
1 KPIs of Analysis module 

The key performance indicators (KPIs) basically measure the level of performance of a process. In 
the analysis module of this project, the KPIs aim to reflect the energy performance that is 
basically the relationship between energy consumption and the needs covered in order to know 
how the facility consumes. 

According to the ISO 50001:2001 energy performance is defined by indicators which are data 
measurable related with: 

 
Figure 1: Energy performance schema. ISO 50001 [6] 

 Energy use: (also referred to as type of consumption) is the grouping of energy consuming 
products by which the consumer needs are covered, e.g. Lighting, Heating, Informatics, etc. 
 

 Energy efficiency: related to the technology of the energy use, e.g. lux per Watt in a lamp 
 

 Energy consumption: all the consumed energy of a facility (Wh). The more periodically 
measures we have, the more knowledge we have of the facility. 
 

 Energy intensity: consumption is normalised between facilities, in order to compare them 
with each other, e.g. Wh/m2. 
 

 Others: another events or data related with the energy performance could be measured 
which aren’t included in the categories listed below. One of the most important indicators of 
category is the energy comfort. During an activity, the human being should ignore the 
environment, that situation is comfort. In energy terms, each energy consuming product 
and each use of energy must operate within a comfort range, e.g. the temperature inside a 
room should be between 20 and 26 degrees, and outside this range, users feel cold or hot. 



 
That is why some KPIs are designed to evaluate the energy performance of facilities in 
reference to energy comfort, e.g. if you analyse the HVAC consumption in a facility, you 
can consider consumption per cubic meter or include the difference between outside and 
inside temperature, where comfort is reflected by the inside temperature: 

  

Each KPI is shown in a template. The fields in the template are: 

 ID: each KPI includes an identifier to facilitate tracing through subsequent phases. The 
identifier is formed by a letter to identify the pilot site (A for all the pilot sites, B for 
Barcelona, E for Eibar and K for Kalundborg) and a number. 
 

 Title 
 

 Mathematical expression: mathematical formulation indicating which variables are 
included in the KPI and how are they related to each other. It also gives an idea of the 
dimension of the indicator (dimensionless, percentage, etc.) 
 

 Description: explanation of what the indicator shows, and how the variables are related to 
each other. 
 

 Goal  
 

 Comment 
 

 Uses of energy involved: some KPIs will be focused to a single use of energy (or several 
but not all), while others are related to the general consumption, so that should be 
indicated. 

The KPIs proposed are focused on the consumers and providers of the pilot sites. Some of them 
are general and they compare in the same way the different uses of energy (consumption per user 
could be for lighting or heating). Others are focused on a single type of use of energy (consumption 
per cubic meter, just for heating and HVAC). 

  



1.1 Kalundborg  

In Kalundborg the KPI is used to set the level of e.g. average consumption for private houses and 
small institutions. The actual consumption in the district can then be benchmarked against the 
KPI’s. The total number of KPI’s needed to perform this task is estimated to be 49: 

 

 Electricity Heat Water 

Private houses 24 1 12 

Small institutions 24 12 

Total 48 1 49 

 

With regards to electricity and water consumption in both private houses and institutions, there 
should be a KPI for: 

 Morning, day and night on week days 

 Morning, day and night on Sundays and holydays 

 Summertime and wintertime (that contains the two bullets above) 

As can be seen from the table, this will add up to 12 KPI’s for each of the two types of consumption 
electricity and water: 

 

KPI Weekdays Sundays/holydays Summer/Winter Total 

Electricity 3 3 6 + 6 12 

Water 3 3 6 + 6 12 

 

In total that is 24 KPI’s for both private houses and small institutions, thus 48 in total.  

Data for the electricity consumption will be delivered by SEAS-NVE’s existing Automatic Meter 
Reading-system (AMR). With the AMR meters it is possible to get hourly consumption and 
production data from each costumer in the district. The information is today available 
approximately 1-3 days after being consumed/produced. Data format: Excel (comma-separated). 

Houses with EV’s have remarkable additional electricity consumption. Within this demonstration 
project these houses with EV owners will be identified and their charging consumption will be 
separated from their other consumption. There will not be a KPI/benchmark for the charging 
consumption as this is not suitable for any saving efforts. Instead, it is important to collect data for 
the daily charging patterns in order to identify potentials for changing charging patterns (e.g. avoid 
charging of EV in peak hours).  

Historical data for EV consumption needed to separate the EV charging consumption from the 
‘normal’ consumption of the household are delivered by Clever (EV operator) in excel format. 
Actual consumption data including charging patterns during the demonstration period is expected 
to be delivered by the relevant EV operator (not identified yet). 

  



Data for the water consumption is delivered by Kalundborg Forsyning (format not known yet). 

With regards to heat consumption, the Energy Label of the building will be the KPI. Therefore there 
will only be one KPI to consider regarding heat consumption. The Danish Energy Label system 
measures the heat consumption in relation to size of the building (m3), building year, level of 
insulation etc. All buildings are obliged to obtain an energy label in case of sale or lease. The 
Energy Label is issued by a professional Energy Advisor and it ranges from A1 (lowest possible 
consumption) to G (worst possible) and is followed by suggestions of improvements.  

 

By using the Energy Label system as a KPI for hat consumption, buildings in the district with a bad 
rating can easily be identified and pointed out for e.g. an energy savings effort. 

Instead of listing the 49 KPI’s the following tables illustrate the different type of KPI’s: 

 

ID nr.  K1 Title: Electricity consumption per m2 – private single family houses 

Mathematical 
expression 

 

Description Relation between yearly electricity consumption (kWh) and the size of the building (m2) 
– average. 

Goal Set a set of benchmark KPI’s for private houses in the district. 

Comment The KPI enables to identify buildings that deviate widely from the KPI benchmark. The 
KPI’s will distinguish between day/night, summer/winter, everyday/weekend/holydays 

Uses of energy General electricity consumption 

 

ID nr.  K2 Title: Electricity consumption per m2 – small institutions 

Mathematical 
expression 

 

Description Relation between yearly electricity consumption (kWh) and the size of the building (m2) 
– average. 

Goal Set a set of benchmark KPI’s for small institutions in the district. 

Comment The KPI enables to identify buildings that deviate widely from the KPI benchmark. The 
KPI’s will distinguish between day/night, summer/winter, everyday /weekend/holydays. 

Uses of energy General electricity consumption 

 

  



ID nr.  K3 Title: Water consumption per m2 - private single family houses 

Mathematical 
expression 

 

Description Relation between yearly water consumption (m3), the size of the building (m2) – 
average and the size of the household. 

Goal Set a set of benchmark KPI’s for private houses in the district. 

Comment The KPI enables to identify buildings that deviate widely from the KPI benchmark. The 
KPI’s will distinguish between day/night, summer/winter, everyday/weekend/holydays 

Uses of energy General water consumption 

 

ID nr.  K4 Title: Water consumption per m2 – small institutions 

Mathematical 
expression 

 

Description Relation between yearly water consumption (m3), the size of the building (m2) – 
average and the size of the institution. 

Goal Set a set of benchmark KPI’s for small institutions in the district. 

Comment The KPI enables to identify buildings that deviate widely from the KPI benchmark. The 
KPI’s will distinguish between day/night, summer/winter, everyday/weekend/holydays 

Uses of energy General water consumption 

 

ID nr.  K5 Title: Heat consumption – private single houses and small institutions 

Mathematical 
expression 

? 

Description Relation between heat consumption and the age and size of the building (m2), level and 
insulation, heating source etc. 

Goal Use the Energy Label to identify buildings suitable for saving efforts. 

Comment The Energy Label enables to identify buildings that have a high heat consumption 
compared to the building’s age, size and level of insulation.  

Uses of energy General heat consumption 

 

 

 

  



1.2 Eibar 

ID nr.  E1 Title: Consumption installation per lamppost and time of operation 

Mathematical 
expression 

 

Description Relation between energy consumption (kWh) of a specific installation and the lamppost 
installed.  

Goal Compare the average consumption of an installation within the district with the rest of 
installations.  

Comment Each installation may have different types of lamps, and may have different time of 
operation. This KPI enables the comparison of a street lighting installation, the lower is 
this KPI the more efficient is the installation in terms of energy consumption. 

Uses of energy Street lighting 

 

ID nr.  E2 Title: Total consumption per inhabitant 

Mathematical 
expression 

 

Description Ratio between the consumption of the installation and the population density of the area. 

Goal Compare the consumption of an area with other areas of the district taking into account 
the population density. 

Comment This KPI will allow identifying in which areas could be better to apply presence detection 
retrofitting actions. The lower is the ratio the more effective would be to apply these 
retrofitting actions, due to the high energy consumption comparing to presence of 

people.1 

Uses of energy Street lighting 

 

ID nr.  E3 Title: Luminance efficiency  

Mathematical 
expression 

 

Description Relation between the average luminance (lux) and power of an installation in a surface 
to illuminate. 

Goal Compare the average luminance and the power of the installation of a selected street. 

Comment This KPI will allow knowing which the most efficient installations in terms of luminance 
are. 

Uses of energy Street lighting 

 
  

                                                
1 As data shown in Table 1: Miscellaneous data from Eibar´s districts 



ID nr.  E4 Title: Consumption per square meter 

Mathematical 
expression 

 

Description Relation between energy consumption (Wh) and the surface (m
2
). 

Goal Compare the average consumption of a street with the rest.  

Comment This KPI will complement the E3. This KPI does not take into account the luminance 
level and will compare areas with different level of illuminance. 

Uses of energy Street lighting 

  



1.3 Barcelona 

ID nr.  B1 Title: Consumption 

Mathematical 
expression 

 

Description Energy consumption (Wh) of a specific use of energy in each energy consumer. 

Goal Compare consumptions between facilities (It just shows how much a facility consumes) 

Comment This is the most basic KPI. If the consumption measures are checked periodically, a 
better idea could be had of how is consumed the energy in a facility. 

Uses of energy All (each use of energy, one by one) 

 

ID nr.  B2 Title: Consumption per use of energy 

Mathematical 
expression 

 

Description Relation between energy consumption (Wh) of an specific use of energy and the general 
consumption (Wh) 

Goal Compare the average consumption of a use of energy within a facility with the rest of 
facilities.  

Comment This KPI enables the comparison of facilities sorted by use of energy, e.g. in houses, the 
average consumption ratio of Heating is about 50% of the general consumption, but in 
the house studied is about 30%. At first glance, it is a house more efficient than the 
average in Heating consumption.  

Uses of energy All (each use of energy, one by one) 

 

ID nr.  B3 Title: Consumption per square meter 

Mathematical 
expression 

 

Description Relation between energy consumption (Wh) and the facility’s surface (m
2
). 

Goal Compare the average consumption of a facility with the rest. This indicator compares the 
uses of energy consumption of the facility as well as the consumption per use of energy, 
e.g.  Wh/m

2
 HVAC, Wh/m

2
 Lighting, etc. 

Comment Keep in mind that many zones of a facility don’t consume a use of energy, e.g. in a 
facility where there is a big storage area, this doesn’t have HVAC or Heating, and 
therefore if we take it into account, Wh/m2 will look smaller and more efficient than the 
reality. Instead, if we have in mind a percentage that defines how much surface of the 
facility is affected by each use of energy, the ratio Wh/m

2
 will be more accurate and the 

consumption between facilities could be compared better. 

Uses of energy All (general consumption and each use of energy, one by one) 

 

  



ID nr.  B4 Title: Consumption per cubic meter 

Mathematical 
expression 

 

Description Ratio between energy consumption (Wh) and the facility volume (m
3
). 

Goal Compare the average consumption of a facility with the rest. This ratio is more 
interesting for HVAC and Heating uses of energy because, to change the temperature of 
a room, the entire volume of air within the room has to change.  

Comment Two rooms with the same use (human behaviour), surface, HVAC machines, indoor 
temperature and outdoor temperature don’t consume the same if the height of these is 
different. 

Uses of energy HVAC and Heating 

 

ID nr.  B5 Title: Consumption per user 

Mathematical 
expression 

 

Description Ratio between energy consumption (Wh) and the facility users. 

Goal Compare the average consumption of a facility with the rest. This indicator compares the 
uses of energy consumption of the facility as well as the consumption per use of energy, 
e.g.  Wh/users HVAC, Wh/users Lighting, etc. 

Comment Could be compare regular users with non-regular users. This comparison could give us 
knowledge about how affects that users visit the facility to consumption (customers, 
visitors, etc.). 

Uses of energy All (general consumption and each use of energy, one by one) 

 

ID nr.  B6 Title: Consumption per workstation 

Mathematical 
expression 

 

Description Ratio between energy consumption (Wh) and the workstations within the facility 

Goal Compare the average consumption of a facility with the rest. This indicator compares the 
uses of energy consumption of the facility as well as the consumption per use of energy, 
e.g. Wh/workstations Informatics, Wh/workstations Lighting, etc. 

Comment Measure the average of the consumption per workstation is interesting because there 
are facilities with more users than workstations and vice versa. 

Uses of energy All (general consumption and each use of energy, one by one) 

 

  



ID nr.  B7 Title: Fridge and freezers consumption 

Mathematical 
expression 

 

Description Percentage of current fridge/freezer consumption (Wh) that potentially the fridges or 
freezers could save if they use an optimal set point temperature. A cooling degree more 
than the usual temperatures recommended by the manufacturers may increase a 5% of 
fridge/freezer consumption, which are temperatures between 3ºC and 7ºC in fridges, 
and -16ºC and -20ºC in freezers (parallel to the KPI B9) 

Goal Compare consumptions of fridge/freezer between facilities which potentially could be 
save if the current temperature changes to the optimal (within a comfort range). 

In this case, we consider the set temperature a measure of energy comfort as this will 
depend on the condition of food in the refrigerator and freezer. Too cold will not keep 
much better food but it spend a lot more energy, however, warmer than these 
recommended setpoint temperatures, it will spend less energy but will not be able to 
maintain food properly. Therefore, these recommended setpoint temperatures are 
energy comfort measures. 

Comment The optimal temperatures are taken as the average of the recommended 
fridges/freezers manufacturers: 5ºC (fridges) and -18ºC (freezers). 

Uses of energy Fridges and freezers 

 

ID nr.  B8 Title: HVAC and Heating consumption (optimal temperature related) 

Mathematical 
expression 

 

Description Percentage of current HVAC/heating consumption (Wh) that potentially the HVAC or 
Heating systems could save if they use an optimal set point temperature. A degree more 
or less than the usual temperatures recommended by the manufacturers may increase a 
7% of HVAC/heating consumption [7]. It is suggested that the inside temperature does 
not exceed a difference of 10 degrees (ºC) with respect to the outside. This causes the 
temperature recommended in summer is from 24 to 26 degrees. However, in winter, the 
thermostat should read between 18 and 20 degrees. 

Goal Compare consumptions of HVAC/heating systems between facilities which potentially 
could be save if the current temperature changes to the optimal (within a comfort range). 

Comment This KPI doesn’t include the Energy Efficiency Class of the HVAC/heating systems 
because it is difficult to check it in some cases (old devices). It is a better option to 
evaluate the set point temperature regardless of the Energy Efficiency Class because in 
many cases consumption could be reduced by adjusting this temperature. 

Subsequently, the prediction module may perform scenarios to evaluate how much 
changes consumption if the Energy Efficiency Class varies. 

The optimal temperatures are taken as the minimum or the maximum of the 
recommended: 20ºC (winter) and 24ºC (summer) or the outside temperature if it is within 
this range. 

Uses of energy HVAC and Heating 

 

  



ID nr.  B9 Title: HVAC and Heating consumption (volume related) 

Mathematical 
expression 

 

Description Ratio between energy consumption (Wh) in HVAC and Heating, and the difference 
between the inside temperature and the outside temperature, multiplied by the cubic 
meters. 

Goal Compare HVAC and Heating consumption between facilities "typifying" them, by the 
difference between indoor and outdoor temperatures and the air volume heated or 
cooled. In this way, facilities could be compared with different external conditions. 

Comment Comfort could be measured indirectly taking into account the indoor temperature (in 
many cases the set point temperature, obtained through statistical data or surveys). 

Uses of energy HVAC and Heating 

 

ID nr.  B10 Title: Residual consumption 

Mathematical 
expression 

 

Description Ratio between consumption (Wh) in non-working time and the general consumption 
(Wh) 

Goal Compare residual consumptions between facilities and uses of energy.  

Comment This KPI will detect unnecessary consumptions like computers at night, routers and 
energy consuming products in “stand-by” mode. 

Uses of energy All (general consumption and each use of energy, one by one) 

 

ID nr.  B11 Title: Motor doors and electric blinds consumption per up or down 

Mathematical 
expression 

 

Description Relation between consumption (Wh) and the number of ups and downs of electric blinds 
and motor doors. 

Goal Compare consumptions of electric blinds and motor doors between facilities. 

Comment Many stores have electric blinds and they are activated only twice a day (to open and 
close) and sometimes four times (to close at noon). However, many offices use electric 
blinds depending on sunlight, or warehouses have motor doors that open and close 
each time a vehicle arrives or departs. This can be an important consumption and it 
should be compared between facilities. 

Uses of energy Electric blinds and motor doors 

 





2 KPIs of Prediction module 

The key performance indicators (KPIs) basically measure the level of performance of a process. In 
the context of this project, the KPIs aim to reflect the “Feasibility of energy savings” that is 
basically the relationship between the cost of the change in a current energy scenario (it could be 
the energy saving measure investment or the change in the human behaviour) and the profit 
obtained with this change. 

These KPIs will be generic so they can be used in all the pilot sites, but each may apply different 
criteria in order to adapt them to each pilot site. 

Parallel to the schema of the energy performance of the ISO 50001:2001, the “Feasibility of energy 
savings” is defined by indicators which are data measurable related with: 

 
Figure 2: Schema Feasibility of energy savings 

 Cash flow: related with the quantity of cash or the financing needed in order to achieve the 
project (energy saving measure or change) by the politics authorities. 
 

 Profitability: all the profit, energy savings or comfort earned during a time considered (it 
could be the mean life time of the energy saving measure or the time selected by the 
politics authorities) compared with the investment required to install it. 
 

 Opportunity of business: this kind of indicators is focus on the number of consumers 
which could be helped if the energy saving measure is installed or the change in the human 
behaviour is adopted. Also it measure the total amount of energy saved with the energy 
saving measure if all the cases analysed would carry out it. 
 



 Risk: this variable is analytically difficult to measure, and it depends on the cash flow 
needed and the time necessary to return the initial investment. 
 

 Others: another events or data related with the feasibility of energy savings could be 
measured which aren’t included in the categories listed below. 
 

Each KPI is shown in a template similar to the template used in the KPIs of the analysis module 
section. The fields in the template are: 

 ID: each KPI includes an identifier to facilitate tracing through subsequent phases. The 
identifier is formed by a letter to identify the pilot site (A for all the pilot sites, B for 
Barcelona, E for Eibar and K for Kalundborg) and a number. 
 

 Title 
 

 Mathematical expression: mathematical formulation indicating which variables are included 
in the KPI and how are they related to each other. It also gives an idea of the dimension of 
the indicator (dimensionless, percentage, etc.) 
 

 Description: explanation of what the indicator shows, and how the variables are related to 
each other. 
 

 Goal 
 

 Comment 
 

 KPI category: the KPIs could be related with the cash flow, the risk, the probability, the 
opportunity of business and others. 

  



ID nr.  A1 Title: Number of cases involved 

Mathematical 
expression 

 

Description Number of consumers which could benefit if they carry out the energy saving measure  

Goal Compare energy saving measures comparing the number of consumers which could be 
helped with each measure. 

Comment Keep in mind that every scenario can be improved. Technology changes as time 
progresses and therefore if the current scenario is compared with the best existing 
energy saving measure all consumers could be improved, but often the change is not 
interesting because they are enough effective, although not as much as the best energy 
saving measure. Therefore, it should be counted all those cases that exceed a minimum 
of energy savings. 

KPI category Opportunity of business 

 

ID nr.  A2 Title: Total amount of energy savings 

Mathematical 
expression 

 

Description Sum of all the energy savings produced in the studied scenario. 

Goal Compare energy saving measures comparing the total amount of energy saving 
produced per measure. 

Comment Keep in mind that every scenario can be improved. Technology changes as time 
progresses and therefore if the current scenario is compared with the best existing 
energy saving measure all consumers could be improved, but often the change is not 
interesting because they are enough effective, although not as much as the best energy 
saving measure. Therefore, it should be counted all those cases that exceed a minimum 
of energy savings. 

KPI category Opportunity of business 

 

ID nr.  A3 Title: Total amount of maintenance savings 

Mathematical 
expression 

 

Description Sum of all the maintenance savings produced in the studied scenario. 

Goal Compare energy saving measures comparing the total amount of maintenance saving 
produced per measure. 

Comment Some energy saving measures have less maintenance cost so this factor should be 
counted 

KPI category Opportunity of business 

 

  



ID nr.  A4 Title: Investment  

Mathematical 
expression  

Description Investment needed to carry out the energy saving measure evaluated. 

Goal Compare investments between energy saving measures and between consumers 

Comment Could be taken into account the materials and the labour of the workers which would 
install it. 

KPI category Cash flow 

 

ID nr.  A5 Title: Net present value (NPV) 

Mathematical 
expression 

 

 

Description The NPV can be described as the “difference amount” between the sums of discounted: 
cash inflows and cash outflows. It compares the present value of money today to the 
present value of money in future, taking inflation and returns into account. Where “n” is 
the number of years evaluated and “i” is the discount rate (the rate of return that could 
be earned on an investment in the financial markets with similar risk.); the opportunity 
cost of capital. 

Goal Compare energy saving measures comparing net present value of them 

Comment The number of years evaluated could be the mean life time of the energy saving 
measure or the time expected to return the inversion by the politic authorities. 

KPI category Profitability 

 

ID nr.  A6 Title: Profitability ratio 

Mathematical 
expression 

 

Description The relation between the net present value of an investment and the cost of the 
investment  

Goal Compare energy saving measures comparing the amount of investment needed related 
with the NPV between consumers, e.g. one energy saving measure need an investment 
of 500€, and it has a NPV for 5 years of 100€, so its profitability rate is 20% Compared 
with a second case that needs 10 000€ of investment, and it has a NPV of 400€ for 5 
years and the same discount rate as the first case, and it has a profitability ratio of 4%. 
The first case has a worse NPV than the second, but its profitability ratio its better than 
the second case because its NPV related with its investment is higher, and also its 
investment is lower, so is more interesting to carry out the first case. 

Comment The number of years evaluated could be the mean life time of the energy saving 
measure or the time expected to return the inversion by the politic authorities. 

KPI category Profitability 

 

  



ID nr.  A7 Title: Internal rate of return (IRR) 

Mathematical 
expression 

 

 

Description The IRR of an investment is the discount rate at which the net present value of costs 
(negative cash flows) of the investment equals the net present value of the benefits 
(positive cash flows) of the investment. It is expressed as the net present value (NPV) 
equal to zero. 

Goal Compare energy saving measures comparing the IRR  

Comment The number of years evaluated could be the mean life time of the energy saving 
measure or the time expected to return the inversion by the politic authorities. 

KPI category Profitability 

 

ID nr.  A8 Title: Payback period 

Mathematical 
expression 

 

 

Description The Payback period of an investment is the years at which the net present value of 
costs (negative cash flows) of the investment equals the net present value of the 
benefits (positive cash flows) of the investment. It is expressed as the net present value 
(NPV) equal to zero. 

Goal Compare energy saving measures comparing time needed to recover the investment 

Comment The discount rate must be the same between the cases compared in order to have a 
good comparison. 

KPI category Risk 

 

ID nr.  A9 Title: Risk ratio 

Mathematical 
expression 

 

Description Direct relationship between investment and payback period of it. 

Goal Compare energy saving measures comparing the “risk” of them. The higher is the value, 
the higher is the risk of the investment 

Comment The risk of an investment is difficult to measure because many factors are involved. This 
indicator is quite simple but should be considered more indicators. 

KPI category Risk 

 

 


