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 Executive summary 

The Measurement and Verification Plan (M&V) approach to be followed in the 

HOLISDER project, described in this deliverable, will focus on: a) defining an 

accurate energy performance baseline upon which improvements resulting from 

project activities will be evaluated and b) enable continuous measurement and 

verification of energy and cost savings achieved, thus enabling constant assessment 

of the project impact and identification of deviations/ needs for refinement. 

Energy Performance Baselining and Energy cost savings stemming from all available 

energy sources will be measured and verified using as a basis, tools provided by the 

eeMeasure methodology and adaptations to be proposed by the HOLISDER 

consortium. Further extensions will be performed on the eeMeasure methodology 

towards defining a hybrid PMV approach that addresses specific challenges 

introduced in the deployment of Demand Response programmes. In this context, 

the eeMeasure methodology will be further enriched to follow a pooled baseline 

regression analysis model creating a variable relationship between event days and 

baseline consumption. The aim of this approach will be to create a common PMV 

model to represent the customer’s load shape on an event day.  

The development of the baseline in T2.3 will be accomplished by using a pooled 

data series that distinguishes between event and non‐event day and appropriately 

normalizing them to address occupancy and weather variations. In this way, 

objective measurements will allow more accurate energy consumption baseline 

adjustment and verification of the response of demand in price (or other) trigger 

signals (considering weather variations, different energy use profiles and occupancy 

patterns, diverse business and social characteristics, evolving market models and 

regulation restrictions). 

Verifying and validating the effectiveness of the HOLISDER interventions in T6.3 - 

individually and cumulatively - will be achieved through a sequence of experiments 

that will be carefully planned using a hybrid Design-of-Experiments methodology 

and executed during the pilot activities. In several phases of the pilot trials, only 

selected HOLISDER DR Strategies and Pricing schemes will be made available to the 

pilot participants to evaluate their effectiveness. This will be achieved by the 

increment roll-out of different strategies and pricing schemes, initially at an 

individual level and later on by combining different strategies in a hybrid approach 

(implicit+explicit strategies, or combinations of RTP with CPP, etc.) 

The design of the baseline performance, validation of the HOLISDER activities and 

evaluation of the project results depend on the HOLISDER M&V methodology and 

Key Performance Indicators (KPIs) requirements, both developed in this deliverable. 

The proper definition and selection of KPIs is crucial for the accurate measurement 

and verification of the Use Cases (D2.1) and the objectives and impacts expected 

in the HOLISDER project.  
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 Introduction 

 Purpose of the document 

A Performance Measurement and Verification Methodology (PMV) must be followed 

during the pilot validation activities of the HOLISDER project. The first purpose of 

this document is to create the HOLISDER PMV methodology, which has been based 

on the eeMeasure methodology [1] and the adaptations performed upon in later 

projects (FP7-INERTIA, H2020-NOBEL GRID, ORBEET and MOEEBIUS).  

The aim of the HOLISDER M&V is to enable more accurate energy consumption 

baseline adjustment and normalized measurement and verification of the response 

of demand in price (or other) trigger signals (considering weather variations, 

different energy use profiles and occupancy patterns, diverse business and social 

characteristics, evolving market models and regulation restrictions).  

The second purpose of this document is to define the Key Performance Indicators 

(KPIs). They have been defined to reflect parameters that need to be considered for 

the assessment of demand flexibility under the HOLISDER Demand Response (DR) 

Optimization Framework and in order to address the requirements of the HOLISDER 

use cases and business models. The definition of determined values, thresholds or 

constraints for each of these indicators is considered and incorporated especially in 

cases where mandatory limits are set by the European or national legislations 

(Cross-regulation approach). 

 Scope of the document 

The definition of the measurement and verification protocol and the selected KPIs 

presented in this document corresponds to the methodology for the general 

HOLISDER framework. This general methodology will be later used and adapted for 

the ex-ante analysis and deployment planning of the HOLISDER for each case at 

each pilot site (T2.3), the preliminary testing and pre-pilot verification (T6.1), and 

the real deployment and validation phases of the project (T6.2 and T6.3). 

 Structure of the document 

The document starts with the review of the existing M&V methodologies, remarking 

the FEMP, LEED and BREEAM, the IPMVP, and the eeMeasurement methodologies.  

The next section is about the definition of the HOLISDER M&V and its planning of 

activities: the ex-ante analysis, the implementation and M&V protocols that need to 

be achieved in the post-installation phase.  
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Section 5 presents the methodology, definition and taxonomy of KPIs per category, 

setting the measurements and calculations for the assessment of the demand 

flexibility framework of the HOLISDER project. There is a summary index of each 

KPI defined in this document. 

Finally, the document concludes with the sections of conclusions, the compiled 

references and the annexes. 

 

 Review on existing Verification Methodologies 

The measurement and verification of systems is needed in order to verify that they 

are operating correctly and achieving the expected energy savings.  

Measurement and Verification plan (M&V) is defined as the “Process of using 

measurement to reliably determine actual savings created within an individual 

facility by an energy management program. Savings cannot be directly measured, 

since they represent the absence of energy use. Instead, savings are determined 

by comparing measured use before and after implementation of a project, making 

appropriate adjustments for changes in conditions” [2]. 

Overall, an M&V Plan for residential buildings mainly focuses on [3]: 

a) Meter installation, calibration and maintenance 

b) Data gathering and screening 

c) Development of computation methods and – if necessary – acceptable 

estimates 

d) Computation of measured data and reporting, quality assurance and third-

party-verification of reports. 

Therefore, the main goals of M&V are:  

a) To increase savings 

b) Document financial transactions 

c) Enhance financing for efficiency projects 

d) Improve design, operation and maintenance of efficiency projects 

e) Account for variances in the utility budget. 

The European Commission DG JRC [4] recommends that performance-based 

projects are subject to M&V protocols in order to evaluate the efficiency of the 

energy management strategies; in particular the International Performance 

Measurement and Verification Protocol (IPMVP) would be a good first step and 

instrument to be used [2]. The HOLSIDER M&V plan is based on the IPMVP due to 

its international scope and its wide application. Nevertheless, there are other 

existing methodologies and protocols that are going to be described below, such as: 
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the FEMP (Federal Energy Management Program, 2015) [5], Leadership in Energy 

& Environmental Design (LEED) and Building Research Establishment's 

Environmental Assessment Method (BREEAM).  

 FEMP  

The Federal Energy Management Program (FEMP) is a U.S. Department of Energy 

(DOE) program focused on reducing the federal government’s energy consumption 

by providing federal agencies with information, tools, and assistance toward 

tracking and meeting energy related requirements and goals. FEMP seeks contracts 

with small businesses to aid in this effort [6].  

FEMP [5] indicates the following six steps to measure and verify savings: 

1) Allocate Project Risks and Responsibilities: The basis of any project-specific 

M&V plan is determined by the allocation of key project risks of financial, 

operational, and performance issues and responsibilities between the ESCO 

and the customer involved.  

 

2) Develop a Project-Specific M&V Plan: The M&V plan defines how savings will 

be calculated and specifies any ongoing activities that will occur after 

equipment installation. The project-specific M&V plan includes project-wide 

items as well as details for each ECM. 

 

3) Define the Baseline: Baseline physical conditions (such as equipment 

inventory and conditions, occupancy schedule, nameplate data, equipment 

operating schedules, key energy parameter measurements, current weather 

data, control strategies, etc.) are determined through surveys, inspections, 

spot measurements, and short-term metering activities. It is very important 

to properly define and document the baseline conditions. Deciding what 

needs to be monitored (and for how long) depends on such factors as the 

complexity of the measure and the stability of the baseline, including the 

variability of equipment loads and operating hours, and the other variables 

that affect the load. 

 

4) Install and Commission Equipment and Systems: Commissioning ensures 

that systems are designed, installed, functionally tested in all modes of 

operation, and capable of being operated and maintained in conformity with 

the design intent (appropriate lighting levels, cooling capacity, comfortable 

temperatures, etc.). 

 

5) Conduct Post-Installation Verification Activities: Post-installation M&V 

activities are conducted to ensure that proper equipment/systems were 
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installed, are operating correctly, and have the potential to generate the 

predicted savings. Verification methods include surveys, inspections, spot 

measurements, and short-term metering. 

 

6) Perform Regular-Interval M&V Activities: M&V is required to be performed on 

an annual basis. With proper coordination and planning, M&V activities that 

provide operational verification of an ECM (i.e., confirmation that the ECM is 

operating as intended) during the performance period can also support 

ongoing commissioning activities (e.g., recommissioning, retro-

commissioning, or monitoring-based commissioning). 

 LEED and BREEAM 

LEED is an internationally recognised green building certification program developed 

by the U.S. Green Building Council (USGBC) and based on IPMVP. Started in March 

2000, LEED provides a third-party verification tool for high performance buildings 

and sustainable neighbourhoods that implement best building practices and 

strategies. The main purpose of LEED is to promote sustainability in the built 

environment, improving performance and quality of buildings while minimising 

negative environmental impacts. LEED is designed to cover all types of building, 

from small residential houses to large commercial and public buildings [7].  

BREEAM is the world’s oldest building assessment method; it was first published by 

the Building Research Establishment organisation (BRE) in 1990 and its last update 

was in 2014. BREEAM is internationally recognised as a benchmarking tool for 

building sustainability measures, becoming the main rating system in the UK. Like 

LEED, BREEAM works to raise the awareness of sustainability approach amongst 

building owners, designers, occupants and operators. It sets the standard in 

sustainable design and construction and assists in the adoption of the best practices 

throughout the entire life cycle of buildings [8]. BREEAM requires, as part of the 

reporting and certification process, the confirmation of the existing measurement 

protocol used at each category (energy, pollutants, thermal comfort…), since there 

are a number of reporting protocols and initiatives to define monitoring and 

reporting protocols, as the British, European and International Standards (BS EN 

ISO).  

The main difference between the two methods is the process of certification. 

BREEAM has trained assessors who assess the evidence against the credit criteria 

and report it to the BRE, who validate the assessment and issue the certificate. 

While LEED does not require training, there is a credit available if an accredited 

professional (AP) is used. The role of the AP is to help gather the evidence and 

advise the client. The evidence is then submitted to the USGBC which does the 

assessment and issues the certificate. Both schemes share common components. 

Early involvement of the assessor or AP at the design stage is beneficial to the 
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project and the final rating. Both schemes drive the market to improve building 

design. The judging criteria also keep pace with legislative developments and 

current best practice [9]. 

 
 

Figure 1. The main differences between LEED and BREEAM (courtesy Eszter Gulacsy) [9] 

 IPMVP 

IPMVP documents common terms and methods to assess energy performance of 

energy efficiency projects and provides methods, with different levels of cost and 

accuracy, to determine savings for a whole facility or for individual energy 

conservation measures. Moreover, it specifies the contents of an M&V Plan [2].  

In IPMVP, four options A-D are given for measurement and verification: 

 OPTION A. Partially Measured Retrofit Isolation 

This option reflects the combination of measurements of some parameters and 

estimates of the others. Such estimates are only used when they will not 

significantly affect the overall reported savings. The estimated values and analysis 

of their significance should be included in the M&V Plan. Estimates may be based 

on historical data such as recorded operating hours from the baseline, equipment 

manufacturer’s published ratings, laboratory tests, or typical weather data. If a 

parameter, such as hours of use is known to be constant and not expected to be 

impacted by the Energy Conservation Measures (ECM), then its measurement in the 

reporting period is sufficient. The reporting period measurement of such constant 

parameter can also be considered a measurement of its baseline value. 

Option A Savings = Estimated Value x (Baseline-Period, measured parameter – Reporting-
period, measured parameter) (Equation 1) 

Since some values may be estimated under Option A, great care is needed to review 

the engineering design and installation to ensure that the estimates are realistic, 

achievable, and based on equipment that should truly produce savings as intended. 

At defined intervals during the reporting period, the installation should be re-

inspected to verify continued existence of the equipment and its proper operation 
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and maintenance. Such reinspections will ensure continuation of the potential to 

generate predicted savings and validate estimated parameters. 

 

 

 OPTION B. Retrofit Isolation: All Parameter Measurement 

This option implies the measurement of all energy quantities, or all parameters 

needed to compute energy. Option B methods will generally be more difficult and 

costly than those of Option A. However, Option B will produce more certain results 

where load and/or savings patterns are variable. These additional costs may be 

justifiable if a contractor is responsible for all factors affecting energy savings. 

Option B Savings = Baseline Energy - Reporting-Period Energy (Equation 2) 

Savings are determined by field measurement of the energy use of the ECM-

affected system. The measurement frequency ranges vary from short-term to 

continuous, depending on the expected variations in the savings and the length of 

the reporting period. There are short-term or continuous measurements of energy 

consumption in the baselining and reporting period. This option usually requires the 

addition of special meters, on either a short term or permanent basis, which may 

be installed to measure baseline performance for an M&V Plan. You can measure 

temperature, humidity, flow, pressure, equipment runtime, electricity or thermal 

energy, for example, at the measurement boundary. The savings created by most 

types of ECMs can be determined with Option B, but it has to be considered that the 

costs associated with the verification increase as well as metering complexity 

increases too. 

 

 OPTION C. Whole Facility 

Savings are determined by measuring energy use at the whole facility or sub-

facility level. Continuous measurements of the entire facility’s energy use are taken 

throughout the reporting period. The option C shall be used if there are many types 

of ECMs in one building/housing and if the energy performance of the whole 

building/housing is to be assessed. This option is indicated to be applied whenever 

the expected savings are greater than 10%, considering also minor modifications to 

be performed in building premises during the evaluation period. It is also considered 

as an easy method to proceed with a validation at an aggregated level for the whole 

building site. 

Option C involves use of utility meters, whole-facility meters, or sub-meters to 

assess the energy performance of a total facility. The measurement boundary 

encompasses either the whole facility or a major section. This Option determines 

the collective savings of all ECMs applied to the part of the facility monitored by the 

energy meter. Identifying facility changes that will require non-routine adjustments 

is the primary challenge associated with Option C, particularly when savings are 
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monitored for long periods. Therefore, you should perform periodic inspections of 

all equipment and operations in the facility during the reporting period. Energy data 

for Option C are often derived from utility meters, either through direct reading of 

the meter, or from utility invoices. 

 

 OPTION D. Calibrated Simulation. 

Option D involves the use of computer simulation software to predict energy 

use for the whole facility for one or both of the terms in Equation 1. Option D 

may be used to assess the performance of all ECMs in a facility, akin to Option C. 

Option D may also be used to assess just the performance of individual systems 

within a facility, akin to Options A and B.  

Overall, option D (simulation of the energy use) is recommended in the following 

cases: 

 Where it is not possible to provide data for a baseline period. 

 Where multiple ECMs are implemented and you want to validate the 

efficiency of each one  

 Where many future changes are expected within measurement boundary 

 

In before-after comparison, the actual energy saving caused by an Energy Saving 

Intervention (ESI) is estimated from the difference between consumption after the 

intervention (ESI) and the consumption which would have taken place under the 

same demand conditions without the ESI.   

To estimate what consumption would have been without the ESI, consumption data 

prior the intervention is used. This is known as baseline data. An extended baseline 

is the projection of consumption before the intervention into the period after the 

intervention. 

Measuring baseline data is a costly exercise, and the quality of the decisions can 

impact on the accuracy and validity of conclusions on energy savings. Decisions on 

length and timing of baseline measurement are therefore very important. 

Depending on the independent variables affecting the consumption which is 

targeted, different decisions will be taken about the appropriate length of baseline 

– day, week, month or year. 

In order to calculate savings, a baseline period should be defined (period before the 

application of measures) and this baseline period might need to be adjusted if the 

initial conditions are changed during the reporting period (after measures applied). 

Adjustments are required to compare in similar conditions (e.g., introduction of a 

new production line). Thus, the baseline is adjusted to the same conditions of the 

analysis period in order to perform the comparison at the same conditions. The 

following equation (Equation 3) summarizes the calculation method [2]: 
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Savings = (Baseline-Period Use or Demand - Reporting-Period Use or Demand) ± 
Adjustments (Equation 3) 

We may consider this formula in a dynamic way for different measurement periods 

and different loads. We may establish a continuous validation approach (different 

measurement periods) but in parallel for different loads (different load types). 

Intermediate savings calculations are calibrated for different periods (depending on 

the loads to be addressed) where all comparisons eventually “meet” (aggregated 

and validated) for the whole duration of the reporting period. Depending on the type 

of consumption which shall be compared it is possible to have different time 

ranges (hourly, weekly, monthly, yearly) to set a baseline period. For example, 

the DHW (domestic hot water) consumption is quite similar during the whole year; 

therefore a baseline estimation considering data from a week period is 

enough. On the other hand the HVAC, consumption varies monthly; therefore we 

need consumption data of a whole year in order to establish the baseline. Even 

though it depends on the pilot country, since countries such Finland use nominated 

consumption that includes variation in weather. This is especially in case of energy 

used for heating. 

The "Adjustments" term in this general equation is used to re-state the baseline 

demand of the reported periods under a common set of conditions. Simple 

comparisons of utility costs without such adjustments only report cost related to the 

changes performed and the consumption costs and fail to report the true 

performance of the changes designed and set up on the project. 

Additionally, adjustments can be routine (expected) or non-routine (unexpected): 

• Routine adjustments. For any energy- governing factors, expected to change 

routinely during the reporting period, such as weather or production volume. 

• Non-Routine adjustments. For those energy-governing factors which are not 

usually expected to change, such as: the facility size, the design and operation 

of installed equipment, the number of weekly production shifts, etc. 

 

Although the IPMVP is applicable to the residential sector regarding the application 

of a baseline and methods of calculating energy savings, there are parameters such 

as demand response and avoided CO2 emissions which are not taken into account 

in the IPMVP protocol and where extensions are required [10]. To calculate the CO2 

emission savings from energy use savings, the overall consumption of electricity 

and of particular fuels for heating can be converted to CO2 using standard 

combustion coefficients for fuels and a coefficient for CO2 emission per kWh 

electricity generated based on the national mix of generation sources [11].  
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Figure 2. Simplified option selection process of IMPVP [2] 
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 The eeMeasurement methodology 

As an extension of the IPMVP, the eeMeasure project analyses two different 

methodologies for M&V. Both of them are based on IPMVP and are developed from 

the experience of current and historic ICT PSP projects which includes approximately 

10,000 social dwellings and 30 public buildings (e.g. hospitals, schools) [1].  

The Residential Methodology [11] is applicable only to dwellings and generally 

assumes a monthly measurement period. The document introduces the IMPVP and 

discusses the four IPMVP Options and the use of basic statistical analysis. 

Overall, in the residential sector, an assumption of constant demand (Option A) or 

cyclically predictable demand (Option B) or another demand structure which can be 

fully modelled (Option D) cannot usually be made. In particular, none of these 

assumptions applies to projects aiming to change the resident behaviour – i.e. 

change demand – as a key way in which the intervention takes effect. Nevertheless, 

the approach offered in IPMVP as Option C is certainly applicable in this context. 

This option does not assume constant energy demand or that energy demand 

variation can be accurately modelled but is a before-after comparison instead. 

Measurement periods are suggested for different types of project and the evaluation 

of social and behavioural changes is considered. The document proposes a 

consumption analysis matrix and also discusses survey questionnaires. 

The Non-Residential Methodology [12] can be used for any property type 

(including residential) and can be used with any data frequency. The methodology 

is based on the IPMVP Options and therefore a process flow is defined which directs 

projects to monitor appropriate variables and to create an accurate model. A 

description of the underlying mathematical statistics is also included. 

 

 HOLISDER Measurement and Verification Methodology 

 HOLISDER PMV approach 

The PMV approach to be followed in the HOLISDER project will have three 

objectives:  

a) To perform an objective and accurate baselining of current energy performance/ 

consumption of the pilot buildings and normalize it against varying occupancy 

patterns, energy uses and climatic conditions 

b) To measure and verify energy cost savings achieved due to the project Demand 

Response interventions, and 
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c) To estimate the short/mid-term impact of project activities through a socio-

economic analysis.  

In the framework of the IPMVP, the HOLISDER consortium proposes tools and 

adaptations based on the eeMeasure methodology [12] to measure and verify 

the energy performance baselining and energy cost savings stemming from all 

available energy sources.  

Towards the selection of the optimal approach for HOLISDER project, we are 

presenting in summary the pros and cons of the different IPMVP options discussed 

in section ¡Error! No se encuentra el origen de la referencia. along the 

characteristics/requirements of the HOLISDER project. 

Characteristics 
Option 

B 

Option 

C 

Option 

D 
HOLISDER 

Sub metering information x   x 

All parameters measurement; 
power and operating hours 

x   x 

Energy savings determination for 
the system ECM applied 

x   x 

Routine and non-routine 
adjustments required 

x x  x 

Whole facility level (more than one 
ECM) 

 x x x 

Prerequisite: Energy savings > 
10% 

 x  x 

Energy Simulation   x  

Future changes are expected within 

measurement boundary 
  x x 

Low cost efficient non-intrusive 

infrastructure that ensure solution 
replicability and viability 

 x x x 

Varying measurement periods for 
different loads best fitting the 
aspect of human behaviour 

x  x x 

 

Table 1. IPMVP comparative analysis and HOLISDER project requirements 

 

Therefore it is clear that a hybrid PMV methodology shall be adopted 

characterized by a dynamic approach, towards baseline definition and energy 

savings measurement and verification that addresses specific challenges introduced 

in the deployment of Demand Response programmes. The hybrid methods are 

commonly known as engineering estimates of savings that depend on a limited 

number of identifiable parameters (e.g. in industrial motors number of working 

hours, load factor, etc.).  

The hybrid PMV approach for HOLISDER is a combination of option B and C from 

IPMVP (See table 1), making use of key methodological steps of Option B of IPMVP/ 
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eeMeasure, while extending it with features from option C to hedge against 

unexpected events, such as the loss of sub-metering information, etc. This selection 

has been made considering the measurement approach that is envisaged to be 

applied in the project, which utilizes a variety of sub-metering devices in order to 

gather information of high accuracy and frequency from individual devices within 

the pilot premises. Sub-metering is meant to be applied from the first stages of the 

baselining period of the project, to facilitate collection of fine-grained information 

from the pilot buildings and will continue throughout the whole duration of the 

project, to allow for a uniform and smooth validation of the anticipated energy 

savings. 

With this approach, a specific calculation algorithm is defined, with pre-defined 

values for some parameters while other parameters have to be measured case by 

case [13]. Therefore, the eeMeasure methodology is enriched to follow a pooled 

baseline regression analysis model creating a variable relationship between event 

days and baseline consumption. The aim of this approach is to create a common 

PMV model to represent the customer’s load shape on an event day. 

A main prerequisite for implementing Option B is to set a concrete baseline at sub-

metering level providing also the necessary adjustments in baseline values. We are 

adopting the adjustments process as defined in IPMVP also for the HOLISDER 

baseline methodology. 

In the following, the definition of baseline period for the different types of devices 

examined in the project is given: 

Fuel/Gas: HVAC systems 

- Baseline period: a year period is required for baseline definition 

- Information to register: 

o Monthly consumption 

o Independent variables (for routine adjustments): 

 HDD or CDD 

 Occupancy level 

o Static factors (non-routine adjustments): the facility size, the design and 

operation of installed equipment, the number of weekly production shifts, 

or the types of occupant. 

 

Electricity: NO HVAC systems (lighting and office equipment) 

- Baseline period: a week period is required for baseline definition 

- Information to register: 

o Week consumption (daily average) 

o Independent variables (routine adjustments): 

 Occupancy level 
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o Static factors (non-routine adjustments): the facility size, the design and 

operation of installed equipment, the number of weekly production shifts, 

or the types of occupant. 

 

The baseline requirements will be fully addressed in the project as HOLISDER 

plans to collect and process detailed energy consumption information for a 

whole year, during the baselining activities of the project while accurate 

electricity sub-metering baselines for the different devices monitored in the 

project will be calculated through the processing and normalization of sub-metering 

data gathered from the pilot premises. Information about external environmental 

conditions (through integration and utilization of relevant data) and occupancy 

levels (questionnaires to pilot representatives) will be also made available for all 

pilot sites, enabling that way the adjustment/ normalization to be performed during 

both the baselining and reporting phases. 

For the selected pilot premises, a detailed equipment installation plan will be 

delivered in D2.3 and more detailed specifications for equipment procurement will 

be provided prior to the release of the project architecture (D2.5), based on real 

data coming from Building Information Models of the pilot areas. The equipment 

(sensing, actuating, metering) topology will be carefully design to enable smooth 

communication with the information management layer to be defined in the 

framework of WP4 for the HOLISDER Demand Flexibility Profiling, ensuring that no 

modifications on the equipment installed, selected activities/ processes or set-point 

conditions are introduced at a later stage in the project.  

 Planning of activities 

By having defined the steps of the work and the different viewpoints of the 

methodology, a plan for the activities performed as part of the HOLISDER M&V 

framework is defined in the following paragraphs. The steps to be followed in order 

to measure and verify savings are organized in three phases: ex-ante analysis/ 

baselining, implementation and M&V (Measurement and Verification).  

The following figure presents the structure of the implementation approach 

distributed over the three phases of the HOLISDER M&V methodology. 
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Figure 3. Scheme of the HOLISDER M&V methodology 

The ex-ante analysis and the deployment planning of the equipment in the pilot 

sites will be addressed between M1-M22 in T2.3. Ex-ante Pilot Sites Surveys and 

Deployment Planning of the HOLISDER project. The development of the baseline 

will be accomplished by using a pooled data series that distinguishes between event 

and non‐event day and appropriately normalizing them to address occupancy and 

weather variations. In this way, objective measurements will allow more accurate 

energy consumption baseline adjustment and verification of the response of demand 

in price (or other) trigger signals (considering weather variations, different energy 

use profiles and occupancy patterns, diverse business and social characteristics, 

evolving market models and regulation restrictions).  

The implementation phase has a total duration of 18 months; it begins with the 

installation of the HOLISDER systems in the pilot sites and the integration with the 

existing components that will be performed between M10-M28 in T6.2. System 

Deployment in the Pilot Sites. The baselining validation of activities in the pilot sites 

and evaluation scenarios associated with KPIs developed in this task will be between 

M10-M22 (T6.3. Detailed Pilot Evaluation, Impact Assessment and Cost-Benefit 

Analysis Framework).  

The last phase of the HOLISDER M&V methodology lasts a minimum of 13 months 

but the M&V is required to be performed on an annual basis to check the proper 

functioning of installations; the monitoring impacts, validation of technical 

applicability of activities, and performance of real-life conditions in the pilot sites 

will ideally take place between M21-M34 (T6.4. Pilot Roll Out and Demonstration). 

• Allocate Project Risks and Responsibilities

• Develop a HOLISDER Project-Specific M&V Plan

• Define the Baseline model

• Analysis and Comparison

Ex-ante analysis

• Install and Commission Equipment and Systems

• Conduct Post-Installation Verification ActivitiesImplementation

•Perform Regular-Interval M&V ActivitiesM&V
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The following sub-sections analyse in further detail the implementation steps for the 

deployment of the HOLISDER M&V methodology 

4.2.1 Ex-Ante Analysis 

An ex-ante evaluation will be carried out to analyse and create a performance 

baseline by characterizing the performance of the buildings in current state, before 

implementing the HOLISDER project framework in the four pilot sites, then this 

created baseline will be also used as a benchmark for the future impact assessment. 

To enable the thorough validation of the HOLISDER framework, an ex-ante 

evaluation of the project pilot sites will take place before deployment to create a 

realistic and reliable performance baseline (considering the modelled parameters of 

the HOLISDER framework and the methodology specified before), which will also be 

used as a reference during the impact assessment phase. 

 

Table 2. Ex-ante analysis M&V risk and mitigation measures [13] 

As aforementioned, the ex-ante analysis and performance baseline will be 

addressed in T2.3. For this purpose, the pilot partners will provide the architectural 

plans and equipment characteristics. Furthermore, in this phase it is a requirement 

to collect equipment and installation details to define the geometrical definition and 

material characterization of the buildings for the deployment plan of the equipment 

in each pilot site. 

To address the pilot sites diversity, the validation framework will be based upon the 

methodology specified before and instantiate specific validation scenarios, 

associating them to sub-groups of Key Performance Indicators (KPIs) defined in 

section 5, not only to properly address singularity of each pilot case, but also retain 

a uniform (and comparative) evaluation of the project results. For some Validation 

Scenarios, specific KPIs will be introduced to address unique characteristics. 

Therefore, the KPIs will be linked with specific Validation Scenarios and specific Pilot 
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sites configuration, with a direct influence over the deployment plan in the demo-

sites of the HOLISDER project. 

For the analysis of the energy performance of a building with specific configuration, 

users behaviour and equipment operation, it is needed a proper collection of data 

and a thorough analysis of this data to get a full characterization of the energy 

performance of the building. Therefore, this methodology will be developed based 

on two main steps: data collection and analysis. 

Data collection 

The first step for the performance analysis consists in collecting the necessary data 

to completely characterize the energy performance of the buildings. It is known that 

only a good characterization of the performance would enable the identification of 

deficiencies, performances comparison among different configurations and analysis 

of the effect of the actuations over the energy performance and quantification of 

improvements. In that way it is necessary to: 

 Define the type of measurement and data requirements. 

 Collect and validate the baseline energy consumption data. 

 Prepare a Measurement and Verification (M&V) plan. 

 Identify measurement and metering points. 

 Identify significant energy uses: the loads, plant and equipment that 

account for a significant proportion of energy consumption. A full inventory 
of energy uses is required to fix the baseline conditions and to establish an 

estimated breakdown in energy consumption. 
 

Analysis and review  

With all the necessary data collected, a thorough analysis can be done to 

characterize the building performance and enable the comparison of different 

configurations with suitable indicators. To that purpose, a comparison model will be 

developed considering the influence of different Key Performance Indicators in 

energy consumption. These KPIs will form the basis for routine comparison against 

the energy baseline. 

The Baseline, obtained before any intervention from HOLISDER with current building 

state and configuration and energy performance, will be used as reference data for 

comparing the final results after implementing HOLISDER framework in the pilot 

sites. 

The energy baseline characterization may include the following elements: 

 Historical energy consumption over a sufficient period of time (about one 

year) and with sufficient resolution (hourly if possible) to identify variations 

in consumption. 
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 Inventory of energy uses and an estimated breakdown in energy consumption 

according to use (e.g. lighting, heating office equipment, servers, etc.). 

 Independent and fixed variables that affect the energy consumption and the 

relevant values (i.e. degree days for heating or cooling, floor area for lighting, 

building opening hours, metering period length, etc.). This data should be 

measured at the same time as, and correspond to, the energy consumption 

data. 

4.2.2 Implementation 

Once the baseline and the HOLISDER project-specific M&V plan are defined, next 

actions include the design, installation, calibration and commission of any special 

equipment that is necessary for the effective implementation of the M&V plan 

(T6.2). 

The sequence of actions includes the following: 

 Identification of systems to measure (i.e. which variables will be measured)  

 Specification of metering points (i.e. where the metering equipment will be 

installed) 

 Definition of metering specifications (i.e. which are the technical parameters 

of the metering equipment) 

 Commissioning of installed equipment and systems 

Identification of systems to measure 

First, the systems that are going to be measured have to be identified. The sources 

of energy delivered to the building in each direction (i.e. consumption/production) 

include the following:  

 Electricity 

 Fuels (e.g. Natural gas, diesel, fuel oil, other fossil fuels, biofuels, etc.) 

 District chilled water, steam and hot water 

Two modes of metering could be identified, namely basic and advanced. The basic 

metering focuses only on the consumption energy, while in the advanced metering 

all energy sources that serve the building have to be identified in both directions 

(consumption/production). 

Specification of metering points 

Metering points required for performance verification, and the number, type and 

location of all metering infrastructure (i.e. meters, sensors, etc.) must be specified 

in detail.  

Depending on the number of energy sources and whether the building is served or 

not by a utility company, additional meters may be required. The location of primary 
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building-level meters for each energy source must be identified. In case that the 

building shares utility meters with other buildings or includes energy sources that 

are not metered by the supplier or the metering infrastructure currently installed 

does not adequately meet the project objectives, the installation of sub-meters will 

be required to provide the required data.  

Each building M&V system may use a single meter at the utility entrance or multiple 

sub-meters to fully monitor the whole building energy use in aggregate.  

In any case, the scope of metering needs to be determined, by considering if the 

utility meter readings (of the energy provided to the building by one or more utility 

companies) meet the prerequisite requirements (providing periodic data). The 

building owner should confirm a) where the meter is located, b) that the meter is 

easily accessible and c) how the meter will be read. In this context, locations with 

easy access for reading and maintenance are preferable. 

Definition of metering specifications 

All metering specifications, including: 

a) the type of metering equipment,  

b) the measurement frequency (e.g. hourly, sub-hourly, minute time resolution), 

and  

c) measurement accuracy,  

must be defined in detail. Additionally, the communication channels and protocols 

as well as the data storage have to be specified, so that permanent and 

uninterruptible measurement data collection is ensured.  

The installation, calibration and maintenance of the planned metering and data 

logging equipment should follow the manufacturers’ recommendations and detailed 

technical instructions to ensure their long-term unobstructed operation. 

Commissioning of installed equipment and systems 

Commissioning of installed equipment and systems is considered industry best 

practice that should always follow the successful installation of the associated 

equipment. Commissioning will be executed in T6.3. Commissioning ensures that 

systems are designed, installed, functionally tested in all modes of operation, and 

capable of being operated and maintained in conformity with the design intent 

(appropriate lighting levels, cooling capacity, comfortable temperatures, etc.). 

Commissioning usually requires performance measurements to ensure that systems 

are working properly. 
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4.2.3 Measurement & Verification 

After the commissioning of installed equipment and systems, the measurement and 

recording of the energy consumption must be done. The time granularity may vary 

(from real-time monitoring and logging to aggregated meter reading, e.g. in 

monthly intervals) depending on the needs of each HOLISDER activity/use case. 

The building occupancy, use and maintenance must be also tracked to help identify 

possible outliers in energy usage patterns. There are many potential problems that 

may occur during the data collection process and whenever possible, data should 

be validated by an alternative method of measurement e.g. a hand held meter or 

observation of meter readings. Bad data is worse than no data as it implies a result 

that is not necessarily correct. 

The M&V of determined parameters will allow the calculation of the key performance 

indicators evolution. At this point, it is possible to develop different tasks in order 

to assess the performance of the monitored system in order to achieve the three 

points mentioned in the Introduction section of this document: verification of the 

savings relative to the baseline period; measuring energy cost savings due to 

implementation of the project Demand Response interventions and to estimation of 

short and long term impact trough socio-economic analysis. 

 

This task, implemented in T6.4, involves:  

• Analysis Procedure. Specify the exact data analysis procedures, algorithms and 

assumptions to be used.  

• Analyse data to determine actual performance and make the comparison with 

baseline energy consumption.  

• Compare actual performance to expected performance (consumption and device 

usage, visual and thermal conditions, humidity and air-quality, occupancy and 

activity patterns)  

• Analyse the monitored data in order to evaluate the performance of the system 

and optimize this performance through:  

 Isolate deficiencies raised in the facilities in order to have an effective 

maintenance of the system. In this way, possible inefficient units or 

malfunctions can be located and either fixed or the unit can be replaced.  

 Investigate the performance of the equipment.  

 Correct the controls for optimizing the operation, defining alternative 

maintenance schedules.  

 Update the enhanced energy simulation tool, with refinements of the 

components since the observed actuations of the occupants.  

• Define the resources required for the savings determination, both initial setup 

costs and ongoing costs throughout the reporting period.  

• Specify the energy prices that will be used to value the savings, and how savings 

will be adjusted if prices change in future.  
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• Assessment of information provided by HOLISDER framework to the end users 

in order to define optimization needs and alternative maintenance schedules.  

As mentioned in section 4.1, a Hybrid Performance Measurement and Verification 

Methodology is defined to extend eeMeasure methodology and to follow pooled 

baseline regression analysis model.  

Concerning user (comparable) group analysis, HOLISDER will again follow a hybrid 

longitudinal and cross-sectional approach. Different user comparable groups with 

regards to their level of engagement (from fully active to completely passive) will 

be identified through a multi-stage longitudinal analysis of behavioural patterns. 

Analytical data acquired from the sensing/measurement infrastructure 

(consumption and device usage, visual and thermal conditions, humidity and air-

quality, occupancy and activity patterns) appropriately analysed by the THOR 

Profiling Engine, will automatically reveal individual and group behavioural and 

comfort profiles as well as possible profile (behavioural or attitudinal) drifting within 

the reporting period. Assignment of pilot users to specific comparable groups will 

not be random but based on their dynamic profile similarities. Furthermore, a 

combinatorial ex-post analysis of information from carefully planned (quantitative 

tenant) survey waves, will allow for the identification of partial control groups 

(where appropriate), taking into account their level of engagement, their 

behavioural & comfort profiles as well as their static characteristics (demographics, 

social patterns, dwelling characteristics etc.). 

The combined comparative analysis of different groups will provide sound 

information to statistically investigate and accurately evaluate the gross and net 

impact of the HOLISDER interventions through a well-defined list of performance 

indicators addressing all aspects of performance (cost, energy, behaviour and 

comfort), properly normalized per person, degree day, surface (sq. meters), 

targeted time periods, etc. 

The consortium will strive for an equal distribution of residential and tertiary 

buildings and participants both in the control and the target groups. The different 

behavioural patterns and incentive structures, e.g. split incentives in the tertiary 

domain, warrant a separate investigation of these two types of users to extract 

meaningful conclusions. 

An important aspect that will require special investigation is the actual effectiveness 

of the HOLISDER interventions by using a hybrid Design-of-Experiments 

methodology and executed during the pilot activities. These interventions will focus 

on the effectiveness of the separate demand response strategies and pricing 

schemes, initially at an individual level and later on by combining different strategies 

in a hybrid approach (implicit+explicit strategies, or combinations of Real-Time 

Energy Market Tariffs (RTP) with Critical Peak Pricing (CPP), etc.). 

 



 

D2.2. HOLISDER PMV Methodology Specifications 

 

29 

 HOLISDER KPIs 

 Methodology 

In the context of HOLISDER, Key Performance Indicators have to be sufficient and 

adequate for conducting a solid sustainability assessment of building and district 

energy performance optimization projects. The selected aspects were differentiated 

between building level (issues concerning the sustainability of single buildings) and 

district level (issues concerning the sustainability of the whole urban district), 

considering the issues at district level as an aggregation of the individual buildings 

issues composing the whole district. Therefore, a preliminary analysis was carried 

out to select the main categories of indicators that have to be used in the M&V 

process. This section presents the selection of indicators to be included in each of 

the categories. The partners involved in this task (ETRA, HYPERTECH, SOLINTEL, 

BELIT, MYTILINEOS, KIWI, BEOELEK, and CAVERION, with the support of 

TECNALIA) reviewed and refined the list, with two main objectives: 

- To be aligned with the decisions taken in task T2.3 regarding the ex-ante 

analysis and the deployment of equipment 

- To ensure that the project will be able to demonstrate the achievement of the 

committed objectives in the HOLISDER framework (see Annex 1) and the 

HOLISDER Use Cases defined in D2.1 (see Annex 2) 

The selected KPIs are grouped in the following categories according to the group of 

measures and results they provide: 

1. Energy issues 
2. Demand Response and Flexibility  

3. Environmental issues 
4. Comfort issues 

5. Economic issues 
6. ICT System Reliability 
7. Predictive maintenance  

8. Security and privacy 
 

In the following subsection, there is an introduction of each KPI category and a 

detailed description of each selected KPI, which includes the associated use cases 

to each KPI, the required calculation method, with the formulas to be used and the 

respective monitoring data. 
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 Description of KPIs 

5.2.1 Energy 

The HOLISDER solution will impact on performance gap reduction through a Holistic 

Energy Performance Optimization Framework, taking into account the differences 

among real energy consumption and the predicted one. For this purpose, energy 

performance in buildings and at the district level will be measured and monitored. 

The level of monitoring reached in each application of HOLISDER at real cases will 

depend on the sensor deployment and specific end-user requirements. 

To assess the retrofitting decision-making and the energy efficiency performance, 

energy savings must be indirectly measured by the consumption or demand before 

and after the Energy Conservation Measure (EMC) implementation, following the 

International Performance Measurement and Verification Protocol (IPVMP). 

KPI ID ENE 1 

Name Self-consumption ratio 

Category Energy 

Related Use 

Cases 
UC1.1, UC4.2 

Description 

Self-consumption ratio is a metric used for quantifying the amount 

of electricity produced and consumed locally relative to the total 

production that is locally available from on-site generation units. 

It is calculated as the ratio of self-consumption divided by the self-

generated energy. 

Formula 

𝑆𝐶𝑅 =
∑ min(𝑃𝑡 , 𝐷𝑡)𝑡∈𝑇

∑ 𝑃𝑡𝑡∈𝑇

100 

𝑆𝐶𝑅: self-consumption ratio 

𝑇: evaluation period 

𝑡: metering period (e.g. 15 minutes) 

𝑃𝑡: energy produced by on-site generation/energy drawn from on-

site storage unit during metering period 𝑡 (by the whole portfolio 

or on the customer permises) (kWh) 

𝐷𝑡: energy demand during metering period 𝑡 (by the whole 

portfolio or on the customer premises) (kWh) 

Unit of 

measurement 
% 

GENERAL COMMENTS 

The SCR is usually calculated over a certain time period (e.g. a year). 

This KPI aims to measure the efficiency of load shifting mechanisms and energy 

storage towards increasing the ratio of energy produced by members of the portfolio 

that is self-consumed within the portfolio. However, this KPI could also be used for 

individual evaluation of self-consumption per customer.  



 

D2.2. HOLISDER PMV Methodology Specifications 

 

31 

Higher value of the ratio signifies that the best use of the locally generated energy is 

made, since it is consumed locally. 

 

 

KPI ID ENE 2 

Name Energy savings (gas, electricity, district heating) 

Category Energy 

Related Use 

Cases 
UC2.2 

Description 

This indicator is usually used for project evaluation (where 

suppliers are involved), and for consumer behaviour change (for 

consumers). It will measure the difference between measured and 

reference consumption data, evaluated within a predefined period 

of time. 

Formula 

𝐸𝑆𝑔 =∑ ∑ |𝐶𝐵𝐿𝑛
ℎ

𝑛
− 𝐿ℎ|

ℎ∈𝐻
 

𝐸𝑆𝑒 = ∑ ∑ |𝐶𝐵𝐿𝑛
ℎ

𝑛
− 𝐿ℎ|

ℎ∈𝐻
 

𝐸𝑆𝑑 = ∑ ∑ |𝐶𝐵𝐿𝑛
ℎ

𝑛
− 𝐿ℎ|

ℎ∈𝐻
 

𝐸𝑆: energy savings (kWh) for: 

𝐸𝑆𝑔: ES for gas 

𝐸𝑆𝑒: ES for electricity 

𝐸𝑆𝑑: ES for district heating 

𝐶𝐵𝐿𝑛
ℎ : baseline load of user 𝑛 during time interval ℎ of the period 

under study (kWh/h) 

𝐿ℎ = ∑ 𝑙𝑛
ℎ

𝑛∈𝑁 : the total power of the load across all users 𝑛 ∈ 𝑁 

during each time interval ℎ of the period under study (kWh/h) 

𝑙𝑛
ℎ: the load of user 𝑛 during time interval ℎ of the period under 

study (kWh/h) 

𝐻: the set of time intervals of the period under study (ℎ ∈ 𝐻) 

𝑁: the set of customers under study (𝑛 ∈ 𝑁) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Self-consumption Demand PV production

Load shifting

Energy storage

Load shifting
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Unit of 

measurement 
kWh 

GENERAL COMMENTS 

 

 

KPI ID ENE 3 

Name Buildings final energy consumption/demand 

Category Energy 

Related Use 

Cases 
UC1.1, UC4.2, UC5.1 

Description 
This KPI aims to show the total amount of energy consumed in a 

building (or in a part of it) in a time period. 

Formula 

BFEC =∑ 𝐵𝐹𝐶ℎ∈𝐻
𝑛

𝑛∈𝑁  ; 𝑆𝐵𝐹𝐸𝐶 =
𝐵𝐹𝐸𝐶

𝑆
 

𝑁: set of customers under study (𝑛 ∈ 𝑁) 

𝐻: the set of time intervals of the period under study (ℎ ∈ 𝐻) 

BFC: Building final consumption (kWh) 

SBFEC: Building final energy consumption per surface unit 

(kWh/m2) 

S: Surface (m2) 

Unit of 

measurement 
kWh ; kWh/m2 

GENERAL COMMENTS 

 

 

KPI ID ENE 4 

Name Non-renewable final Energy consumption 

Category Energy 

Related Use 

Cases 
UC1.1, UC4.2 

Description 

This KPI aims to show the total amount of non-renewable energy 

(electricity and heating purposes) consumed in a building (or in a 

part of it) in a time period. It will also show its proportion 

concerning the total energy consumed. 

Formula 

NRE =∑ 𝑁𝑅𝐶ℎ∈𝐻
𝑛

𝑛∈𝑁  ; %𝑁𝑅𝐸 = 
𝑁𝑅𝐸

𝐵𝐹𝐸𝐶
× 100 

𝑁: set of customers under study (𝑛 ∈ 𝑁) 

𝐻: the set of time intervals of the period under study (ℎ ∈ 𝐻) 

NRC: Non-renewable energy consumption (kWh) 

%NRC: Non-renewable energy consumption 

BFEC: Building Final Energy Consumption (kWh) 

Unit of 

measurement 
kWh ; % 
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GENERAL COMMENTS 

 

 

KPI ID ENE 5 

Name Renewable total energy consumption 

Category Energy 

Related Use 

Cases 
UC1.1, UC4.2 

Description 

This KPI aims to show the total amount of renewable energy 

(electricity and heating purposes) consumed in a building (or in a 

part of it) in a time period. It will also show its proportion 

concerning the total energy consumed. 

Formula 

RE =∑ 𝑅𝐶ℎ∈𝐻
𝑛

𝑛∈𝑁  ; %𝑁𝑅𝐸 = 
𝑅𝐸

𝐵𝐹𝐸𝐶
× 100 

𝑁: set of customers under study (𝑛 ∈ 𝑁) 

𝐻: the set of time intervals of the period under study (ℎ ∈ 𝐻) 

RC: Renewable energy consumption (kWh) 

%NRC: Non-Renewable energy consumption 

BFEC: Building Final Energy Consumption (kWh) 

Unit of 

measurement 
kWh ; % 

GENERAL COMMENTS 

 

5.2.2 DR & Flexibility 

 The DR and Flexibility KPIs are defined taking into account Implicit and Explicit DR 

in the framework of the HOLISDER project. These KPIs measure the level of 

participation of customers, the level of aggregated flexibility provided by 

aggregators and suppliers, and the generated /demand energy that allows a grid 

stability. 

KPI ID DRF 1 

Name DR campaigns adoption 

Category DR & Flexibility 

Related Use 

Cases 
UC 4.1, UC 4.3 

Description 

This KPI aims to track the increase of customers participating in 

DR campaigns in the HOLISDER pilot sites, hence to quantify the 

improvement in adopting DR mechanisms among these final 

customers, due to implementation of the HOLISDER system. 

Formula 𝐷𝑅𝐶𝑃 =
𝑁𝐶
𝑎𝑓𝑡𝑒𝑟

−𝑁𝐶
𝑏𝑒𝑓𝑜𝑟𝑒

𝑁𝐶
𝑏𝑒𝑓𝑜𝑟𝑒

100 
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𝐷𝑅𝐶𝑃: DR campaigns penetration 

𝑁𝐶
𝑏𝑒𝑓𝑜𝑟𝑒

: Numbers of customers active in DR campaigns before 

system deployment and pilot rollout 

𝑁𝐶
𝑎𝑓𝑡𝑒𝑟

: Numbers of customers active in DR campaigns after 

system deployment and pilot rollout 

 

Unit of 

measurement 
% 

GENERAL COMMENTS 

 

KPI ID DRF 2 

Name DR campaigns penetration 

Category DR & Flexibility 

Related Use 

Cases 
UC 4.1, UC 4.3 

Description 

This KPI aims to track the overall penetration and acceptance of 

DR mechanisms among the final customers in the HOLISDER pilot 

sites. 

Formula 

𝐷𝑅𝐶𝑃 =
𝑁𝐶

𝑁
100 

𝐷𝑅𝐶𝑃: DR campaigns penetration 

𝑁𝐶 : Numbers of customers in pilot sites active in DR campaigns. 

𝑁 : Numbers of customers in pilot sites. 

 

Unit of 

measurement 
% 

GENERAL COMMENTS 

The calculation of the index can be performed periodically. 

 

KPI ID DRF 3 

Name Flexibility on offer 

Category DR & Flexibility 

Related Use 

Cases 
UC3.1 

Description 
This KPI aims to quantify the aggregated flexibility that is offered 

to grid operators by aggregators/suppliers. 

Formula 

The maximum demand flexibility that is on offer by an aggregator 

and/or supplier can be quantified as follows: 

max
ℎ∈𝐻

∑ 𝐷𝐹ℎ
𝑛

𝑛∈𝑁
 

𝐷𝐹ℎ
𝑛: demand flexibility profile of individual consumer 𝑛 during 

interval ℎ (kWh) 
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𝑁: set of customers under study (𝑛 ∈ 𝑁) 

𝐻: the set of time intervals of the period under study (ℎ ∈ 𝐻) 

Unit of 

measurement 
kWh 

GENERAL COMMENTS 

 

KPI ID DRF 4 

Name Elasticity on offer 

Category DR & Flexibility 

Related Use 

Cases 
UC2.1 

Description 

This KPI aims to quantify the aggregated elasticity of a retailer’s 

portfolio. Larger absolute values translate to increased flexibility 

that the retailer can utilize to optimize his business objectives. 

Formula 

max
ℎ∈𝐻

∑ 𝐷𝐸ℎ
𝑛

𝑛∈𝑁
 

𝐷𝐸ℎ
𝑛: demand elasticity profile of individual consumer 𝑛 during 

interval ℎ (kWh) 

𝑁: set of customers in a specific set/portfolio (𝑛 ∈ 𝑁) 

𝐻: the set of time intervals of the period under study (ℎ ∈ 𝐻) 

Unit of 

measurement 
kWh 

GENERAL COMMENTS 

 

KPI ID DRF 5 

Name Flexibility forecasting accuracy 

Category DR & Flexibility 

Related Use 

Cases 
UC1.1, UC1.2 

Description 

This KPI will calculate the accuracy of the DR forecasting 

algorithms developed within the project. This calculation will be 

done periodically per time periods (this has to be decided, can be 

each 15 mins, each hour…). 

Formula 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = (1 − |
𝐹𝑐 − 𝐹𝑓

𝐹𝑐
|)

𝑡

× 100 

𝐹𝑐: current flexibility (kWh) 

𝐹𝑓: forecasted flexibility (kWh) 

t: period 

Unit of 

measurement 
% 

GENERAL COMMENTS 

The calculation of the index can be performed using a moving window. 
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KPI ID DRF 6 

Name Elasticity forecasting accuracy 

Category DR & Flexibility 

Related Use 

Cases 
UC1.1, UC1.3 

Description 

Similarly to the previous KPI, DRF 6 will calculate the accuracy of 

the DR elasticity forecasting algorithms developed within the 

project. In case of an event during which the retailer adjusts the 

energy retail prices, the resulting elasticity (a.k.a. flexibility 

resulting from price variation) can be compared to the forecasted 

one to assess the prediction accuracy.  

Formula 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = (1 − |
𝐹𝑐 − 𝐹𝑓

𝐹𝑐
|)

𝑡

× 100 

𝐹𝑐: actual elasticity (kWh) 

𝐹𝑓: forecasted elasticity (kWh) 

t: period 

Unit of 

measurement 
% 

GENERAL COMMENTS 

 
  

KPI ID DRF 7 

Name Net metering in the portfolio of an aggregator/retailer 

Category DR & Flexibility 

Related Use 

Cases 
UC4.1, 4.3 

Description 

This KPI aims to measure to which extent the energy produced 

within a portfolio of aggregated prosumers meets their demand. 

It impacts the costs of energy supply and supports investment 

decisions (e.g. development explicit DR mechanisms). The less 

the value of this KPI, the more flexibility has been reached. 

Formula 

𝑁𝑀 =∑(𝐷𝑡 − 𝑃𝑡)

𝒕∈𝑻

 

𝑁𝑀: net metering 

𝑇: evaluation period 

𝑡: metering period (e.g. 15 minutes) 

𝑃𝑡: energy produced by on-site generation/energy drawn from on-

site storage unit during metering period 𝑡 (by the whole portfolio 

or on the customer premises) (kWh) 

𝐷𝑡: energy demand during metering period 𝑡 (by the whole 

portfolio or on the customer premises) (kWh) 

Unit of 

measurement 
kWh 

GENERAL COMMENTS 
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KPI ID DRF 8 

Name Peak load reduction 

Category DR & Flexibility 

Related Use 

Cases 
UC4.1, 4.3, UC2.2, UC3.2 

Description 

Peak Load Reduction captures a significant aspect of DR, in the 

sense that it quantifies, for a particular period of time/event, how 

much demand was reduced, in comparison to the baseline value. 

Formula 

𝑳𝑹 = (𝟏 −
𝑳𝒂𝒄𝒕
𝑷𝑳𝒃𝒍

) ∗ 𝟏𝟎𝟎 

 

where: 

PLR: Peak Load Reduction 

Lact: actual Load at the moment of expected/baseline peak load 

during the day of the intervention 

PLbl: baseline Peak Load used for the estimation of the impact of 

the DR intervention. There are two ways to quantify the baseline 

peak load, since it is a hypothetical quantity and cannot actually 

be measured: 

1. Forecasted peak load for the time period of demand 

response intervention, 

2. Peak load of past periods with similar characteristics, 

based on the discretion and criteria of aggregator/ supplier 

to provide this baseline in advance of the intervention. 

Unit of 

measurement 
% 

GENERAL COMMENTS 

5.2.3 Environment 

The environmental conditions in buildings are quantified bound on potential energy 

savings in buildings (i.e. the most energy-efficient strategy is to close the HVAC 

system). The HOLISDER Environmental KPIs focus on air quality indicators (IAQ) 

that quantify health risk’s pollutants, such as CO2, CO and particulate matter, in 

order to reduce these concentrations. 

The measurement of outdoor CO2 concentrations predict the amount of indoor air 

supplied to a space, i.e. the ventilation adequacy of spaces. A carbon monoxide 

indicator would identify problems in buildings with fuel-based heating systems and 

smoking areas, as well as buildings that are near traffic and parking areas. In such 

buildings, the sensors should be spread out through many areas of the building to 

ensure that air is distributed evenly. Finally, particulate matter is other potential 

indoor air pollutant depending on its size (the smaller the more toxic) and nature 

(e.g. asbestos, silica dust, coal dust, bioaerosols, smoke, and fumes). 
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KPI ID ENV 1 

Name Evaluation of CO2 concentration 

Category Environment 

Related Use 

Cases 
UC4.2, UC5.1 

Description 

The long-term Indoor Air Quality (IAQ) evaluation of CO2 

concentrations KPI for a monitored space 𝑖 for a time-period 𝑇, is 

performed by evaluating the specific percentage of time the space 

was in each of the four categories shown in the table included in 

“General Comments” during occupied time. 

Formula 
𝐿𝑇_𝐾𝑃𝐼𝐶𝑂2

𝑖 =

(

 
 
 
 
 
 
 
𝑇𝐼
𝑖

𝑇𝑜𝑐𝑐
⁄

𝑇𝐼𝐼
𝑖

𝑇𝑜𝑐𝑐
⁄

𝑇𝐼𝐼𝐼
𝑖

𝑇𝑜𝑐𝑐
⁄

𝑇𝐼𝑉
𝑖

𝑇𝑜𝑐𝑐
⁄

)

 
 
 
 
 
 
 

× 100 

𝑇𝑜𝑐𝑐: Total amount of time that space i was occupied. 

Unit of 

measurement 
% 

GENERAL COMMENTS 

 

 

KPI ID ENV 2 

Name GHG Emissions 

Category Environment 

Related Use 

Cases 
UC4.2, UC5.1 

Description 

This indicator will the amount of GHG emissions produced due to 

the energy consumption of the building. For achieving that, it will 

be necessary to monitor the fossil fuel consumption (mainly 

natural gas and gasoline) and the electricity consumption and 

multiply for the respective conversion factor 

Formula 

𝐺𝐻𝐺 = 𝐸𝑐 × 𝐸𝑓 + 𝑁𝐺𝑐 × 𝑁𝐺𝑓 + 𝐺𝑐 × 𝐺𝑓 
Ec: Electricity consumption (kWh) 

NGc: Natural Gas consumption (l or kg)  

Gc: Gasoline consumption (l or kg) 
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Ef: Electricity conversion factor (kg CO2 eq/kWh) 

NGf: Natural Gas conversion factor (kg CO2 eq/l) or (kg CO2 

eq/kg) 

Gf: Gasoline conversion factor (kg CO2 eq/l) or (kg CO2 eq/kg) 

Unit of 

measurement 
Tonnes of CO2 eq. 

GENERAL COMMENTS 

It will be necessary to consider if the Ef takes into account the efficiency losses due to 

the electricity transport. 

The corresponding part of the renewable self-consumption will have Ef=0.  

If the heating of the building is done by means of District heating, it will be necessary 

to add also this term to the equation in the following way: 

𝐷𝐻𝑒 × 𝜇 × (
1

𝐶𝑉
) × 𝐹𝑓 

DHe: District Heating Energy consumed (kWh) 
𝜇: Efficiency of the DHN process 

CV: Calorific Value of the fuel used (kWh/kg) 

Ff: Fuel conversion factor (kg CO2 eq/kg) 

 

KPI ID ENV 3 

Name Evaluation of CO concentration  

Category Environment 

Related Use 

Cases 
UC4.2, UC5.1 

Description 

The long-term IAQ evaluation of CO concentrations KPI for a 

monitored space 𝑖 for a time-period 𝑇, is defined as an efficiency 

index, expressing the absence of concentrations exceeding the 

limit values over time. 

Formula 

𝐿𝑇_𝐾𝑃𝐼𝐶𝑂
𝑖 =

∑ 𝑤𝑡
𝑖

𝑡

(𝑁𝑤 × 𝑁𝑡)
 

𝑤𝑡
𝑖=|𝐶𝑂𝑡

𝑖 − 𝐶𝑂𝑡
𝑙𝑣|, i.e. the distance between the CO measurements 

at time-index 𝑡 and the limit value for CO concentrations, if the 

CO measurements are higher than the limit 
𝑁𝑤: is a normalization factor to be defined (e.g. could be set to 

two times the value of the upper limit). 

𝑁𝑡: time index of the occupied period. 

Unit of 

measurement 
𝜇𝑔/𝑚3 

GENERAL COMMENTS 

Set 𝑤𝑡
𝑖=0 if the CO measurements at time-index 𝑡 are lower or equal to the limit. 

Limit guidelines and the proper time-intervals for the measurements of CO 

concentrations. 
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KPI ID ENV 4 

Name Evaluation of Particulate Matter concentration 

Category Environment 

Related Use 

Cases 
UC4.2, UC5.1 

Description 

The long-term IAQ evaluation of Particulate Matter (PM) 

concentrations KPI for a monitored space 𝑖 for a time-period 𝑇 is 

defined in the same way as the long-term evaluation efficiency 

index is defined for the CO2 concentrations. 

Formula 𝐿𝑇_𝐾𝑃𝐼𝑃𝑀
𝑖 =

∑ 𝑤𝑡
𝑖

𝑡

(𝑁𝑤 ×𝑁𝑡)
 

Unit of 

measurement 
𝜇𝑔/𝑚3 

GENERAL COMMENTS 

Set 𝑤𝑡
𝑖=0 if the PM measurements at time-index 𝑡 are lower or equal to the limit. 

Limit guidelines and the proper time-intervals for the measurements of PM 

concentrations. 

 

 

5.2.4 Comfort 

Thermal comfort is that condition of mind that expresses satisfaction with the 

thermal environment. Because there are large variations, physiologically and 

psychologically, from person to person, it is difficult to satisfy everyone in a space. 

Thus, the environmental conditions required for comfort are not the same for 

everyone [14]. 

One of the most widely used indices in moderate thermal environments, the PMV 

index (predicted mean vote), predicts the mean value of the overall thermal 

sensation of a large group of persons as a function of activity (metabolic rate), 

clothing insulation, and the four environmental parameters: air temperature, mean 
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radiant temperature, air velocity, and air humidity [15]. Other Comfort KPIs are 

described as follows, depending on different comfort sensations. 

KPI ID COM 1 

Name Predicted Mean Vote 

Category Comfort 

Related Use 

Cases 
UC2.2, UC3.2, UC4.1, UC4.3 

Description 

The comfort level should be kept within acceptable limits. Thermal comfort 
of occupants is quantified using the Predicted Mean Vote (𝑃𝑀𝑉) index, 

which predicts the mean response of a large group of people according to 

the ASHRAE thermal sensation scale.  

Formula 

 

-0.036M

-3

a

-5

a a

-8 4 4

cl cl r cl c cl a

PMV = (0.303 + 0.028)·

{(M-W) - 3.05·10 ·[5733 - 6.99·(M-W)- p ]

-0.42 [(M -W) - 58.15]-1.7·10 M(5867 - p ) - 0.0014M(34- t )

-3.96·10 f [(t + 273)  - (t  + 273) ]-f h (t - t )}

e

 

 
In this formula, the following abbreviations are employed: 

1. -8 4 4

cl cl cl r cl c cl at  = 35.7 - 0.028(M -W) -I {3.96 · 10  [(t  + 273)  - (t + 273) ] + f h (t  - t )}

 

2. 0.25

cl a arhc =max (2.38 |t  - t |  , 12.1 v )  

3. 
2

cl cl
2

cl cl

1.00 + 1.290I  for I < 0.078m K/W

cl 1.05 + 0.0645I for I > 0.078m k/W
f  =  

Where: 

PMV is the predicted mean vote [-] 

M is the metabolic rate [W/m2] 

W is the external work (zero for most indoor activities) [W/m2] 

fcl is the ratio of the clothed surface area to the nude surface area [-] 

Icl is the thermal resistance of the clothing [ (m2K)/ W] 

ta is the air temperature [°C] 

tr is the mean radiant temperature [°C] 

va is the air velocity relative to the human body [m/s] 

pa is the partial water vapour pressure [Pa] 

hc is the convective heat transfer coefficient [W/(m2K)] 

tcl is the surface temperature of the clothing [°C]. 

 

Unit of 

measureme

nt 

- 

GENERAL COMMENTS 

The 𝑃𝑀𝑉 index is a dimensionless quantity. The value of the 𝑃𝑀𝑉 index is from (-3, 3), 

which corresponds to the human’s feeling from cold to hot. Zero value of the 𝑃𝑀𝑉 index 

means neutral. More specifically, the values of the 𝑃𝑀𝑉 index are as follows: 
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Human feeling 

description 

𝑷𝑴𝑽 

index 

Hot 3 

Warm 2 

Slightly warm 1 

Neutral 0 

Slightly cool -1 

Cool -2 

Cold -3 
 

 

KPI ID COM 2 

Name Predicted Percentage of Dissatisfied -PPD 

Category Comfort 

Related Use 

Cases 
UC2.2, UC3.2, UC4.1, UC4.3 

Description 

Using𝑃𝑀𝑉, the index Predicted Percentage of Dissatisfied (𝑃𝑃𝐷), 

quantifying the percentage of the people who felt more than 

slightly warm or slightly cold, is also calculated. By calculating 

𝑃𝑀𝑉 and 𝑃𝑃𝐷 indices, the ISO Thermal Acceptance Limits per ISO 

7730:2005 are produced. 

Formula 𝑃𝑃𝐷 = 100 − 95𝑒−0.03353𝑃𝑀𝑉4 − 0.2179𝑃𝑀𝑉2 

Unit of 

measurement 
% 

GENERAL COMMENTS 

The relationship between 𝑃𝑃𝐷 and 𝑃𝑀𝑉 is as follows: 

 

The ISO Thermal Acceptance Limits are presented in the following table. Class A 

represents the maximum satisfaction in the environment, class B the medium 

satisfaction and category C the minimum satisfaction. 

Class A B C 

𝑃𝑀𝑉 −0.2 < 𝑃𝑀𝑉 < +0.2 −0.5 < 𝑃𝑀𝑉 < +0.5 −0.7 < 𝑃𝑀𝑉 < +0.7 

𝑃𝑃𝐷 < 6 < 10 < 15 
 

 

KPI ID COM 3 

Name Operative Temperature 

Category Comfort 
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Related Use 

Cases 
UC2.2, UC3.2, UC4.1, UC4.3 

Description 

The operative temperature, to, is defined as the uniform 

temperature of an imaginary black enclosure in which an occupant 

feels totally comfort. The optimal operative temperature in a zone 

can be expressed as a function of the activity and clothing. 

Formula 

𝑂𝑡 =
ℎ𝑐 × 𝑡𝑎 + ℎ𝑟𝑡𝑟

ℎ𝑐 + ℎ𝑟
 

Can be simplified to: 

𝑂𝑡 =
𝑡𝑎 + 𝑡𝑟

2
 

ℎ𝑐: convective heat transfer coefficient (W/ºC m2) 

ℎ𝑟: linear radiative heat transfer coefficient (W/ºC m2) 

𝑡𝑎: air temperature (ºC) 

𝑡𝑟: mean radiant temperature (ºC) 

Unit of 

measurement 
ºC 

GENERAL COMMENTS 

It is common to represent this KPI by means of the following graph. 

 
 

 

KPI ID COM 4 

Name System Average Interruption Frequency Index 

Category Comfort 

Related Use 

Cases 
UC2.2, UC3.2, UC4.1, UC4.3 

Description 

Average number of interruptions that a customer experiences 

(during a certain time period) concerning electricity, natural gas 

and DHN supply. 

Formula 𝑆𝐴𝐼𝐹𝐼 =
∑ 𝑐𝑖𝑛𝑛

𝑛𝑐
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𝑐𝑖𝑛: number of interruptions suffered by customer 𝑛 

𝑛𝑐: total number of customers served 

Unit of 

measurement 
Interruptions per customer 

GENERAL COMMENTS 

SAIFI is periodically evaluated by the network operators (e.g. monthly). 

 

KPI ID COM 5 

Name System Average Interruption Duration Index 

Category Comfort 

Related Use 

Cases 
UC2.2, UC3.2, UC4.1, UC4.3 

Description 

Average outage duration that any given customer would 

experience (average restoration time) concerning electricity, 

natural gas and DHN supply. 

Formula 

𝑆𝐴𝐼𝐷𝐼 =
∑ 𝑐𝑖𝑑𝑛𝑛

𝑛𝑐
 

𝑐𝑖𝑑𝑛: customer 𝑛 interruption duration 

𝑛𝑐: total number of customers served 

Unit of 

measurement 
Time units 

GENERAL COMMENTS 

SAIDI is periodically evaluated by the network operators (e.g. monthly). 

 

KPI ID COM 6 

Name Thermal Discomfort Factor 

Category Comfort 

Related Use 

Cases 
UC2.2, UC3.2, UC4.1, UC4.3 

Description 

Thermal comfort is a subjective condition of mind that expresses 

satisfaction with the thermal environment. Within the HOLISDER 

framework, personalized comfort profiling algorithms will be 

employed to quantify this condition. In particular, the thermal 

discomfort factor combines the power of thermal indicators, such 

as the PMV or PPD, with Bayesian inference models. Using the 

Bayes theorem, the discomfort KPI is computed as the posterior 

probability of occupant comfort for given environmental 

conditions. 

Formula 

yth = p(Yth = 0|Xt = xt) =
1

p(Xt = 𝑥𝑡)
p(Yth = 0)p(Xt = xt|Yth = 0), 

where the model response y𝑡ℎ is the probability of the thermal 

user satisfaction (represented by variableYth ∈ {0,1}) being 0 

(a.k.a. dissatisfied). xt denotes the input condition variable, which 
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can be selected from among various options (PMV, PPD, 

temperature, etc.).  

Unit of 

measurement 
Probability (0-1) 

GENERAL COMMENTS 

The Thermal Discomfort Factor constitutes a basis for the comfort and flexibility 

profiling framework of the HOLISDER project and will be described in detail in later 

deliverables. The model requires training from monitored sensing and actuation data. 

The lack of control actions is translated as user comfort, while modification of the 

HVAC operation is taken to be an indicator of discomfort for the occupant.   

 

KPI ID COM 7 

Name Visual Discomfort Factor 

Category Comfort 

Related Use 

Cases 
UC2.2, UC3.2, UC4.1, UC4.3 

Description 

Similar to the previous KPI, the Visual Discomfort Factor is a 

personalized metric regarding the feeling of visual discomfort 

learnt from sensing and actuation data. Again, this KPI is 

computed as the posterior probability of occupant comfort for 

given luminance conditions. 

Formula 

y𝑣𝑖𝑠 = p(Y𝑣𝑖𝑠 = 0|X𝑣 = x𝑣) =
1

p(X𝑣 = 𝑥𝑣)
p(Y𝑣𝑖𝑠 = 0)p(X𝑣 = x𝑣|Y𝑣𝑖𝑠 = 0), 

where the model response y𝑣𝑖𝑠 is the probability of the user 

satisfaction (represented by variable Y𝑣𝑖𝑠 ∈ {0,1}) being 0 (a.k.a. 

dissatisfied). x𝑣 denotes the input condition variable, which can be 

selected from among visual metrics, such as luminance or 

illuminance.  

Unit of 

measurement 
Probability (0-1) 

GENERAL COMMENTS 

The Visual Discomfort Factor constitutes a basis for the comfort and flexibility profiling 

framework of the HOLISDER project and will be described in detail in later deliverables. 

The model requires training from monitored sensing and actuation data. The lack of 

control actions is translated as user comfort, while modification of the lighting system 

operation is taken to be an indicator of discomfort for the occupant.   

5.2.5 Economic 

Costs of installation and maintenance of equipment in the HOLISDER pilot sites are 

measured through these KPIs in order to perform initial and future costs 

assessments and savings, as well as the recovery time of expenses. The Return on 

Investments (ROI) for gas, electricity, district heating are calculated too with the 

aim of quantifying the energy savings and costs of these three energy supplies. 
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KPI ID ECO 1 

Name CAPEX - CAPital EXpenditures 

Category Economic 

Related Use 

Cases 
UC5.1 

Description 

Sum of all upfront investment required to purchase, manufacture, 

install and put in operation the required equipment of the 

designed solution. 

Formula 

𝐶𝐴𝑃𝐸𝑋 == 𝐶𝐴𝐷𝐵𝐸 + 𝐶𝐼𝑀𝐶𝑆 + 𝐶𝑂𝐸𝑀𝑆  

 

CADBE: cost of all materials and manufacturing, installation and put 

in operation of façade including systems installed (ventilation 

units, PV modules, batteries, inverters, etc.)  

CIMCS and COEMS are the cost of all sensors and control units of the 

IMCS and the OEMS 

Unit of 

measurement 
€ 

GENERAL COMMENTS 

The aim of CAPEX is to account for all costs to be incurred at the beginning of the 

project as investment 

 

KPI ID ECO 2 

Name OPEX - OPerational EXpenditures 

Category Economic 

Related Use 

Cases 
UC5.1, UC5.2 

Description 

Sum of all annual recurrent costs, that is all required costs of 

operating the installed equipment as well as the cost of 

maintenance of it. The objective is to reach an OPEX as close to 

zero as possible. 

Formula 

𝑂𝑃𝐸𝑋 == 𝑂𝑀𝐴𝐷𝐵𝐸 + 𝑂𝑀𝐼𝑀𝐶𝑆 + 𝑂𝑀𝑂𝐸𝑀𝑆 

 
OMADBE: O&M costs of ADBE (PV modules, batteries, inverters, 

HVAC units and the façade) 

OMIMCS and OMOEMS are the O&M costs of IMCS and OEMS; all of 

them in annual basis. 

Unit of 

measurement 
€/year 

GENERAL COMMENTS 

The aim of OPEX is to account for all recurrent costs related to HOLISDER solution 

on annual basis 
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KPI ID ECO 3 

Name LCC- Life Cycle Cost 

Category Economic 

Related Use 

Cases 
UC5.1, UC5.2 

Description 

LCC is defined as a technique which enables comparative cost 

assessments to be made over a specified period of time, taking 

into account all relevant economic factors, both in terms of initial 

costs and future operational costs. 

Formula 

𝐿𝑖𝑓𝑒𝐶𝑦𝑐𝑙𝑒𝐶𝑜𝑠𝑡 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙(𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑)𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑐𝑜𝑠𝑡𝑠
+ 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔𝑐𝑜𝑠𝑡𝑠 + 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑𝑙𝑖𝑓𝑒
− 𝑡𝑖𝑚𝑒𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒𝑐𝑜𝑠𝑡𝑠
+ (𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑟𝑒ℎ𝑎𝑏𝑖𝑙𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑠𝑡𝑠
+ 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑙𝑐𝑜𝑠𝑡𝑠 − 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑣𝑎𝑙𝑢𝑒)
+ 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙𝑐𝑜𝑠𝑡"(ifitisapplicable) 

 

Unit of 

measurement 
€/m2/year 

GENERAL COMMENTS 

The costs are taken into consideration for the whole life time of product /process. 

 

KPI ID ECO 4 

Name Pay-back Time 

Category Economic 

Related Use 

Cases 
UC5.1, UC5.2 

Description 

Pay-back Time is the period of time required to recover the funds 

expended in an investment. 

The payback period is considered a method of analysis with 

limitations for its use, because it does not account for the time 

value of money, but it is easy of use. 

Formula 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘𝑇𝑖𝑚𝑒 =
𝐶𝐼𝑁𝑉

𝑆
 

 

CINV: Investment costs 

S: Yearly savings in running costs energy 

Unit of 

measurement 
years 

GENERAL COMMENTS 

 

KPI ID ECO 5 

Name Return on Investment (ROI) (gas, electricity, district heating) 

Category Economic 
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Related Use 

Cases 
UC5.1, UC5.2 

Description 

ROI evaluates the economic efficiency of energy measures. It assesses the 
energy measures for the whole building by using the overall investment 
costs and the saving in running costs energy.  

Formula 

𝑅𝑂𝐼 =
𝑆 ∗∑ (1 + 𝑍)𝑡

𝑡

𝐶𝐼𝑁𝑉 ∗ (1 + 𝑖)𝑡
∗ 100 

 
Separate ROI for each energy source: 

ROIg: Return on Investment in gas 

ROIe: Return on Investment in electricity 

ROId: Return on Investment in district heating 

Or an integrated ROI can be calculated to know the ROI of all 

the applicable energy sources, summing these sources. 

 

S: yearly savings in running costs energy [€]. Cumulative 

savings for each year. 

S=Total 𝐸𝑛𝑒𝑟𝑔𝑦 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 – Total 𝐸𝑛𝑒𝑟𝑔𝑦 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 

𝑎𝑓𝑡𝑒𝑟_𝑚𝑒𝑎𝑠𝑢𝑟𝑒  

 

CINV: The total investment costs for the energy measures [€]  

i: discount rate  

z: energy price changing rate  

t: period considered 

 

Other way of calculation: 

 
where the Revenue is the net profit obtained from a 

product/service marketed and the investment costs are all the 

costs required to be in position of selling the product/service 

Unit of 

measurement 
% 

GENERAL COMMENTS 

The indicator only relies on the costs and savings from measures that are directly affecting the 
energy demand in the use stage over a defined period of consideration. 

5.2.6 ICT System Reliability 

This category comprises KPIs related to the assessment and validation of the 

compiled data from the measurements made in the HOLISDER equipment in the 

pilot sites. 

KPI ID SYR 1 

Name Load forecasting accuracy 
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Category System Reliability 

Related Use 

Cases 
UC1.1, UC5.1 

Description 

The indicator will measure the Mean Absolute Percentage Error 

(MAPE) between the forecasted and the current load. The 

evolution of this KPI will be monitored through a moving window, 

observing how the MAPE value evolves, verifying that the solution 

reduces its forecasting errors as time evolves. 

Formula 

Mean Absolute Percentage Error (MAPE) between actual and 

forecasted load. 

𝑀𝐴𝑃𝐸 =
∑ |

𝐸𝑡
𝐿𝑡
|𝑁

𝑡=1

𝑁
100 

𝐸𝑡: forecast error at period 𝑡 (𝐸𝑡 = 𝐿𝑡 − 𝐹𝑡) 

𝐿𝑡: actual value of load at period 𝑡 

𝐹𝑡: forecasted load at period 𝑡 

𝑁: number of available data points of the load time series 

Unit of 

measurement 
% 

GENERAL COMMENTS 

The MAPE value can be monitored as time evolves through different curve evaluations. 

 

KPI ID SYR 2 

Name Data Validation Ratio 

Category System Reliability 

Related Use 

Cases 
UC5.2 

Description 
This KPI will calculate the percentage of validated data according 

to all the data received in a time period 

Formula 

𝑅𝑎𝑡𝑖𝑜 = (
𝑉𝐷

𝑅𝐷
∙ 100)

𝑡
 

𝑉𝐷: Amount of validated data 

𝑅𝐷: Amount of received data 

𝑡: Period of time studied 

Unit of 

measurement 
% 

GENERAL COMMENTS 

The KPI is repeatedly calculated within a predefined period of time. As soon as this 

period expires, the ratio is initialized with zero and the calculation restarts. By 

narrowing the refresh period, it is possible to have better information of the moment 

of the failure. 
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KPI ID SYR 3 

Name Assets data collection reliability 

Category System Reliability 

Related Use 

Cases 
UC5.2 

Description 
The indicator will calculate the percentage of data correctly 

gathered from the assets 

Formula 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
∑ ∑ 𝑥𝑖,𝑗

𝑚
𝑗=1

𝑛
𝑖=1

𝑛 ∙ 𝑚
100 

𝑛: number of assets to be monitored 

𝑚: number of parameters to be collected (for each asset) 

𝑥𝑖,𝑗: parameter to be collected. Two possible values: 1 if correctly 

collected; 0 if parameter not collected 

Unit of 

measurement 
% 

GENERAL COMMENTS 

 

KPI ID SYR 4 

Name System awareness total time latency 

Category System Reliability 

Related Use 

Cases 
UC5.2 

Description 

The indicator will measure the Total Time Latency (TTL), which 

is defined as the total time that is needed from the moment of 

the measurements’ acquisition until the system state is 

estimated. 

Formula 

The Total Time Latency (TTL) is calculated as: 

𝛥𝑡total = 𝛥𝑡1 + 𝛥𝑡2 + 𝛥𝑡3 

where: 

𝛥𝑡i = 𝑡i − 𝑡i-1, i = 1, … , 3 

and 

𝑡0: the time of measurements acquisition 

𝑡1: the time when measurements are gathered (e.g. in SCADA) 

𝑡2: the time of the beginning of the state estimation process 

𝑡3: the time when the state estimation process is completed. 

Unit of 

measurement 
Time units 

GENERAL COMMENTS 
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5.2.7 Predictive maintenance  

The functionalities for predictive maintenance will be conditioned by monitoring 

deployment. If the meters are deployed at building boundary level or in a 

load/generation balance diagram, the advising functionalities would be generic and 

limited. To detect an optimal detection and diagnostics, the predictive maintenance 

should evaluate the functionalities for the main subsystems/equipment of complex 

buildings through the installation of sensor networks [16]. 

This module should provide 2 different levels of information/diagnostics/alarms: 

 High level alarms based on the detection of modifications on the behaviour 

of complete systems. The module should be able to detect modifications on 

the total consumption disaggregated by functional systems (heating, cooling, 

etc.) that are not consistent with the evolution of external climatic conditions 

or usage intensity (user behaviour). 

 Low level alarms and diagnostics focused at equipment level including the 

identification of the possible causes of the problems, using the information 

provided by the smart sensor networks and expert rules. 

The complexity level of the existing HVAC system in any specific building, considered 

in the frame of the HOLISDER project will be affected by the type of building: 

Residential/non-residential 

KPI ID PMA 1 

Name Coefficient of Performance - COP 

Category Predictive maintenance 

Related Use 

Cases 
UC5.1, UC 5.2 

Description 
Ratio of the generated heating power [kW] to input electrical 

power [kW] 

Formula 

𝐶𝑂𝑃=𝑄̇ ℎ𝑒𝑎𝑡 / 𝑊̇ 𝑒𝑙𝑒𝑐𝑡 

It provides the performance of the unit for given operating 

conditions. Therefore, the input electrical power and the heating 

power are required for its calculation: 

- Electrical consumption. In order to monitor the electrical 

consumption of a technical subsystem, electronic meters measure 

the diverse components of AC power (total, true and reactive 

power). For this purpose, variables such as voltage, current, 

frequency and phase angle are internally measured by the 

meters. 

- Thermal flows for cooling equipment. The thermal outputs of 

heating and cooling equipment can be calculated through the 

following equation: 

𝑄̇ =𝑚 𝐶𝑝Δ𝑇 

Where: 
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𝑄̇  is the thermal energy flow (kW) 

𝑚  is the mass flow (kg/s) 

𝐶𝑝 is the specific heat of the thermal fluid at a constant pressure 

(kJ/kg K) 

ΔT is the difference between inlet and outlet fluid temperature (K) 

Unit of 

measurement 
Unit-less coefficient 

GENERAL COMMENTS 

 

KPI ID PMA 2 

Name Energy Efficiency Ratio - EER 

Category Predictive maintenance 

Related Use 

Cases 
UC5.1, UC 5.2 

Description 
Ratio of generated cooling energy [BTU] to input electrical 

energy [Wh] for a time period 

Formula 

𝐸𝐸𝑅=𝑄̇𝑐𝑜𝑜𝑙 / 𝑊̇𝑒𝑙𝑒𝑐𝑡 

Or 

It can be also obtained by considering the COP in the cooling 

mode and multiplying the COP by the conversion factor from 

BTU/h to Watts 

 

EER = 3.41 × COP 

Unit of 

measurement 
Watts (W) 

GENERAL COMMENTS 

The input electrical energy flow and the cooling energy flow are required for its 

calculation 

 

KPI ID PMA 3 

Name Seasonal Energy Efficiency Ratio - SEER 

Category Predictive maintenance 

Related Use 

Cases 
UC5.1, UC 5.2 

Description 

SEER is also the COP (for heating) or EER (for cooling), but instead 

of being evaluated for a given operating condition, it represents 

the overall performance for a year. 

Formula 

For its calculation are required the generated cooling/heating 

energy [kWh] and the consumed electrical energy [kWh] of a 

device over a year. 
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Unit of 

measurement 
Unit-less coefficient  

GENERAL COMMENTS 

5.2.8 Security & Privacy 

KPI ID SEP 1 

Name Data security control  

Category Security and Privacy 

Related Use 

Cases 
UC5.2 

Description 

This KPI measures whether or not a security vulnerability 

analysis has been done, and issues are resolved before the 

system went online. 

Formula 

If security vulnerability analysis has been done, and issues are resolved: 1 

Security vulnerability analysis has been done but issues are not resolved: 
0.5 

No security vulnerability analysis has been done: 0 

Unit of 

measurement 
Number 

GENERAL COMMENTS 

 

 

KPI ID SEP 2 

Name GDPR risk 

Category Security and Privacy 

Related Use 

Cases 
UC4.1, UC5.2 

Description 

Level of data privacy collected in the HOLISDER project that 

meet GDPR requirements (2016/679/EC) [19].  Failing to meet 

the standards of the regulations will increase the risks related to 

the GDPR, including protection, costs, access, and other data 

challenges.  Reducing the risks through GDPR policies will 

improve the organizations performance for data security. 

Formula 

Qualitative measurement.  

6 Risk ranges from: 1(very poor), 2 (poor), 3 (medium), 4 

(high), 5 (very high), N/A  

Unit of 

measurement 
Number 

GENERAL COMMENTS 
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 Summary 

Energy  

ENE-1 Self-Consumption ratio 
ENE-2 Energy savings (gas, electricity, district heating) 

ENE-3 Buildings final energy consumption/use 
ENE-4 Non-renewable final energy consumption 
ENE-5 Renewable total energy consumption 

DR & Flexibility  

DRF-1 DR campaigns adoption 
DRF-2 DR campaigns penetration 
DRF-3 Flexibility on offer 

DRF-4 Elasticity on offer 
DRF-5 Flexibility forecasting accuracy 

DRF-6 Elasticity forecasting accuracy 
DRF-7 Net metering in the portfolio of an aggregator/ESCO 
DRF-8 Peak load reduction 

Environmental  

ENV-1 Evaluation of CO2 concentration 
ENV-2 GHG Emissions 
ENV-3 Evaluation of CO concentration 

ENV-4 Evaluation of Particulate Matters concentration 
Comfort  

COM-1 Predicted mean vote 
COM-2 Predicted Percentage of Dissatisfied 

COM-3 Operative Temperature 
COM-4 System Average Interruption Frequency Index 
COM-5 System Average Interruption Duration Index 

COM-6 Thermal Discomfort Factor 
COM-7 Visual Discomfort Factor 

Economic  

ECO-1 CAPEX 

ECO-2 OPEX 
ECO-3 LCC 

ECO-4 Pay-back Time 
ECO-5 ROI (gas, electricity, district heating) 
ICT System reliability  

SYR-1 Load forecasting accuracy 

SYR-2 Data Validation Ratio 
SYR-3 Assets data collection reliability 
SYR-4 System awareness total time latency 

Predictive maintenance  

PMA-1 Coefficient of Performance - COP 

PMA-2 Energy Efficiency Ratio - EER 
PMA-3 Seasonal Energy Efficiency Ratio - SEER 

Security & Privacy  

SEP-1 Data security control 

SEP-2 GDPR risk 
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  Conclusions 

The HOLISDER M&V methodology is constrained by the guidelines and requirements 

from the IPMVP and, specifically, to the eeMeasurement Non-Residential 

Methodology. The aim of this approach is to create a common PMV model to 

represent the customer’s load shape on an event day, based on a pooled baseline 

regression analysis model creating a variable relationship between event days and 

baseline consumption. 

By taking into account the final goals and objectives of the project we can conclude 

to the following: 

- Option B is the main method considered for measuring energy savings (either 

in short term or long term) in the HOLISDER project. We are taking into 

account sub-metering data from sensors and metering devices towards 

baselining definition and reporting analysis. Special focus is delivered on the 

appropriate adjustments. 

- Option C will be considered as alternative when we are lacking sub-metering 

information from pilot premises. Moreover, Option C will be compared with 

Option B results as part of the evaluation of the different M&V methodologies 

examined in the project (at the end of validation period) 

Therefore, such a combination lead to the adoption of a hybrid PMV methodology 

characterized by a dynamic approach, towards baseline definition and energy 

savings measurement and verification that addresses specific challenges introduced 

in the deployment of Demand Response programmes.  

The planning activities based on the defined HOLISDER M&V methodology are 

structured in three phases: 

- Ex-Ante Analysis, that consist in the baseline development and deployment 

planning of the equipment in the pilot sites (M1-M22, T2.3) 

- Implementation, that combines the installation of the HOLISDER equipment 

in the pilot ( M10-M28, T6.2), its commissioning and the validation of 

activities (M10-M22, T6.3) 

- Measurement and Verification of the proper functioning of installations, 

monitoring impacts, technical applicability of activities, and performance of 

real-life conditions. Yearly evaluation (M21-M34, T6.4) 

The creation and definition of the HOLISDER Key Performance Indicators aims to 

assess solid sustainability and energy performance optimization of demand 

flexibility at building level and district level. To this aim, 36 KPIs have been selected 

and defined, divided in 7 categories. These KPIs satisfy the use cases requirements 

and the objectives of the HOLISDER project, and the three pillars have been 

correlated in Annex 2. Each selected and defined KPI formula measures parameters 

regarding: energy, implicit/explicit DR & flexibility/elasticity, air environmental 
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conditions, users’ comfort, economic issues (such savings & costs of equipment), 

ICT System Reliability to assess & validate measured data, and the predictive 

maintenance that the installations need regarding energy performance. KPIs will be 

taken into account in D2.3 and they will be used in the preliminary testing and pre-

pilot verification (T6.1) and validation scenarios phase (T6.3) after the real system 

deployment in the pilot sites (T6.2) and before the roll-out and demonstration in 

the four HOLISDER pilot sites. 
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 Annexes 

 Annex 1. Quantified summary of the HOLISDER objectives and 

expected impacts 

 HOLISDER objectives and expected impacts 
Objectives Technical objectives Target 
O-1 End-users (building occupants) actively participating in HOLISDER activities > 57,500 

O-2 Energy Savings through Implicit Demand Response schemes (and 
combinations) 

18% electricity 
13% gas 
14% district heating 

O-3 Energy Savings through Virtual Energy Storage 8% 

O-4 Energy Savings through Explicit Demand Response Schemes 2% 

O-5 
Energy Savings through Hybrid DR schemes (Implicit + Explicit + VES) 

28% electricity 
23% gas 
24% district heating 

O-6 

Average Cost Savings through Hybrid DR schemes  

42% electricity 
28% gas 
29.5% district 
heating 

O-7 Reduction of peak demand  50% 

O-8 Regulated comfort and health in built environments >85% 

O-9 User acceptance rate during HOLISDER pilot activities >95% 

O-10 Annual Total Energy Demand Reduction (electricity, gas, district heating) in pilot 
sites 

1,668.5 MWh 

O-11 Annual Total CO2 Emissions Reductions in pilot sites 1,017.93 ton CO2 

O-12 Cumulative energy Cost Savings in pilot sites €190,944 

O-13 Consumer monetary benefits from day one of HOLISDER solution deployment 
 

No target 

1. Business, Exploitation and Knowledge transfer objectives 

O-14 Energy Retailers, Aggregators, Facility Managers and ESCO Customers 
‘Acceptance and Satisfaction 

~100% 

O-15 Number of Living Lab workshops 12 

O-16 Number of Energy Retailers, Aggregators, Facility Managers and ESCOs 
involved in the HOLISDER Dissemination and Living Lab Activities 

15 

O-17 Occupants directly or indirectly involved in the pilot roll out activities in all pilot 
sites 

57,500 

O-18 Number of tertiary buildings and residential dwellings engaged in the pilot roll 
out 

9 tertiary buildings 
4,000 residential 
dwellings 

2. Potential Long Term Socio-economic Impact 

O-19 Jobs creation until 2050 40,000 - 150,000 

O-20 RES Output Integration in the grid (curtailment avoidance) 217 TWh 

O-21 Annual Emissions Reduction (in 2050) 
100,000,000 tonnes 
CO2 

O-22 Energy Networks Investment Deferral until 2050 €50 billion 

O-23 Gas import reductions 14% 
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 Annex 2. Correlation between Use Cases, KPIs and HOLISDER 

objectives 

Use Cases (UC) KPIs HOLISDER objectives 

1.1 Monitoring and Visualization of 
Energy, Sensor and Device Data 

ENE1 Self-consumption ratio 
ENE 3 Buildings final energy 
consumption/demand 
ENE 4 Non-renewable final 
Energy consumption 
ENE 5 Renewable total energy 
consumption 
DRF-5 Flexibility forecasting 
accuracy 
DRF-6 Elasticity forecasting 
accuracy 
ENV-1 Evaluation of CO2 
concentration 
ENV-2 GHG Emissions 
ENV-3 Evaluation of CO 
concentration 
SYR 1    Load forecasting accuracy 
 

O-10 Annual Total Energy 
Demand Reduction (electricity, gas, 
district heating) in pilot sites 
O-11 Annual Total CO2 
Emissions Reductions in pilot sites 

1.2 Demand Flexibility profiling and 
forecasting 

DRF-5 Flexibility forecasting 
accuracy 
 

 

1.3 Demand Elasticity profiling and 
forecasting 

DRF-6 Elasticity forecasting 
accuracy 

 

2.1 Demand Elasticity Aggregation 
and Analysis 

DRF-4 Elasticity on offer  

2.2 Demand Elasticity 
Segmentation and price signalling 

ENE2 Energy savings (gas, 
electricity, district heating) 
DRF-8 Peak load reduction 
COM-1 Predicted mean vote 
COM-2 Predicted Percentage of 
Dissatisfied 
COM-3 Operative Temperature 
COM-4 System Average 
Interruption Frequency Index 
COM-5 System Average 
Interruption Duration Index 
COM-6 Thermal discomfort factor 
COM-7 Visual discomfort factor 
 

O-2 Energy Savings through 
Implicit Demand Response 
schemes (and combinations) 
O-3 Energy Savings through 
Virtual Energy Storage 
O-4 Energy Savings through 
Explicit Demand Response 
Schemes 
O-8 Regulated comfort and 
health in built environments 
O-10 Annual Total Energy 
Demand Reduction (electricity, gas, 
district heating) in pilot sites 
O-12 Cumulative energy Cost 
Savings in pilot sites 
 

3.1 Demand Flexibility Aggregation 
and Analysis 

DRF-3 Flexibility on offer O-6 Average Cost Savings 
through Hybrid DR schemes 
O-20 RES Output Integration in 
the grid (curtailment avoidance) 
 

3.2 Demand Flexibility 
Segmentation and Load Control 

DRF-8 Peak load reduction 
COM-1 Predicted mean vote 

O-7 Reduction of peak 
demand 
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COM-2 Predicted Percentage of 
Dissatisfied 
COM-3 Operative Temperature 
COM-4 System Average 
Interruption Frequency Index 
COM-5 System Average 
Interruption Duration Index 
COM-6 Thermal discomfort factor 
COM-7 Visual discomfort factor 
 

O-8 Regulated comfort and 
health in built environments 
 

4.1 Personalized Informative Billing 
to allow a beneficial participation of 
consumers in Implicit Demand 
Response schemes 

DRF-1 DR campaigns adoption 
DRF-2 DR campaigns 
penetration 
DRF-7 Net metering in the 
portfolio of an aggregator/ESCO 
DRF-8 Peak load reduction 
COM-1 Predicted mean vote 
COM-2 Predicted Percentage of 
Dissatisfied 
COM-3 Operative Temperature 
COM-4 System Average 
Interruption Frequency Index 
COM-5 System Average 
Interruption Duration Index 
COM-6 Thermal discomfort factor 
COM-7 Visual discomfort factor 
SEP-2 GDPR risk 
 

O-8 Regulated comfort and 
health in built environments 
O-14 Energy Retailers, 
Aggregators, Facility Managers and 
ESCO Customers ‘Acceptance and 
Satisfaction 
O-16 Number of Energy 
Retailers, Aggregators, Facility 
Managers and ESCOs involved in 
the HOLISDER Dissemination and 
Living Lab Activities  
 

4.2 Optimal utilization of distributed 
energy resources and storage, for 
optimization of self-consumption 

ENE1 Self-consumption ratio 
ENE 3 Buildings final energy 
consumption/demand 
ENE 4 Non-renewable final 
Energy consumption 
ENE 5 Renewable total energy 
consumption 
ENV-1 Evaluation of CO2 
concentration 
ENV-2 GHG Emissions 
ENV-3 Evaluation of CO 
concentration 
ENV-4 Evaluation of Particulate 
Matter concentration 
 

O-20 RES Output Integration in 
the grid (curtailment avoidance) 

4.3 Automated comfort-preserving 
energy management for 
participation in explicit Demand 
Response Schemes 

DRF-1 DR campaigns adoption 
DRF-2 DR campaigns 
penetration 
DRF-7 Net metering in the 
portfolio of an aggregator/ESCO 
DRF-8 Peak load reduction 
COM-1 Predicted mean vote 
COM-2 Predicted Percentage of 
Dissatisfied 
COM-3 Operative Temperature 

O-1 End-users (building 
occupants) actively participating in 
HOLISDER activities 
O-8 Regulated comfort and 
health in built environments 
O-9 User acceptance rate 
during HOLISDER pilot activities 
O-15 Number of Living Lab 
workshops 
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COM-4 System Average 
Interruption Frequency Index 
COM-5 System Average 
Interruption Duration Index 
COM-6 Thermal discomfort factor 
COM-7 Visual discomfort factor 
 

O-17 Occupants directly or 
indirectly involved in the pilot roll 
out activities in all pilot sites 
O-18 Number of tertiary 
buildings and residential dwellings 
engaged in the pilot roll out 

5.1 Real-time equipment 
performance monitoring and 
proactive alert notification 

ENE 3 Buildings final energy 
consumption/demand 
ECO-1 CAPEX 
ECO-2 OPEX 
ECO-3 LCC 
ECO-4 Pay-back Time 
ECO-5 ROI 
ENV-1 Evaluation of CO2 
concentration 
ENV-2 GHG Emissions 
ENV-3 Evaluation of CO 
concentration 
ENV-4 Evaluation of Particulate 
Matter concentration 
PMA-1 Coefficient of 
Performance - COP 
PMA-2 Energy Efficiency Ratio - 
EER 
PMA-3 Seasonal Energy 
Efficiency Ratio – SEER 
SYR 1    Load forecasting accuracy 
 

O-13 Consumer monetary 
benefits from day one of 
HOLISDER solution deployment 
O-7 Reduction of peak 
demand 
O-10 Annual Total Energy 
Demand Reduction (electricity, gas, 
district heating) in pilot sites 
O-11 Annual Total CO2 
Emissions Reductions in pilot sites 
O-12 Cumulative energy Cost 
Savings in pilot sites 
O-23 Gas import reductions 

5.2 Predictive maintenance Risk 
Assessment and Recommendation 
Service 

ECO-2 OPEX 
ECO-3 LCC 
ECO-4 Pay-back Time 
ECO-5 ROI 
PMA-1 Coefficient of 
Performance - COP 
PMA-2 Energy Efficiency Ratio - 
EER 
PMA-3 Seasonal Energy 
Efficiency Ratio – SEER 
SYR 2 Data Validation Ratio 
SYR 3 Asses data collection 
reliability 
SYR 4 System awareness total 
time latency 
SEP 1    Data security control 
SEP-2 GDPR risk 
 

O-6 Average Cost Savings 
through Hybrid DR schemes 
O-12 Cumulative energy Cost 
Savings in pilot sites 
O-19 Jobs creation until 2050 
O-21 Annual Emissions 
Reduction (in 2050) 
O-22 Energy Networks 
Investment Deferral until 2050 
 

 


