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Technical specifications for solar PV installations
Introduction
The purpose of this guideline is to provide service providers, municipalities, and interested parties with minimum technical specifications and performance requirements for grid and non-grid connected solar PV systems. The guideline is intended for small scale generators less than 100 kW. The categories have been divided into the following categories:
· Grid connected systems (connected to the LV network) up to 100 kW;
· Non grid connected systems up to 100 kW;
The guideline will provide minimum specifications and performance requirements for system components, connection works, installations, interconnection and quality of supply.
Standard Specifications for Grid Connected Systems
 Solar PV systems of nominal capacity less than 100kW connected to a single phase, dual phase, or three phase low-voltage (LV) utility network, shall at minimum comply with the following standards:
Interconnection and Quality of Supply standards
i. NRS 097-2-1: 2010, Grid Interconnection of Embedded Generation, Part 2: Small-scale embedded generation, Section 1: Utility interface
ii. NRS 048-2, Electricity supply – Quality of supply – Part 2: Voltage characteristics, compatibility levels, limits and assessment methods. The quality of power shall comply with NRS 048-2, i.e. the combined voltage disturbances caused by the specific EG and other customers, added to normal background voltage disturbances may not exceed levels stipulated in this standard. 
iii. Grid Connection Code For Renewable Power Plants (RPPs) Connected To The Electricity Transmission System (Ts) Or The Distribution System (Ds) In South Africa, Version 2.6, November 2011.
iv. NRS 048-4: Electricity supply – Quality of supply Part 4: Application guidelines for utilities.
v. NRS 057-4: Electricity metering Part 4: Code of practice
vi. IEEE 1547 Parts 1 -6: IEEE Standard for Interconnecting Distributed Resources with Electric Power Systems
vii. IEC 61727, Photovoltaic (PV) systems – Characteristics of the utility interface. The embedded generator’s a.c voltage, current and frequency shall be compatible with the utility system in accordance with IEC 61727.
viii. IEC 60364-7-712, Electrical installations of buildings – Part 7-712: Requirements for special installations or locations – Solar photovoltaic (PV) power supply systems.
ix. IEC 62116:2008 (ed. 1), Test procedure of islanding prevention measures for utility-interconnected photovoltaic inverters.
x. SANS 60947-2/IEC 60947-2, Low-voltage switchgear and control gear – Part 2: Circuit-breakers.
xi. SANS 10142-1, The wiring of premises – Part 1: Low-voltage installations.
Table 1 summarizes the technical requirements of grid connected generators under normal and abnormal operating conditions to ensure the safe operation of the embedded generator in conjunction with the utility network at all times. The embedded generator is required to automatically and safely disconnect from the grid in the event of an abnormal condition. Abnormal conditions include:
· Network voltage or frequency out-of-bound conditions
· Loss of grid conditions, and d.c. current injection threshold exceeded.

	Description
	Requirement

	
Embedded generator under normal operating conditions

	Maximum Export Capacity
	MEC < Rating of the supply point on the premises

	Phase
	EG > 10kW must be of the three phase type

	Normal Operating Voltage 
	· System to be designed to be capable of operating within the voltage range of -15% to +10% around the nominal voltage at the PUC. 
· System to synchronise with utility network before a connection is established.

	Flicker
	In line with NRS 048 – 2

	DC injection
	DC current shall not exceed 1% of rated output current into the utility a.c interface under any operating condition. 

	Frequency (f)
	47.5 Hz < f < 52 Hz

	Harmonics current distortion
	Total distortion <= 5% at rated generator output. Refer to NRS  097-2-1 for individual harmonics

	Power factor
	· Design with capability to supply rated power for power factors ranging between 0.95 lagging and 0.95 leading available from 20 % of rated power measured at PUC.
· Shall not inject reactive power into the network and the drain of reactive power limited to a power factor of 0.9. 

	Synchronization
	Limits for the parameters for each phase:
· Frequency difference: 0.3 Hz
· Voltage: 5% = 11.5V per phase
· Phase angle difference: 20°

	Isolation
	Provide means of isolating from the utility interface to allow for safe maintenance. The breaking capacity of the isolation circuit-breaker closest to the point of utility connection shall have a minimum fault current level of 6 kA in accordance with SANS 60947-2.

	Earthing
	In accordance with SANS 10142-1.

	Short-circuit protection
	In accordance with IEC 60364-7-712.

	Metering
	The metering installation shall measure the electricity imported and exported by the EG at the Point of Common Coupling pursuant to this agreement. The Metering Installation shall be managed in accordance to NRS 057. Metering will be the bi-directional, 4-quadrant type in line with NRS 057.

	
Embedded generator under abnormal operating conditions

	Disconnection switching unit
	· Disconnection unit may be integrated into the inverter for utility-interconnected systems. 
· Unit shall be able to operate under all conditions.
· The disconnection switching unit shall disconnect from the network by means of two series switches. Each switch shall be separately rated to the embedded generator’s nominal power output. At least one of the switches shall be an electromechanical switch while the second switch may be part of the existing solid state switching circuits of a utility-interconnected static power converter. The electromechanical switch shall disconnect the embedded generator on the neutral and the live wire
· Fault current breaking capacity of the disconnecting switch shall be appropriately sized for application

	Voltage: Overvoltage and undervoltage levels and conditions levels
	EG shall cease to energize the system should the voltage deviate outside the conditions below. The maximum trip time in (s) under operating conditions (Vr.m.s) measured at the PUC are given below:
· Vr.m.s < 50 % : 0.2 s
· 50 % ≤ Vr.m.s ≤ 85 %: 2 s 
· 85 % ≤ Vr.m.s ≤ 110 %: Continuous operation
· 110 % < Vr.m.s < 120 %: 2 s
· 120 % ≤ Vr.m.s : 0.16 s

	Frequency
	· EG to provide active power reduction during high frequency conditions. Metering accuracy for frequency shall be at least ±10mHz.
Disconnection conditions:
· If f < 47.5 Hz for more than 200 ms.
· If  f > 52Hz  for  more than 4s 

	Protection (Prevention of islanding)
	EG shall comply with IEC 62116. EG shall be equipped with effective detection of islanded operation in all system configurations. At least one active islanding detection method should be used and be capable of shutting down generator within 2 s. 

	DC Current injection
	Static power converter shall not inject d.c. current greater that 1 % of rated a.c. output. The EG shall cease to energize network within 500 ms if this threshold is exceeded.



System Components
Photovoltaic modules
The standards for PV modules have been categorized according to concentrating and non-concentrating. For definitions and terms used in the PV industry, please refer to IEC 61836: Solar photovoltaic energy systems - Terms, definitions and symbols.
A. Non- concentrating
· IEC 61724: Photovoltaic system performance monitoring – Guidelines for measurement, data exchange and analysis
· IEC 61727: Photovoltaic (PV) systems - Characteristics of the utility interface
· IEC 61215: Crystalline silicon terrestrial photovoltaic (PV) modules – Design qualification and type approval
· IEC 61646: Thin-film terrestrial photovoltaic (PV) modules - Design qualification and type approval
· IEC 61730: Photovoltaic (PV) module safety qualification
· IEC 61277: Terrestrial photovoltaic (PV) power generating systems - General and guide.

B. Concentrating
· IEC 62108: Concentrator photovoltaic (CPV) modules and assemblies - Design qualification and type approval.
· IEC 62688: Concentrator photovoltaic (CPV) module and assembly safety qualification.
· IEC 62670-1: Concentrator photovoltaic (CPV) module and assembly performance testing and energy rating - Part 1: Performance measurements and power rating - Irradiance and temperature. 
· IEC 62670-2: TS Concentrator photovoltaic (CPV) module and assembly performance testing and energy rating - Part 2: Energy rating by measurement. 
Inverters
· IEC 62109-1	Safety of power converters for use in photovoltaic power systems - Part 1: General requirements.
· IEC 62109-2	Safety of power converters for use in photovoltaic power systems - Part 2: Particular requirements for inverters.
· IEC 61683	Photovoltaic systems - Power conditioners - Procedure for measuring efficiency.
· UL 1741: Standard for Inverters, Converters, and Controllers for Use in Independent Power Systems.
Balance of System
· IEC 60870	Telecontrol equipment and systems
· IEC 62093: Balance-of-system components for photovoltaic systems - Design qualification natural environments.
Standard Specifications for Non-Grid Connected Systems
Solar PV systems of nominal capacity less than 100kW shall at minimum comply with the following standards:
i. NRS 052-3:2008: Off-grid solar home systems.
ii. IEC 61194: Characteristic parameters of stand-alone photovoltaic (PV) systems.
iii. IEC 61702: Rating of direct coupled photovoltaic (PV) pumping systems.
iv. IEC/PAS 62111: 	Specifications for the use of renewable energies in rural decentralised electrification.
v. IEC 62124: Photovoltaic Stand-Alone Systems - Design Qualification and Type Approval.
vi. IEC 61173: Overvoltage protection for photovoltaic (PV) power generating systems - Guide.
Charge Controllers
· IEC 62509: Battery charge controllers for photovoltaic systems - Performance and functioning.
· IEC 62093: Balance-of-system components for photovoltaic systems - Design qualification natural environments.
Batteries
· IEC 60086: Primary batteries
· IEC 61427: Secondary cells and batteries for solar photovoltaic energy systems - General requirements and methods of test.
· IEEE Std. 937: Recommended practice for installation and maintenance of lead-acid batteries for PV systems.
· IEEE Std. 1013: Recommended Practice for Sizing Lead-Acid Batteries for Photovoltaic (PV) Systems.
· IEEE Std. 1361: Recommended practice for determining performance characteristics and suitability of batteries in PV systems.
Guidelines for Grid Connected System Sizing
Solar PV system sizing will be limited by two factors, the amount of physical space available for the installation and the electricity consumption profile of the building (load profile).
Current regulations do not provide favourable incentives for systems to feed excess electricity into the distribution network. Systems should therefore be sized in such a way as to avoid feeding excess electricity into the municipal electricity grid.
Load Profile Constraints
In assessing the feasibility of a solar PV system, the load profile of the building should be measured at the metering point for a period of at least 4 weeks. If the load profile is expected to have seasonal variations, monitoring should occur during the period with the least day time energy consumption.
From the raw data, an average daily load profile can be generated to determine peak electricity demand during the solar production period which occurs around midday.
Below is a typical high rise office building load profile (blue) with a maximum demand of about 650kW. The red line represents the peak output of a Solar PV system with peak power 650kWp. Demand peaks and solar PV generation peaks align well in the case of typical office buildings. 

In sizing a PV system designed only to provide for own use with minimal excess energy fed into the distribution network, the solar generation profile curve should fit underneath the load profile curve.
Surface Area Constraints
For buildings with tilted roof surfaces, rooftop Solar PV systems are typically mounted parallel to roof surfaces. A typical 250Wp solar module has a surface area of approximately 1.65m2 resulting is a surface area requirement of approximately 6.6m2 per kWp.
On flat roof surfaces, modules will typically be tilted up from the roof surface at an angle equivalent to the local latitude and oriented to the north (in the southern hemisphere). Rows of tilted modules will be spaced to prevent modules from shading each other. This results in a larger surface area requirement which is dependent on the local latitude. At a latitude of 30°, the surface area required would, as a guideline, be at least 12m2/kWp.
On a flat roof surface, the system described in the graphic above would therefore require at least 7 800m2 of suitable roof space. However, high rise office building for example, would have a large electricity demand but a relatively small roof surface area. If the office building in this example had a suitable roof space of only 1 200m2, the maximum system size would be limited to approximately 100kWp.
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