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1. [bookmark: _Toc209699441][bookmark: _Toc222403485]Introduction 

This document has been developed as part of the Mayor of London’s Zero Carbon Accelerator programme, which supports public sector organisations to accelerate the energy transition of their London buildings, delivering decarbonisation projects across the sector, including on and for NHS healthcare estates.

Developed as part of a direct package of support provided by the Zero Carbon Accelerator to an NHS Trust, this document is intended as guidance/support for other organisations delivering solar PV installations and will be of particular use for other NHS Trusts and healthcare bodies. This specification and guidance template is intended to support the development and implementation of robust Measurement, Monitoring and Verification (MM&V) arrangements to enable transparent assessment of system performance following installation.

The guidance sets out principles, methodologies, and minimum expectations for the monitoring and verification of solar PV generation and is designed to be adaptable to a range of estate types, project scales, and procurement routes. It may be used to inform contract documentation, commissioning and handover requirements, and ongoing operational performance review, and may also be applied retrospectively to existing solar PV installations where appropriate.

[bookmark: _Toc222403486]Caveats and Limitations
This document is provided for guidance and reference purposes only and does not remove the need for project‑specific technical design, site‑specific data collection, or compliance with current legislation, British Standards, recognised industry protocols, or individual sector or organisational policies and governance arrangements.

Each adopting organisation remains responsible for reviewing and tailoring this guidance to reflect the characteristics of the site, the scope of works, contractual arrangements, and operational requirements. Where this guidance is used to inform contractual or performance requirements, the roles, responsibilities, and reporting obligations of all parties should be clearly defined and agreed.

Where any conflict arises between this guidance and statutory requirements, recognised standards, or local Trust policies, the more onerous requirement shall apply.






[bookmark: _Toc207636165][bookmark: _Toc222403487]Measurement, Monitoring and Verification Approach

[bookmark: _Int_uE0qYMul]This section outlines the principles of an “avoided or displaced energy by measured renewable generation” Measurement, Monitoring and Verification (MM&V) approach for the installation of solar PV systems in line with the International Performance Measurement and Verification Protocol (IPMVP October 2018 - https://evo-world.org/en/products-services-mainmenu-en/protocols/ipmvp). IPMVP represents generally accepted M&V Principles, which should therefore be adopted for this project.

For a successful MM&V approach, processes and documentation must be transparent, cost-effective, agreed by all stakeholders, and strike an appropriate balance between the cost of service and the accuracy of results. 

The principles of IPMVP are based on comparison of energy consumption/generation and its influencing factors, being measured and documented both before and after implementation. Two key elements should therefore be established prior to delivery of the energy savings measure:

1. Baseline Consumption – the recorded energy use of the buildings.
2. Baseline Conditions – the external and operational factors driving energy use, such as local weather patterns, occupancy schedules, operating times, and in the case of solar PV, irradiance levels etc.

[image: A diagram of energy efficiency

AI-generated content may be incorrect.]The baseline consumption should be subsequently normalised to the same conditions as those present during the reporting period. The resulting savings, or “avoided energy use” are defined as the difference between the adjusted baseline and the actual energy use observed during the reporting period. A graphical example of this process is shown in the figure below, with the avoided consumption represented by the green shaded area. 

Figure 1: IPMVP Savings/ Avoided Energy Use[footnoteRef:2] [2:  International Performance Measurement and Verification Protocol (IPMVP®) Core Concepts 2022, Efficiency Valuation Organization] 

The application of IPMVP in the case of solar PV, considers that renewable generation does not directly reduce site energy demand; rather, it decreases the proportion of the site’s electricity demand supplied by the grid. The measured PV generation displaces imported electricity that would otherwise have been drawn from the grid network. Where PV export occurs, only the amount of PV generation consumed on-site contributes to avoided import emissions. Exported electricity is accounted for separately and valued at the applicable export tariff.

As the PV system is a new installation, no baseline PV generation exists. The baseline is therefore taken as the site’s total electrical consumption prior to installation, supported by historical utility data in line with CIBSE TM39 metering guidance.

The general equation used to calculate savings is:







Adjustments in the case of solar PV installation may include seasonal corrections, curtailment, or operational changes, consistent with standard M&V practice under IPMVP Option B (Retrofit Isolation – All Parameter Measurement). This could for example include actual annual reporting period radiance values compared to historical annual period radiance values, adjustments for changes to topography that could for example change shading characteristics, or periods of planned non-operation due to, for example, roof repairs. These are explained further in the section below.

[bookmark: _Toc222403488]Adjustments

Adjustments are applied to align energy consumption and PV generation data from the base year and post-retrofit periods to a consistent set of conditions. These adjustments fall into two categories:

· Routine Adjustments: These account for predictable changes, such as seasonal fluctuations due to weather. In the case of solar PV this could for example be applied if there is any significant variation in solar irradiance level in the reporting year. Typically, this could be for tolerances of > 5 or 10% swing from 10 years average levels, as sourced by a recognised local metrological station, or by direct monitoring at site level. Note that factors such as degradation due to poor maintenance should not be considered as an acceptable routine adjustment factor. This would relate to the supplier’s design and therefore accepted selected panel degradation factors, which would be agreed with the Trust prior to implementation. Performance outputs would also be dependent on system maintenance which may form part of the responsibilities of the Trust

· Non-Routine Adjustments: 

Non-Routine Adjustments should allow for permanent or semi-permanent static changes such as planned down time or when the characteristics of the PV outputs fundamentally change due to external physical changes such as new adjacent buildings, or re-positioning of PV panels etc, both examples could have a direct impact on the generation yield of the originally installed system.

It is the responsibility of the Trust and Contractor to agree on any operational changes to static factors, which may affect the actual versus target generation output performance, based on the ongoing measurement throughout the reporting period. Ideally these should be verified by an M&V Professional who should be tasked with applying the corresponding non-routine adjustment to the project  M&V Plan and/or M&V Reconciliation Report.
[bookmark: _Toc222403489]Measurement & Verification Reporting

Periodic (no greater duration than annual) M&V reconciliation reporting should be adopted by the Trust, which follows a structured and transparent approach consistent with recognised industry guidance, particularly the reporting principles set out in the relevant IPMVP Core Concepts (https://evo-world.org/en/products-services-mainmenu-en/protocols/ipmvp). Each report should summarise measured performance for the agreed contract reporting period, document all calculations used to determine savings, and describe any routine or non-routine adjustments applied to the baseline period.

The report should include evidence from commissioning-stage performance tests and any operational verification undertaken during the reporting period, in accordance with good practice from for example CIBSE or BSRIA commissioning guidance.

Where performance does not meet the guaranteed or agreed target values, the report should set out the agreed procedure for Remedial Works Verification, including the testing methodology and acceptance criteria. Results from any remedial verification tests should be appended to the annual report, and the document should conclude with a clear statement on whether compliance with the guaranteed or agreed target values has been achieved following the completion of remedial actions.

[bookmark: _Toc222403490]Selection of IPMVP Option and Measurement Boundary

For solar PV installations, as previously indicated, it is recommended that the Measurement and Verification activities follow IPMVP Option B – Retrofit Isolation: All Parameter Measurement. This approach provides a robust and transparent method for determining the actual performance of the PV system by relying on direct metering of all relevant energy parameters.

Under this option, savings are derived from on-going field measurements of PV electrical output and associated variables. The measurement boundary should encompass the PV generation system, including inverter output and any export metering, ensuring that all kWh generated, consumed on-site, or exported are captured. This boundary provides a clear distinction between PV performance and wider building energy use, while allowing for accurate assessment of avoided grid kWh import.

Option B is particularly suitable for solar PV because it isolates the performance of the installed generation technology, minimising uncertainty and allowing measurement to reflect true system output. Continuous or short-term metering can be applied, depending on system configuration and expected variability, however typically for solar PV, one year of continuous monitoring (alongside suitable adjustments), is considered suitable for proving the output generation performance of the PV system.

Interactive effects outside the measurement boundary, such as changes in site electrical demand or operational profiles, should therefore be acknowledged and described where relevant. Where such effects can influence calculated savings, they should be identified and justified in accordance with IPMVP good practice relative to suitable and pre-agreed adjustment criteria. 



[bookmark: _Toc222403491]Solar PV MM&V Plan 

[bookmark: _Toc222403492]MM&V Plan Overview
It is advisable that a MM&V Plan is developed for a PV project. If a MM&V Plan is not developed, the measurement principles covered within this guidance document should be implemented by the Trust and contractor. In addition, as a minimum requirement, a robust performance reporting process / protocol should be established between the organisation and contractor, which has been pre-agreed as early as possible, prior to project practical completion. 

The reporting protocol (the established, standardised framework which structures the approach) should include an agreed template for reconciliation reporting, an agreed source of acceptable reporting data, frequency and duration of reporting and any pre - agreed adjustment criteria with the source of adjustment data being referenced.

It is normal for the contractor to develop the MM&V Plan, and pre agree, including signing off the plan with the Trust, prior to the commencement of the project performance reporting period and certainly prior to project practical completion. However, to reduce the prospect of numerous iterations, the Trust should engage early with the contractor and input its own requirements into the plan prior to the contractor developing the initial draft. 

The same approach is also recommended if the contractor is only contractually required to develop a reporting protocol, as long as the Trust agrees to the reporting protocol prior to its implementation. 

Whilst a less common approach, it’s also feasible for the Trust, or a M&V professional appointed by the Trust, to develop the MM&V plan or reporting protocol, as long as this has been made clear within the project specification (or employers requirements), and / or has been agreed with the contractor as early as possible following contractor appointment.

In summary and assuming that a MM&V Plan is required, it should address the following as a minimum:

· Project Description & Overview: Define the project objective to achieve energy savings through PV system installation at the site. Provide the following information:
· Overview of the buildings involved with the projected energy savings (kWh), yield values (kWh/kWp), energy cost savings and carbon savings. 
· Clearly state the Guaranteed or target annual generation performance (kWh).
· List of Utility Unit Rate and CO2 Factors.
· PV expected % ratio of export versus self-consumption.

· Measurement Boundary: Clear definition of monitored points (e.g., inverter readings, AC generation output meter, export meter, system-level online portal monitoring.

· Meter Specifications: Accuracy class, calibration intervals, and documentation requirements.

· Data Management: Treatment of missing data, storage protocols, and data validation procedures.

· Roles and Responsibilities: Duties of the facilities team, contractor, and MM&V practitioner.

· Adjustment Protocols: Routine (e.g. irradiance, occupancy hours) and non-routine (e.g. shading alterations, equipment replacements).

· Quality Assurance: CMVP oversight, verification of calibration compliance, and documentation of all evidence-based adjustments.

· Reporting Format: Frequency, structure, and content requirements for periodic and annual reporting.


[bookmark: _Toc222403493]Energy Prices
Any MM&V plan should detail the utility rates or tariffs that will be applied to calculate the cost savings for the measure or project especially if the financial impact of the associated savings form part of a performance guarantee. A method for adjusting the monetary value of savings if utility prices change over the project’s lifetime should also be specified. The report should also clearly define and report any assumed or predetermined values, including inflation or escalation rates, projected utility price increases, or other variables that could influence the MM&V results.


[bookmark: _Toc222403494]Meter Specifications
The MM&V plan should identify the metering points that will be used to collect data, including both spot and continuous measurements. For non-utility meters, the plan should provide details on:

· Meter type, make, model, and relevant characteristics
· Meter specifications, including accuracy and precision
· Meter reading and witnessing procedures
· Meter commissioning process
· Calibration procedures
· Methods for handling missing data and data transfer
[bookmark: _Toc222403495] Monitoring responsibilities
The MM&V plan should assign clear responsibilities for the collection, analysis, archiving, and reporting of data. Management of MM&V data should be assigned to the party best qualified to efficiently access, manage, and provide the required data sets. The types of monitored data that must be managed include:

· Energy data
· Independent variables
· Static factors within the measurement boundary
· Findings from periodic inspections

The following table provides a guidance of roles and responsibility intended to be used as an initial guide and adjusted to the Trust and Contractor agreed scope of works and responsibilities:

Table 1. Summary of roles and responsibilities.

	Role
	Responsibility
	Contact

	Facility management
	Collect generation meter readings and send to M&V Professional.

· Collection of kWh meter readings for solar PVs when required by the M&V Professional (as applicable).

· Identify any static factor changes that have occurred since the baseline period, and report these to the M&V Professional (as applicable).

· Fulfil operational and maintenance requirement for the PVs installed as agreed.

· Should not alter or switch off the PV systems installed without notifying the Contractor and the M&V Professional (as applicable).

· Approve application of all routine and non-routine adjustments.
	The Trust to provide. 

	Project Manager
	· Carry out operational verification / commissioning tests and associated reporting.

· Set up of metering and monitoring and training of Trust representatives in using the equipment and extracting data as defined in this M&V plan
	The Contractor to provide.

	M&V Professional
	· Calculate the effects of any applicable non-routine adjustments.

· Perform data analysis where applicable using baseline and reporting-period data, applying all applicable adjustments.

· Report results via an annual M&V report.

· Review M&V activities and analysis, ensure results are reliable.

	Appointed by the Trust or the Contractor as long as the M&V Professional operates independently of the Contractor and shows total impartiality

	Quality assurance
provider
	· Provide input regarding M&V related issues to be resolved, and their resolution.

	The Contractor to provide, the Trust to verify.



[bookmark: _Toc222403496]Expected Accuracy	
The M&V plan should specify the expected accuracy of measurements, data capture, sampling, and data analysis. This assessment should address both qualitative and, where feasible, quantitative measures of uncertainty in the data, and describe any adjustments that will be applied in the calculation of reported savings.

[bookmark: _Toc222403497]Reporting format
The plan should specify how results will be reported and documented for each of the reporting periods including the frequency of reporting.

An example for the Metering schedule based on CIBSE TM31 Building Log Book Toolkit (2006) can be found in the appendix of this guide.

These test schedules shall be included within a final report with specific qualitative information on Operational Verification, savings achieved and any findings during the pre and post measurement period.



[bookmark: _Toc222403498]Quality Assurance
The MM&V plan should define the quality-assurance protocols and procedures applied throughout all stages of the measurement process. These protocols should cover each step involved in generating reports and include routine inspections to verify that the equipment and measures are consistently operated in accordance with the contract requirements.

The quality assurance procedures applied to the preparation of savings reports, including interim reporting stages, are summarised as follows:

· MM&V activities are, and will continue to be, undertaken by an M&V Professional who is accredited as a Certified Measurement and Verification Professional (CMVP), Performance Measurement & Verification Analyst (PMVA) or Performance Measurement & Verification Expert (PMVE); to ensure technical rigour and compliance with industry standards.
· All metering equipment used for data collection has been, and will remain, calibrated in line with its defined calibration schedule to guarantee accuracy and reliability of measurements.
· Any adjustments to reported savings will be based on robust evidence and agreed jointly by all parties to maintain fairness and transparency.
· The contractor has been, and will continue to be, responsible for collaborating with The Trust to collect and analyse energy data, enabling the delivery of accurate and transparent MM&V within the budgetary and scheduling constraints defined by the Trust.
· The contractor will also define and coordinate all pre- and post-installation MM&V activities, as well as operational verification tests, within the project programme. This will allow the Trust representatives to witness testing processes, confirming that the installed equipment operates as intended and that projected savings are being realised.

[bookmark: _Toc222403499]Recommended Protocol Structure for the Trust’s Solar PV Measurement, Monitoring & Verification Plan  
To ensure the solar PV installations operate as designed and achieve the expected performance, the following MM&V protocols should be adopted. These requirements align with IPMVP, CIBSE good practice, and project-specific performance objectives:

☐Operational Verification
· Commissioning and functional performance checks shall be completed (and certified) in accordance with CIBSE and/or BSRIA commissioning guidance by the contractor.
· Verification should also confirm correct integration with fire alarm interfaces and validate SolarEdge licensing and monitoring access.

☐A minimum of 12 months of continuous monitoring following practical completion.
· To capture full seasonal variability and provide a reliable assessment of annual generation performance against the design estimates.

☐Generation Meter Readings
· Weekly manual readings for the first month post-commissioning.
Monthly readings, thereafter, cross-checked against the manufacturer’s monitoring  portal.

☐Manufacturer Portal Monitoring
· Weekly review of the SolarEdge monitoring portal during the first 12 months to confirm generation trends, inverter availability, and active alarms.

☐Export Meter Readings (where applicable)
· To follow the same schedule as the generation meter for consistency and validation.

☐Monthly Performance Summaries (Year 1).
· Monthly generation versus predicted outputs.
· Summary of alarms, inverter downtime, and corrective actions taken.

☐Annual MM&V Report.
       To include:
· Baseline data and performance comparisons.
· Routine and non-routine adjustment methodology.
· Evidence of commissioning tests, re-tests, and other operational verification actions.
· Finalised savings calculations in accordance with IPMVP.

☐Physical generation and export meter readings shall be routinely compared with manufacturer portal values, suggested every quarter after the initial 12 months of operation.
· Any discrepancies must be investigated promptly, with corrective actions recorded.
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[bookmark: _Toc222403501]Appendix 1 - Metering schedule logbook

The table below outlines the meters and design estimates of anticipated end-use consumptions, taken from the CIBSE TM31 Building Logbook Toolkit (2006). For further guidance, refer to CIBSE TM39: Building Energy Metering, which includes examples and advice on developing an effective metering schedule, and CIBSE TM22: Energy Assessment and Reporting Method, which offers a framework for evaluating energy use in buildings.

Table 2. Metering Schedule logbook:

	Total estimated incoming Energy
	Electricity:                                                                                                                  kWh/yr

	Energy
	Meters
	Method
	Meter location

	Type of incoming
energy
	Main end
use
	Estimated 
end-use consumption (kWh/yr)
	Meter no./code
	End use/
area/system/
circuit or tenancy to be measured
	Measurement method and
calculation where appropriate
	Estimated consumption through each meter (kWh/yr)
	List of meters
	Location
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