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Executive summary
This deliverable describes use cases and Key Performance Indicators (KPIs) to be
defined within the RENAISSANCE project. The document also outlines the
methodology followed to identify and define KPIs according to the aims to assess
the degree of achievement of the different objectives defined in the RENAISSANCE
project, especially at the pilot sites.
The document collects both general KPIs, applicable to all pilot sites, and specific
KPIs, applicable to specific sites, their definitions and calculation methods to
monitor the progress of the RENAISSANCE project and to make a comparative
assessment of the LEC developed at each pilot site. This allows for quantification of
the improvement compared to previous stages and for a site-to-site comparison.
These data will provide the required inputs for the optimal co-design and
simulation (WP2); development of business models and smart contracts (WP3); and
benchmark, validation and replicability analyses (WP6).
The general KPIs described in this document can be classified as technical,
economic, social and environmental.
This document serves as foundation and guidebook for the KPIs that should be
considered. As the pilot sites differ among each other, so do the available data.
Therefore, not all KPIs are applicable for all pilot sites. Each pilot site owner will
create a suitable set of KPIs for the specific site.
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Definitions and Acronyms
ACRONYM
BM

Business Model

Capex

Capital Expenditure

CBA

Cost-Benefit Analysis

CO2

Carbon Dioxide

DSO

Distribution System Operator

EV

Electric Vehicle

GDP

Gross Domestic Product

GHG

Green House Gasses

HVAC

Heating, Ventilation and Air Conditioning

IRoR

Internal Rate of Return

KPI

Key Performance Indicator
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LEC

Local energy community

LES

Local energy system

LCOE

Levelized Costs of Energy

LRES

Local renewable energy sources

NIMBY

Not In My Backyard

NOx

Nitrogen Oxides

NPV

Net Present Value

OC

Opportunity Costs

Opex

Operating Expenditure

PCC

Point of Common Coupling

P2P

Peer to Peer

PV

PhotoVoltaic

RES

Renewable Energy Source

ROI

Return on Investment

RoR

Rate of Return

SoC

State of Charge

SSR

Self-Sufficiency Ratio

SWOT

Strengths, Weaknesses, Opportunities, Threats

THD

Total Harmonic Distortion

UTAUT

Unified Theory of Acceptance and Use of Technology

WtA

Willingness to Accept

WtP

Willingness to Pay
Table 1 - List of Acronyms.
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1 Introduction
All partners in the RENAISSANCE project, and especially the pilot sites, aim for
achieving the goals stated in the Grant Agreement. In order to assess the
advancement of the work towards achieving the different goals these, together with
other objectives, are defined. The different objectives are divided into four pillars:
•

Technical objectives: System and device level

•

Economic objectives: Revenue change of the main actors

•

Social objectives: Community change and involvement

•

Environmental objectives: Reduction of emissions

Besides, in order to quantify the progress towards achieving the objective, key
performance indicators (KPIs) are defined. KPIs refer to the operation of the local
energy communities (LECs), are based on measurements and need to be
quantifiable.
The hierarchy of the assessment tools is from higher to lower, the following: Pillars,
objectives, KPIs and measurements is shown in Figure 1.
Measurement
1

KPI 1
Pillar 1

...

...

Objective 1
KPI 2

Measurement
j

...

...

...

Objective i

...

...

Objective X

KPI Y

Measurement
Z

Pillar N

Figure 1. Hierarchy of the Assessment Structure.
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Each pillar has at least one objective. Each objective comprises at least one KPI that
will quantify the progress in that area. KPIs will rely on one or more measurements
for quantification purposes.
Since each of the partners has different objectives within the RENAISSANCE project,
not all the KPIs are used by every pilot site. Here, lists containing all the objectives,
KPIs and the required measurements are included. Each pilot site owner will decide
whether these are relevant to them.
A clear definition of applicable KPIs is necessary at this stage, in order to define the
measurements that will be made and delivered by the pilot sites.
In RENAISSANCE all objectives and KPIs will be assessed using real measured data
from the pilot sites and third-party sources if necessary.

2 Description of the pilot sites
There are four pilot sites, based on LECs that participate in the project. Besides,
there are six additional virtual pilot sites where the optimization tools will be
applied in simulation to assess the replicability of the developed method. A
summary of the different pilot sites is shown in Table 2.
Table 2. Summary of the value of the pilot sites.

Site

Type

General value

Specific value

VUB (BE)

Physical

Development

Open data approach

and validation
Eemnes (NL)
Manzaneda (ES)

Application in
end-user
environment

Live P2P trading
DSO cost avoidance,
EVs
Multi-vector grid, heat

Xanthi (GR)

and electricity
Bangalore (IN)
Jharkhand (IN)

Virtual/Physical Localization of
approach and

Integration of RES;
electrification of rural
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Warsaw (PL)
Kozienice (PL)
North Carolina
(US)

toolbox. Testing

areas; smart-grid set

against market

up; test of different

conditions;

technology

community buy-

combinations, business

in required

models, etc.

Oxfordshire (UK)

3 Description of the RENAISSANCE objectives
In this section, the objectives mentioned by the project partners are explained.
Before that, all objectives are summarized according to the three pillars in Table 3.
Table 3: Summary of the objectives

Technical

Social

Economic

Environmental

Improved energy

Community Resilience

Affordability

Increased

efficiency

renewable energy
penetration

Grid stability

Social Inclusion

Viability

Reduced GHG
emissions

Increased

Scalability

Reduced noise

synergy from

and

emissions

using of multi

Replicability

Customer Acceptance

energy-vector
grid
Security

Awareness Creation

Innovation

Resiliency

Community Building

Employment

System
performance
efficiency
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High reliability

High availability

3.1 Technical objectives
In this section the considered technical objectives are listed together with a short
description.
Improved energy efficiency
Improving the energy efficiency of a system could be seen as an increase of energy
produced by using the same amount of resources. This improvement would be
beneficial for both reducing end-user cost of the energy and reducing GHG
emissions. The progress on this objective is measured through the KPI overall
system efficiency. However, other KPIs are meaningful to have more insights on the
total system efficiency, especially for identifying potential weaknesses of the
system, such as:
•

Asset efficiency,

•

Total efficiency per energy vector and

•

Transmission losses.
Grid stability

Grid stability is obtained by the continuous balance between production and
consumption of electricity. If the balance is not respected, electrical devices
connected to the grid could be damaged, or even worse, the grid itself could be
harmed. Increasing the share of energy produced by RES – one of the main goals of
this project - is a potential threat to the stability of the grid due to their high
variability. It is therefore fundamental to keep track of the grid stability, which is
done by means of the following KPIs:
•

Number of violations on grid regulations,

•

Curtailed renewable energy,
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•

Predictability of electricity demand,

•

Predictability of electricity supply,

•

Peak load reduction,

•

Load factor,

•

Voltage deviation,

•

Frequency deviation and

•

Number of accidents and blackouts.
Increased synergy from using a multi energy-vector grid

Nowadays, the networks of each energy vector are designed and built separately,
resulting in higher investment and operational costs. The introduction of multienergy vector grids will take advantage of synergies between different energy
vectors and thus, help reducing costs and emissions. Cogeneration units,
electrification of heating systems and power-to-gas are some of the possible ways
to increase synergies between different energy vectors. This will be measured by
the KPIs:
•

Energy consumption,

•

Overall system efficiency,

•

Self-sufficiency ratio,

•

Transmission losses,

•

Peak load reduction,

•

Load factor,

•

LCoE, ROI and cost of stored energy.
Security

The management and the control of all energy and monetary flows and all data
involved in a LEC need of course a digital platform. In order to guarantee the correct
functionality of all the components and privacy of the prosumers, cybersecurity of
the system is fundamental. It is measured by:
•

Number of successful cyberattacks,

•

Number of successful on-site attacks and

•

Smart contract attack risk.
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Resiliency
Along with security, the system has to be resilient in case of accidents, black-outs,
resources outages or other problems. The KPIs for that are:
•

Number of accidents,

•

Predictability of demand and

•

Predictability of supply.
Smart contract system efficiency

The smart contracts developed should be efficient enough to assure the highest
degree of utility for the proposed solution. The implementation of smart contracts
must be efficient in terms of time and resource requirements and functionality. The
KPI for this objective is the heaviness of the smart contracts allowing the
identification of the functions whose execution could be a bottleneck for the system
performance.
Smart Contract reliability
The smart contracts are pieces of software that should work properly in the
Renaissance scenario and for as much time as possible. A good design and
functionality ensure high Reliability of smart contracts, which is measured by a KPI
with the same name.
Smart Contract availability
The smart contracts must be available as long as possible in order to ensure their
correct operation and, consequently, the correct functionality of the solution. Smart
contracts are considered unavailable when they are deactivated to be upgraded to
a new version. In order to ensure high availability, the time needed for the upgrade
should be as short as possible. The KPI for this objective is the Smart contract
reactivation time.
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3.2

Economic objectives

In this section, the economic objectives are displayed and explained. A short
explanation is given referring to the KPIs that are being used to measure the
progress that is achieved within that matter.
Affordability
Affordability describes a person’s ability to purchase a particular item, e.g. energy,
with the financial means the person is equipped with. Affordability is influenced by
the economic costs of the item and the purchasing power of the person.
Affordability of energy is central for the energy transition [1]. Within the
RENAISSANCE project, affordability of LECs is measured by the KPIs:
•

Levelised Cost of Energy (LCoE),

•

Capital Expenditure (Capex) and

•

Operating Expenditure (Opex).
Viability

The energy system of tomorrow is required to be economically viable [2]. Viability
in economic terms describes the overall financial performance of the product.
Economic viability is often equalled to economic feasibility which is not defined by
a single metric. This objective is measured through the KPIs:
•

ROI,

•

Variable, Fixed and Total costs,

•

Cost savings and

•

Added value.
Scalability and Replicability

The project aims to be scalable and replicable meaning it is capable to meet an
increasing demand while being able to be replicated at another location or time [3].
If the developed solutions in RENAISSANCE are scalable and replicable will be
measured through the KPIs [4]:
•

Internal rate of return (IRoR),

•

Net present value (NPV),

•

The development of positive business models (BMs),
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•

Legal barriers and

•

Participation.

Therefore, this objective stretches over the economic, social, institutional and
technical sphere.
Innovation
Innovation can be defined as the development, improvement and application of
novel ideas for products, services, business models, new markets, and
commercialization [5]. Progress on this objective will be measured using the KPIs:
•

Number of newly introduced BMs, products, and services,

•

Submitted patents,

•

Accepted publications, and

•

Intellectual property rights granted.
Employment

The project aims to contribute to employment creation both on a local as on a global
level. This objective will be measured using the KPIs:

3.3

•

Local and global income generation

•

Local and global job creation,

•

Local employment ratio and

•

Respective growth rates.

Social objectives

Social aspects for the assessment and development of microgrids have been
understudied compared to economic, environmental, and technical aspects and it
is a remaining challenge to make social objectives comparable and quantifiable [6].
The RENAISSANCE project aims for filling this gap by providing a framework and
assessment tools for social objectives. For certain social objectives, these
frameworks will be developed at a later stage of the project.
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Social Inclusion
Social inclusion is achieved when a community is open and non-discriminatory to
all members of society. Inclusive communities offer the same opportunities to
different people and foster the connectedness and exchange between all members
through the sharing of the same values, beliefs or visions and through offering
activities such as work, leisure and social contacts [7]. This objective will be
assessed on the performance of the following KPIs:
•

Affordability,

•

Social representation,

•

Participation rates,

•

Number of education and community events,

•

Local employment and

•

Community and welfare services.
Customer Acceptance

Performance of the objective “customer acceptance” reflects the customers’ attitude
towards the introduced services or solutions. KPIs for this objective are:
•

Customer satisfaction,

•

Perceived value,

•

Share and growth rate of users in the LEC.
Awareness Creation

This objective is reflecting the aim of the RENAISSANCE project to increase the proenvironmental and social awareness of and within the community. Awareness
creation has shown to have a positive influence on environmental behaviour [8].
KPIs for the progress on awareness creation are:
•

Energy consumption,

•

Reduced fossil fuel consumption,

•

Level of education and knowledge.
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Community building
The project aims to foster and develop the local community. A vital community is
prerequisite for the resilience and adaptiveness of the overall LEC/LES [9]. The
progress on community building can be assessed using the indicators:
•

Participation and ownership rate,

•

Number of community and educational events and

•

Community, and welfare services.
Community Resilience

This objective describes the aim to foster the communities’ resilience in case of an
energy crisis. This aspect adds a social perspective on the systems’ resilience and
is becoming increasingly important in global resilience studies [10]. Community
resilience is defined as “existence, development and engagement of community
resources by community members to thrive in an environment characterized by
change, uncertainty, unpredictability and surprise” [11, p. 401]. Community
resilience is therefore an objective that is assessed through the overall performance
on all other mentioned objectives and respective KPIs [12].

3.4

Environmental objectives

The environmental objectives considered within RENAISSANCE project are listed
hereunder. A short description is given for each of them.
Increased renewable energy penetration
This project aims to achieve a higher share of RES of the total energy use. Progress
on this objective will be assessed through the KPI Rate of renewable energy
production.
Reduced emissions
The reduction of GHG and other emissions will be measured via the KPIs:
•

CO2 emissions,

•

Local air quality and

•

Fossil fuel consumption.
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Reduced noise emissions
The project also aims to be implemented while reducing or maintaining the existing
noise level. This objective will be measured through the KPI Noise.

4 Description of the RENAISSANCE KPIs
In this chapter, the introduced KPIs for each objective are described and calculation
or assessment methods are given when applicable. An overview of all KPIs and links
to corresponding objectives are given in the following Table 4.
Table 4: Objectives and respective KPIs

Objectives

KPIs

Improve energy efficiency

Overall system efficiency, transmission energy losses

Grid stability

Number of violations on grid regulations, curtailed
renewable energy, predictability of energy demand and
supply, peak load reduction, load factor change, grid
voltage deviation, grid frequency deviation, number of
accidents

Safety

Predictability of energy demand and supply, number of
accidents

Multi-energy vector

Energy consumption, overall system efficiency, peak load
reduction,
losses,

self-sufficiency

load

factor

ratio,

change,

transmission

energy

self-consumption

ratio,

levelized cost of energy, return on investment
Security

Number of successful cyberattacks, number of successful
on-site attacks, crypto deposited in a smart contract

Smart contract’s performance

Heaviness of smart contracts

efficiency
High reliability

Reliability of smart contracts

High availability

Smart contracts reactivation time

Resiliency

Number of accidents, predictability of energy demand and
supply
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Affordability

LCoE, Capex, Opex

Viability

ROI, income generation, total costs, cost savings, added
value, opportunity costs

Scalability and replicability

ROI, NPV, number of positive business models, legal
barriers, participation, acceptance, market share

Innovation

Number of new introduced services, submitted patents,
papers and intellectual property rights granted

Employment

Local and global income generation and job creation,
growth rates

Social

inclusion

and

social

quality

Representation, participation, education and community
events,

community

and

welfare

services,

and

local

employment
Customer Acceptance

Satisfaction, participation, growth rates of LEC

Community Resiliency

All KPIs’ development indicating overall resiliency

Awareness Creation

Energy consumption, educational and community events,
reduced fossil fuel consumption

Community Building

Participation, ownership, welfare services, educational and
community events

Increase in RES penetration

Rate of renewable energy production

Emissions reduction

CO2 emissions, local air quality, reduced fossil fuel
consumption

Low noise

4.1

noise

KPI 1: Overall System Efficiency

The overall system efficiency is calculated as follows:
η [%] =

EC,Tot,LEC
∙ 100%
EC,in,LEC

•

EC,Tot,LEC is the total energy consumed by the LEC over a year [MWh]

•

EC,inLEC is the total energy content of the various fuels used by the assets
present in the LEC over a year [MWh]
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This approach will allow to consider both the asset efficiencies and the energy
losses due to transmission. In order to have a better insight on system efficiency,
the overall efficiency can be broken down into vector specific efficiency (e.g.
electrical efficiency) or even in specific asset efficiency (e.g. gas turbine efficiency)

4.2

KPI 2: Single vector efficiency
ηk [%] =

ECG,𝑘
∙100%
EC,𝑘,in

•

EGC,𝑘 is the energy consumed in form of vector 𝑘 by the LEC over a year [MWh]

•

EC,𝑘 is the energy content of the various fuels used by the assets generating
energy of vector 𝑘 over a year [MWh]

•

4.3

𝑘 = electrical, heating, cooling or other

KPI 3: Asset Efficiency
η𝑖 [%] =

EG,𝑖
∙ 100%
EC,𝑖

•
•

𝑖 = asset number
EG,𝑖 total energy generated by the asset 𝑖 over a year [MWh]

•

EC,𝑖 total energy consumed by the asset 𝑖 over a year [MWh]

4.4 KPI 4: Number of Violations on Grid Regulations
The number of violations on regulations of the electrical network is obtained by
counting the number of times that the voltage, the frequency or the current
harmonics do not fall within the boundaries allowed by the regulation in the country
hosting the LEC. The counting of the events is done at every time-step that a
measurement is received (probably 15 minutes)
Grid voltage deviation
The voltage profile in different sections of the network will vary during the day. This
happens due to fluctuations of demand and distributed generation. To keep track
of these deviations, the difference of measured voltage to the nominal value is
calculated for every time-step of measurement and expressed per unit (pu) as
follows:
Vdeviation [pu] =

Vmeasured − Vnominal
Vnominal
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•

Vmeasured is the voltage measured at point of interest [pu]

•

Vnominal is the nominal voltage at point of interest [pu]

The actual KPI is obtained, counting registered time steps where the deviation is
larger than the permitted value. This Voltage Deviation Ratio (VDR) can be
formulated as follows:
VDR [%] =

NVout
∙ 100%
NVtotal

Where NVout is the count of time steps with voltage outside the given band and
NVtotal is the count of total registered time steps of voltage measurements at a
certain point of interest.

Grid frequency deviation
As for the voltage, the frequency is continuously subject to deviations from its
nominal value, namely 50 Hz or 60 Hz, depending on the location. The deviation is
evaluated for every time-step as follows:
fdeviation [pu] =

fmeasured − fnominal
fnominal

•

fmeasured is the frequency measured at point of interest [pu]

•

fnominal is the nominal frequency at point of interest [pu]

As for the voltage, the actual KPI is finally calculated as a ratio of time step counts
where the frequency is outside the required band and formulated as Frequency
Deviation Ratio (FDR):
FDR [%] =

Nfout
∙ 100%
Nftotal

Where Nfout is the count of time steps with frequency outside the given band and
Nftotal is the count of total registered time steps of frequency measurements at a
certain point of interest.
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Grid current total harmonic distortion (THD)
The total harmonic distortion of the grid current (THDI) is another important
parameter to monitor for assuring power quality for grid-connected devices. It
refers to the current that is exchanged between the utility grid and the LEC. It is
also required by standards that the THDI stays between specific limits. These limits
are varying depending on the country regulations. It is calculated using the
following equation:

THDI [%] =
•

2
√∑H
ℎ=2 Iℎ

I1

⋅ 100%

H is the total number of harmonics considered, depending on the device used
for measurements and applicable standards

•

ℎ is the harmonic number

•

Ih is the rms value of the ℎ-th harmonic component of the current at the point
of common coupling in [A]

•

I1 is the rms value of the first harmonic component of the current at the point
of common coupling in [A]

Due to local differences on how the THDI must be measured, results from different
pilots might not be perfectly comparable. Nevertheless, regulations are similar, and
observed changes of this KPI at the same pilot are most relevant for assessing the
related project objectives.

4.5

KPI 5: Curtailed Renewable Energy

The curtailment of RES, coming from solar PV panels and wind turbines, sometimes
is the only solution to maintain grid stability. Nevertheless, as it can be considered
a waste of clean energy, with resulting overall energy cost increase, it is important
to keep under control the amount of curtailed energy over a year. Following
equations are used to calculate the absolute and relative curtailment:
Ecurtailed [MWh] = Eexpected − Eoutput
Ecurtailed [%] =

Ecurtailed
∙ 100%
Eexpected
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•

Eexpected is the expected energy generated by RES over a year [MWh], that
could be calculated by having access to weather data (solar irradiance,
ambient temperature, wind speed, etc.) and accurate models of PV panels
and wind turbines

•

Eoutput is the energy output of RES directly measured over a year [MWh]

Since curtailments of RES don’t happen arbitrarily, but are the result of a control
system, the time intervals of such events should be known and then the energy
curtailed can be calculated without being mistaken with maintenance works (which
are anyway done in known time intervals).

4.6 KPI 6 & 7: Predictability of energy demand and supply
When forecast mechanisms are in place to predict both energy demand and
generation, it is important to measure their accuracy. This is done by using the
mean absolute percentage error by both the RMSE and MAE in absolute and
percentage values (also MAPE could be considered, but can generate large values
when the measured energy is close to zero, creating large deviation and masking
the KPI):
𝑇

100%
Emeasured (t) − Eforecast (t)
MAPE [%] =
∑|
|
𝑇
Emeasured (t)
𝑡=1

T

MAE =

1
∑|Emeasured (t) − Eforecast (t)|
T
t=1
T

1
2
RMSE = √ ∑(Emeasured (t) − Eforecast (t))
T
t=1

NMAE [%] =

MAE

∙ 100%
1 T
∑
(t)
T t=1 Emeasured
RMSE
NRMSE [%] =
∙ 100%
1 T
∑t=1 Emeasured (t)
T
•

Eforecast is the predicted energy over a year [MWh]

•

Emeasured the real energy measured over a year [MWh]

•

t is the time step used [minutes or hours]
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•

T is the total number of time steps in the year.

These equations can be applied equally to energy demand and supply.

4.7

KPI 8: Peak Load Reduction

The reduction of the peak load for both, electrical and thermal demand, is a key
concept. This is done by measuring the difference of monthly peak load (normally
peak power is billed every month) between the situation before and afte the
implementation of the LEC . The proposed calculation is given below:
ΔPpeak [%] =

Ppeak,old − Ppeak,new
⋅ 100%
Ppeak,old

•

Ppeak,old is the monthly peak power of demand before the LEC [MW]

•

Ppeak,new is the monthly peak power of demand after the LEC [MW]

The reference, ideally would be a value of Ppeak,old for a standardized year, say, a
typical reference for each month. In order to obtain comparable results, new values
should also be corrected, considering climatologic factors, such as temperature.

4.8

KPI 9: Load factor change

The load factor is defined as the ratio between the peak power demand and the
mean value of demand over the same time interval. This indicator is useful to
recognize if the grids, both electrical and thermal, are oversized. That is because
any distribution grid need to be sized to be able to manage the peak load. Hence,
a high load factor means that most of the time the grid capacity is underused. Once
again, we compare the change of this value between the old and the new
configuration for every month:
ΔLF [%] =

LFold − LFnew
⋅ 100%
LFold

With the load factors defined as:
LF [−] =

Ppeak
Pdemand

•

Ppeak is the monthly peak power measured [MW]

•

Pdemand is the average monthly demand measured [MW]
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4.9

KPI 10: Self-Sufficiency Ratio

The SSR is defined as the ratio between the total energy produced in the LEC that is
directly consumed (energy injected into the grid is not counted) and the total
consumption over a defined time interval (normally a year):
SSR [%] =
•

EC,Loc
⋅ 100%
EC,Tot

EC,Loc is the consumption locally covered over a year by the assets present in
the LEC [MWh]

•

EC,Tot is the total energy consumption over a year of the LEC [MWh]

4.10 KPI 11: Number of accidents
In order to evaluate the resilience of the system, it is important to record any events
which impact on supply continuity within the LEC (blackouts, unavailability of hot
water, etc.) during each year of operation.

4.11 KPI 12: Number of Successful Cyberattacks
Counting the number of cyberattacks detected.

4.12 KPI 13: Number of Successful On-Site Attacks
Counting the number of successful attacks on the pilot sites (“physically’ attack the
servers, communication systems,etc.)

4.13 KPI 14: Crypto deposited in a Smart contract
Smart contracts can handle high amounts of crypto, the higher the crypto deposited
in a smart contract, the higher the probability to suffer an attack. We will measure
the amount, in euros, of crypto deposited in the smart contracts.

4.14 KPI 15: Heaviness of smart contracts functions
In order to measure the impact of the design of the smart contracts has on the
system’s performance, we can measure the weight of the functions of the smart
contracts. In an environment where there is a considerable amount of pending
transactions in Blockchain, observing the amount of transactions consolidated in a
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block leads to determine the heaviness of a function. The fewer the transactions,
the heavier the functions.

4.15 KPI 16: Reliability of smart contracts
The confidence in a software piece is measured by reliability. For this purpose, we
consider the exponential distribution because it is one of the best known models
to measure the reliability of a software as stated in [13]. It is expressed like this:
R(t) = e

−

t
tmf

•

R(t) is the reliability probability in %

•

t mf is the mean time to failure in seconds

•

t is the time in seconds

Given a failure rate, expressed as time to failure t mf , the probability of success (i.e.
reliability) over time can be calculated.

4.16 KPI 17: Smart contract reactivation time
We consider that Smart Contracts are not available (apart from external causes such
as a disconnection of Blockchain) when they are deactivated to be upgraded to a
new version. We will measure the average time in seconds needed for the upgrade:
𝑁

1
t reactivation [s] = ∑ t 𝑛
N
𝑛=1

•

N is the number of smart contracts

•

tn is the time in seconds needed for the upgrade of contract n

4.17 KPI 18: Increase of EV charging stations
Increase in number of electric vehicles charging stations, public and private, in the
community due to the development of the LEC.
∆NEVCS = NEVCS,new − NEVCS,old
•

NEVCS,new is the number of EV charging stations after the development of the
community

•

NEVCS,old is the number of EV charging stations before the development of the
community
D2.3 (KPI Definition and Selection) | version 1.0 | page 28/77

4.18 KPI 19: Increase of distance driven on electricity inside the LEC
Increase of the distance driven with electric cars by users living inside the
community (in kilometers). To be assessed before and after the creation of the LEC.
∆DEV [km] = DEV,new − DEV,old
•

DEV,new is the distance driven by the EVs owned by the people of the future
community

•

DEV,old is the distance driven by the EVs owned by the people inside the
community

4.19 KPI 20: Total Costs
The total costs of action consist of variable costs and fixed costs of production.
These are additional key figures for the cost analysis of energy. Fixed and variable
costs are needed to assess marginal costs and returns. Fixed costs are the costs
that are independent of quantity and cannot vary within the production process.

CT [€] = CF + CV
CT =Total Costs [€]
CF =Fixed Costs [€]
CV =Variable Costs [€]
Especially, economies of scale have an impact on variable costs. The unit cost per
production may decrease with the increase in units produced.
All monetary values will be compared in Euro. If data is gathered in a non-Euro
zone, the used conversion rate must be included.

4.20 KPI 21: Smart contract execution cost
Smart contracts allow users to trade with energy. The Blockchain configuration
implemented could potentially lead to the payment of a small fee for each
transaction sent to these smart contracts. This KPI aims to assess the extra cost, in
euro or cryptocurrency, of using Blockchain and smart contracts in the energy
exchange
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4.21 KPI 22: Net Present Value (NPV)
The NPV is representing the difference between the present value of the current
monetary inflows and the present value of current cash outflows over a period of
time The NPV allows to compare different investments concerning their expected
profitability over time. A positive NPV can indicate a financially lucrative investment.
The NPV is calculated with the following equation:
n

NPV [€] = ∑
𝑡=1

R𝑡
(1 + 𝒾)𝑡

R t = Net cash inflow – outflows during a single period t [€]
𝒾 = Discount rate [%]
t = Time periods [year]

4.22 KPI 23: Return on Investment (ROI)
The ROI shows the performance of a company during a specific time. The ROI
indicates the ratio of the profit and investment an entity has made during one fiscal
year or time.
The ROI is calculated with the following equation:
ROI [%] = (

Net Revenue − Cost of Investment
Net Profit
) ∗ 100 = (
) ∗ 100
Cost of Investment
Total Investment

Net Revenue = All revenues generated during the specified time frame [€]
Cost of Investment = All costs spent on investments during the specified time frame
[€]

4.23 KPI 24: Rate of Return (RoR)
Rate of Return (RoR) is the monetary value that was gained or lost over a specified
time frame. The RoR is communicated as a proportion to the initial investment costs
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and is used to compare the investment growth between two specified periods
without taking the inflation rate into account. Following equation is used:
(Current Value − Initial Value)
RoR [%] = [
] ∗ 100
Initial Value
Current Value = The current monetary value of the project [€]
Initial Value = Value of the project at the beginning of the time period [€]

4.24 KPI 25: Levelized Cost of Energy (LCoE)
Levelized Cost of Energy (LCoE) measures the lifetime costs of the energy system
divided by the energy production and is, therefore, an indicator representing the
present value of the overall energy production system over an estimated lifetime. It
can be used to assess and understand different scales of community projects
comparing different estimated life-cycle costs. A simplified equation to assess the
LCoE is given by:
Total Expenditurest
(1 + 𝒾)t
LCoE [€] =
Total Electricity Generation
∑nt=1
(1 + 𝒾)t
∑nt=1

Total Expenditures = All expenditures summed up in one year [€]
Total Electricity Generation = All generated electricity units summed up in one year
[MWh]
𝒾 = Discount rate [€]
n = Lifetime of the system [years]
Total Expenditures include among others: Investment and financing costs,
operation and maintenance costs

4.25 KPI 26: Capital Expenditure (Capex)
Capital Expenditure (Capex) is indicating the value an entity has spent on purchases
of property and equipment. These purchases are considered as investment flows to
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expand or improve existing assets. All capital expenditures must be listed and
totalized. Capex is measured in €.

4.26 KPI 27: Operating Expenditure (Opex)
In contrast to the Capex, Operating Expenditure (Opex) is including expenses
required to maintain and operate existing assets. All Opex must be listed and
totalized. Opex is measured in €.

4.27 KPI 28: Income Generation
Income generation has been used as an indicator of development and growth [14].
There are different approaches to assess this KPI and differentiation between
micro-and macro level is providing a more detailed understanding of its dynamics
nationally and internationally. To assess income generation holistically, local
income generation will be compared with the global income generation. Without
taking the global development into consideration, the local income generation may
be misleading.
Local
On the micro-level, the local income generation will be measured and compared
through two means:
▸ Household Income [€]
▸ Contribution of Energy Production to the household Income [€]
Global
On the macro-level, global/national indices provide relevant available benchmarks:

▸ National Per Capita Income
▸ Gross Domestic Product (GDP)
▸ Contribution of Energy to the GDP

D2.3 (KPI Definition and Selection) | version 1.0 | page 32/77

4.28 KPI 29: Job Creation
Job and employment generation are also recognized as important factors for
regional development and resiliency [10]. A differentiation between micro and
macro level is again providing with a more detailed understanding of its dynamics
nationally and internationally. Local and global employment rates and their
respective growth rates will be compared. The change is assessed at different times
of the project (before the implementation, after the first implementation and the
second optimized pilot run). The change rate is assessed through the equation
given in 4.51.
Local
Local employment rates and total numbers of jobs created through the project
along the value chain are measurable indicators. Jobs that were destroyed during
the development are subtracted from that number.
Local Employment Ratio [%] =

Locally Employed Population
Local Working Age Population

Employed and working age population are measured in absolute numbers.
Global
On a macro-level, international and national employment rates are available to
compare with the ones on a local level.

4.29 KPI 30: Cost Savings
A cost-benefit analysis (CBA) can be conducted to assess the rentability of different
actions an entity can pursue. The ratio of all benefits to all costs can display possible
cost savings when preferring a certain action over the other. Although the costbenefit analysis has received critics, it is a simple, purely economic indicator. If the
value of the CBA is greater than 1, the action is economically profitable. Following
equation can be used to assess the CBA:
Benefitst
∑nt=1
Discounted Value of All Benefits
(1 + 𝒾)t
CBA [%] =
=
Costst
Discounted Value of All Costs
∑nt=1
(1 + 𝒾)t
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𝒾 = Discount Rate [%]
t = Service Time of the Project [years]
n = Total Lifetime [years]
Benefits = All benefits generated through the project translated to monetary values
[€]
Costs = All costs generated through the project in monetary values [€]
A detailed description of the conducted monetarization, e.g., of a shorter traveling
time to work, must be included.

4.30 KPI 31: Opportunity Costs
Opportunity costs (OC) are the benefits an individual has to give up or is missing
out when deciding for one alternative over the other. This key figure gives an
indication of possible monetary risks that are involved in the decision making. The
following equation can be used to assess the OC:
OC [€] = Return on best foregone option − Return on chosen option
Return on best foregone option [€]
Return on chosen option [€]

4.31 KPI 32: Added Value
Willingness to Pay (WtP) and Willingness to Accept (WtA) are economic performance
indicators that are crucial for the development of competitive pricing and for
evaluating the added value of new business models. WtP is the highest price an
individual is willing to pay for a product or service (demand side). WtA is the
minimum price an individual is willing to accept to pay for a good or service and is
the equivalent to the cheapest price a seller can sell a product or service (supply
side) [15]. Therefore, WtP and WtA serve as a monetary indicator for the utility value
of an individual for a specific, e.g., service.
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WtP and WtA can be displayed and assessed through utility functions of an
individual. Within RENAISSANCE the value of WtP and WtA will be assessed through
different surveys.

4.32 KPI 33: Positive Business Models
The number of positive BMs that are developed and/or implemented during the
RENAISSANCE project is an indicator for the scalability and replicability of LECs.
Positive BMs have a CBA  1.

4.33 KPI 34: Acceptance
The level of (costumer-) acceptance indicates how likely a customer or member of
a LEC will use and to what extent the customer is valuing the services or products
that are provided to them. Mostly, acceptance is assessed through surveys and
questionnaires. Within RENAISSANCE, a Conjoint-Analysis will be conducted to
assess the customers’ valuation of different service attributes. The unified
framework for technology acceptance (UTAUT) will be used to assess the customer’s
acceptance of the provided technology in detail [16], [17].

4.34 KPI 35: Legal Barriers
Legal barriers are considered to be one of the most hindering factors for LECs [18].
Through a mapping and assessment of legal and administrative barriers in the
energy sector for LEC in the pilot sites’ countries, both facilitating and hindering
factors will be assessed in a qualitative SWOT analysis.

4.35 KPI 36: LEC Size
The total number of LEC members in the locality and its growth rate are indicators
for various objectives. The total number of members consists of all active and nonactive LEC participants. Active LEC participants are characterized by participation in
LEC meetings and ownership of energy production assets. Non-active members
may only be subscribed as LEC participants without actively engaging in the system.
The change between initial LEC size, participation and ownership will be compared
at different times of the project (before the implementation, after the first
implementation and the second optimized pilot run). The change rate is assessed
through the equation given in 4.51.
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4.36 KPI 37: Participation
Participation will show to what extent citizens are actively engaging within the LEC.
Within the defined locality, the participation rate/share of the LEC members can be
assessed through:
Local Participation Rate [%] =

Number of LEC members
Total Population

Within the LEC itself, the participation rate can be assessed through:
LEC participation [%]
=
(Number of Asset Owners & Prosumers + Number of Members participating in LEC meetings)
Total Number of LEC members
Number of LEC Members, Asset Owners and Prosumers and Total Population is
measured in absolute numbers.

4.37 KPI 38: Ownership
The ownership of assets within and of the LEC is used as an indicator for, among
others, community building. Here, not only individual assets, e.g., PVs of individual
prosumers but especially jointly purchased assets are taken into consideration. The
ratio of members who own or have a share in the assets of the LEC to the total
number of LEC members indicate the ownership ratio.
Ownership ratio [%]
=
Number of Asset Owners + Prosumers + Shareholders who are LEC members
Total number of LEC members

4.38 KPI 39: Market Share
The market share describes a company’s share of sales within the entire market. In
the context of RENAISSANCE, the share of the LEC’s sale of energy within the locality
compared to other energy producers and providers is assessed over one year.
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LEC Market Share [%] =

Energy consumed that was produced by the LEC
Total Energy Consumption

Total energy consumption and consumption of energy produced [MWh].

4.39 KPI 40: Number of Introduced Services, Submitted Patents, Accepted Papers,
and Intellectual Property Rights
The number of newly introduced services, e.g., smart contracts, or leasing models,
are used as an indicator of innovation. Additionally, the number of submitted and
granted patents are indicating if the developed solutions are innovative. Accepted
papers during the RENAISSANCE project and intellectual property rights that were
granted are also used to assess innovation [5], [19]. The respective total numbers
of each pilot sites are compared to each other.

4.40 KPI 41: Representation
The LEC serves as a population sample to compare with the overall population of
the country/world. It will be tested if the LEC has a fair representation of different
social groups, e.g., women, men, people with disability, elders, people with
different educational background based on a statistical test on the representation
of the sample group to the overall population.

4.41 KPI 42: Number of Educational and Community Events
The number of educational and community events are used as an indicator of social
inclusion and social quality as well as of awareness. Educational events could be
e.g., awareness campaigns, information days about energy consumption and the
energy transition. Total numbers are compared.

4.42 KPI 43: Level of Education and Knowledge
The level of education and knowledge is broadly assessed through questionnaires
and surveys. The level of education and knowledge are decisive for environmental
awareness and social inclusion and quality [20], [21]. A common questionnaire will
be designed in different languages to guarantee comparability.
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4.43 KPI 44: Number of Welfare Services
The number of welfare services, e.g., reduction of energy price for the energy-poor,
is an indicator for social inclusion and social quality [6], [7]. A description of the
welfare services must be provided.

4.44 KPI 45: Customer Satisfaction
Customer or member satisfaction of the introduced products, services or
membership will be assessed through surveys and questionnaires. Questionnaires
will be designed based on the E-S-Qual Model [22]. A common questionnaire will
be designed in different languages to guarantee comparability.

4.45 KPI 46: Energy Consumption
Individual energy consumption together with the reduction of fossil fuel
consumption are indicators for awareness and emission reduction. Energy
consumption patterns play a crucial role in the energy transition [23]. Energy
consumption will be measured in MWh. The change between initial energy
consumption will be compared to the energy consumption at different times of the
project (before the implementation, after the first implementation and the second
optimized pilot run). The change rate is assessed through the equation given in
4.51.

4.46 KPI 47: Rate of Renewable Energy Production
The renewable energy production of the LEC is aimed to be increased through the
RENAISSANCE project. The rate of RES production can be assessed through the
following equation:
RES production rate [%] =

Renewable Energy Production
Total Energy Production

Renewable Energy Production and Total Energy Production to be measured in
[MWh]. The production rate will be compared on an annual basis, the change rate
is assessed through the equation given in 4.51.
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4.47 KPI 48: CO2 – Emissions
CO2 emissions will be measured to assess the environmental objective of reduced
emissions. CO2 emissions are most important when considering the impacts on
global warming and climate change [24].

4.48 KPI 49: Local Air Quality
To assess the environmental objective of emission reduction, the local air quality is
an indicator measured by the particles in the air and NOx.

4.49 KPI 50: Reduced Fossil Fuel Consumption
Reduced fossil fuel consumption is measured to assess the progress on emission
reductions.

4.50 KPI 51: Noise
Noise is an environmental indicator that is taken into consideration for the
assessment of environmental impacts. Noise has been a critical factor for “not in
my backyard” (NIMBY)- movements [25]. Noise will be measured in decibels [dB].

4.51 KPI 52: Growth Rates for all Socio-Economic KPIs
The respective growth rates for the social and economic KPIs are indicators for the
overall performance and market uptake. Negative growth rates indicate a lower
performance for replicability and scalability of the LEC. The economic KPIs are based
on an annual comparison. The social KPIs are assessed with a first survey and then
compared to a second survey after the project.
The growth rates are assessed through the following equation:
Present Value − Initial Value
Growth rates [%] =
∗ 100
Initial Value
Present Value and Initial Value are given in the units of the respective indicators
analyzed.
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5 Description of the RENAISSANCE measurements
In this section the measurements required to assess the previously defined KPIs are
gathered and displayed in Table 5. The specification of a measurement comprises
the following data: ID, name and units.
Table 5: Measurements needed

Measurement

ID

Units

M1

Solar irradiance (direct)

kW/m²

M2

Solar irradiance (diffuse)

kW/m²

M3

Wind speed

m/s

M4

Ambient temperature

°C

M5

PV panel temperature

°C

M6

Precipitation

mm/year

M7

Relative humidity

%

M8

LEC electrical consumption

kWh

M9

LEC heating consumption

kWh

M10 LEC cooling consumption

kWh

M11 LEC fuel consumption

m³

M12 LEC water consumption

m³

M13 LEC electrical generation

kWh

M14 LEC heating generation

kWh

M15 LEC cooling generation

kWh

M16 LEC fuel generation

m³

M17 LEC Renewable energy generation (elec.)

kWh

M18 Amount of grid power generated using RES

%

M19 Electricity price

EUR/kWh
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M20 Fuel price

EUR/m³

M21 Water price

EUR/m³

M22 Equivalent CO2 emissions of the grid

kg/kWh

M23 Active power exchange at PCC

kW

M24 Reactive power exchange at PCC

kVAr

M25 Grid Voltage at PCC

Vrms

M26 Grid frequency at PCC

Hz

M27 Current THD at PCC

%

M28 Energy exchange with the heating network

kWh

M29 Heating grid temperature (at different sites)

°C

M30 Domestic water network temperature

°C

M31 Drive cycles of EVs available in the community v(t)

m/s

M32 Charging data/SoC of the EV battery

%

M33 Ambient temperature at EV location

°C

M34 Air quality (particles)

ppm

M35 CO2 emissions of the LEC equipment

g

M36 Peak demand of LEC (elec.)

kW

M37 Peak demand of LEC (therm.)

kW

M38 Number of violations of grid code (elec.)

-

M39 Noise pollution

dBA

M40 Occupation of participants
M41 Average income of participants

€

M42 Education of participants
M43 Unemployment rate

%
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M44

Population density of the LEC

Citizens

per

km²

M45 Age of population

Years

M46 Number of passenger

-

M47 Number of EVs available in the community

-

M48 Temperature of air in HVAC air group (different sites)

°C

M49 Relative humidity of air in HVAC air group (different sites)

%

M50 Pressure difference of air in HVAC air group (different sites) Pa
M51

Electricity consumption of all the devices in the HVAC kWh
systems (fan, pumps, valves. etc.)

M52 Maximum value deposited in smart contract

EUR

M53 Minimum simultaneous executions of smart contracts
M54 Maximum simultaneous executions of smart contracts
M55 Mean simultaneous executions of smart contracts
M56 Reliability of smart contracts

%

M57 Mean time to failure

s

M58 Mean time which smart contracts are unavailable

s

M59
M60
M61

Overall smart contracts execution cost for an energy unit EUR/kWh
sale
Overall smart contracts execution cost for an energy unit EUR/kWh
purchased
Overall smart contracts execution cost for an energy unit EUR/kWh
trade

M62 Customer satisfaction survey
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Executive summary
This document, delivered as ANNEX to D2.3 KPI Definition and Selection, contains
the questionnaire on social acceptance of RENAISSANCE solutions developed to
systematically collect stakeholders’ feedback. Its objective is to assess periodically
the relationship among the Key Performance Indicators (KPIs) defined within the
RENAISSANCE project and the social aspects that influence the acceptance of clean
technologies and measures, including renewable energy generation technologies.
It will support the continuous improvement of the design and implementation
strategy of RENAISSANCE proposed solutions. It also represents a guidance for the
overall dissemination strategy throughout the whole duration of the project.
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1. Rationale
In addition to technical and economic aspects, it is essential to include an analysis
of the social aspects that influence the acceptance of clean technologies and
measures, including renewable energy generation technologies. Technologies that
are technically and economically feasible in a given context may not be successfully
implemented due to social resistance, lack of awareness of the technology, etc.
Social or public acceptance is generally defined, as a positive attitude towards a
technology or measure, which leads to supporting behaviour if needed or
requested, and the counteracting of resistance by others.
According to Wüstenhagen et al.1, the social acceptance has 3 main subcomponents, forming the so-called “triangle of social acceptance”:
•

Community acceptance

•

Market acceptance

•

Socio-political acceptance

From the recent literature234 we derived the most relevant aspects influencing social
acceptance in all the 3 above-mentioned components.

1.1 Awareness
1) Awareness of environmental and energy problems (climate change, pollution,
energy consumption, etc.)
2) Energy production and distribution issues perception
Knowledge of the technology/innovative business models and regulations
3) Efficacy of the technology/innovative business models and regulations

1

Wüstenhagen, Rolf, Maarten Wolsink, and Mary Jean Bürer. "Social acceptance of renewable energy
innovation: An introduction to the concept." Energy policy 35.5 (2007): 2683-2691.
2 Polimp.eu - 1ST POLICY BRIEF June 2014 Acceleration of clean technology deployment within
https://climatepolicyinfohub.eu/
3 The social acceptance of wind energy, Ellis Geraint, Ferraro Gianluca, JRC, 2016
4 Huijts, Nicole MA, Eric JE Molin, and Linda Steg. "Psychological factors influencing sustainable energy
technology acceptance: A review-based comprehensive framework." Renewable and sustainable energy
reviews 16.1 (2012): 525-531.
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1.2 Individual factors influencing decision making
4) Perceived costs in implementing the technology
5) Perceived risks in implementing the technology
6) Perceived benefits and usefulness in implementing the technology

1.3 Local Context influencing decision making
7) Social norms and community influence (herding behaviour, are your
neighbour/friends/colleagues/relatives in favour and/or adopting the
technology?))
8) Facilitating conditions (public incentives/discounts)
9) Trust in decision-makers and other relevant stakeholders
10)

Fairness of the decision-making process;

1.4 Acceptance and Adoption
11)

Citizen acceptance: in favour of public innovations, collective

implementation of technologies
12)

Consumer acceptance: Intention to use and adopt the technology

Starting from questionnaires developed by Moula, Munjur et al.5, complemented
also with additional questions67 to cover all the dimensions above, we developed
the following questionnaire to assess social acceptance of renewable energies and
of innovative community-based production and consumption models.

5

Moula, Md Munjur E., et al. "Researching social acceptability of renewable energy technologies in Finland."
International Journal of Sustainable Built Environment 2.1 (2013): 89-98.
6

http://unfccc.org.mk/content/FBUR/Climate%20change%20survey%20FBUR.pdf

7

https://www.questionpro.com/survey-templates/climate-change-awareness-survey-template/
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2. Methodology
This questionnaire contains questions which require Likert scale answers and
ranking of solutions according to personal preference of respondents in order to
systematically collect information about social acceptance and awareness.
Initially, four different versions of this questionnaire will be distributed across a
wide basin of respondents, divided into 4 main groups:
•

the European pilot sites stakeholders (inhabitants, enterprises and industry
representatives)

•

the International pilot sites stakeholders (inhabitants, enterprises and
industry representatives)

•

the consortium members’ contacts and networks

•

the wide audience (an open survey will be launched on the project website
and social media channels)

The pool of questions may slightly differ, to ensure we collect only necessary
information from each group.
A second and third round of the inquiry will be launched during the mid-project
and end-project phases, in order to assess changes across time.

3. Expected Outcomes
The comparison between initial and final answers, collected among the different
groups (some working as control-groups, depending on the question), will inform
the project Consortium about the project success in terms of:
•

awareness level concerning renewables and energy communities

•

acceptance level concerning renewables and energy communities

•

customer engagement level linked to specific business models

•

overall assessment of the project dissemination strategy
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4. Relation to selected KPIs
Each question tackles the aspects described in the rationale and can offer useful
insights around selected KPIs, as they are described in D2.3, table 3.
In the table below a preliminary mapping of KPIs and related items in the
questionnaire is proposed.
Area

Objectives

KPI

Relation

with

Questionnaire
Technical

Improve
efficiency

energy

Overall

system

efficiency,

Insights

about

importance

transmission

energy

losses

of

the
this

aspect can be gained
from

recurrences

answers

to

set

in
of

questions on Risks and
Benefits (from Q24 to
Q30)
Grid stability

Number of violations

Insights

on

importance

grid

regulations,

curtailed

renewable

energy,

predictability

about
of

the
this

aspect can be gained
from

recurrences

of energy demand and

answers

supply,

load

questions on Risks and

reduction, load factor

Benefits (from Q24 to

change, grid voltage

Q30)

peak

deviation,

grid

frequency

deviation,

to

set

in
of

number of accidents
Safety

Predictability of energy

Insights

demand

importance

and

supply,

Number of accidents

about
of

the
this

aspect can be gained
from

recurrences

answers

to

set

in
of

questions on Risks and
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Benefits (from Q24 to
Q30)
Multi-energy vector

Energy

consumption,

overall

system

Insights

about

importance

of

the
this

efficiency, peak load

aspect can be gained

reduction,

self-

from

sufficiency

ratio,

answers

transmission
losses,

set

of

questions on Risks and

factor

Benefits (from Q24 to

change,

self-

consumption

ratio,

energy,

to

in

energy

load

levelized

recurrences

cost

of

return

on

Q30)

investment
Security

Number of successful

Insights

cyberattacks, Number

importance

of successful on-site

aspect can be gained

attacks,

from

crypto

about
of

recurrences
to

set

the
this
in

deposited in a smart

answers

of

contract

questions on Risks and
Benefits (from Q24 to
Q30)

Smart

contract’s

performance

Heaviness

of

smart

contracts

Insights

about

importance

efficiency

of

the
this

aspect can be gained
from

recurrences

answers

to

set

in
of

questions on Risks and
Benefits (from Q24 to
Q30)
High reliability

Reliability
contracts

of

smart

Insights

about

importance

of

the
this

aspect can be gained
from

recurrences

answers

to

set

in
of

questions on Risks and
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Benefits (from Q24 to
Q30)
High availability

Smart

contracts

reactivation time

Insights

about

importance

of

the
this

aspect can be gained
from

recurrences

answers

to

in

set

of

questions on Risks and
Benefits (from Q24 to
Q30)
Resiliency

Number of accidents,

Insights

predictability of energy

importance

demand and supply

aspect can be gained
from

about
of

the
this

recurrences

answers

to

in

set

of

questions on Risks and
Benefits (from Q24 to
Q30)
Socio-Economic

Affordability

LCoE, Capex, Opex

Individual

decision-

making

set

of

questions (from Q19 to
Q23)
Viability

ROI,

income

Insights

about

generation, total costs,

importance

cost

aspect can be gained

savings,

value,

added

opportunity

costs

from

of

the
this

recurrences

answers

to

in

set

of

questions on Risks and
Benefits (from Q24 to
Q30)
Scalability
replicability

and

ROI, NPV, number of

Scalability

positive

business

replicability in different

models, legal barriers,

socio-cultural contexts

participation,

can be evaluated from

acceptance,
share

market

and

answers to Background
info (from B1 to B10)
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Innovation

Number

Employment

of

new

Answers to Q10 and

introduced

services,

Q11 can offer insights

submitted

patents,

about

innovations

papers and intellectual

introduced

property rights granted

administrations

Local

Insights

and

global

by
from

income generation and

background info (from

job

B1 to B10)

creation,

growth

rates
Social inclusion and

Representation,

Insights about overall

social quality

participation,

inclusiveness of current

education

and

policies (from Q10 to

events,

Q18) + insights from

community and welfare

background info (from

services,

B1 to B10)

community
and

local

employment
Customer Acceptance

Satisfaction,
participation,

Perceived
growth

rates of LEC

Benefits

Risks

and

sets

of

questions (from Q24 to
Q30) + Acceptance set
of questions (from Q34
to Q39)

Community Resiliency

All KPIs’ development

Insights

indicating

importance

overall

resiliency

about
of

the
this

aspect can be gained
from

recurrences

answers

to

set

in
of

questions on Risks and
Benefits (from Q24 to
Q30)
Awareness Creation

Energy

consumption,

educational

and

community

events,

reduced

fossil

AWARENESS

Set

of

Questions (from Q1 to
Q9)

fuel

consumption
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Community Building

Participation,
ownership,
services,

National

and

Local

welfare

policy context set of

educational

questions (from Q10 to

and community events

Q18) + Social Context
set of questions (from
Q31 to Q33)

Environmental

Increase

in

RES

penetration

Rate

of

renewable

energy production

Q23: a variation in the
answers

to

these

questions may inform
us about changes in
terms of penetration of
RES.
Emissions reduction

CO2- emissions, local

Insights

air

importance

quality,

reduced

fossil fuel consumption

about
of

the
this

aspect can be gained
from

recurrences

answers

to

in

set

of

questions on Risks and
Benefits (from Q24 to
Q30)
Low noise

Noise

Insights

about

importance

of

the
this

aspect can be gained
from

recurrences

answers

to

set

in
of

questions on Risks and
Benefits (from Q24 to
Q30)
Table 6 - Relation among KPIs and related items in the Social Acceptance questionnaire
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5. QUESTIONNAIRE
BACKGROUND INFO
B1) What is your age?
(age selector)
B2) Gender
▸ Male
▸ Female
▸ Other

B3) Which country do you live in?

Q4) What is your highest qualification?
▸ Middle School
▸ High/Secondary School
▸ College
▸ Graduate
▸ Postgraduate (BA, BSc, MA, MSc, PhD)
▸ Other

B5) Family composition: 1-10
Among the following, select those that best apply to your current condition:
▸ At least one member is more than 60 years old
▸ At least one member of the family is less than 12 years old
▸ At least one member of the family is unemployed
▸ At least one member of the family needs extra care for health reasons

B6) Annual Net Income:
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(income selector with currency choice; answers will be reported in euros)
B7) Nationality:
(country scroll-down menu)

B8) Place of residence:
(region/city scroll-down menu)

B9) What kind of context do you live in:
▸ Thinly populated area
▸ Intermediate density area
▸ Densely populated area

B10) Among the following, which one best represents your current position as
energy consumer (please select only one option and then answer the rest of the
questionnaire accordingly):
▸ Tenant/Leasehold consumer
▸ Household consumer
▸ Landowner consumer
▸ Public service consumer
▸ Local enterprise / Commercial consumer
▸ Industrial consumer
▸ Other: (blank space)
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AWARENESS Q1 – Q9
Q1) Among the following global issues, which are the ones of most concern, in
your opinion? (randomized answers, central Likert point must express neutrality

or poor awareness):
-

Very Important

-

Fairly Important

-

Neutral

-

Slightly Important

-

Not at all Important

▸ Climate change/global warming
▸ Crime
▸ Economic situation
▸ Infectious diseases
▸ Overpopulation
▸ Poverty
▸ Terrorism
▸ Unemployment
▸ Violence/War
Q2) How important do you consider the following environmental issues, on a
global scale? (randomised answers):
-

Very Important

-

Fairly Important

-

Neutral

-

Slightly Important

-

Not at all Important
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▸ Acidification of rain and oceans
▸ Air pollution
▸ Rising of global temperatures
▸ Extreme weather conditions
▸ Environmental resource exploitation (Intensive fishing and breeding,
Intensive Mining, Intensive extraction of fossil fuels, deforestation)
▸ Loss of biodiversity
▸ Pollution of rivers and seas
▸ Soil pollution
▸ Traffic congestion
▸ Waste disposal

Q3) In your opinion, how important is the contribution of the energy production
model on the environmental issues mentioned above?

(central Likert point must express neutrality or poor awareness):
-

Very Important

-

Fairly Important

-

Neutral

-

Slightly Important

-

Not at all Important

Q4) Currently, energy is produced kilometres away from the point of delivery.
Such a distribution grid results in a loss of efficiency. In your opinion, how much
of the energy produced is lost during this process?
▸ 0% - 5%
▸ 5% - 10%
▸ 10% - 15%
▸ 15% - 20%
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▸ 20% - 50%
▸ 50% - 70%
▸ 70% - 90%

Q5) Among the following energy sources, select those you think are renewable:
(number of correct answers – number of wrong answers)
If 0 or lower -> none
if at least 1 - >poor
if at least 2 - >low
If at least 3 - > medium
If at least 4 - > good
If at least 5 - > very good)

(in bold renewables and in normal the fossil fuels; answers must be shown in
randomized order in survey)
▸ Biofuels
▸ Biomass
▸ Coal
▸ Geothermal
▸ Hydroelectric
▸ Hydropower (tidal, ocean current)
▸ Natural Gas
▸ Nuclear
▸ Oil
▸ Solar
▸ Wind
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Q6) Rank the following types of end-use of household energy supply, from the
most to the least energy-consuming (answers must be sorted in randomised

order):
▸ Cooking
▸ Lighting and appliances
▸ Space cooling (air conditioning)
▸ Space heating
▸ Water heating
▸ Other end-uses (please specify)
Q7) In your opinion, increased use and expansion of renewable energy market
at a global scale is:
-

Very Important

-

Fairly Important

-

Important

-

Slightly Important

-

Not at all Important

Q8) In your opinion, who should take the first step towards renewable energy
production?
▸ Energy distributors
▸ Energy producers
▸ National Policy Makers and Regulators
▸ Regional Policy Makers and Regulators
▸ Local Communities and citizens’ associations
▸ Environmental groups
▸ Individual citizens

Q9) In your opinion, how important is the local production of renewable energy?
-

Very Important

-

Fairly Important
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-

Neutral

-

Slightly Important

-

Not at all Important

NATIONAL/LOCAL POLICIES Q10 – Q18
Q10) Are you aware of recent initiatives related to higher sustainability of energy
production and consumption, coming from your local administration?
▸ There are no initiatives
▸ I am not aware of any initiatives
▸ I know there are some initiatives, but I cannot recall the specific title
▸ I know there are some initiatives, I could name them but I cannot recall
the specific content
▸ I know there are some initiatives and I know titles and contents

Q11) Can you provide at least one example (name and/or link)?
(open field activated only if A4 or A5 to Q8a are flagged)

Please state your level of agreement for the following statements regarding local
energy policies.

Q12) The initiatives coming from the local administration are ensuring fair and
transparent decision-making processes.
-

Strongly Disagree

-

Moderately Disagree

-

Neutral/Neither agree nor disagree

-

Moderately Agree

-

Strongly Agree
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Q13) My local community has been involved in administration decisions, related
to future energy policies.
- Strongly Disagree
-

Moderately Disagree

-

Neutral

-

Moderately Agree

-

Strongly Agree

Q14) Which decision-making process/es do you think local communities should
be involved in by local administration?
▸ Costs and service efficiency
▸ Siting issues (property value, relocation of citizens, disruption of place)
▸ Environmental impact
▸ Health and safety concerns
▸ Societal risks and benefits
▸ Ways of involving local communities

Q15) The directive “CLEAN

ENERGY FOR ALL

EUROPEANS” obliges Member States to

ensure a more competitive, customer-centred, flexible and non-discriminatory
EU electricity market with market-based supply prices. It strengthens existing
customer rights, introduce new ones and provide a framework for energy
communities of prosumers In the context of renewable energies, a prosumer is
someone that both consumes and produces the energy, mainly based on
distributed systems installed in households or within minigrid community
networks.
Were you already aware of the existence of such directive?
Yes/No
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Q16) In your opinion, how important is such directive to build an effective
strategy towards sustainable energy?
-

Very Important

-

Fairly Important

-

Important

-

Slightly Important

-

Not at all Important

Q17) RENAISSANCE project will assess and test new business models at four pilot
sites across Europe, to understand which model is the most effective one for
each socio-economical context.
Among the following business models, rank those which you think are more
acceptable for your local context:
•

Prosumer Model: Investment in own energy production assets for own
consumption. Surplus energy is directly fed into the grid remunerated by the
central grid system operator for a set tariff.

•

Peer-to-Peer Model: Investment in own energy production assets for own
consumption. Surplus energy is traded directly to other consumers, e.g., the
neighbours.

•

Organised Prosumer Model: Investment in own energy production assets for
own consumption. The surplus energy is aggregated (e.g. through a virtual
power plant) to first cover the community consumption, then is sold to the
whole market aiming at the highest economic revenue for the energy
produced.

•

Energy Association or Cooperative Model: Shared investment in community
energy production assets to cover overall community consumption. Surplus
energy is sold or stored. Revenues are distributed among community
members in the form of money or new investments.
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Q18) Which of the following four options best represents your most desirable
future condition if you were to be part of a local energy community, as proposed
by RENAISSANCE project (choose only one answer)?
▸ Prosumer within the current market (producing and consuming own
energy), in which revenues are based on the wholesale market governed
by the energy system operators.
▸ Prosumer and peer-to-peer markets (producing and consuming own
energy), in which surplus energy is directly traded among peers (e.g.
neighbours).
▸

Organised prosumer groups or virtual communities performing the
responsibilities of a power plant within a liberalised energy market.

▸

Community Prosumer, not only investing in shared projects but also
producing, aggregating and consuming energy as part of a community.
Economic and social revenues benefit the community.

INDIVIDUAL DECISION MAKING (Perceived costs, facilitating conditions, local
context) Q19 – Q23
Please state your level of agreement with the following statements regarding
costs of energy
Q19) Using existing renewable energy technologies may result in a less
expensive bill for the consumers
-

Strongly Disagree

-

Moderately Disagree

-

Neutral

-

Moderately Agree

-

Strongly Agree
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Q20) Using renewable energy technologies may result in a reduction of overall
energy costs for the whole society
-

Strongly Disagree

-

Moderately Disagree

-

Neutral

-

Moderately Agree

-

Strongly Agree

Q21) I would pay some extra cost to obtain renewable energy for me/my
household/my company
-

Strongly Disagree

-

Moderately Disagree

-

Neutral

-

Moderately Agree

-

Strongly Agree

Q22) Are you aware of public incentives or facilitating measures in your country
supporting consumers transition to renewable energy sources?
▸ There are no incentives or facilitating measures.
▸ I am not aware of any incentives or facilitating measures.
▸ I know there are some incentives or facilitating measures, but I do not
know what they are about.
▸ I know there are some incentives or facilitating measures and I know what
they are about in general terms.
▸ I know there are incentives or facilitating measures and I try to collect
information to know more about them.
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Q23) The amount of incentives or facilitating measures supporting consumers
transition to renewable energy sources in my country are:
▸ Very low
▸ Low
▸ Fair
▸ High
▸ Too high

PERCEIVED RISKS Q24 – Q27
Q24) Would you switch to energy providers or services offering renewable
energy supply only?
Definitely yes/Definitely not
Q25) Among the following risks, rank the ones which would prevent you from
switching to a renewable energy only provider for your own energy supply:
▸ Lower quality service
▸ Unknown costs
▸ Too much hassle to switch
▸ Low maturity of service/market
▸ Transparency issues and distributive justice
▸ Other: (blank space)

Q26) Among the following risks, rank the ones which would prevent you from
accepting in your village/neighbourhood a renewable energy production plant
built for collective consumption of the local community:
▸ Safety concerns
▸ Lower quality service
▸ Unknown costs
▸ Too much hassle to switch
▸ Low maturity of service/market
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▸ Noise and infrasound
▸ Disruption of place and landscape concerns
▸ Property Values
▸ Impacts on Biodiversity (Birds and Bats)
▸ Health concerns
▸ Transparency issues and Distributive justice
▸ Other: (blank space)

Q27) Among the following risks, rank the ones which would prevent you from
installing a small production system in your property:
▸ Malfunction risks and efficiency concerns
▸ Unknown safety levels of installed technologies
▸ Appliances, assets or infrastructures may be damaged/stolen
▸ High maintenance costs
▸ Aesthetical concerns/Disruption of place
▸ Health concerns
▸ Noise/Infrasound
▸ Other: (blank space)

PERCEIVED BENEFITS Q28-Q30

Q28) Among the following reasons, rank the ones which would convince you to
switch to a renewable energy only provider for your own energy supply (which
production may be far from the point of delivery) (randomised order of answers):
▸ Increased employment
▸ More qualified “green jobs”
▸ Other social benefits (e.g. …)
▸ Lower emissions
▸ Lower costs
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▸ Other: (blank space)

Q29) Among the following reasons, rank the ones which would convince you to
buy from a local community plant / switch to a renewable energy only collective
local production model:
▸ Increased local employment
▸ More qualified “green “jobs”
▸ Other social benefits (e.g. …)
▸ Lower emissions
▸ Lower energy costs
▸ Potential income
▸ Higher involvement in choices
▸ Higher commitment/engagement of the community
▸ Higher resilience in case of an energy crisis
▸ Feeling of higher control over energy production
▸ More chances to learn about renewable energy
▸ Other: (blank space)

Q30) Among the following reasons, select the ones which would convince you
to become a prosumer or switch to a renewable individual energy production
system:
▸ Lower emissions
▸ Lower energy costs
▸ Potential income
▸ Higher involvement in choices
▸ Higher commitment/engagement of the community
▸ Higher resilience in case of an energy crisis
▸ Feeling of higher control over energy production
▸ More chances to learn about renewable energy
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▸ Other: (blank space)

SOCIAL CONTEXT Q31 – Q33
Q31) Would you ask for advice before switching to a different energy supply
service?
▸ Definitely yes/Definitely not

Q32), Among the following platforms, rank those you would rather use the most
to support your decision making, when switching to a different energy supply
service:
▸ TV, radio and newspapers
▸ Internet and social media
▸ Academic journals or publications from experts
▸ Environmental associations, NGOs
▸ Energy suppliers
▸ Friends or colleagues
▸ Institutional news agencies
▸ Other: (blank space)

Q33) Would you adopt renewable energies if you realise the majority of your
neighbours are doing so?
▸ Definitely yes/Definitely not
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ACCEPTANCE Q34 – Q39
Q34) Would you agree to install a relatively small renewable energy production
system in your property/house/backyard for private use (e.g. wind turbine, solar
panel, geothermal)?
-

Completely Disagree

-

Somewhat Disagree

-

Neutral

-

Somewhat Agree

-

Completely Agree

Q35) Would you agree to install a relatively small renewable energy production
system in your property/house/backyard for shared consumption with the local
community (e.g. wind turbine, solar panel, geothermal)?
-

Completely Disagree

-

Somewhat Disagree

-

Neutral

-

Somewhat Agree

-

Completely Agree

Q36) Would you agree to install a relatively small renewable energy production
system in your property/house/backyard and sell the extra amount to the
general electricity grid (e.g. wind turbine, solar panel, geothermal)?
-

Completely Disagree

-

Somewhat Disagree

-

Neutral

-

Somewhat Agree

-

Completely Agree
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Q37) Would you agree if a small to medium sized renewable energy production
plant was built in your town/village/neighbourhood to sell energy to the general
electricity grid and get a discount in your monthly bill?
-

Completely Disagree

-

Somewhat Disagree

-

Neutral

-

Somewhat Agree

-

Completely Agree

Q38) Would you agree if a small to medium sized renewable energy production
plant was built if in your village/neighbourhood for collective consumption of
the local community?
-

Completely Disagree

-

Somewhat Disagree

-

Neutral

-

Somewhat Agree

-

Completely Agree

Q39) Please rank the proposed renewable energy production systems options
starting from your favourite (#1) to the least favourite one (#5)
▸ small

renewable

energy

production

system

in

your

system

in

your

property/house/backyard for private use
▸ small

renewable

energy

property/house/backyard

for

production
shared

consumption

with

the

local

community
▸ small

renewable

energy

production

system

in

your

property/house/backyard allowing to sell the extra amount to the network
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▸ small to medium sized renewable energy production plant was built in
your town/village/neighbourhood to sell energy to the general electricity
grid and get a discount in your monthly bill
▸ small to medium sized renewable energy production plant was built if in
your village/neighbourhood for collective consumption by the local
community

D2.3 (KPI Definition and Selection) | version 1.0 | page 77/77

