automated process control, and real-time operational diagnostics. This pilot is intended to serve as a benchmarking platform equipped with state-of-the-art WTE technologies and solutions dedicated to Odisha’s future roadmap on waste management and energy recovery; therefore, the tenderer shall ensure strict adherence to Grid Codes, Regulations, Requirements and Compliance of the components and the overall system and as per the local agencies and organizations.

	ALMM
	Approved List of Models and Manufacturers

	BIS
	Bureau of Indian Standards

	BMC
	Bhubaneswar Municipality Corporation 

	CEA
	Central Electricity Authority

	CPCB
	Central Pollution Control Board

	DISCOM
	Distribution Company 

	ELBO
	Odisha State Electricity Licensing Board

	MNRE
	Ministry of New and Renewable Energy

	NABL
	National Accreditation Board for Testing and Calibration Laboratories

	OERC
	Odisha Electricity Regulatory Commission

	OPTCL
	Odisha Power Transmission Corporation Limited

	OREDA
	Odisha Renewable Energy Development Agency

	OSPCB
	Odisha State Pollution Control Board

	SWM
	Solid Waste Management Rules



[bookmark: _Toc237448557]3.1 Power Grid Transformers
In this project, transformers are required to interface the WTE facility with the 415V/11kV Substation Grid Interconnection or feeder nearby. 
· For example, approximately 3 tpd WTE if the proposed system generates 50kW, then the transformers, feeders, and cables must be sized accordingly (rated for 100kVA power flow). 
· For up to 5 tpd WTE if the proposed system generates 100kW, then the transformers, feeders, and cables must be sized accordingly (rated for 200kVA power flow).

Transformers shall strictly comply with statutory guidelines from the Central Electricity Authority (CEA), applicable Bureau of Indian Standards (BIS) mandates, Bureau of Energy Efficiency (BEE) star-rating metrics, Ministry of New and Renewable Energy (MNRE) stipulations, and Odisha state DISCOM interconnection requirements. The grid connection must not cause any adverse effect on the grid. The grid shall continue to perform with specified reliability, security and quality. The primary standards governing the interconnection installations include, IS 7098 (Part II) and the CEA Technical Standards for Connectivity to the Grid.

[bookmark: _Toc236819591][bookmark: _Toc237416520][bookmark: _Toc237448558]Standards & Compliance
	Operational Category
	Applicable Standards / Regulations
	Key Parameters & Technical Requirements
	Compliance Mandate Details

	General Product & Design Safety
	IS 1180 (Part 1): 2014
IS 2026 (Parts 1–16)
	• Standard ratings up to 2500 kVA
• Voltage classes up to 11 kV
• Insulation Levels & Temperature Rise
	Mandatory BIS certification (ISI Mark). Transformers must undergo design verification and strict type testing before field deployment.

	Energy Efficiency & Losses
	IS 1180 (Part 1)
BEE Schedule 
	• Maximum Total Losses at 50% and 100% loads
• Standardized Star Labelling (1-Star to 5-Star)
	Must strictly adhere to maximum allowable loss limits mandated by TPCODL / DISCOM and statutory CEA/BEE guidelines to optimize net power export to the grid.

	Grid Connectivity & Integration
	CEA Regulations, 2019
(Grid Connectivity Standards)
	• Low Voltage Ride Through (LVRT)
• Active/Reactive Power Control Integration
• Bidirectional flow handling
	The transformer and associated switchgear must stay connected during brief grid voltage dips. Design must prevent core saturation during sudden bidirectional power flips from battery storage/solar.

	Power Quality & Harmonics
	IEEE 519 / CEA Grid Standards
IS 14700 / IEC 61000 Series
	• Harmonic Mitigation at Source
• Active Power Factor Correction (APFC) 
• DC Bias current injection limits (≤ 0.5% of rated current)
	Plant non-linear loads (VFDs, blowers) and generator output must meet CEA harmonic limits at the PCC. The Dyn11 winding configuration naturally suppresses 3rd-order triplen harmonics.

	Dry-Type / Indoor Installations 
	IS 11171
IEC 60076-11
	• Fire safety, environmental, and climatic classes
• F1 (Fire risk), C2 (Climatic), E2 (Environmental)
	Any indoor panel-mounted control or isolation transformers must be AN (Air Natural) dry-type, cast resin or VPI (Vacuum Pressure Impregnated) complying with IS 11171, certified for Class F or Class H insulation and self-extinguishing flame class (F1). Requires self-extinguishing materials that do not emit toxic gases during faults.

	Testing & Protection Framework
	CEA Safety Regulations 2023
IS 325 / IS 12615
	• Dynamic Short-Circuit Withstand
• Routine & Type Testing (Impulse/Dielectric)
	Type-test certificates must be valid and verified by independent labs like CPRI or ERDA. Must incorporate islanding/anti-islanding coordination protections.

	Environmental & Insulating Media
	IS/IEC 60079
	• Environmental Resistance
• Hazardous Area Electrical Compliance
	All outdoor junction boxes, local isolators, and container-mounted electrical enclosures must be IP65/IP66 rated, UV-resistant, and treated with anti-corrosive powder coating suitable for high-humidity and industrial gas environments. Motors, junction boxes, and instrumentation installed near combustible gas zones must comply with IS/IEC 60079 for Explosion-Proof / Intrinsically Safe (Ex-d / Ex-i) operational environments.


[bookmark: _Toc237416521][bookmark: _Toc237448559]Technical Requirements
	Category
	Key Technical Parameters & Requirements

	Transformer Inrush & Protection
	• Inrush Blocking: Distribution transformers paired with gas engine power generation shall feature protection schemes (Overcurrent, Earth Fault 50/51/51N, and inrush current restraint) to prevent nuisance tripping during transformer energization and generator grid synchronization.
• Standard: IEC 60076 (Power Transformers)

	Transformer Core Design
	• Cores must have a high flux margin (typically operating lower than standard 1.7 Tesla limits) to prevent flux saturation.
• Overfluxing capability: Withstand overfluxing conditions during generator ramp-up and sudden load rejection as per IS 2026 Part 1.

	Power Quality & Harmonics
	• Total Harmonic Distortion (THD) limited to < 5% at the Point of Common Coupling (PCC) in accordance with CEA Grid Connectivity Regulations.
• Winding Vector Group: Utilizes delta-wye (Δ-Y) winding configs to trap 3rd-order triplen harmonics generated by plant non-linear loads and VFDs.
• Standards: IEEE 519 / IEC 61000 Series / CEA Technical Standards for Connectivity



	Technical Parameter / Feature
	Standard Requirements
	Regulatory Reference

	Transformer Application
	Outdoor, Step-down Distribution / Net-Metering Transformer
	IS 1180 (Part 1) / IS 2026

	Rated Capacity
	100kVA or 200kVA depends on proposed WTE
	IS 1180 (Part 1)

	Voltage Ratio
	Nominal 11 kV / 0.433 kV or 11 kV / 0.415 kV
	IS 1180 (Part 1)

	Frequency
	50 Hz (± 5%)
	CEA Guidelines

	Vector Group
	Dyn-11 (Delta Primary, Star Secondary with Neutral)
	IS 2026 (Part 4)

	Cooling Method
	ONAN (Oil Natural Air Natural)
	IS 2026 (Part 2)

	Energy Efficiency Benchmark
	BEE 3-Star Minimum / Energy Efficiency Level 2
	IS 1180 (Part 1) / BEE Schedule

	% Impedance
	4.5% at 75°C (± 10% IS tolerance)
	IS 2026 (Part 5) / CEA Rules

	Insulation & Impulse Level
	11 kV Class: 75 kVp Lightning Impulse / 28 kV rms Power Frequency
	IS 2026 (Part 3)

	Max Temperature Rise
	50°C (Top Oil) / 55°C (Winding) over 45°C / 50°C max ambient
	IS 2026 (Part 2) / CEA Rules

	Core Material
	CRGO (Cold Rolled Grain Oriented) Silicon Steel
	CEA / BIS Mandate

	Tap Changer
	Off-Circuit Tap Changer (OCTC) typically +5% to -7.5% steps in steps of 2.5%
	IS 1180 / BIS

	Operating Frequency Band
	50 Hz ± 5% (Continuous operation between 47.5 Hz to 52.0 Hz)
	IEGC / CEA Grid Regulations

	Harmonics Limitation
	Voltage THD < 5% at the 415V Point of Common Coupling (PCC)
	IEEE 519 / CEA Grid Standards

	Neutral Earthing & Grounding
	Solidly earthed LV neutral; Earth Fault Factor ≤ 1.4
	CEA Safety Regulations / IS 3043



Critical Technical Requirements - Substations Power Grid Transformers
· IS 1180 Mandatory Certification: In India, any distribution transformer up to 2.5 MVA and 33 kV class cannot legally be connected to the grid unless it carries a valid BIS certification mark matching IS 1180 criteria.  
· Fault Performance: The transformer will be continuously subjected to grid transients and load fluctuations. Type test certification for Short-Circuit Withstand Capability in accordance with IS 2026 (Part 5) is non-negotiable for project clearance and safety approval by the local state DISCOM (TPCODL).
· WTE Grid Connectivity & Protection: The transformer interface must support dynamic grid protection functions, including mandatory anti-islanding protection, reverse power flow control, and over/under frequency tripping, in accordance with the Central Electricity Authority (CEA) Technical Standards for Connectivity to the Grid and State DISCOM regulations.
· Conservator Tank: Manages oil volume variations under thermal cycling.
· Magnetic Oil Gauge (MOG): Provides visual and electrical low-oil warnings.
· Silica Gel Breather: Extracts moisture from incoming air during transformer breathing.
· Explosion Vent / PRV: Relieves internal overpressure during electrical faults.
· Buchholz Relay: Triggers alarms or circuit trips when internal gas builds up.
· Thermometers (OTI / WTI): Tracks top oil and winding hot-spot conditions.
· Earthing Terminals: Safe fault-current mitigation via two separate tank earth points.
· Drain & Filter Valves: Enables oil sampling and regular filtration maintenance.
· Rating & Diagram Plate: Weatherproof technical reference detailing vector layouts and parameters.

[bookmark: _Toc237416522][bookmark: _Toc237448560]Testing & Certification 
	Test Category
	Specific Test Name
	Mandatory Indian Standard (IS)
	Objective & Purpose

	1. Routine Tests
(Done on 100% of manufactured units)
	Winding Resistance Measurement
	IS 2026 (Part 1)
	Verifies loose electrical connections or winding defects.

	
	Voltage Ratio & Vector Group
	IS 2026 (Part 1)
	Confirms voltage turns ratio and phase displacement.

	
	Impedance Voltage & Load Loss
	IS 2026 (Part 1)
	Measures copper loss at 75°C to comply with maximum allowable limits.

	
	No-Load Loss & Excitation Current
	IS 2026 (Part 1)
	Evaluates structural iron/core loss parameters.

	
	Insulation Resistance (Megger)
	IS 2026 (Part 1)
	Checks dielectric health between windings and the ground/tank.

	
	Dielectric/Induced Overvoltage AC Withstand
	IS 2026 (Part 3)
	Validates inter-turn and fundamental insulation strength.

	
	Transformer Oil Breakdown (BDV)
	IS 335 / IS 1866
	Ensures dielectric strength of the insulating fluid matches grid requirements.

	2. Type Tests

	Temperature Rise Test
	IS 2026 (Part 2)
	Proves winding and top-oil temperature remain within 55°C/50°C limits.

	
	Lightning Impulse Withstand Test
	IS 2026 (Part 3)
	Simulates high-voltage lightning surges to ensure insulation survives.

	3. Special Tests

	Short-Circuit Withstand Capability
	IS 2026 (Part 5)
	Proves mechanical resilience against severe grid faults. (Must be < 5 years old)

	
	Oil Dissolved Gas Analysis (DGA)
	IS 9434
	Baseline analysis to monitor gas generation over time.

	4. Regulatory Compliances
	BIS Certification (ISI Mark)
	IS 1180 (Part 1)
	Statutory market-entry license required before commissioning.

	
	BEE Star Labeling
	Energy Conservation Act
	Mandatory energy rating showing strict adherence to maximum loss limits.



· Tap Changers: The transformer shall be equipped with an externally operated Off-Circuit Tap Changer (OCTC) on the 11 kV winding, providing a tap range of +5% to -7.5% in steps of 2.5% for offline system voltage tuning.
· Winding Configuration & System Grounding: The transformer shall feature a Delta-Wye (Δ-Y) vector arrangement. The 11 kV Delta primary winding suppresses 3rd-order triplen harmonics generated by plant non-linear loads, while the 0.415 kV Star secondary provides a solidly grounded neutral for plant auxiliary loads and DISCOM net-metering protection.

[bookmark: _Toc237448561]3.2 LT Switchgear 415V Network
In this project, a simple 415V switchgear is required to interface both the Power Conversion Systems and the grid connection point. Each Low Voltage (LV) feeder is sized from 50kW or 100kW (depends on the proposed WTE), according to the expected power flow and capacity of the grid assets in Section-1.

[bookmark: _Toc236819593][bookmark: _Toc237416524][bookmark: _Toc237448562]List of Codes and Standards
	Standard
	Description
	Key Focus Area

	IS/IEC 61439-1/2
	Low-voltage switchgear assemblies
	General rules and performance requirements for assemblies.

	IS/IEC 60947-1/2
	Low-voltage switchgear and control gear
	General rules and circuit-breaker requirements (ACBs/MCCBs).

	IS/IEC 60947-4-1
	Electromechanical contactors/motor-starters
	Specific rules for Motor Control Center (MCC) components.

	IS/IEC 60529
	Enclosure protection (IP Code)
	Defines sealing effectiveness against foreign bodies/moisture.

	IS 13703 / IEC 60269
	Low-voltage fuses
	Ensures fuse-links perform safely under fault conditions.

	IEC 61641
	Internal arc fault containment
	Standard for protecting against arc faults.



[bookmark: _Toc236819594][bookmark: _Toc237416525][bookmark: _Toc237448563]Specifications and Requirements
Technical Specifications
	Parameter
	Technical Specification
	Compliance & Standards

	Rated Voltage
	415V AC, 3-Phase, 4-Wire (Neutral solidly grounded)
	CEA Technical Standards, IS 4237

	Highest System Voltage
	470V AC
	IEC 61439-1 / IS 8623

	Rated Frequency
	50 Hz ± 5%
	Indian Electricity Grid Code (IEGC)

	Short-Time Withstand Current
	10 kA to 50 kA RMS for 1 second (dependant on site capacity)
	IEC 60947-2 / IS 13947

	Insulation / Withstand Voltage
	3 kV RMS (Power Frequency) for 1 minute; 12 kV (Impulse)
	IS 2516, IEC 60947

	Degree of Protection
	IP-54 (Indoor) to IP-65 (Outdoor)
	IS 2147 / IEC 60529

	Busbar Material & Rating
	Electrolytic grade Copper or Aluminum; up to 1600A
	IS 1897

	Main Switching Device
	Air Circuit Breaker (ACB) or Moulded Case Circuit Breaker (MCCB)
	IEC 60947-2

	Controller / Protection
	Microprocessor-based numerical relays supporting directional overcurrent (67), earth fault (64), and under/over voltage (27/59)
	CEA Regulations

	Islanding & Synchronization
	Automatic disconnection & synchronization upon grid restoration
	IEC 61850 / IEEE 1547



Compliance Parameters and Requirements
	Compliance Parameter
	Requirement (415V, 3-Phase, 50 Hz)
	Standard

	Operational Voltage 
	415V AC ± 10%
	IS/IEC 61439-1

	Short-Time Current 
	Typically 50 kA/65 kA for 1 sec
	IS/IEC 61439-1

	Impulse Voltage 
	8 kV minimum
	IS/IEC 61439-1

	Degree of Protection
	Indoor: IP42-IP54; Outdoor: IP55-IP65
	IS/IEC 60529

	Busbar Material
	Electrolytic Grade Copper/Aluminum
	IS 1897 / IS 5084

	Temperature Rise
	Continuous 45ºC ambient, no de-rating
	IS/IEC 61439-1

	Internal Arc
	Tested for operator protection
	IEC 61641



System Level Testing 
	Test Category
	Test Name
	Relevant Standards
	Purpose & Acceptance Criteria

	Verification of Limits
	Temperature Rise Test
	IS/IEC 61439-2, IS 8623
	Verifies that busbars and components do not overheat beyond specified limits at maximum rated current.

	Dielectric Properties
	Power Frequency Voltage
	IS/IEC 61439-1
	Tests the panel's ability to withstand system overvoltage and ensures insulation integrity.

	Dielectric Properties
	Impulse Voltage Withstand
	IS/IEC 61439-1
	Checks capability to withstand atmospheric or switching surges (typically 8kV or 12kV for 415V systems).

	Short-Circuit Protection
	Short-Time Withstand Current (Short Circuit)
	IS/IEC 61439-1, IS 8623
	Verifies that busbars and supports can withstand dynamic and thermal stresses during high fault currents (e.g., 50kA or 65kA for 1 sec).

	Short-Circuit Protection
	Short-Circuit Making Capacity
	IS 13947
	Ensures switching devices (like ACBs/MCCBs) can safely close onto a pre-existing fault.

	Operational & Mechanical
	Degree of Protection (IP Test)
	IEC 60529
	Verifies ingress protection against dust and water (typically IP 52 to IP 65 for indoor/outdoor panels).

	Operational & Mechanical
	Mechanical Operation
	IS/IEC 61439-1
	Confirms durability and correct operation of mechanical interlocks, withdrawable mechanisms, and shutters.

	Safety
	Internal Arc Test
	IEC 61641
	Tests the switchgear's ability to safely contain and vent gases in the event of an internal arc flash.

	Quality & Routine
	Routine Factory Tests (FAT)
	IS/IEC 61439-1
	Includes insulation resistance, wiring continuity, and operational checks on every manufactured panel before dispatch.
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Testing and Certification
Because the facility features bi-directional power flow, grid-parallel synchronization, and rapid anti-islanding requirements, the 415V LT switchgear requires specialized grid-interconnection control testing alongside standard switchgear design verification.
	Category
	Test Name
	Applicable IS / IEC Standard
	Compliance Objective

	Type Tests (Design Verification)
	Temperature Rise Test
	IS/IEC 61439-1 & 2, IS/IEC 60947
	Verifies the switchgear can handle continuous full-load rated current without overheating.

	
	Dielectric Properties Test
	IS/IEC 61439-1, IEC 60947-1
	Checks insulation withstand voltage and impulse voltage strength.

	
	Short-Circuit Withstand Strength
	IS/IEC 61439-2
	Ensures busbars and breakers withstand short-circuit fault forces (e.g., 25kA for 0.5s).

	
	Mechanical Operation & Durability
	IEC 60947-1, IS/IEC 61439
	Confirms the physical durability of breakers and mechanisms over thousands of open/close cycles.

	
	Ingress Protection (IP) Test
	IS/IEC 60529, IS/IEC 61439
	Verifies dust and water resistance ratings.

	
	Internal Arc Fault Test
	IEC 61641 V3
	Assesses containment safety in the event of an internal explosive arc fault.

	
	Seismic Zone Test
	IEC 60068-3-3
	Validates structural integrity under simulated earthquake forces.

	Grid Integration Tests
	Anti-Islanding & Protection
	IEC TS 62898-2, IEEE 1547
	Ensures rapid disconnection from the utility grid during main grid outages to protect service personnel.

	
	Grid Synchronization Test
	IEC TS 62898-2, IEC TS 62898-3-4
	Tests the switchgear's capacity to smoothly reconnect and synchronize voltage, phase, and frequency with the main grid.

	
	Bi-Directional Power & Control
	IEC TS 62898-3-4
	Validates the Energy Management System (EMS) interface and real-time active/reactive power monitoring.

	
	Cybersecurity & Malware Scan
	Ministry of Power / CEA Directives
	Mandated scanning of any embedded systems/firmware in imported components for trojans or malware.

	Routine & Acceptance Tests
	Visual & Mechanical Inspection
	IS/IEC 61439
	Confirms physical dimensions, clear labelling, drawing conformity, and proper component torque.

	
	Insulation Resistance (IR) Test
	IS 10118-3, IS/IEC 61439
	Uses a high-voltage Megger (typically 1000V DC for LT systems) to verify insulation integrity.

	
	High Voltage (Hi-Pot) Test
	IS/IEC 61439-1
	Subjects the panel to a high-power frequency AC voltage for 1 minute to check for flashovers.

	
	Contact Resistance Measurement
	IS/IEC 61439
	Measures micro-ohm drop across busbar joints and breaker contacts to prevent hot spots.

	
	Primary/Secondary Injection Test
	IS/IEC 60947
	Injects current to verify protection relay trip settings, metering, and circuit breaker interlocks.



[bookmark: _Toc237448565]3.3 Earthing and Lightning Protection Systems
Earthing and lightning protection must comply with IS 3043 for earthing design, IS 2309 / IEC 62305 for lightning protection, and CEA Technical Standards for grid connectivity. These codes govern safe earth resistance levels, surge clamping, and equipment safety.
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Earthing Standards and Requirements
· IS 3043: Code of practice for earthing covering soil resistivity measurement, electrode sizing, and installation methods.
· Earth Resistance Limit: Maximum target of ≤ 10 Ω for general microgrid installations (and lower for sensitive electronics/substations per local codes).
· Electrode Materials: Copper-bonded rods, galvanized iron (GI) pipes, or strips matching mechanical durability and corrosion criteria.  
Lightning Protection Standards (LPS)
· IS 2309 / IEC 62305: Governs the risk assessment, air termination placement (Franklin rods or ESE), and down-conductor routing.
· Down Conductors: Minimum 50 mm² copper or 70 mm² aluminium configuration to safely channel high-energy impulse currents.
· Surge Protection Devices (SPD): Type 1 SPDs at service entry points and Type 2 SPDs at inverter DC/AC inputs to clamp residual surges below 1.5 kV.
Grid Connectivity and Equipment Safety
· CEA Regulations 2013: Central Electricity Authority technical standards for connectivity of distributed generation resources, dictating grounding and anti-islanding compliance.
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	Category
	Standard / Regulation
	Core Requirement
	Technical Compliance Metrics

	Statutory Framework
	CEA Regulations 2023 (Safety & Electric Supply)
	Mandates safe earthing of all generation, storage, and consumer equipment.
	Regular testing by certified engineers; continuous monitoring of earth fault currents.

	Grid Interconnection
	CEA Distributed Generation Regulations 2013
	Governs electrical safety and isolation at the Point of Common Coupling (PCC).
	Mandates strict anti-islanding protection and clear identification of earthed conductors.

	General Earthing
	IS 3043: 2018 (Code of Practice for Earthing)
	Base design criteria for system, equipment, and structural earthing.
	Earth loop impedance must limit touch/step voltages; solid neutral grounding with separate, dedicated earthing matrices for electrical power, instrument shields, and structural lightning protection.

	Lightning Protection
	IS/IEC 62305: 2010 (Reaffirmed 2022)
	Multi-part risk calculation and design of external/internal Lightning Protection Systems (LPS).
	Requires a full risk assessment based on IMD data to select Lightning Protection Level (LPL I to IV).

	Legacy Buildings/LPS
	IS 2309: 1989
	Traditional code for building and structure protection.
	Requires lightning earth resistance to be ≤ 10 Ω per dedicated pit.

	Internal Surge Protection
	IEC 61643 / IS 16221
	Surge Protection Devices (SPDs) for low-voltage power distribution and sensitive control electronics.
	Type 1 SPDs at the main 415V incomer panel; Type 2 SPDs at sub-panels, VFD drives, PLC panels, and instrumentation loops.
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Engineering Mandates
	Component Type
	Standard Reference
	Engineering Mandates

	Surge Protection Devices (SPDs)
	IEC 61643-11/ IS/IEC 62305-4 
	Type 1 + Type 2 combined SPDs shall be installed at the primary 415V incoming distribution panel; Type 2 / Type 3 SPDs shall protect secondary sub-distribution boards, VFDs, and sensitive PLC/automation control loops.

	Equipotential Bonding
	IS 3043 / IEEE 1100 
	An internal copper Main Earthing Terminal (MET) or earth ring bus must continuously bond all structural steel, panel doors, cable trays, armor glands, and metal flooring to eliminate dangerous touch potential differences.

	Lightning Earth Separation
	IS/IEC 62305-3 / IS 3043
	Dedicated lightning earth pits shall be bonded to the main electrical earth grid sub-surface to form a unified equipotential grounding network. This prevents Ground Potential Rise (GPR) differences while keeping above-ground air terminals structurally isolated.
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Testing and certification for earthing and lightning protection in India are governed by the Central Electricity Authority (CEA) Safety Regulations, IS 3043 (Code of Practice for Earthing), and IS/IEC 62305 (Lightning Protection).
	System Component
	Mandated Test / Parameter
	Target Regulatory Limit
	Reference Standard / Code
	Mandatory Certification / Authority

	System & Maintenance Earthing
	Earth Pit Resistance
	• ≤ 1.0 Ω (Overall grid resistance)
	IS 3043 / IEEE 80
	• CPRI / NABL Accredited Lab Report
• CEA Electrical Inspectorate Clearance

	
	Earth Loop Impedance & Continuity
	Continuous metallic path; automatic trip activation
	IS 732 / CEA Grid Code
	• CEIG (Chief Electrical Inspector to Govt.) Pre-commissioning

	
	Equipotential Bonding
	Solidly welded structural joins; No isolated metal masses
	IS 3043 / IS 732
	• EPC Quality Inspection Register

	
	Soil Resistivity Survey
	Site-specific configuration layout profiling
	IS 3043 Clause 30
	• Certified Geo-technical Expert Report

	Lightning Protection System (LPS)
	LPS Earth Pit Resistance
	≤ 10 Ω dedicated independent grounding
	IS 2309 / IEC 62305-3
	• OEM Test Certificate (UL 467 for components)

	
	Down-Conductor Continuity
	Electrical path verification from Air Terminal to Ground
	IS 2309 / IEC 62561
	• NABL Lab Stamp / Factory Acceptance Test (FAT)

	
	Separation Distance Test
	Prevention of side-flashover (≈ 75 cm isolation air gap)
	IEC 62305-3
	• Field Visual & Dimensional Verification

	Surge Protection Devices (SPDs)
	Clamping Voltage & Health Indicator
	Voltage protection level Up ≤ 1.5 kV
	IS / IEC 61643
	• Type Test Certificate (BIS / KEMA / VDE)

	General Earth Fault Protection
	Insulation Resistance & Earth Fault Protection
	Isolation monitoring threshold mapping (automatic trip)
	CEA Connectivity Regulations
	• BIS Certification / UL India Procedure

	
	Anti-Islanding & Loss of Mains (LOM) Protection
	Automatic decoupling of plant generator/inverter upon loss of grid supply (< 2.0s)
	IEEE 1547 / CEA 2023
	• DISCOM / Pre-commissioning Field Validation
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Power quality meters (PQMs) installed must satisfy a layered architecture of domestic and international standards. These are overseen by the Bureau of Indian Standards (BIS), the Central Electricity Authority (CEA), and state-level Electricity Regulatory Commissions (SERCs).
· For example, approximately 3 tpd WTE if the proposed system generates 50kW, then the power quality meters must be sized accordingly (rated for 100kVA power flow). 
· For up to 5 tpd WTE if the proposed system generates 100kW, then the power quality meters must be sized accordingly (rated for 200kVA power flow).
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· Compliance Mandate: Per CEA (Technical Standards for Connectivity) Regulations, industrial plants, commercial consumers, and embedded generation facilities operating at low voltage (415V) must install compliant Power Quality Meters at the main incoming switchboard / Point of Common Coupling (PCC). Raw PQ telemetry and event logs shall be made available to the distribution licensee (DISCOM) or plant Energy Management System (EMS) upon request.
· Instrument Transformers: Associated Current Transformers (CTs) and Potential Transformers (PTs) / Voltage Transformers (VTs) connected to the PQM must match or exceed the meter's accuracy class. For billing and primary interface points, CTs / PTs must feature an accuracy class of Class 0.2S or Class 0.5S per IS 16227 / IEC 61869.
· Testing & Calibration: Power Quality Meters must undergo routine testing and periodic calibration (at least once every 3 to 5 years, or as mandated by state utility/DISCOM norms) by a NABL-accredited laboratory, with test certificates maintained in the plant maintenance register.

	Evaluation Category
	Standard Reference
	Primary Compliance & Measurement Requirement

	Measurement Methods
	IS 18475: 2023 / IEC 61000-4-30 (Class A)
	Mandates Class A compliance for legal/contractual verification. Strictly defines time-aggregation (3-s real-time, 10-min aggregation), synchronization, and calculation methods.

	Harmonics & Distortion
	IEEE 519 / CEA Grid Standards
	Limits Total Harmonic Distortion for Voltage (THDv) and Current (THDi) at the Point of Common Coupling (PCC). Measures individual and Total Harmonic Distortion (THD) up to the 50th order and high frequencies up to 9 kHz (supraharmonics).

	Flicker Monitoring
	IEC 61000-4-15
IEC 61000-3-7
	Continuous tracking of Short-Term Flicker (Pst, 10-min interval) and Long-Term Flicker (Plt, 2-hr interval) with sampling rates ≥4 Hz.

	Metering Accuracy & Billing
	CEA Metering Regulations / IEC 62053-22 / IS 14697
	Mandates Class 0.2S accuracy for active energy interface points and billing-grade monitoring.

	Meter Testing & Design
	IEC 62586-1 / IEC 62586-2 (Class A)
	Governs product design, environmental testing, and functional safety specifically for power quality instruments operating in harsh industrial environments.

	Smart Grid Data Exchange
	IS 15959 (Parts 1-3) / DLMS/COSEM
	Standardizes data profiles, companion specifications, and communication architecture for uniform data exchange with Plant SCADA, EMS, and DISCOM portals.

	Electromagnetic Compatibility (EMC)
	IEC 62052-11
IS 16444
	Mandates immunity against Electrostatic Discharge (ESD) up to 15 kV, surge impulse up to ±6 kV, and voltage dips/short interruptions.

	Environmental & Ingress Protection
	IS/IEC 60529 / IEC 60068 Series
	Establishes minimum IP51 (indoor panel flush mount) or IP55/IP65 (outdoor enclosure) protection, alongside dry heat, cold, and damp cyclic humidity testing.
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Performance & Functional Parameters
· Voltage Swells, Sags, and Interruptions: Meters must capture variations beyond ± 10% of nominal 415V values, automatically logging event timestamps, duration, and root-mean-square (RMS) voltage profiles.
· Harmonic Range: The unit must measure and report individual voltage and current harmonic components up to the 50th order harmonic to fulfil state-level grid power quality audit requirements.
· Time Synchronization: The meter shall support Network Time Protocol (NTP) or Precision Time Protocol (PTP) clock synchronization via Ethernet to ensure millisecond-accurate event sequencing across plant SCADA logs.
· Data Integration: The meter shall support native Modbus TCP/IP, RTU, or DLMS/COSEM communication protocols for seamless real-time data streaming to the Plant SCADA / Energy Management System (EMS) and local DISCOM monitoring networks.

Hardware & Performance Features
1. Hardware mandates:
· Inputs: Min. 4V / 4I channels (with support for 4V / 5I).
· Direct Input Range: Up to 1000V AC direct connection.
· Form Factor: Flush panel-mount (192 × 144 mm) with IP51 (front panel) / IP65 enclosure protection.
· Storage: Min. 4GB non-volatile memory with automated CSV/PQDIF export.
2. Communication and Interface:
· Dual Ethernet (RJ-45) + RS-485 ports.
· Native protocols: Modbus TCP/IP, Modbus RTU, and DLMS/COSEM (IS 15959).
· Front USB port for manual local data extraction.
3. Performance and Processing:
· Sampling Rate: Minimum 50 kHz for microsecond transient capture (≥ 20 µs).
· Time Synchronization: NTP / GPS time alignment for sequence-of-events logging.
· Auxiliary I/O: Integrated Digital Inputs and Digital/Relay Outputs for tripping/alarms.

Core Operational Functions
1. Continuous Harmonics & Distortions Monitoring
· Measures Total Harmonic Distortion (THD) and Total Demand Distortion (TDD) for both current and voltage up to the 50th order.
· Tracks real-time compliance against CEA thresholds: THDv ≤ 5% and THDi / TDD ≤ 5% at the Point of Common Coupling (PCC).
· Detects and records DC current injection into the AC grid (maintaining below 0.5% of rated output). 
2. Grid Event & Disturbance Logging
· Real-time detection, duration measurement, and waveform capture for:
· Voltage Sags (Dips), Swells, and Transient Interruptions.
· Voltage Unbalance (calculated via symmetrical components, maintained < 2% for distribution).
· Rapid Voltage Changes (RVC) and Flicker. 
3. Multi-Tariff Energy & Demand Measurement
· Four-quadrant active, reactive (Q₁, Q₂, Q₃, Q₄), and apparent energy metering.
· Time-of-Day (TOD) / Time-of-Use (TOU) billing registers and Maximum Demand (MD) integration intervals. 
4. Data Storage & Non-Volatile Memory
· Minimum storage capability of 45 to 90 days of interval/load profile data at 15-minute intervals.
· Dedicated non-volatile memory block for event logging (capturing pre- and post-event cycle waveforms during grid disturbances). 
5. Interoperability & Grid Connectivity Communications
· Open Protocols: DLMS/COSEM (IS 15959), Modbus RTU, Modbus TCP/IP, and IEC 60870-5-104.
· Physical Interfaces: Dual ports including RS-485, Ethernet (RJ-45), and Optical Port for local data extraction.
· System Integration: Seamless real-time data integration with Plant SCADA, Energy Management Systems (EMS), and local utility/DISCOM monitoring portals. 
6. Tamper Detection & Anti-Theft Protection
· Logs and timestamps unauthorized meter enclosure/terminal cover opening, phase sequence reversal, CT primary/secondary reversals, CT open circuits, PT missing-potential conditions, and external magnetic interference.

Testing, Certification, and Documentation
· Type Test Certificates from accredited labs (NABL / KEMA / VDE) for Class A compliance and accuracy.
· OEM Factory Acceptance Testing (FAT) reports.
· On-site commissioning and SCADA integration validation (SAT).
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Power meters deployed in WTE facilities in India must handle bidirectional energy flow, high-frequency harmonics, and advanced communications. They are heavily regulated under the Bureau of Indian Standards (BIS), the Central Electricity Authority (CEA), and the Ministry of Power.
· For example, approximately 3 tpd WTE if the proposed system generates 50kW, then the power meters must be sized accordingly (rated for 100kVA power flow). 
· For up to 5 tpd WTE if the proposed system generates 100kW, then the power meters must be sized accordingly (rated for 200kVA power flow).
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	Regulatory Authority / Standard
	Focus Area
	Specific Microgrid Compliance Requirement

	CEA Regulations (2006 / 2013)
	Grid Integration & Interface Metering
	Dictates the mandatory installation of bidirectional Interface Energy Meters (IEM) for Net/Gross metering. Mandates 0.2S class accuracy for utility interface points and Class 0.5S/1.0 internal plant sub-feeders.

	IS 14697 / IS 13779
	Static AC Energy Metering
	Primary testing and accuracy benchmarks for AC static transformer-operated watt-hour meters (Class 0.2S/0.5S per IS 14697; Class 1.0 per IS 13779) ensuring electrical, thermal, and mechanical durability.

	IS 16444 (Parts 1 & 2)
	Meter Hardware Construction
	Mandates BIS certification and construction standards for AC Static Smart Meters utilized across 3-phase 4-wire or 3-phase 3-wire distribution systems.

	IS 15959 (Part 1, 2 & 3)
	Data Exchange & Companion Protocols
	Standardized DLMS/COSEM communication protocol layers. Ensures seamless data interoperability across vendors using standardized Object Identification System (OBIS) codes for plant SCADA and EMS integration.

	IEC 61000-4-30 / IEEE 519
	Power Quality (PQ)
	Governs baseline power health tracking, requiring the meter to record voltage sags, swells, supply interruptions, and Total Harmonic Distortion (THD) for current and voltage.

	IS/IEC 60529
	Environmental Ingress Protection
	Establishes minimum IP51 protection for flush panel-mounted meters and IP55/IP65 for field-mounted enclosures to withstand industrial dust and moisture.
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Functions and Requirements
1. Energy & Power Parameters
· Multi-Quadrant Measurement: Measures Active Energy (kWh), Reactive Energy (kVARh import/export/lag/lead), and Apparent Energy (kVAh).
· Time-of-Day (TOD) / Time-of-Use (TOU) Tariff: Minimum of 6 customizable time zones to record peak and off-peak energy consumption.
· Maximum Demand (MD): Automatic monthly MD reset (00:00 hours on 1st of the month) calculated over 15-minute or 30-minute integration periods.
2. Plant Communication & Data Integration
· Communication Interfaces: Equipped with an isolated RS-485 port and/or Ethernet port (RJ-45) for hardwired plant integration, alongside an optical port for local handheld reader downloading.
· Open Protocols: Native support for Modbus RTU, Modbus TCP/IP, and DLMS/COSEM (IS 15959) for seamless integration with plant SCADA/PLC systems, and Energy Management Systems (EMS). 
· Two-Way Communication: Enables remote parameter configuration, time synchronization, and automated polling over the plant network.
3. Power Quality (PQ) & Grid Monitoring
· Harmonics Measurement: Captures Total Harmonic Distortion (THD) for voltage and current up to the 31st or 50th harmonic order to monitor non-linear plant loads (VFDs, rectifiers). 
· Grid Disturbance Tracking: Continuous monitoring of voltage sags, swells, spikes, supply interruptions, and frequency variation (47.5 Hz to 52.0 Hz). 
4. Anti-Tamper & Security Mechanisms
· Tamper & Event Logging: Time-stamped event logging for phase sequence reversal, neutral disconnect, CT/PT circuit open/short, voltage unbalance, and terminal cover opening. 
· Non-Volatile Memory (NVM): Retains configuration settings, load survey profiles (minimum 45 to 90 days), and event logs for at least 10 years without external power supply.

Functional Specifications
Measured Electrical Quantities & Telemetry
The Power Meter shall provide true RMS metered quantities for the following:
· Real-Time Readings 
· Current (per phase & neutral, 3 phase average)
· Voltage (line-line, line-neutral, 3 phase average)
· Real, Reactive & Apparent Power (Per-Phase, 3-Phase Total)
· Power Factor, True & Displacement (Per-Phase, 3-Phase Total)
· Frequency
· THD (Current and Voltage)
· Energy Readings
· Accumulated Energy - Real kWh, Reactive kVARh, Apparent kVAh (Signed/Absolute)
· 4-Quadrant Reactive Energy
· Demand Readings 
· Demand Current Calculations - peak, present, running average, last completed interval (per-phase, 3-phase avg, Neutral)
· Demand Real, Reactive & Apparent Power Calculations 
· Demand Coincident Average Power Factor

Power Quality Analysis & Min/Max Logging
Harmonic analysis
· THD – Voltage, Current (3-Phase, Per-Phase, Neutral)
· Fundamental/harmonic power
· Phase unbalance
· Phase rotation
· Individual harmonic magnitudes/angles up to the 31st order

Min/Max Logging: The Power Meter shall automatically capture date/time-stamped Minimum and Maximum values (accessible via display and communications) for:
· [bookmark: OLE_LINK2]Voltage line-line, line-neutral
· Current per phase
· Voltage unbalance
· Power Factor, true & displacement
· Total Real, Reactive & Apparent Power 
· THD Voltage & Current
· Frequency

Alarm Management & Control Parameters
Alarm events shall be user definable. The user shall be able to define over 50 alarm conditions. The following shall be available as alarm events:
(1) Over/under current & voltage
(2) Current & voltage imbalance
(3) Phase loss/reversal
(4) Over kW Demand
(5) Digital IO status
(6) Interval triggers
Alarm Configurator: Allows user-defined pick-up thresholds, drop-out thresholds, and time delays with clear visual indication on the front panel display. 

Power Supply, Communications & Local HMI Setup
· Control Power: The Power Meter shall operate properly over a wide range of control power including 90-457 VAC or 100-300 VDC.
· Communication Protocol: Native Ethernet supporting Modbus TCP/IP protocol.
· Local Front Panel Display: High-resolution HMI screen allowing local viewing of all real-time/demand/energy quantities, event resets (peak demand, energy totals), and field setup parameters (CT/PT primary ratings, 3-wire/4-wire system topology, and pulse constants).


Grid Integration & Compliance Framework
The Power Meter display shall provide local access to the following metered quantities:
· Current, per phase rms, 3-phase average and neutral (if applicable)
· Voltage, phase-to-phase, phase-to-neutral, and 3-phase average (phase-to-phase and phase-to-neutral)
· Real power, per phase and 3-phase total
· Reactive power, per phase and 3-phase total
· Apparent power, per phase and 3-phase total
· Power factor, 3-phase total and per phase
· Frequency
· Demand current, per phase and three phase average
· Demand real power, three phase total
· Demand apparent power, three phase total
· Accumulated Energy, (MWh and MVARh)
· THD, current and voltage, per phase
Reset of the following electrical parameters shall also be allowed from the Power Meter display:
· Peak demand current
· Peak demand power (kW) and peak demand apparent power (kVA)
· Energy (MWh) and reactive energy (MVARh)
Setup for system requirements shall be allowed from the Power Meter display.  Setup provisions shall include:
· CT rating 
· PT rating 
· System type [three-phase, 3-wire] [three-phase, 4-wire]
· Watt-hours per pulse
CT/PT Compatibility: All connected Current Transformers (CT) and Potential Transformers (PT) shall possess an accuracy class equal to or better than the meter itself (Class 0.2S / 0.5S).
Periodic Calibration: Routine on-site testing and calibration shall be conducted using standard reference meters at least once every 5 years per CEA guidelines.
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All Power Quality Meters and Power Meters must undergo rigorous type testing in a NABL-accredited laboratory (or equivalent international body such as KEMA / VDE) and carry the regulatory ISI Mark where applicable.
	Test Category
	Core Parameters Evaluated
	Relevant Technical Clauses

	Metrology & Accuracy
	Bidirectional active/reactive energy, power factor, self-heating under maximum load
	IS 16444 Cl 6.12 & Cl 6.10.4

	Power Quality
	Total Demand Distortion (TDD), harmonics up to 9 kHz, voltage unbalances
	IEC 61000-4-30 Class A / IS 18475

	Electrical Safety
	AC high-voltage insulation, impulse voltage survival, and short-time overcurrent
	IS 14697 / IS 16444 Cl 6.2, 6.3 & Cl 6.10.6

	Environmental Survival
	IP51/IP55 ingress dust/water protections, relative humidity, wide temperature swings
	IS/IEC 60529 / IS 16444 Physical Requirements

	Interference & Grid Supply
	Voltage dips, short interruptions, transient immunity, and surge protection
	IS 16444 Cl 6.10.2 & 6.10.3

	Communications & Telemetry
	Galvanic isolation testing on RS-485 / Ethernet ports, Modbus RTU/TCP and DLMS/COSEM protocol conformance, and EMI/EMC compliance.
	IS 15959 / IEC 61000-6-2 / IEC 61000-6-4
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· For example, approximately 3 tpd WTE if the proposed system generates 50kW, then the protection relays must be sized accordingly (rated for 100kVA power flow). 
· For up to 5 tpd WTE if the proposed system generates 100kW, then the protection relays must be sized accordingly (rated for 200kVA power flow).
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	Requirement Category
	Core Compliance Parameter & Value Limits
	Primary Applicable Standards
	Relay Functional Impact

	Grid Connectivity & Interconnection
	• DC Injection Limit: < 0.5% of full rated output at Point of Common Coupling (PCC).
• Flicker & Harmonics: Limits governed per IEEE 519 and IEC 61000 limits.
	CEA Grid Connectivity Standards / IEEE 519
	ANSI 51V / 51
Requires strict power quality monitoring and voltage-restraint overcurrent settings.

	Anti-Islanding Protection
	• Must detect and decouple from utility grid within ≤ 0.2-0.5 seconds to prevent out-of-phase reclosure damage.

	IS 16221 (Part 1) / IEC 62116 / IEEE 1547
	ANSI 78 / 81R
Mandates Vector Shift (VS) or Rate of Change of Frequency (ROCOF) elements in the relay.

	Voltage Ride-Through
	• HVRT / LVRT: Must ride through transient grid voltage dips/swells without nuisance tripping, maintaining localized stability.
	CEA Grid Standards / IEEE 1547
	ANSI 27 / 59
Dual-stage overvoltage (59) and undervoltage (27) settings matching localized clearing curves.

	Frequency Ride-Through 
	• Operational Band: Normal output between 49.5 Hz to 50.5 Hz.
• Ride-Through Band: Safe operational window spanning 47.5 Hz to 52.0 Hz.
	IEGC 2023 / CEA Grid Standards
	ANSI 81O / 81U
Over/under frequency elements mapped to grid code operational resilience limits.

	Dynamic Protection Coordination
	• Mandates adaptive protection configurations across variable source architectures. 
	IEGC 2023 / CEA Regulations
	Adaptive Group Switching
Relays auto-switch logic groups between Grid-Tied (high fault level) and Islanded Gas Engine (low fault level) states.

	Substation & Equipment Earthing
	• Requires an equipotential ground mat to safely limit step and touch potentials under worst-case fault currents.
	IEEE 80 / IS 3043
	ANSI 50N / 51N / 67N
Sensitive earth fault protection, tailored to solid, resistive, or ungrounded configurations.

	Substation Automation & Inter-Relay Comm.
	• Peer-to-peer messaging using GOOSE protocol must feature a latency of < 10 ms

	IEC 61850 (Parts 7-420 for On-Site Generation)
	Digital I/O & Teleprotection
Enables high-speed inter-relay logic exchange for directional interlocking, breaker failure, and load shedding.

	Hardware Reliability & Environmental Tests
	• Mandatory Type Testing for Electromagnetic Compatibility (EMC), high-voltage surge, vibration, and thermal stress.
	IEC 60255 Series (e.g., IEC 60255-26)
	Physical Integrity
Ensures numeric relay hardware operates reliably inside high-interference industrial plant switchrooms.
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Technical Specifications
General & Hardware Requirements
· Technology Mandatory: All primary protective relays must be of numerical (microprocessor-based) design with self-monitoring and event recording functionality. Electromechanical or static relays are restricted to non-critical auxiliary roles. 
· Operating Modes & Grid Compliance: Protective relays at the grid interconnection and main switchboards shall handle dual operational modes (Grid-Connected and Plant Islanded modes) and support bidirectional power flow in compliance with CEA and IEC grid standards.
· Auxiliary DC Supply: Relay trip circuits and relays must operate on a station DC auxiliary supply (e.g., 24V, 48V, 110V, or 220V DC) backed by station batteries to maintain protection during complete AC power failure. 
· Instrument Transformer Input: Relay inputs must be compatible with standard secondary ratings (1A or 5A) for Current Transformers (CTs) and 110V AC (Phase-to-Phase) for Voltage Transformers (VTs).
· Communication Standards: Native support for IEC 61850 for Substation Automation System (SAS) integration, along with Modbus TCP/RTU for DCS / SCADA integration.

Protection Functions
415V Main Incomers & Transformer Neutral Protection:
· Instantaneous & Time-Overcurrent (ANSI 50/51): Phase short-circuit and overload protection for 415V switchboard incomers and busbars.
· Earth Fault Protection (ANSI 50N/51N): Dedicated earth fault protection for low-voltage feeder systems.
· Standby Earth Fault (SBEF / 51N): Fitted on the 415V neutral point of distribution transformers to clear sustained earth faults on the LT network.
· Under/Over-Voltage (27/59): Monitors LT voltage variations within statutory limits (± 6%).
Grid Interconnection & On-Site Generation Protection:
· Anti-Islanding Protection (IEEE 1547 / IEC 62116): Mandated by CEA regulations to isolate the plant from the utility grid during external line outages, enabling safe islanded operation of the gas engine generators for plant auxiliaries.
· Under/Over-Frequency (81U/81O): Operational tripping window set per CEA Grid Standards (47.5 Hz to 52.0 Hz).
· Rate of Change of Frequency (ROCOF / 81R) & Vector Shift: High-speed islanding detection at the Point of Common Coupling (PCC) to prevent out-of-phase reclosure. 

Mandatory Technical & Functional Features
1. Self-Monitoring & Alarms: Continuous self-diagnostics with watchdog output contacts that trigger an alarm in case of internal hardware or software failure.
2. Disturbance & Event Recording:
· Fault waveform recording (oscillography) with sampling rates of at least 1.0 kHz to 1.6 kHz.
· Event logger capturing sequence of events (SOE) with 1 ms time stamping accuracy.
3. Trip Circuit Supervision (TCS / 95): Continuous monitoring of the circuit breaker trip coil integrity in both open and closed breaker states. 
4. Cybersecurity & Password Protection: Multi-level password access control to prevent unauthorized relay parameter configuration.

The relay must have a web browser-based human-machine interface (WHMI) with secured communication (TLS) and shall provide the following functions:
· Programmable LEDs and event lists
· System supervision
· Parameter settings
· Real-time measurement display
· Disturbance records
· Vector/Phasor diagram
· Single-line diagram (SLD)
· Secure import, export, and backup of relay parameter setting files
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	Category
	Requirement Type
	Indian Standard (IS) / Equivalent International Standard
	Core Testing Parameters & Objective

	Functional & Performance Testing
	Product & Measuring Relays
	IS 60255 / IEC 60255 Series
	Verifies accuracy limits, pickup/drop-out ratios, and operation curves (IDMT, Definite Time).

	
	Application & Coordination Guide
	IS 3842
	Establishes uniform settings for overcurrent, earth fault, and directional protection.

	
	Adaptive Setting Groups
	CEA Grid Standards / Connectivity Regulations
	Relays must demonstrate automatic group switching between Grid-Tied and Islanded operating modes.

	Grid Integration & Safety
	Anti-Islanding Protection
	IS 16221 (Part 1) / IEC 62116
	Ensures high-speed decoupling (ROCOF / Vector Shift) of gas engine generators during unintentional grid isolation.

	
	Voltage & Frequency Protection
	CEA Technical Standards for Connectivity
	Tests under/over voltage (59/27) and under/over frequency (81U/81O) trip limits and ride-through capabilities.

	Environmental & Insulation
	Insulation Tests
	IS 12083 (Part 2) / IEC 60255-5
	Verifies dielectric strength, insulation resistance (Megger test), and impulse voltage (typically up to 5 kV).

	
	Environmental & Mechanical
	IS/IEC 60255-21 / IS 9000
	Tests relay resilience against vibration, shock, seismic forces, dry heat, and cyclical humidity.

	Communication Conformance
	Substation & Automation Protocols
	IEC 61850 Conformance
	Validates fast, reliable peer-to-peer data exchange via GOOSE messaging for coordinated microgrid tripping.

	
	Cyber Security Verification
	CEA Cyber Security Guidelines
	Ensures data transmission protection and prevents unauthorised override access to relay parameters.

	Mandatory Certifications
	Type Test Approval
	IEC 60255 / CE / ISO 9001
	Bidders must submit valid Type Test Certificates proving product compliance with industrial safety and quality standards.

	
	Laboratory Accreditation
	NABL Accreditation (CPRI / ERDA / Equivalent)
	All valid type test certificates must be issued by a National Accreditation Board for Testing and Calibration Laboratories (NABL) accredited body like the CPRI India.
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· For example, approximately 3 tpd WTE if the proposed system generates 50kW, then the circuit breakers must be sized accordingly (rated for 100kVA power flow). 
· For up to 5 tpd WTE if the proposed system generates 100kW, then the circuit breakers must be sized accordingly (rated for 200kVA power flow).
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	Regulatory Authority / Standard
	Technical Scope
	Key Compliance Requirements

	IS/IEC 60898-1 / IS 8828
	Low Voltage AC Miniature Circuit Breakers (MCBs)
	• Mandatory ISI marking for Low Voltage AC applications.
• Standardized short-circuit breaking capacity tests.
• Strict thermal and magnetic overcurrent response limits.

	IS/IEC 60947-2
	Moulded Case (MCCBs) & Air Circuit Breakers (ACBs)
	• Govern high-capacity industrial breaker operations.
• Define critical Ultimate (Icu) and Service (Ics) breaking capacities.

	IS/IEC 60947-4-1
	Motor Starters & Contactor Protection
	• Applies to MCCBs and Motor Protection Circuit Breakers (MPCBs) utilized for 415V plant auxiliary pumps, gas engine radiator cooling fans, and fuel skids (Type 2 Coordination).

	CEA Grid Connectivity Regulations
	Technical Standards for Connectivity to the Grid
	• Breakers must clear grid faults via dynamic coordination.
• Support Fault Ride-Through (LVRT/HVRT) boundaries.
• Must interface with anti-islanding schemes during grid loss.
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Functions and Requirements
Low Voltage Air Circuit Breakers (LV ACBs) used in 415 V Low Tension (LT) switchgear must meet the guidelines established in the Central Electricity Authority (CEA) Technical Standards Regulations and BIS/IEC standards. These requirements dictate that 415 V LT ACBs must be fully draw-out type, trip-free, stored-energy operated, and equipped with electrical anti-pumping features.
· Voltage & Frequency:
· Nominal System Voltage: 415 V (3-Phase, 4-Wire / Solidly Earthed Neutral)
· Insulation Voltage: 1000 V AC
· Rated Impulse Withstand Voltage: 8 kV to 12 kV
· Frequency: 50 Hz (± 3% to 5%) 
· Current & Short-Circuit Ratings:
· Rated Current: 630 A to 4000 A+ (varies by panel/substation capacity)
· Short-Circuit Breaking Capacity: 50 kA to 100 kA RMS for 1 second
· Short-Time Withstand Current: 100% for 1 second.
· Design & Standard Compliance:
· Operational Standard: IS/IEC 60947-2 (Utilization Category B)
· Switchgear Enclosure: IS/IEC 61439 / IS 8623
· Configuration: Fully Draw-out type with service, test, and disconnected positions.

Functionalities
· Mechanical Operating Features:
· Stored-energy spring mechanism (manual or motorized charging).
· Electrical and mechanical anti-pumping protection.
· Safety interlocks preventing rack-in/rack-out while breaker is closed. 
· Microprocessor-Based Protection (LSIG):
· Self-powered release offering Long-time (Overload), Short-time (Short-circuit) with delay, Instantaneous, and Ground Fault (Earth fault) protections.
· Dual-setting protective groups and thermal memory. 
· Monitoring & Grid Integration:
· Real-time metering (V, I, kW, kVA, Frequency, Harmonics) via integrated LED/LCD displays.
· RS485 / Modbus communication interfaces for SCADA and Smart Grid integration
· Safety Provisions:
· Neutral pole isolation for 4-pole breakers.
· Arc chute management to handle high-level fault currents safely.

Moulded Case Circuit Breakers (MCCBs) serve as vital protection and switching devices in low-voltage distribution networks across power generation plants, substations, and industrial power grids.
· Compliance Standard: MCCBs must comply with IS/IEC 60947-2 (Low-Voltage Switchgear and Control gear — Part 2: Circuit Breakers). 
· Quality Control Order (QCO): Under Ministry of Heavy Industries guidelines, all MCCBs installed in grid operations must carry the mandatory ISI mark. 
· 415V Auxiliary Systems: Switchgear panels feeding station auxiliaries must incorporate 415V MCCBs with dual feeders (2 × 100%) for critical redundancy. 
· Environmental Sizing: Sizing requires a 10% thermal margin for ambient operating temperatures between 0°C and 50°C. 

Functionalities
· Auxiliary Power Distribution: MCCBs protect low-voltage auxiliary motors, oil pumps, and cooling fans in power stations. 
· Short-Circuit and Overload Protection: They employ adjustable thermal-magnetic or electronic trip mechanisms to isolate downstream electrical faults instantly.
· Grid Selectivity & Coordination: Time-graded short delays enable selective discrimination so that downstream faults do not trip upstream Air Circuit Breakers (ACBs). 
· DC System Protection: Heavy-duty DC-rated MCCBs safeguard power grid battery banks, UPS units, and solar PV junction boxes. 
· Remote Control & Monitoring: Integrated shunt trip coils, auxiliary contact blocks, and digital communication protocols (Modbus/IEC 61850) enable remote grid SCADA tripping. 

Operational Requirements
1. General Performance & Rating Requirements
· Duty Rating: All circuit breakers (Main Incoming, Generator Breaker, and Distribution Feeders) shall be industrial-grade, category AC-23A / AC-3 rated for continuous heavy-duty operation in a thermal processing plant environment.
· Short-Circuit Capacity: Circuit breakers shall have a rated ultimate short-circuit breaking capacity (Icu) exceeding the calculated maximum prospective fault level at the switchboard busbars, with a minimum rating of [e.g., 25 kA / 36 kA for 1 second].
· Operating Mechanism: Main incoming and generator breakers shall be motor-operated, spring-charged type with manual override handles to allow both automated control via SCADA/PLC and emergency manual local operation.

2. Operational Interlocks & Protection Functions
· Integrated / External Tripping: Breakers shall be equipped with adjustable electronic trip units (Microprocessor-based LSI/LSIG protection: Long-time, Short-time, Instantaneous, Ground fault) or interface directly with external numerical protection relays via shunt trip coils.
· The Point of Common Coupling (PCC) and Generator breakers shall feature an automated lockout mechanism following a fault trip.
· Auto-reclosing shall be strictly prohibited following an electrical fault (overcurrent/short-circuit) until manually reset or cleared via authorized SCADA command.
· Reclosing after a grid voltage loss shall only occur after a 60-second stabilization delay following grid voltage restoration and synchro-check clearance.
· Mechanical & Electrical Interlocking: Keyed mechanical and electrical interlocks shall be provided between the Utility Incomer, Generator Breaker, and Bus-Tie (if applicable) to prevent unauthorized parallel operation or back-feeding into an unenergized grid during maintenance.

3. Monitoring, Status, and SCADA Interfacing
· Auxiliary Contacts: Each breaker shall be supplied with a minimum of 2 NO + 2 NC potential-free auxiliary contacts for hardwired signalling of:
· Open / Closed status
· Tripped status (fault alarm)
· Breaker Ready / Spring Charged status
· Local / Remote control selector switch position
· Control Power Fail-Safe: Trip circuits and spring-charging motors shall operate off a dedicated 24 VDC stationary battery system or UPS to guarantee breaker tripping and closing capabilities during a complete AC power blackout.
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To secure regulatory approval in India, the Contractor and equipment manufacturers shall complete the following testing and verification requirements: 
· Type Testing: Done at accredited national test laboratories (e.g., CPRI or ERDA) to validate mechanical endurance, dielectric strength, and ultimate short-circuit performance. 
· Factory Acceptance Testing (FAT): Prior to shipment, routine factory tests shall be conducted on all assembled circuit breakers in accordance with manufacturer Quality Assurance plans, including contact resistance measurement, insulation resistance testing, and motorized mechanism operational checks.
· Pre-Commissioning Grid Checks: Field verification and site acceptance including primary and secondary injection testing of integrated trip units (LSI/LSIG), shunt trip and undervoltage trip coil operation checks, mechanical and electrical interlock verification, contact resistance and insulation resistance measurements post-installation.
· IS/IEC 60898-1:2015: Covers low-voltage circuit breakers for overcurrent protection in household and similar installations operated by non-skilled persons. 
· IS/IEC 60947-2:2016: Governs low-voltage switchgear and controlgear circuit breakers intended for industrial applications operated by trained personnel.

	Equipment / Application Type
	Governing Indian Standard (IS)
	Aligned International Standard
	Core Mandatory Tests Required

	Main Incoming & Generator Breakers
(Air Circuit Breakers / ACBs – 415V)
	IS/IEC 60947 Part 2
	IEC 60947-2
	• Short-time withstand current ()
• Ultimate short-circuit breaking capacity ()
• Dielectric strength & temperature rise
• Mechanical & electrical endurance

	Plant Auxiliary & Motor Feeder Breakers
(Moulded Case Circuit Breakers / MCCBs up to 630A)
	IS/IEC 60947 Part 2
	IEC 60947-2
	• Overload (thermal) & short-circuit (magnetic/electronic) tripping
• Contact resistance measurement
• Shunt trip / undervoltage release operation
• Resistance to abnormal heat/fire

	Emergency Auxiliaries Control Breakers
(Motor Protection Circuit Breakers / MPCBs)
	IS/IEC 60947 Part 4-1
	IEC 60947-4-1
	• Phase-loss sensitivity
• Motor thermal overload tripping curves
• Short-circuit breaking capacity



Technical and Safety Requirements (CEA Compliance) for reference 
	Requirement Parameter
	LT Microgrid Standards 
(415V, 3-Phase)

	Fault Withstand Capacity
	Short circuit rating of 50 kA for 1 second.

	Basic Insulation Level (BIL)
	Standard low-voltage commercial dielectric clearances.

	Switchgear Mechanism
	Air Circuit Breakers (ACB) and Moulded Case Circuit Breakers (MCCB).

	Power Quality Limits
	Harmonic current injection limited as per IEEE 519 limits.

	Ride-Through Capabilities
	Inverter-level basic trip parameters for over/under voltage.

	Earthing System
	Localized GI chemical earthing rods/pits.
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· For example, approximately 3 tpd WTE if the proposed system generates 50kW, then the 3-phase AC main / 1-phase auxiliary power cables must be sized accordingly (rated for 100kVA power flow). 
· For up to 5 tpd WTE if the proposed system generates 100kW, then the 3-phase AC main / 1-phase auxiliary power cables must be sized accordingly (rated for 200kVA power flow).
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	Cable Classification / Component
	Operational Voltage / Criteria
	Governing Standard (IS / IEC)
	Key Technical & Compliance Requirements

	LT Power Cables
	Up to 1100 V (1.1 kV)
	IS 7098 (Part 1) (XLPE) 
IS 1554 (Part 1) (PVC)
	Stranded Aluminium (Grade H2) or Copper conductor. Compaction degree up to 92% for multi-core variants. Mandatory ISI certification.

	Conductors
	General Material Specs
	IS 8130
	Specifies maximum DC resistance limits at 20°C. Strict mandates for plain/tinned annealed copper or EC grade aluminium.

	Insulation Materials
	PVC / XLPE Properties
	IS 5831
	Categorizes compound types (Type A insulation, ST1/ST2 sheaths). Dictates tensile strength, thermal stability, and aging traits.

	Armouring & Mechanical Protection
	Mechanical safety for buried lines
	IS 3975
IS 7098
	Galvanized steel wire (for under 13mm diameter) or flat strip (for over 13mm) to shield buried lines from external stresses. Single-core cables must use non-magnetic armouring (Aluminium).

	Fire & Sheath Compliance
	Safety against grid fires
	IS 10810 / IEC 60332
	Mandatory use of Flame Retardant Low Smoke (FRLS) or Low Smoke Zero Halogen (LSZH) outer sheaths (Type ST2) inside microgrid control stations.

	Current Ratings & Derating Factors
	Thermal limitations
	IS 3961 (Part 2 & 3)
	Establishes explicit derating variables based on soil thermal resistivity, ambient air temperature, laying depth, and cable grouping.


.
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Cables used for Low Tension (LT) and networks are subject to specific manufacturing, material, testing, and safety rules to accommodate the bi-directional flow, harmonic variations, and weather conditions typical of decentralized green energy grids.
Low Tension (LT) Cable Requirements
Voltage Grade: Up to and including 1100 Volts (1.1 kV).
· Conductor Material: Stranded Aluminium (Grade H2/H4) or High-Conductivity Annealed Copper.
· Insulation & Sheathing: Extruded XLPE or PVC Type A insulation with FRLS (Flame Retardant Low Smoke) PVC outer sheath.
· Armouring: Galvanized steel round wire or strip armouring for multi-core configurations.
· Governing Standards: IS 7098 (Part 1) for XLPE or IS 1554 (Part 1) for PVC.  
Low Tension (LT) System-level Functions and Requirements
· Voltage Rating: 415V three-phase and 230V single-phase (± 10% variation tolerance at 50Hz). 
· Primary Functions: Distributing power safely to local commercial, agricultural, or residential loads; housing Power Control Centers (PCC) and distribution boards. 
· Core Components: Main LT panels, moulded case circuit breakers (MCCB), automatic changeovers, energy meters, and capacitor banks for power factor correction.
· Regulatory/Technical Standards: Built to withstand local environmental conditions, compartmentalized enclosures, and adherence to standards like IEC 61439 for low-voltage assemblies. 
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	Cable Variant & Voltage Grade
	Primary Indian Standard (IS)
	Type Tests (Design Validation)
	Acceptance Tests (Batch Testing)
	Routine Tests (100% Production Reels)

	LT AC Cables
(Up to 1.1 kV)
	IS 7098 (Part 1) (XLPE)
IS 1554 (Part 1) (PVC)
	• Tensile strength & elongation
• Hot set test (XLPE)
• Shrinkage & water absorption
• Insulation resistance
	• Conductor resistance
• Thickness measurement
• Tensile/Elongation checks
• Hot set sample test
	• Conductor DC resistance
• High-voltage AC test
• Visual & dimensional check

	Special Properties
(All voltage variants)
	IS 10810 (Relevant testing parts)
	• FRLS/FS: Flammability, Smoke density, Halogen Acid Gas emission
• Anti-rodent / Anti-termite
	• Oxygen index test
• Temperature index test
	• Visual surface verification
• Sequential length marking



Mandatory Testing Categories
Testing protocols for LT cables are divided into three distinct operational phases:
1. Type Tests: Mandatory design verification tests performed by an accredited laboratory (e.g., CPRI or NABL labs). According to the CEA Type Test Guidelines, these tests hold a validity period of 10 years provided no design changes are made.
2. Acceptance Tests: Conducted on samples selected from each manufacturing batch before delivery.
3. Routine Tests: Performed by the manufacturer on 100% of production lengths.
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This scope is not mandatory, but it is preferred to be integrated as part of the tender. In case if the vendor is unable to provide the civil works, they can quote only for other mandatory sections and scopes.
The Contractor shall be deemed to have visited and examined the site carefully and shall be wholly responsible for ascertaining the exact position in which the works are to be carried out and full extent and character of the works and shall satisfy himself as to the means of access and all other matters which may affect the amount of his tender as no claims for extra payment on grounds of insufficient knowledge of the site conditions at the time of tendering will be entertained.

[bookmark: _Toc236819597][bookmark: _Toc237416528][bookmark: _Toc237448590]Civil, Structural, and Identification Codes
· IS 456: Plain and Reinforced Concrete – Code of Practice 
· IS 800: General Construction in Steel – Code of Practice
· Industrial-grade concrete (minimum M25 or M30) is required for equipment foundations.
· Heavy-duty structural steel framing shall be designed for high-vibration equipment (shredders, blowers). 
· High-temperature furnace foundation zones shall feature heat isolation or refractory protection layers.

· IS 1893 (Part 1): Criteria for Earthquake Resistant Design of Structures 
· IS 875 (Parts 1–5): Code of Practice for Design Loads for Buildings and Structures
· Civil structural design must account for local seismic zone conditions (Bhubaneswar - Zone III) and basic wind speed loads. Depending on the exact district, basic design wind speeds range from 200km/h to 250km/h in coastal cyclone hotspots like Puri, Ganjam, and Jagatsinghpur.

· IS 3043: Code of Practice for Earthing
· IS/IEC 62305: Lightning Protection
· Dedicated grid earthing (<1 Ω total resistance) with independent earth pits for electronic SCADA/PLC instruments, power equipment, and lightning protection masts.

· IS 9457: Safety Colors and Signs 
· IS 2379: Pipeline Identification 
· All syngas, cooling water, compressed air, and nitrogen lines shall be color-coded with directional flow arrows 
· All safety signage, hazard warnings, and emergency exit routes must be deployed in 3 languages: English, Hindi and Odia, using the mandated color schemes.

· IS 1742: Building Drainage Code
· Governs the design, layout, materials, and installation of external and internal drainage systems for the administrative/control building, workshop, and plant process areas. 
· All stormwater runoff, domestic sewage, and plant floor washing drains shall be strictly segregated. 
· Contaminated process runoff or floor washings from the RDF receiving and ash handling bays must be routed through oil/sediment traps or containment sumps prior to treatment/disposal and shall not be directly discharged into municipal storm drains.
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Site Preparation Works
i. The Contractor shall ensure all necessary works for site preparation referring to the site layout are in place, including:
· Site clearing
· Earthworks
· Grading
· Roads
· Parking areas
· Security fencing and gates
· Drainage systems
ii. As per Central Pollution Control Board (CPCB) Guidelines 2020, WtE plants must maintain a designated buffer zone from surrounding land uses to minimize nuisance and health risks. These buffer zones act as protective barriers to reduce the impact of odour, air emissions, noise, and other pollutants on adjacent residential and ecologically sensitive areas.
iii. Vegetation, shrubs, trees, and berms with high density greenery can be incorporated into green belt. 
iv. The buffer zone should be maintained within the total area allotted for the facility.
v. The Contractor shall provide pavement design report according to the roads design, including internal road network and heavy-duty truck access roads.
vi. The Contractor shall provide drainage infrastructure design that includes stormwater drainage, surface runoff management, and site drainage network. 
vii. A gentle ground slope (typically 1-2%) is required for the water drainage to ensure it does not puddle around the structure bases. Brick or concrete storm drains shall be built around the array perimeter to safely carry away heavy monsoon rainwater.
viii. The Contractor shall carry out all earthworks in such a manner as to prevent erosion or slips, shall limit working faces to safe slopes and height, and shall ensure that all surfaces have at all times sufficient gradients to enable them to shed water without causing erosion.
ix. Geotechnical soil testing shall be carried out to check the soil’s bearing capacity and chemical aggressiveness (pH and salt levels) for designing the exact depths of the pillars.
x. A comprehensive Lightning Protection System (LPS) covering the gasifier stack, control building, and waste sheds must be designed and installed in strict accordance with the regulatory baselines. Separate civil pits must be excavated for dictated maintenance-free chemical grounding systems to safe keep the structure from lightning strikes.

Water Supply and Site Utilities
i. The Contractor shall design, supply, install, and commission all site water connections and distribution networks necessary to guarantee a reliable, uninterrupted water supply across the entire facility. This scope shall encompass process water (system operations), common/building utility usage, cooling water circuits (where applicable), and dedicated firewater supply.
ii. The water infrastructure shall include a raw water storage tank, duty/standby water transfer pumps, filtration/treatment equipment (if required for process specifications), and a complete distribution piping network. The Contractor shall be fully responsible for the detailed engineering, sizing, specification, layout design, and installation of the entire site water distribution system.
iii. The Contractor shall design, install, test, and commission a complete, statutory-compliant Fire Protection and Safety System. The scope shall include a dedicated firewater storage volume (sized to satisfy minimum local fire department hold-up requirements), diesel/electric driven fire pumps with jockey pump pressure maintenance, a loop-configured fire ring main, hydrants, foam/water monitors, and a centralized Fire Alarm Panel with smoke/heat detectors installed across critical plant zones.
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List of functional buildings required 
The Contractor shall provide design and construction of buildings that include the following spaces.
1. Administrative building and control room
· To be equipped with office space, meeting room, toilets and welfare facilities including changing rooms and pantry.
· Centralized control and electrical room as monitoring workstation for data acquisition.
2. Workshop
· Spare parts storage and maintenance area
3. Waste receiving and processing area
· The Contractor shall provide design and construction of sheltered, indoor waste storage and handling area according to site layout.
· Waste unloading area 
· Feedstock pre-processing area (any sorting, drying, shredding, and pelletizing processes)
· Storage bunker / waste pits 
· Waste pits shall be sized to provide a minimum operational autonomy buffer of 3 days (72 hours) at the maximum nominal design throughput rate (5 tpd). 
· The Contractor shall ensure the waste storage and handling area is equipped with proper leachate drainage and proper measures for odour, dust, and noise control.  
· Waste storage areas shall be equipped with proper drainage systems, which include impervious flooring, gradient-based slopes, and covered waste storage areas to minimize rainfall ingress and facilitate gravity-based flow of leachate into collection channels.
· The drainage concept must feature strict segregation. The indoor waste storage, feedstock preparation, and pre-processing areas must route gravity-based leachate flows into a designated collection channel, completely isolated from the standard stormwater network.
· All pipes conveying raw leachate or chemical effluents must be heavy-duty, industrial-grade HDPE (PN 10 minimum) with fully welded joints to ensure zero ground leakage into the environment.
· The Contractor shall ensure proper occupational safety measures, including adequate ventilation design to prevent moisture absorption, self-heating, or odour buildup, localized dust suppression and fire suppression system.
4. Storage areas
· The Contractor shall provide design and construction of separate storage areas with proper occupational safety measures as proposed by the technology suppliers for:
· Any sub-materials applicable
· Residues handling and storage
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Foundations (General requirements)
i. The Contractor shall provide design and installation of all necessary foundation works for the gasification system and buildings required, including proper piling and paving, concrete foundation pads, embedded anchor bolts, structural steel canopy, and cable trenches. 
ii. The design and execution of all foundations, structural supports, and underground utilities shall strictly preserve and keep clear the designated spatial footprint, overhead clearance, and maintenance access reserved for the torrefaction module.
iii. All structural foundation works, equipment base pads, piling, and concrete enclosures must strictly adhere to the structural design, rebar density, and soil compaction criteria established in the regulatory baseline (including compliance with IS 456, IS 1893, and IS 875).
iv. A minimum concrete grade of M25 or M30 using Sulfate-Resistant Portland Cement (SRPC) shall be utilized for all sub-grade structures and equipment foundation pads (including the reserved torrefaction base pad). 
v. Foundation designs must be validated against seismic criteria and local wind load criteria.
vi. Foundations must raise the lowest edge of the solar panels at least 300 to 500 mm above the Highest Flood Level (HFL) recorded in that specific locality over the last 25 years.
vii. All structural steel members touching or embedded in the foundation must undergo surface sandblasting followed by a high-performance anti-corrosive coating system (hot-dip galvanized) to withstand the high humidity and corrosive landfill gases. The coating must be at least 80 to 120 microns thick to avoid rust from high humidity. 

Structural Safety & Testing Reference Table
	Structural Component / Focus Area
	Applicable Indian Standard (IS) / Regulation
	Mandatory Testing & Verification Methods
	Required Certification / Approving Authority

	Foundation & Civil Substructure
	IS 456 (Plain & Reinforced Concrete), IS 1904 (Foundations in Soils)
	Soil investigation (SBC testing), Core drilling, Concrete cube compressive strength testing, Ultrasonic Pulse Velocity (UPV).
	Soil Investigation Report, Structural Stability Certificate by a Chartered Structural Engineer.

	Seismic & Earthquake Resilience
	IS 1893 (Part 1 & Part 4) (Criteria for Earthquake Resistant Structures)
	Dynamic analysis, Response spectrum analysis of the substation building, Seismic withstand evaluation of equipment mounts.
	Vetted Structural Design Calculations (typically by an IIT/NIT or institutional body).

	Wind Load & Tower Gantry Structures
	IS 875 (Part 3) (Wind Loads), IS 802 (Structural Steel for Overhead Lines)
	Deflection testing, Tensile strength verification of TMT steel bars (IS 1786), Zinc coating thickness (Galvanization test) for outdoor gantries.
	Prototype Test Certificate, Mill Test Certificate (MTC) from the steel manufacturer.

	Gasifier, Syngas Cleanup & Engine Enclosure Fire Protection
	National Building Code (NBC 2016 Part 4), IS 2190 (Selection & Maintenance of Fire Extinguishers), CEA Safety Regulations
	Combustible gas (Syngas / CO / H2) leak detection & alarm interlock checks, Flame & thermal detector trip verification, Fire suppression system discharge/activation test, Emergency gas shutoff valve (ESD) loop test
	National Fire Service / State Fire NOC (No Objection Certificate), Safety Clearance by Chief Electrical Inspector (CEIG).

	Earthing & Grounding Grid Mat
	IS 3043 (Code of Practice for Earthing), CEA Regulations (Reg. 48)
	Earth resistance loop testing using the Fall-of-Potential method, Step and Touch potential safety evaluations.
	Earthing Integrity Log, CEIG Interconnection Clearance.

	Overall Plant Occupational Safety
	IS 18001 / ISO 45001(Occupational Health and Safety Management)
	Periodical safety audits, Mock drills, Verification of hazard signage, Clearances between machinery.
	Mandatory IS-18001 / ISO 45001 Accreditation Certificate (Required within 2 years of construction).



Key Standards and Requirements
	Component / Parameter
	Standard / Code Requirement
	Technical Specification / Value

	Plinth & Floor Level
	CEA Reg. 49(1)(i) / NBC Part 3
	Must be built above the outside road level to avoid water ingress. Underground basements require strict drainage and mechanical ventilation.

	Floor Loading & Construction
	NBC / IS 456 (Concrete)
	Minimum 100 mm thick RCC floor slab laid over 200 mm compacted stone soiling, finished with anti-static/dust-preventive heavy-duty tiling.

	Fire Resistance Rating
	NBC 2016 Part IV / IS 1642
	Control rooms and switchgear bays must feature structural elements providing a minimum 2-hour fire-resistance rating.

	Cable Trenches & Drains
	CEA Regulations
	Outside drains must prevent water from seeping into cable trenches. Indoor trenches must be covered with non-slip, fire-resistant chequered plates.

	Perimeter Security
	CEA Reg. 49(1)(i) / IS 14786
	Outdoor substations must be enclosed by fencing/boundary walls not less than 1.8 metres in height to prevent public access.



Equipment Layout & Clearance Standards
	Equipment Type
	Standard / Reference
	Minimum Clearance / Requirement

	Switchboards / LT Panels
	IS 8623 / Substation Guidelines
	Clear space in front of panels must be minimum 1000 mm for maintenance access. Clearance from the rear of the panel to the wall must be at least 800 mm.



Electrical Safety, Earthing, & Protection
	Sub-system
	Governing Indian Standard (IS)
	Core Requirement

	Earthing System
	IS 3043
	Combined or dedicated earth mats using pipe/plate electrodes. Combined earth resistance of the grid must be less than 1.0 Ohm to handle high fault levels.

	Lightning Protection
	IS/IEC 62305 / IS 3070
	Mandatory structural lightning protection (Faraday cage or shielding masts) on the substation roof, directly grounded to the earth mat.

	Fire Suppression
	IS 2190 / CEA Safety Regs
	Mandatory portable CO₂ and Clean Agent fire extinguishers near panels. Water-sprinkler lines are strictly prohibited inside electrical panel rooms.
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General Site Facilities
i. The Contractor shall supply general site facilities, including:
· CCTV surveillance system
· External lighting system
· Signage and safety marking
ii. The CCTV surveillance system must utilize high-definition IP cameras with a minimum resolution of 4MP and automated infrared night vision capability.
iii. The Network Video Recorder (NVR) must be housed in the control room and equipped with local storage capacity to retain continuous, uninterrupted footage for a minimum of 90 days.
iv. Luminaires installed in the indoor waste handling, sorting, and thermal process zones must possess a minimum protection rating of IP65 (dust-tight and water-jet protected) and feature flame-proof enclosures appropriate for municipal solid waste processing environments.
v. All safety signage, hazard warnings, and emergency exit routes must be deployed in 3 languages: English, Hindi and Odia, using the color schemes mandated in the regulatory baseline.
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The Contractor shall be fully responsible for securing, executing, and handing over all mandatory statutory approvals, inspectorate permits, structural stability certificates, and environmental clearances required under Indian law and Odisha state regulations to construct, commission, and operate the facility. 
The Contractor shall prepare all technical files, manage submission portals, arrange inspectorate site visits, and bear all technical compliance obligations. The Owner’s role shall be strictly limited to providing land ownership proof, signing formal application forms prepared by the Contractor, and issuing necessary letters of authorization.
· Soil Bearing Capacity (SBC) Certification from a NABL-accredited geotechnical firm.
· Structural Stability Certificate signed by a registered Structural Engineer confirming the design handles 55 m/s gust speeds.
· Mix Design Reports and cube test results confirming concrete strength milestones (7-day and 28-day curing limits).
	Category
	Certificate / Clearance
	Issuing Authority / Standard
	Scope / Applicability

	Land Use & Civil Sanction
	Site Plan Approval & Building Layout Permit
	Bhubaneswar Development Authority (BDA) / Bhubaneswar Municipal Corporation (BMC)
	Mandatory sanction of civil layout drawings, boundary setbacks, plot coverage, and overall site layout before commencing civil foundations or site grading.

	Structural Integrity
	Structural Design Adequacy & Load Approval Certificate
	Registered Structural Engineer / Chartered Civil Engineer (BDA/BMC Empanelled)
	Certified structural design verification for dynamic load foundations subjected to high vibration (shredders, blowers, torrefier, and gas engines).

	Building Safety
	Building Safety & Fire Plan NOC
	Odisha Fire & Emergency Services
	Statutory approval of civil access roads for fire tenders, fire hydrants, emergency egress routes, and blast-relief wall designs under the National Building Code (NBC) of India.

	Site Drainage & Sanitation
	Building Drainage & Effluent Network Approval
	BMC / Public Health Engineering Organization (PHEO)
	Clearance for internal and external site drainage per IS 1742, ensuring 100% segregation of stormwater, domestic sewage, and contaminated process floor runoff.

	Civil Environmental
	Construction Environmental & Dust Mitigation Plan
	OSPCB / BMC
	Clearances governing silt traps, construction-phase dust suppression, site noise mitigation during excavation, and safe disposal of excavation spoils/debris.

	Factory Infrastructure
	Structural Stability Certificate (Form-1)
	Directorate of Factories & Boilers, Odisha
	Mandatory physical inspection and certification of structural stability under the Factories Act prior to placing heavy process machinery on foundation slabs.
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Electrical pipes (conduits/ducts):
· Low Voltage (< 650 V): Minimum burial depth of 0.75 metres.
· High Voltage (3.3 kV to 11 kV): Minimum burial depth of 0.90 metres.
· Extra High Voltage (22 kV to 33 kV and above): Minimum burial depth of 1.05 to 1.20 metres.
Underground electrical piping must withstand environmental stresses, chemical leaks, and heavy structural weights.
· High-Density Polyethylene (HDPE) Pipes: Evaluated under IS 4984 / IS 14930. These are preferred for power grids due to their flexibility, smooth interior (reducing friction during cable pulling), and high chemical resistance. 
· Ductile Iron (DI) / Hume Pipes (Precast Concrete): Used primarily at crossings or where maximum physical armour is required. 
· Flame Retardancy: Pipes must comply with strict fire-retardant metrics to ensure that any localized cable fault or short-circuit does not spread along the duct run. 
· Bending Radius: Mechanical routing must accommodate the minimum allowable bending radius of XLPE (Cross-linked Polyethylene) insulated power cables to avoid kinking. 
· Soil Surface - Warning Tape / Tile Layer (CEA Mandated)
· ~1.0m below ground - HDPE / Hume Protective Conduit with XLPE Insulated Grid Conductor inside (Smooth Interior, Thermal Dissipation, Waterproof Seal)
· Thermal Dissipation: High-voltage power grids generate significant heat. Underground conduits must be designed alongside specific backfill materials (like thermal sand) to avoid heat entrapment, preventing cable derating. 
· Waterproofing and Moisture Exclusion: Grid systems must remain entirely free of waterlogging. Conduits must feature watertight joints to prevent moisture from entering, which can cause electrical treeing in high-voltage cables. 
· Mechanical Shielding: Pipes safeguard fragile power and fiber-optic communication lines against soil shifts, tectonic activity, and deep excavations. 
· Safety Mapping: The CEA mandates that all underground grid paths include continuous, brightly colored warning tapes or concrete protective tiles laid right above the pipes. This acts as a visual signal for future excavation work. 
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· IS 7098 / IS 1554: Standards for PVC/XLPE power cables used in grid installations.
· IS 2629 / IS 4759: Indian standards governing hot-dip galvanizing process and quality testing. 
· Structural & Mechanical Strength: Must support total working cable mass plus wind/seismic forces with a safety factor of at least 1.3 to 1.5. 
· Fire Safety & Resistance: Must withstand temperatures up to 500°C for at least 1 hour without supporting combustion. Fire barriers or seals are mandated at wall and floor penetrations. 
· Galvanization & Corrosion Resistance: Indoor/outdoor steel trays must be hot-dip galvanized after fabrication (minimum 2.0 mm thickness or 14/16 SWG steel). Outdoor trays require UV-stabilized coating. 
· Earthing & Grounding: Trays must be continuously bonded with an earthing conductor (e.g., GI or copper strip) and connected directly to the station ground mat. 
· Tray Fill Factor: Maximum cable fill capacity must not exceed 40% to 50% of the tray cross-sectional area to prevent overheating and ensure air circulation. 
· Cable Routing & Physical Protection: Prevents mechanical damage, excessive sagging, and tension on high-voltage and control cables.
· Thermal Management: Ladder and ventilated perforated trays allow maximum heat dissipation, preserving current-carrying capacity.
· Phase & Circuit Separation: Segregates high-voltage (HV/MV) power cables, low-voltage (LV) cables, and control/instrumentation cables onto distinct tray tiers.
· System Grounding: Acts as a continuous secondary equipment ground loop during fault conditions.
· Maintenance & System Upgrades: Allows easy inspection, cable tracing, and future circuit additions without civil works.

	Specification
	CEA Standard Requirement

	Sheet Material & Thickness
	Cold rolled or hot rolled steel sheet, minimum 2.0 mm (14 SWG)

	Coating / Finish
	Hot-Dip Galvanized (HDG) as per IS 2629 / IS 4759

	Types Allowed
	Ladder type, Perforated (Ventilated), Solid Bottom, and Wire Mesh

	Support Spacing
	Maximum 1.5 m to 2.0 m intervals with vertical adjustability

	Lateral Restraints
	Installed at bends, intersections, and every 15 m on straight runs

	Drop Rod Diameter
	Minimum 6 mm diameter with double-nut trapeze clamps
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C) Exposed Cable Conduit Installation:
· Mechanical Protection & Material: Rigid metallic conduits (GI/Galvanized Iron or Stainless Steel) must be used wherever exposed cables are susceptible to mechanical impact, vibration, UV radiation, or thermal stress. 
· Equipotential Bonding & Earthing: As per CEA Safety Regulations, all exposed conductive metal conduits must be continuously bonded to the main station earth mat. Grounding must prevent touch/step potentials from becoming hazardous under fault conditions. 
· Ingress & Environmental Sealing: Conduits exposed to outdoor switchyards must maintain an IP65 protection rating minimum at entry boxes, termination glands, and pull boxes to prevent ingress of water, dust, and moisture. 
· Fire Barrier Requirements: Fire-stop sealants or intumescent barriers must be installed where metal conduits pass through fire-rated walls, cable basements, or control room partitions to limit fire propagation.
· Corrosion Protection: Metallic conduits installed in outdoor or coastal power grid environments must be hot-dip galvanized internally and externally. 

	Parameter 
	Specification Standard
	Grid Application Detail

	Material Grade
	IS 9537 (Part 2) / Heavy-duty rigid GI
	ERW Hot-Dip Galvanized Mild Steel with smooth interior surface to prevent cable insulation abrasion.

	Conduit Fill Ratio
	Max 40% to 50% internal cross-section
	Ensures adequate heat dissipation and prevents cable damage during pulling.

	Bending Radius
	Min 6× Outer Diameter (8×–10× for large sizes)
	Cold-bent using mechanical benders; no crimping or flattening permitted.

	Support Spacing
	Every 1.0 m to 1.5 m (Max 2.0 m for large diameters)
	Supported using hot-dip galvanized channel saddles, clamps, and unistrut channels.

	Flexible Conduit Ends
	IS 3480 / Liquid-tight flexible metallic conduit
	Used at transformer terminals, motor junction boxes, and vibrating equipment.
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D) Low Voltage Cables Installation
Key Technical Specifications:
· Voltage Rating: Rated for standard operational limits up to 1100 V (1.1 kV). 
· Conductor Material: High-conductivity stranded electrolytic copper (per IS 613 / IS 8130) or EC grade stranded aluminium. 
· Insulation Standard:
· XLPE (Cross-linked Polyethylene): Per IS 7098 (Part 1) for higher thermal tolerance (up to 90°C continuous operation).
· PVC Insulation: Per IS 694 (domestic/light-duty up to 1100V) and IS 1554 (Part 1) for heavy-duty power applications. 
· Sheathing & Armor: Extruded inner and outer PVC sheathing (Type ST-2). Galvanized steel wire or strip armor is mandatory for direct underground burial to protect against mechanical strain. 
· Flame Retardancy: Cables in sub-stations or enclosed conduits must use FR (Flame Retardant) or FRLSH (Flame Retardant Low Smoke Zero Halogen) properties.

Core CEA Installation Requirements:
1. Depth and Direct Burial:
· Underground LV cables must be laid at a minimum depth of 0.75 meters to 0.9 meters below ground level.
· Cables must be laid over a cushion of fine sand (75 mm) and covered with protective concrete slabs or brick layers before backfilling.
2. Clearances & Separations:
· Minimum clear distance of 0.2 meters must be maintained between parallel LV cables and communications/telecom lines.
· A minimum vertical clearance of 0.3 meters is required when crossing other power circuits or utility pipes.
3. Earthing & Bonding:
· All metallic armors, sheaths, and metallic cable trays/conduits must be continuously bonded and connected to an earth grid as per IS 3043 / CEA Safety Guidelines.
· The earth resistance for the installation neutral/ground point must not exceed state DISCOM limits (typically < 5 ohms). 
· Cable entries into substations or basements must be water-sealed to prevent water logging and ingress. 

Grid Functionalities & Applications:
	Functionality Area 
	Role of LV Cables
	Key BIS/CEA Compliance

	Secondary Distribution
	Connects distribution transformer secondaries (415V 3-phase / 230V 1-phase) to end consumers.
	IS 7098 Part 1

	Substation Auxiliary Power
	Supplies local AC/DC auxiliary power to station transformers, battery banks, and lighting.
	IS 1554 Part 1

	Distributed Energy (Solar PV)
	Connects string inverters to low-voltage AC combiner boxes and net-meters.
	CEA Connectivity Regulations 2013

	Protection & Control
	Transmits CT/PT signals, trip circuit signals, and interlocks to switchgear.
	IS 1554 / Screened Cables
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E) Site Commissioning and Odisha Certification
1. Electrical and Mechanical SAT: Confirm foundation and anchoring, transport restraints, cable size and torque, DC polarity, phase sequence, insulation resistance, protective bonding, earth-grid resistance, surge protection, AC/DC segregation, interlocks, auxiliary supplies and calibrated operation of all protection devices.
2. Integrated Safety SAT: Functionally test smoke, gas, heat and flame detection, HVAC and ventilation trips, automatic louvres, suppression release logic, emergency stops, remote alarm transmission, shutdown sequencing and safe isolation. Conduct evacuation and emergency-response demonstrations with the Owner and local fire-safety representatives as required.
3. Point-of-Connection Tests: At the approved connection point, prove minimum output capability, usable energy, ramping and response performance, metering, protection coordination, anti-islanding or transfer logic, reactive-power control and power quality. Complete any utility- or grid-code-specific frequency-response and disturbance tests required by the approved scheme.
4. Approval: Submit approved drawings and studies, licensed-contractor completion certificate, product and system test reports, UN 38.3 summary, FAT/SAT records, calibration certificates, fire-risk assessment, O&M manuals and emergency plan. Obtain Odisha EIC/PCEI written approval before energisation where required
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F) Factory Acceptance Test (FAT), Installation, Site Acceptance Test (SAT) Commissioning
1. To provide approved and required lifting equipment, temporary and permanent structures including temporary power supply, if necessary, for the installation of photovoltaic panels, inverters, and auxiliary components.  
2. To deliver the routing of electrical and instrumentation cables according to the approved design of the ESS system, including cable-trays, junction boxes and/or minor civil work where necessary.
3. To provide electrical termination as per approved design.
4. To design and provide grounding and lightning protection according to local grid codes.
5. To provide site co-ordination with to obtain necessary information for the completion of the scope of work described, including but not limited to risk assessment, safe work procedure, site permit application, progress meeting and safety coordination with complying with local grid codes and requirements. 
6. To provide testing and commissioning method statement and report.
7. To provide 3 endorsed sets of all basic design as-built documents and 1 set of soft copy.
8. CEIG Inspection: BESS safety inspection by the Odisha CEIG is legally required before energisation. They will formally audit the safe operating modes, Single Line Diagram (SLD), structural stability, and protection logic. 
9. Licensed Workmanship: All electrical installations must be certified by a licensed electrical contractor registered directly with the Odisha State Electricity Licensing Board (ELBO).




Annexure-XIII   
    
FORM OF BANK GUARANTEE FOR BID SECURITY (EARNEST MONEY DEPOSIT)
Bank Guarantee No.: ___________________________                     Date: ___________________
To:
The Dean (SRIC) / Registrar,
Indian Institute of Technology Bhubaneswar,
Bhubaneswar, Odisha – 751051.

WHEREAS _________________________________________ [Name and Address of the Bidder] (hereinafter called "the Bidder") has submitted its bid dated _______________ in response to Tender / GeM Bid No. ______________________ for _________________________________________ [Description of Goods/Services/Works] (hereinafter called "the Bid").
AND WHEREAS it has been stipulated by you in the said Tender / GeM Bid documents that the Bidder shall furnish you with a Bank Guarantee issued by a Scheduled Commercial Bank for the sum specified therein as Bid Security / Earnest Money Deposit (EMD) for compliance with its obligations in accordance with the Tender / GeM Bid terms and conditions.
AND WHEREAS we, _________________________________________ [Name and Address of the Bank], having our Head Office at _________________________________________ (hereinafter called "the Bank"), have agreed to give the Bidder such a Guarantee;
NOW THEREFORE we hereby affirm that we are guarantors and responsible to you, on behalf of the Bidder, up to a total amount of ____________________________ [Amount of the Guarantee in Figures and Words], and we undertake to pay you, upon your first written demand declaring the Bidder to be in default under any of the following conditions, without any reservation, protest, cavil, or argument:
1. If the Bidder withdraws or amends, impairs or derogates from the tender in any respect within the period of validity of its Bid; or
2. If the Bidder, having been notified of the acceptance of its Bid by the Purchaser during the period of bid validity, fails or refuses to: 
a. Execute the Contract Form, or
b. Furnish the Performance Security in accordance with the Instructions to Bidders.

Any such demand made by IIT Bhubaneswar shall be conclusive and binding on the Bank, irrespective of any dispute or difference raised by the Bidder.
We hereby waive the necessity of your demanding the said debt from the Bidder before presenting us with the demand.
This Guarantee shall remain valid and in full force and effect for a period of 45 (forty-five) days beyond the final bid validity period [or specify total validity in days], i.e., up to ______________________ [Expiry Date].
In witness whereof, the Bank, through its authorized officer, has set its hand and stamp on this ____________ day of ________________ 20____ at __________________.
____________________________________

(Signature of Authorized Official)
Name: __________________________________
Designation: _____________________________
Staff Code / Employee No.: _______________
Bank Stamp / Official Seal: _______________
Date: ________________













Annexure- XIV

Bid-Securing Declaration Form
Date: [insert date (as day, month and year) of Bid Submission]
GeM Bid No.: ________________________________________
To: IIT Bhubaneswar, Argul – 752050, Odisha I/We, The undersigned, declare that:
I/We understand that, according to your conditions, bids must be supported by a Bid Securing Declaration.
I/We accept that I/We may be disqualified from bidding for any contract with you for a period of Two Year from the date of notification if I am/We are in a breach of any obligation under the bid conditions, because I/We
(a)	have withdrawn/modified/amended, impairs or derogates from the GeM Bid, my/our Bid during the period of bid validity specified in the form of Bid; or
(b)	having been notified of the acceptance of our Bid by the purchaser during the period of bid validity (i) fail or refuse to execute the contract, if required, or (ii) fail or refuse to furnish the Performance Security, in accordance with the Instructions to Bidders.
I/We understand this Bid Securing Declaration shall cease to be valid if I am/we are not the successful Bidder, upon the earlier of (i) the receipt of your notification of the name of the successful Bidder; or (ii) thirty days after the expiration of the validity of my/our Bid.
Signed: (insert signature of person whose name and capacity are shown) in the capacity of (insert legal capacity of person signing the Bid Securing Declaration).
Name: (insert complete name of person signing the Bid Securing Declaration)
Duly authorized to sign the bid for and on behalf of: (insert complete name of Bidder)
Dated on __________________ day of ______________________ (insert date of signing)
Corporate Seal (where appropriate)
(Note: In case of a Joint Venture, the Bid Securing Declaration must be in the name of all partners to the Joint Venture that submits the bid).
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	Sl.No.
	FOR
	READ AS

	1



	Compliance of Terms & Conditions EMD (Earnest Money Deposit) :  

The bidders have to submit EMD of Rs.55,00,000/- in the form of DD/FDR Pledge in favour of SRIC IIT Bhubaneswar, payable at Jatni, Bhubaneswar OR online transfer. The bank mandate given in Annexure -IX.













	Compliance of Terms & Conditions EMD (Earnest Money Deposit) :  
The bidders have to submit EMD of Rs.37,50,000/- (Rupees Thirty Seven Lakhs Fifty Thousand only) in the form of DD/FDR Pledge in favour of SRIC IIT Bhubaneswar, payable at Jatani, or online transfer or Bank Guarantee in the prescribed format (Annexure- XIII) as specified in the above-mentioned addendum clause or for eligible MSE/Startup bidders Bid Securing Declaration as per (Annexure- XIV) as specified in the above-mentioned addendum clause. 
Mode of payment of EMD: The following mode of payment of EMD is accepted.
Bank transfer, FDR pledge in the name of SRIC IIT Bhubaneswar and Bank Guarantee (BG format enclosed).
Photo copy of the financial instrument( DD/FDR/BG) in respect of depositing the EMD must accompany the Bid and Original instrument EMD must be submitted to the SRIC Office, IIT Bhubaneswar, Argul, Jatani, 752051  within 15 days from the submission of Bid.

	2
	MSE Relaxation for Years of Experience – Yes | Complete
	MSE Relaxation for Years Of Experience -  Yes | Partial

	3
	Startup Relaxation for Years of Experience – Yes | Complete
	Startup Relaxation for Years Of Experience: Yes | Partial

	4
	Consignee Address- 
752050, Indian Institute of Technology Bhubaneswar Argul, Jatni Dist-Khurdha, Bhubaneswar-752050 
	Consignee Address- 
BMC Dumping Yard, Bhuasuni, Near Daruthenga Village, Bhubaneswar, Odisha - 751024

	5
	Bid End Date/Time 06-11-2026 18:00:00
	Bid End Date/Time 28-11-2026 18:00:00

	6
	Bid End Date/Time 07-11-2026 18:00:00
	Bid Opening Date/Time 29-11-2026 18:00:00



All other terms and conditions shall remain the same.
Bidders are advise to take cognizance of the clarification/addendum/corrigendum and accordingly may submit their bid.




Sd/- 
Assistant Registrar (SRIC) 
For and on behalf of SRIC IIT Bhubaneswar
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