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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
PHOTOVOLTAIC POWER SYSTEMS (PVPS) –  
INFORMATION MODEL FOR AVAILABILITY 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC 
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

The main task of IEC technical committees is to prepare International Standards. In 
exceptional circumstances, a technical committee may propose the publication of a Technical 
Specification when 

• the required support cannot be obtained for the publication of an International Standard, 
despite repeated efforts, or 

• the subject is still under technical development or where, for any other reason, there is the 
future but no immediate possibility of an agreement on an International Standard. 

Technical Specifications are subject to review within three years of publication to decide 
whether they can be transformed into International Standards. 

IEC TS 63019, which is a Technical Specification, has been prepared by IEC technical 
committee 82: Solar photovoltaic energy systems. 
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The text of this International Standard is based on the following documents: 

DTS Report on voting 

82/1447/DTS 82/1505A/RVDTS 

 

Full information on the voting for the approval of this Technical Specification can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

Information model categories are written in capital letters.  

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be 

• transformed into an International standard, 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 
A bilingual version of this publication may be issued at a later date. 

 

IMPORTANT – The “colour inside” logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this publication using a colour printer. 
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INTRODUCTION 

This technical specification (TS) defines a common basis for the exchange of information on 
photovoltaic power system (PVPS) availability metrics among owners, utilities, lenders, 
operators, manufacturers, engineer/procure/construction firms, specifiers/designers, 
consultants, regulatory bodies, certification bodies, insurance companies, and other 
stakeholders. From this diverse group of stakeholders, external and internal interfaces arise 
in the operation and delivery of power. Although these are mostly power- and energy-related, 
some are informational or for power system control. The intention is for information exchange 
on capability- and energy-related data to form a nucleus for separate information needed by 
stakeholders, as illustrated in Figure 1. 

It identifies external and internal elements related to the capability, health, and condition of 
components, subsystems, and the system itself, as well as energy production, plant operation, 
and asset management, which also benefit from a defined set of terms. This is achieved by 
providing an information model specifying how (PVPS) time designations shall be assigned by 
information categories. An information model facilitates how the unavailability of time of 
components, subsystems, and systems, as well as the lost power and other capabilities affect 
the PVPS. The ability to estimate the resulting lost energy and/or loss of PVPS capability 
forms the basis for how to allocate time for reporting availability metrics or, more directly, 
unavailability. 

 

Figure 1 – Data stakeholders for a PVPS  
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PHOTOVOLTAIC POWER SYSTEMS (PVPS) –  
INFORMATION MODEL FOR AVAILABILITY 

 
 
 

1 Scope 

A common basis of understanding results from defined metrics that can be useful to the 
stakeholders, populated by data collected in the operation of the PVPS:  

a) To provide a standarized approach to characterize availablity and unavailablity for a 
PVPS. 

b) To provide standard methodologies for determining the appropriate forms of availability of 
the PVPS during varying time periods, including real-time capability assessment or longer, 
for reporting availablity metrics to stakeholders. 

Table 1 – Stakeholder roles and objectives for reliability and maintenance data  

Roles  Objective  

Owner  Decision support for investments  

Operator  Reporting performance indicators  

 Determining availability and weaknesses 

 Identifying maintenance strategies 

Service provider  Maintenance optimization  

 Optimizing keeping stock of spare parts 

Original equipment manufacturers/ 
supplier  

Design optimization  

Financier/insurer  Risk assessment  

Grid operator Highly reliable and stable bulk power system 

Source: International Energy Agency (IEA) 

 

This document provides a framework from which the availability metrics of a PVPS can be 
derived and reported. It describes how data are categorized and defines generic information 
categories to which time can be assigned for a PVPS considering internal and external 
conditions based on fraction of time, system health, and condition by specifying the following: 

• generic information categories of a PVPS considering availability and production. 

• information category priority to discriminate between concurrent categories. 

• entry and exit point for each information category to allocate designation of time. 

The PVPS comprises all photovoltaic (PV) modules, inverters, DC and AC collection systems, 
grid interconnection equipment, the site, its infrastructure, and all functional service elements. 
This is further explained in 6.3 and 6.4. 

Formulas in this document provide normative guidance for standardization. Beyond that, it is 
not the intention of this document to specify exactly how other undefined, time-based 
availability metrics shall be calculated. The annexes are examples and guiding principles for 
developing methods for calculation and estimation of availability metrics, subject to the 
knowledge and concurrence for use by the involved stakeholders. Estimates and calculations 
also have recommendations on how they are to be used as part of the informative function. 
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It is not within the scope of this document to determine the method of information acquisition. 
Relevant IEC documents on data collection and information acquisition are included in the 
following normative references. IEC 61724-1 has requirements and IEC TS 617243:2016, 
6.2.5, specifically identifies measured data on this topic. 

Data generated during the operation of a PVPS are valuable, establishing who owns the 
monitoring data and who will have access to the data and for what purpose should be 
established. Different stakeholders will have different needs, as summarized in Table 1 (IEA). 
In Annex E, the monitoring systems are addressed in greater detail. 

Availability metrics cannot be derived without important outage information. Questions can 
require the PVPS operation to properly collect the requisite data, such as what equipment or 
portion of the plant is failing, how long, how often, and how much energy is being lost and 
categorized by the information model. Asset management questions include the source of the 
outage (i.e., Whose clock is it on? Was the outage due to internal or external forces? What 
power and energy was generated? And, what was expected?). 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC TS 61724-3:2016, Photovoltaic system performance – Part 3: Energy evaluation method  

IEEE Std 762™-2006, IEEE Standard definitions for use in reporting electric generating unit 
reliability, availability, and productivity 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

The International Organization for Standardization (ISO) and IEC maintain terminological 
databases for use in standardization at the following addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO online browsing platform: available at http://www.iso.org/obp 

3.1  
availability 
where the PVPS, a subsystem, or a component is capable of providing service, regardless of 
whether it is actually in service and regardless of the capacity level that can be provided  

Note 1 to entry: Specific definitions and characterizations are provided on availability and related terms 
throughout the annexes. 

[SOURCE: IEEE 762:2006, 4.1.1, modified – Expansion of the term "unit" to more general 
applications for PVPS, subsystems and components.] 

3.2  
capability  
degree to which the component, system, or subsystem is operative and functioning according 
to design specifications and control logic with no technical restrictions or limitations beyond 
the ones included in the specifications 
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3.3  
constrained operation 
mode of operation of a PVPS in which the outputs of all inverters are limited by the capability 
of the equipment rather than by the output from the PV array 

[SOURCE: IEC TS 61724-2:2016, 3.1, modified – Definition tailored to the case of PVPS and 
references to DC and AC ratings omitted.] 

3.4  
curtailed operation 
mode of operation of a PVPS in which the output is limited for an external reason, e.g., 
inability of the local grid to receive the power per contractual agreement  

3.5  
degradation 
decrease in equipment operating characteristics or ability to perform due to physical- or 
chemical-related reduction in performance  

3.6  
derating 
redefinition of capability due to external commands or constraints  

3.7  
downtime 
total time that the equipment is not capable of operating per specification when it would 
otherwise be expected to do so 

3.8  
energy availability 
energy generation of a PV system that is calculated with the same assumptions as those used 
in the predicted energy model using actual weather data collected at the site during operation 
of the system for the year in question   

3.9  
energy unavailability 
metric that quantifies the energy lost when the system is not operating (as judged by an 
automatic indication of functionality, such as the inverter status flag indicating that the inverter 
is actively converting DC to AC electricity or not)  

[SOURCE: IEC TS 61724-3:2016, 3.2. modified – The second sentence of the definition, on 
energy availability has been omitted, along with the note to entry.] 

3.10  
expected energy 
energy of a PVPS that is calculated with the same specific performance model or approved 
equal with same assumptions, losses, and formulas as those used in the predicted energy 
model using actual weather data collected at the site during operation of the system (for the 
period in question) 

[SOURCE: IEC TS 61724-3:2016, 3.5, modified – inclusion of assumptions, losses, and 
formulas if the original model is not readily available; deletion of Notes 1 and 2 to entry.] 

3.11  
failure 
loss of ability to perform as required 

[SOURCE: IEC 60050-192:2015, 192-03-01, modified – The domain and Notes 1 to 3 to entry 
have been omitted.] 
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3.12  
masking 
PVPS condition and situation where unidentified and/or not easily discernible deficiencies 
cause performance to diminish despite the appearance that the PVPS is operating as it was 
designed to operate 

3.13  
PVPS AC capacity 
rated output of a PVPS, or, alternatively, its contractually obligated maximum, under specific 
designated conditions  

3.14  
photovoltaic power system  
PVPS 
electric power generating system, which uses the PV effect to convert solar power into 
electricity 

3.15  
rating 
set of rated values and operating conditions 

[SOURCE: IEC 60050-151:2001, 151-16-11] 

3.16  
reliability 
probability that an item (component, assembly, or system) can perform its intended function 
for a specified interval under stated conditions 

3.17  
service 
provision delivered by the PVPS  

3.18  
system 
composite of equipment, skills, and techniques capable of performing or supporting an 
operational role or both 

3.19  
time 
fundamental element used in developing the concept of availability, also used in many 
measures of reliability and maintainability (for unavailability)  

3.20  
unavailability 
operational state when the equipment is not capable of operation because of operational or 
equipment failures, external restrictions, testing, work being performed, or some adverse 
condition   

[SOURCE: IEEE 762:2006, 4.1.2, modified – use of the term "equipment" rather than "unit".] 

3.21  
uptime 
amount of time that the system or component is operating during a defined period of time 

Note 1 to entry: Other and more specific definitions are contained in the information categories as well as the 
annexes. Reliability, availability, maintainability (RAM) metrics have many specified availability definitions based 
on specific applications and are further explained in Annex C.   
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4 Overview 

4.1 Understanding the use of this document 

This document defines generic terms of PV systems and environmental constraints in 
describing PVPS operation and availabilities, restoration, time, and optional energy 
accounting criteria for operation and maintenance (O&M) and asset management. This 
document defines terminology and generic terms for reporting availability measurements. A 
PVPS includes all equipment up to the point of common coupling (interconnection point) to a 
grid or network that is buying the energy produced; however, PVPS availability can and often 
is affected by the grid and grid quality. Measurements are concerned with units of time 
affected; involved components, systems, and subsystems; and site and PVPS O&M. 
Unavailability measurements are also instrumental for measurement and/or estimation 
techniques for determining PVPS capabilities or, more specifically, capability loss. 

The conditions – environmental and other site aspects – are considered for reporting the 
station condition and the impact those conditions have on the PVPS, including subsystems 
and components. Environmental aspects include solar irradiance and other weather and 
location-specific conditions at the site. System operating constraints due to differential site or 
as-built characteristics, which might affect or eventually affect energy system performance 
(typically energy production), are included in the energy calculus (e.g., availability model and 
energy reporting). This document defines terms for reporting fundamental availability metrics. 
Formulas and application methods are included in Clause 6 and Annex A and Annex B. The 
categories can apply to the whole system (with the grid interface also affecting it) or to 
subsystems and components, wherever the outages or reduced capability occur. It is 
observed that the more robust and granular data systems are, the better the knowledge of the 
issues affecting capabilities. 

More generally, although this document is written to be applied to utility-scale PVPS, 
stakeholders will find that many of the document's elements have application to smaller 
systems, subsystems, or components. Residential and small commercial systems will also 
need enough data collection and maintenance logs in their operational phases to determine 
and document necessary uptime metrics and who should be receiving the data.  

Multiple aspects of PVPS availability depend on the system quality and characteristics, 
system health, condition, and operational states. Therefore, it is essential to have clear 
knowledge and awareness of the operating and outage status of the power system's 
components. This is important for O&M and reliability as well as for financial and insurance 
purposes. As such, the data are collected for use. Performance, environmental, failure and 
outage, time-based O&M, and electrical parameters are included in the types of data that may 
be included in various aspects of the PVPS availability assessments. Levels of systems and 
consequential data needs are described in the informative annexes. Information management 
is addressed specifically in Annex E.  

Night-time generation shutdown is not expected by definition; thus, PVPS cannot provide 
power except for those that include storage and are capable of providing night-time services. 
A similar definitional clarification – for example, a PVPS not operating because the array is 
covered in snow – is in an out-of-environmental specification state even though the PVPS 
components are fully functional and available. The information model presented in the 
document is designed to be useful in defining boundaries to facilitate contractual division of 
responsibilities. 

The availability of the total sum of the system, subsystems, and components affects the 
performance of the PVPS. Typically, revenues depend on the energy delivered, and that 
energy depends on the availability. The proper functioning of the components is a function of 
the detailed design specifications and the O&M employed. Tracking downtime is a tool for 
asset management and reliability of the system. Figure 2 illustrates this interrelationship. 
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Figure 2 – PVPS component-to-revenue path 

Figure 2 presents a logical consequence of reduced capability impacting energy production. 
The energy production will be c metered, and, in addition, the energy flow may generally be 
monitored throughout the PVPS, as specified in the design of the monitoring systems. This 
logical balance between performance (energy) and availability (PVPS physical condition on a 
time basis) demonstrates the need to measure both in order to facilitate the assessment of 
required PVPS functions. 

It is important to clarify the relationship between this document and the IEC 61724 series. 
Both address metrics of PVPS performance and the impact of reductions. IEC TS 61724-3 
carefully defines energy unavailability so that the stakeholders can determine the losses in 
performance (according to the In-Service Energy Performance Index) separate from the 
losses caused by energy unavailability. This will be further explained after the process of 
using the information model to handle the granularity of component health and condition 
(Figure 2) is applied to lost capacity and energy. The complementary nature of this document 
with the IEC 61724 series is characterized in Annex D in verification scenario Clause D.7 – 
Energy: measured, expected, and lost. 

Assessments of required PVPS functions are desirable because the IEC Renewable Energy 
(IECRE) system addresses certification requirements of PVPSs, and the mandatory reporting 
requirements of this document are candidates for IECRE procedures. This document is 
intended to facilitate application in multiple ways. The first is to provide consistency between 
definitions in measurements and reporting. The second is to support certification requirements 
that may be specified. 

Mandatory information categories defined in the document are written in capital letters. The 
designation of mandatory applies to data collection but not necessarily the specific data 
reported because that is determined by the stakeholders' needs. 

4.2 The information model 

With restatement of the fundamental definitions given in 3.1 and 3.20, the information model 
follows logically in an expansion of the specific categories to be used in this document. 

The "available state" is when a unit can provide service per specification regardless of 
whether it is in service and regardless of the capacity level and other capabilities that can be 
provided (based on IEEE 762, 4.1.1). 

Equipment is in an "unavailable state" when the equipment is not capable of operation to 
specification due to equipment failures, external restrictions, testing, maintenance, or other 
plant work being performed or some adverse condition. The unavailable state persists until 
the unit is made available for operation by being synchronized to the system in service state 
(based on IEEE 762, 4.1.2). 
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These two definitions are fundamental for addressing the availability metrics described in this 
document. First, the state of being "available" recognizes that even while available there may 
be degrees of loss of the service capability due to internal and external elements. Second, 
there may also be customer contractual or power grid reasons for why operation is reduced or 
not allowed even though the system is capable of providing service. This document addresses 
multiple definitions of availability, including the design, O&M operator, power purchase 
agreement, and grid/contractual requirements, which are later clarified by formulas.  

Even if the equipment or units are available, a parallel construct is evident wherein all uptime 
and downtime states are to be handled similarly, whether due to environment, site, and grid 
constraints or other factors that cause outages. This document creates an information model 
built on a category of availability descriptions with the needed granularity of these various 
states to calculate various availabilities, depending on stakeholder perspectives and scopes 
for overall asset management purposes. The various availabilities are explained in this 
document, and Annex C lists some of the forms and unique needs for different types of 
availability. 

A general availability formula is:  

 Availability = Uptime / (Uptime + Downtime)  (1) 

Uptime is the amount of time that the system or component is operating during a defined 
period of time (such as annually). Downtime is the total amount of time that the equipment is 
not operating per specification when it would otherwise be expected to do so. The information 
model further clarifies the condition states needed for calculating specific situations. 

Successfully understanding the various states of availability that a system has or may have 
requires a time-series data acquisition system that tracks operating conditions at the lowest 
level of maintenance anticipated for the systems.  

The information model comprises different information categories. The information categories 
describe expected condition states that can be anticipated in the operation of a PVPS: 

• measured daylight hours and irradiance for energy production; 

• number, location, and types of failures or other types of outages;  

• maintenance downtime needed to maintain PVPS operation at contractual capacity; 

• planned outages for preventive or scheduled maintenance; 

• planned and unplanned cutbacks, constraints, and/or curtailments at the request of 
utilitysector stakeholders or customers. 

With care and specificity during the design and planning phase of the system, the information 
model data will work for different services and levels of the plant, ranging from the individual 
components, to small subsidiary systems, to the full PVPS, including grid conditions.   

The model allows for optional levels of information data categories to provide the user with 
more detailed data (i.e., O&M trends). 

• Information category uniform definition and application or priorities facilitate the avoidance 
of double counting time and production for outages of uncertain assignment.  

• Sorting outage data in these categories is useful for determining availabilities under 
contract terms. 

This document benefits from how the IEC 61724 series addresses expected energy and 
performance modelling, which is an interface with the use of availability. Availability is a 
primary measure of systems' and components' capability to meet any number of specified 
and/or technical contract requirements. The energy performance is a primary metric for a 
PVPS, and both are needed. This document addresses system capacity availability through 

Full document details: PD IEC TS 63019:2019

https://doi.org/10.3403/01549027U
http://www.avadocuments.com/doc/pd-iec-ts-63019-2019
http://www.avadocuments.com/doc/pd-iec-ts-63019-2019


IEC TS 63019:2019  IEC 2019 – 15 – 

reliability block diagrams (RBD) and associated techniques for determining lost energy. 
IEC TS 61724-3 is useful for determining how well a PVPS is performing when it is working, 
and this document is useful for providing granularity in tracking causes when systems and 
components are experiencing lost energy events due to unavailability. Figure 3 illustrates this 
process. 

 

Figure 3 – Process for understanding the use of this document 

To facilitate control and decision-making, and to support the life-cycle costing process, 
Clause E.6 includes cost information that may also be collected and reported consistent with 
the defined outage categories in Table 2. 

There are many data stakeholders, as previously described. The availability, power, energy, 
capacity factor, and other key performance indicators are very important for utility grid 
stakeholders. This market sector is external to the operations of the PVPS but depends on 
operation where the PVPS asset management functions are performed, including responding 
to environmental factors, corrective and other forms of maintenance, monitoring and 
reporting, and financial functions. Understanding how well the PVPS is operating comes from 
time-series plant performance monitoring data, which may include meters, transformers, 
inverters, combiners, and strings. Understanding is needed for both internal and external 
users, and the robustness of these systems should be determined by the stakeholders 
involved in the PVPS. This understanding is derived from a common nucleus of data for these 
stakeholders. This common nucleus of data is needed to facilitate a common basis of 
understanding among PVPS stakeholders. This document is expected to be most effectively 
useful to utility-scale PVPS plants but has elements applicable to all PVPS classes. 

Full document details: PD IEC TS 63019:2019

http://www.avadocuments.com/doc/pd-iec-ts-63019-2019
http://www.avadocuments.com/doc/pd-iec-ts-63019-2019


 – 16 – IEC TS 63019:2019  IEC 2019 

Much of the information model and approach used in this document has been harmonized 
with wind energy document IEC 61400-26-11, and modified as appropriate to define 
terminology and generic terms for reporting PVPS availability metrics.  

5 Information categories 

5.1 General 

The information model comprises different information categories that are designed to be 
allinclusive on a time basis. The information categories describe expected condition states 
that can be anticipated in the operation of a power station. Information categories are 
counters for accumulation of time periods with specified attributes defined for a PVPS with the 
purpose of exchanging data. All calendar time shall be distributed into these information 
categories. 

Each information category has an associated entry point and exit point. The entry point 
describes the criteria that should be fulfilled to allocate time into a specific information 
category. The exit point describes the criteria to be fulfilled to the end time allocation to a 
specific information category. 

The information model is split into five levels. The hierarchy from Level 1 to Level 5 contains 
all attributes of overlaying information categories, which are inherited by underlying 
information categories. The time designations are allocated at the lowest mandatory level. 
Overlaying information categories shall contain the sum of the related information categories 
on the underlying level. The information categories are introduced in Table 2. 

Table 2 shows an overview of the information categories defined in this document. The 
information model includes four mandatory data collection categories (identified by all-
capitalized letters). The model also allows for additional optional levels of information 
categories to provide the user with more detailed data, some of which are also suggested and 
addressed in this document. Compliance with this document requires designation of time 
periods into the mandatory information categories defined in Level 1 to Level 4, as shown in 
Table 2. Information categories are counters for accumulation of time periods with specified 
attributes defined for a PVPS with the purpose of exchanging information on availability. 

Any optional information categories that are defined are not required to comply with this 
specification; they are included to allow users to customize reporting details to meet their 
specific requirements. This specification imposes no limits on the number of optional 
information categories or levels added by individual users. All optional information categories 
shall be located on Level 5 or higher. Some likely candidate optional categories are topically 
addressed in the annexes. Forced outages are further described in Annex C.     

In case entry conditions are fulfilled concurrently for two or more information categories, time 
shall be assigned only in the information category with the highest priority. Information 
category priorities are described in more detail in 5.4. The priority technique facilitates the 
avoidance of double counting time and production for outages of uncertain assignment. 

Again, with care and specificity, the information model will work for different services and 
different PVPS levels, ranging from the full plant and including the grid to individual 
components.  

————————— 
1 Under preparation. Stage at the time of publication: IEC PUB 61400-24-1:2019.  
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Table 2 – Information category overview for a PVPS  

Information categories 

Mandatory 

Level 1 

Mandatory 

Level 2 

Mandatory 

Level 3 

Mandatory 

Level 4 

Optional 

Level 5 
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E
 FULL CAPABILITY   

PARTIAL CAPABILITY  Degraded 
Derated 

Other 

SERVICE SET POINTS  

O
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T 
O

F 
S

E
R

V
IC

E
 

OUT OF 
ENVIRONMENTAL 
SPECIFICATION  

Irradiance 
received below 

threshold for 
energy conversion 

Other 

REQUESTED  
SHUTDOWN  

Internal 
External 

OUT OF ELECTRICAL 
SPECIFICATION  

 

N
O

N
O

P
E

R
A

TI
V

E
 SCHEDULED MAINTENANCE Specific services 

Scope 

PLANNED CORRECTIVE ACTION Retrofit 
Upgrade 

FORCED OUTAGE 

Response 
Diagnostics 

Logistics 
Repair 

SUSPENDED  

FORCE MAJEURE  

INFORMATION UNAVAILABLE  

Green indicates ability to generate; pink indicates not generating due to a cause or reason. 

 

Levels 1, 2, and 3 provide logic to help understand the state of the PVPS. INFORMATION 
AVAILABLE enables data that can confirm operation of the PVPS, whereas INFORMATION 
UNAVAILABLE occurs when insufficient information is available to confirm operative 
conditions and levels. The PVPS will be in either an OPERATIVE or NONOPERATIVE 
condition. The OUT OF SERVICE state includes reasons other than the malfunctions of the 
PVPS and components are occurring and keeping the PVPS from being IN SERVICE 
(typically active power). NONOPERATIVE is a state or condition wherein the opposite has 
occurred, and the PVPS and components, in full or part, are not available to perform their 
functions. As stated elsewhere, discrete component outages get rolled up to PARTIAL 
CAPABILITY at higher levels of the system. FORCE MAJEURE is reserved for events that are 
extraordinary or otherwise outside of the control of the parties. This grouping, especially in 
Level 4, is useful in tracking unavailability. 

Descriptions of these information categories follow. 
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5.2 Information available (PVPS)2 

Definition – The category INFORMATION AVAILABLE covers all time periods during which 
information on the PVPS and external conditions is retrieved, logged, and stored manually or 
automatically to the extent that at least one information category can be established. 

It is recognized that there may be circumstances when information is partially or not available. 
Qualification for INFORMATION AVAILABLE requires sufficient information to determine that 
criteria for the mandatory Level 4 category are achieved. 

Information to determine the mandatory information category can be derived from multiple 
sources. Sources can be: 

• the information category from the individual inverters; 

• supplemental supervisory control and data acquisition (SCADA) or other data acquisition 
system (DAS); 

• metering information; 

• manual entries. 

For example, the information category can be determined as INFORMATION AVAILABLE if 
data transmission from every single inverter of a PVPS is interrupted as long as data from a 
measurement system still give adequate information to determine the category of the PVPS. 

The INFORMATION AVAILABLE category is mandatory. 

Entry point – The PVPS operating status data are available to the extent that a PVPS 
category at Level 4 can be determined, logged, and stored.  

Exit point – It is no longer possible to determine, log, or store the Level 4 category of the 
PVPS. 

It is strongly recommended that the data capabilities can record all the production (power) 
data on time for the implementation of this document. The IEC 61724 series for data quality 
addresses relevant considerations. Users are also referred to Clause D.11 to address lost 
data. 

5.3 Operative 

Definition – The PVPS is in the category OPERATIVE when it can perform the intended 
functions regardless of whether it is active and regardless of the capacity levels or other 
required capabilities that could be provided. 

The OPERATIVE category is underlying the INFORMATION AVAILABLE category and has 
two underlying information categories: 

• IN SERVICE 

• OUT OF SERVICE. 

The OPERATIVE category is mandatory. 

Entry point – The PVPS can perform the intended functions regardless of whether it is actually 
active and regardless of the capability level that can be provided.  
————————— 
2 The term PVPS is used generally in these information categories; however, the applicability can be for the whole 

plant or subsystems or individual components. When examining downtime events, outages will need a 
description of which part of the PVPS is included. Subclause 6.3 includes more information on the physical 
nature of the PVPS levels and functions. 
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Exit point – The PVPS is not able to maintain the intended functions. 

5.4 In service 

Definition – The PVPS is IN SERVICE when it can perform the intended functions. 

The IN SERVICE category is an underlying category of the OPERATIVE category and has 
three underlying mandatory information categories: 

• FULL CAPABILITY  

• PARTIAL CAPABILITY   

• SERVICE SET POINTS. 

The IN SERVICE information category is mandatory.  

Entry point – The PVPS starts performing the intended functions. 

Exit point – The PVPS stops performing the intended functions. 

Active power is the predominant service in most PVPSs. Services may include but are not 
limited to the supply of active energy, grid automatic generation control, reactive energy, 
constrained operation, communications, and support of electrical stability of the grid. Other 
services are examined in the following subclauses. 

5.5 Full capability 

Definition – The PVPS is operative and functioning according to design specifications with no 
technical restrictions or limitations beyond those specified in the design.  

No lost production shall be associated with the respective information category when the 
PVPS is operating at FULL CAPABILITY. 

This may include, but is not limited to, the following examples: 

• Periods of measurement of full capability and without any internal or external derating.  

• All inverters are performing according to design specification and any regulation in power 
to maintain the design or rated capacities of the PVPS. Note that the clipping per the 
PVPS operating specification is not unavailability.  

• All inverters are delivering active power according to design array power curve. 

• All energy collection systems/equipment are performing the intended designed function at 
rated capacity. 

• All inverter functions are delivering within all site environmental condition specifications. 

The FULL CAPABILITY category is an underlying category of IN SERVICE and has no 
predefined underlying mandatory information categories. 

The FULL CAPABILITY category is mandatory. 

Entry point – The PVPS is performing all intended functions at the full system ratings at the 
given conditions.  

Exit point – The PVPS is not delivering the intended functions with full capability at the given 
conditions. 
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5.6 Partial capability 

Definition – Some intended functions of the PVPS may be operating at reduced performance 
due to internal or external conditions. If unable to detect downstream outages, they will not be 
included in calculations of partial capability. 

This may include, but is not limited to, the following examples: 

• information is not available to ensure that the PVPS is in FULL CAPABILITY. 

• technical fault or safety-related events (e.g., shutdown of individual inverters). 

• electrical energy collection system deficiencies. 

• reduced load capability (string or string-level failures). 

• reduced capability or production capacity due to unexpected inverter and/or other defects, 
degradation, deterioration, anomalies, faults, or failures (See Clause D.4 for an example 
of subsystem outage impact). 

• reduced capability to production capacity due to inadequate thermal management of 
inverter components or beyond design specification.  

• forced outage of DC availability/solar field. Reduction in subarray capacity due to (failure) 
of any of the subcomponents.  

• differences in modelled/expected inverter clipping.  

• degradation and derating (see C.5.6 and C.5.7). 

• other (see C.5.8).  

In general, events and incidents that do not affect the whole PVPS may be tracked separately 
at the appropriate component level and information model category but when "rolled up" to the 
full PVPS result in PARTIAL CAPABILITY. The PVPS will be expected to be in PARTIAL 
CAPABILITY for significant fractions of time if there is a backlog of FORCED OUTAGE 
repairs. PARTIAL CAPABILITY occurs when a component below the level at which we are 
measuring does not affect the higher level system of component availability.  

Partial capability can occur with degradation where capability is reduced over time. At some 
point, if it is not corrected, the level of degradation would reduce the capability of the PVPS.  

PARTIAL CAPABILITY is to be used at a level in the PVPS that is higher than that of a 
subcomponent not working and which is also measured.  

The PARTIAL CAPABILITY category is mandatory. 

Entry point – The PVPS is not providing the intended function with the full specified and/or 
expected capability and is also detected.  

Exit point –The conditions for being in PARTIAL CAPABILITY no longer exist. 

5.7 Service set points 

Definition – The PVPS is in the category SERVICE SET POINTS when ready to respond to a 
predefined event. 

This may include, but is not limited to, required or optional services or operational constraints, 
including or beyond those defined in the initial PVPS design or contractual terms, which are 
competing with the PVPS primary function of active power, such as the following examples: 

• automatic generation control;  

• constrained operation; 
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• a low-frequency compensation service;  

• volt-ampere reactive compensation system having elements disconnected but ready to 
engage; 

• source or sink energy from/to storage;  

• a load-following or unique "spinning reserve" type of operation  

• reduction in power due to following a power factor set point at the point of interconnection; 

• an external reduction in power output due to direction or regulatory criteria (partial 
curtailment order); 

• variable settings due to the interaction of many systems in distributed generation settings; 

• external control and/or approved commands/decisions, including changes in regulatory 
policy. 

These items may be internally or externally controlled. For purposes of grid control, the PVPS 
may be asked to variably reduce production or otherwise respond to grid signals. In this case, 
the PVPS is operating in the SERVICE SET POINTS category, but it may also be stated that 
the PVPS is derated with an energy impact that deviates from expectations and needs to be 
accounted. 

All set points should be "clocked" with time-series data. It is recognized that some PVPSs will 
have AC capacity limitations to comply with interconnection agreements and that 
inverterlevel power factor settings will compensate for the PVPS internal reactive power. 

SERVICE SET POINTS are not generally applicable for active power service because that is 
the presumed normal state. 

The 5.7 SERVICE SET POINTS category is an underlying category of IN SERVICE and has 
no predefined underlying mandatory information categories. 

The 5.7 SERVICE SET POINTS category is mandatory.  

Entry point – The service is active and responding to a predefined event or action of a control 
signal.  

Exit point – The service is no longer able or requested to respond to a predefined event that 
the control signal has stopped. 

It is recognized that operation in SERVICE SET POINTS is not in an unavailability state 
unless it fails to operate as designed or by control signals; however, it is important to track 
time in this state. 

It is noted that per-design, contractual, obligated AC capacity limitations to comply with 
interconnection agreements or inverter-level power factor set points to achieve a nominal, 
per-design power factor at the point of interconnection for compensation for the plant's 
internal reactive power are specified. Features such as these may be the preferred 
operational state. This state and those that deviate from it should have time-series data 
collected. 

5.8 Out of service 

Definition – The category OUT OF SERVICE is obtained when the PVPS is OPERATIVE but 
not IN SERVICE. 

The OUT OF SERVICE category is an underlying category of OPERATIVE and has three 
predefined underlying mandatory information categories: 
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