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1. PURPOSE OF THE DOCUMENT  

1.1 Introduction 

To achieve energy efficiency in the public sector it is essential that occupants, professional 

managers of buildings, local utility companies and other stakeholders understand how energy 

is consumed. They also need to be aware of the benefits and methods of energy conservation 

and the influence they can have on energy efficiency. 

Building technologies and smart meters can allow energy users, business and residential, to 

see graphically the impact their energy use can have in their workplace or homes. This 

document aims to provide the initial detailed auditing procedure of pilot site premises that 

will be undertaken during the implementation of OrbEEt project. Understanding energy 

consumption builds the foundation for any measure to save energy or any investment to 

improve the energy performance of a building. Building assessments or energy audits are 

often an important first step for this, leading to generation of conventional display energy 

certificates for all pilot sites which will serve as a benchmark for the enhanced SEOR 

methodology.  

Based on the building information modelling (BIM) and energy assessmentôs initial results, 

the business processes of the pilot organization are investigated. BIM and energy audits 

provide input for the scoping of the BPM initiatives. The business process modelling (BPM) 

provides input for the SEOR methodology on how the building/rooms are used, what are 

typical activities and tasks performed. BPM considers this dynamic aspect on one hand 

integrating it with resources (actors, devices, artifacts) on a structural level. This information 

acquisition and assessment task builds upon available BIM information in the initial phase of 

this task. 

1.2 Contribution of partners  

Leader of the current deliverable is Balkanika Energy. The partner is responsible for the 

Building Information Model and the energy audit following. The other main contributing 

partner is BOC - responsible for the Business Process Modelling. All the pilot sites contribute 

major part in the creation of this document with the detailed presentation of their premises.  

1.3 Scope of the document 

Following the purpose of the document, to wit, to entail detailed auditing of pilot site 

premises including all building characteristics and to model the organizational processes this 

paper has the following structure: Section 2 is a reference to the operational rating modelling; 

Section 3 explains the energy auditing, its advantages and methodology; Section 4 presents 

briefly the pilot sites dimensions, equipment and installed capacity along with the criteria for 

pilot area selection; in Section 4 defines building information modelling and there energy 

consumption is calculated by source and per pilot site; in Section 5 are collected the sketch-up 

models of the selected pilot premises as well as XML for them; and Section 6 explains the 

business process modeling methodology; Section 7 concludes the deliverable.  
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2. OPERATIONAL RATING METHODOLOGY REFERENCE 

It is intended that the energy consumed is based on a meter reading. The Operational Rating is 

derived by comparing the energy consumption of the building with the benchmark energy 

consumption of other buildings representative of its type. In its very simplest form the OR 

would be expressed as the total annual energy used by the building divided by the area of the 

building, compared to the energy use per unit area of building typical of its type. Buildings 

often use more than one form of energy but simply adding together annual consumptions of, 

for example, gas and electricity is unhelpful in any accounting as the forms of energy 

represent different primary energies, different costs, and give rise to different carbon 

emissions. So that uses of different forms of energy can be added together and compared on a 

common basis, the UK has decided that the common unit should be carbon dioxide (CO2) 

emissions, since this is the most important driver for energy policy. A cost-based rating would 

be unsuitable because energy supply prices for non-domestic consumers are highly variable 

and so meaningful comparisons based on cost would be difficult to achieve.  

The OR is then a measure of the annual (CO2) emission per unit of area of the building 

caused by its consumption of energy, compared to a value that would be considered typical 

for the particular type of building:  

OR = (Building CO2 emissions/Building area) x (100/Typical CO2 emissions per unit area)  

A building with performance equal to one typical of its type would therefore have an 

Operational Rating of 100. A building that resulted in zero CO2 emissions would have an OR 

of zero, and a building that resulted in twice the typical CO2 emissions would have an OR of 

200. The goal of this document is not to extensively analyze the methodological framework of 

UK, rather to adopt parts of the auditing framework that set the baseline for OrbEEt 

Methodology. The next sections define the steps for the energy audit also addressed in the 

project. 

2.1 Defining the building characteristics 

This methodology applies to buildings, or parts of buildings designed, or altered, to be used 

separately. In an ideal situation each building has its own energy meters. The energy used by 

each building is determined from the site energy consumption on a simple area weighted 

basis. The process of disaggregating the energy on an area weighted basis means that the 

rating for each building will be the same and equivalent to the value that would have been 

obtained if a site based calculation had been carried out. 

The building area measurement specified in the legislation is the Total Usable Floor Area 

(TUFA). This is the same as the Gross Internal Area (GIA) in common use in commercial 

property surveying. Within the project, the Total Usable Floor Area is the actual area of 

premises as we have selected parts of buildings, where operations are meaningful. 

2.2 Defining energy consumption and carbon emissions 

The ultimate aim is that all energy flows into the building will be metered. However, at least 

initially, it is permitted to estimate the energy consumption though, it is necessary for 95 per 

cent or more of the energy consumption of the building to be metered or estimated within 
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acceptable limits. Where insufficient metered or estimated energy consumption information is 

available to carry out the OR calculation, then a default value of 200 is given to the OR. The 

assessment Period is the one-year period (365 days) over which the energies used in the 

calculation of the OR are considered to have been used, and is aligned with the 

measurement period of the main heating fuel used in the building. If the main heating fuel is 

measured over a period of exactly one year (365 days), then the Assessment Period is 

identical to that measurement period. Otherwise either the start date of the assessment period 

is taken as the start date of the measurement period of the main heating fuel, or the end date 

taken as the end date of that measurement period. 

The aim of the OR is to compare the annual energy consumption of the building with that of a 

building typical of its type. In some cases, though, the building may include activities that 

consume energy and which are not considered typical of that building type. Including these 

activities could reduce the validity of the comparison, and so it may be reasonable to subtract 

these separable energy uses in certain circumstances. Within the project, we have addressed 

only daily activities and thus there is no need to define extraordinary cases not related to the 

overall building operation.  

Buildings cause the emission of carbon dioxide (CO2) as a result of their consumption of 

energy in all its various forms. The factors of interest are therefore the annual energy 

consumptions of each form of energy, and the CO2 conversion factor associated with each. 

Standard values of CO2 conversion factor are needed for each form of energy used in 

buildings, and these have been determined. The CO2 conversion factors are therefore one of a 

number of resources needed for operational rating process. Where fuel consumption is 

measured in terms of mass or volume (e.g. for solid and liquid fuels) rather than in energy 

terms (e.g. kWh), the energy content of the measured fuel consumption should be derived 

using the Gross Calorific Value of the fuel under normal conditions. The energy content of 

the fuel consumed over the assessment period may then be converted to CO2 emissions by 

using the conversion factors specified. 

2.3 Typical benchmarks for Operational Rating methodology 

Building performance can only usefully be compared with other buildings that carry out the 

same or similar functions. It is not helpful to compare, for example, an office with a hospital, 

and so different performance benchmarks are required for each type of building function.  

The Chartered Institution of Building Services Engineers (CIBSE) have prepared operational 

benchmarks for 29 main categories of building, and have listed together the different types of 

building and use that would be included within each of the general category descriptions. 

These benchmarks are expressed in terms of energy density (kWh/m2/yr), and are expressed 

separately as the electrical and non-electrical (fossil-thermal) components of the benchmark. 

Representative emissions densities (kgCO2/m2/yr) are also indicated, using representative 

CO2 emission factors, for information only and not for use in the calculation procedure. The 

benchmarks have been prepared to represent building use under a number of standardized 

conditions:  

The weather year is standardized at 2021 degree days per year, to the base 15.5°C  

A defined occupancy period is noted for each category individually  

A standard proportion of the non-electrical energy density benchmark that is considered to be 

related to the heating demand is noted for each building category individually.  
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Thus, there is a need to readjust these benchmarks taking into account local conditions. 

Adju sting the benchmark for location (weather region) 

The category benchmark is always adjusted according to the óhistoryô of temperature in the 

building location, for the one-year assessment period over which the OR is to be calculated. 

The adjustment is based on the number of monthly degree days over the 12- month 

assessment period for the region in which the building is located. The adjustments are for 

heating degree days only, and no adjustment for cooling degree days is undertaken. Where the 

assessment period does not include complete months at its beginning and end, then the 

number of degree days in those part-months included are obtained in simple proportion to the 

number of days that are included in those months.  

Adjusting the benchmark for longer hours of occupancy  

Where the energy assessor can demonstrate that the building is occupied for significantly 

longer periods than the standard hours quoted for in the benchmark category, and where the 

benchmark information includes a numerical factor allowing correction for extended hours of 

use to be made, then the degree day corrected benchmark may be adjusted for the extended 

occupancy. Where relevant, the benchmark information includes separate correction factors 

for occupancy period for the electrical and the non-electrical energy density benchmarks.  

To obtain the annual occupancy hours the energy assessor must use the appropriate occupancy 

measurement systems as indicated for each benchmark category in the benchmark 

information. The two systems of defining annual occupancy hours are: 

¶ The number of hours per year that the number of recorded occupants exceeds 25 per 

cent of the nominal maximum occupancy, or 

¶ The number of hours per year that the premises are fully open to the public according 

to published opening hours. 

The energy assessor must obtain attendance records, survey results or published opening 

hours and calculate the annual occupancy hours. 

2.4 Summary 

The aforementioned guidelines further define the steps needed for the data gathering process. 

The list of data needed to be collected are: 

 

1. Building category & Building area 

2. Energy consumption and measurement period 

a. Metered Energy Use 

b. District Heating And Cooling 

c. Non-Metered Energy Consumptions 

3. Separable energy uses (if exist) 

4. Occupancy adjustment 

 

While the selection of pilot sites is delivered in a way to address similar energy uses per site, 

the rest of the parameters are addressed towards the delivery of the energy audits in the 

selected pilot sites. 
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3. ENERGY AUDIT  

One of the primary ways to improve energy conservation in buildings is to use an energy 

audit. The energy audit starts to play significant role in managing the energy expenses and 

basically consists of an analysis of the energy usage within a building or facility and its 

contained equipment to assess how much energy the building consumes and to evaluate what 

measures can be taken to make it more energy efficient. Energy audits can use information 

from building management systems (BMS) with the goal of reducing energy usage without 

negatively impacting the buildingôs everyday practices. 

 
Figure 1 Energy efficiency service process 

For the purposes of OrbEEt project the following actions will be performed (as defined in 

figure above):  

- Identification of enclosing structures, components and systems, followed by the 

measurement and calculation of energy performance (Step 1: Preparation) 

- Definition of baseline energy consumption and current energy efficiency situation for all 

pilot sites and zones of the project (Step 2: Energy Audits) 

These steps will allow us to establish an aggregated reference point at the level of pilot site 

and respective zones, setting that way the baseline energy consumption for the project. 

3.1 Energy auditing process objectives 

Before starting the analysis about the Energy Audits methodology to be considered in the 

project, a summary of the audit process basic principles is provided. This high level definition 

of principles is in line with the overall methodological framework for energy measurements to 

be extensively reported in D1.5. The main goals and high level principles of our Energy Audit 

are:  

¶ Target Loads: Identify areas/loads of major energy wastes therefore future gains. This is 

the first step of the preparation phase of the project, as we need to examine the energy 
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consumption per end use and further define the potential of managing possible energy 

wastes. 

 

 

 
Figure 2 Final energy demand for EU28 by end-use for heating and cooling in all sectors in 

2012 

As indicated in the figure, end-uses related to the HVAC system (heating, cooling, and 

ventilation) make up 51% of total energy use, and lighting represents 25% of total use. 

These two end-uses combined typically make up three quarters of an office buildingôs 

energy use, while the rest is coming from the different end uses in buildign premises. 

Further examining, the electricity consumption use, HVAC consumption is even less 

highlighting that way the need for a mixed approach on monitoring the different end uses 

in non-domestic (with special focus on office) sector. 

¶ Measurement Boundaries: Set the basis for a continuous and efficient monitoring 

framework (Metering & Sensing Technology that will automatically feed our KPI 

models). The main goal of the project is to achieve continuous daily energy savings in 

different loads through different triggers. Behavioural triggering cannot be implemented 

for long periods through high level messages (we need specific suggestions on a timely 

manner) and cannot ensure persistence of effect without continuous interaction. So this 

actually drives the boundaries of measurement. The goal of overall building savings for 

the whole pilot period is the ultimate goal that should be considered only as the 

aggregated effect of continuous smaller savings achieved on a daily basis. (we are not 

dealing with infrastructure retrofitting that has stable long term effects, we are dealing 

with peopleôs actions that change every minute).  

¶ Monitoring Framework: Set the basis for a monitoring framework that does not only 

calculates and reports savings, but also provides the necessary detail of timely and 

relevant information from the buildings that will allow us to continuously (hourly-daily) 

interact with the occupants (not only at the end of every reporting period) and provide 

feedback and triggers towards more sustainable behaviours 

¶ Cost-Efficiency Trade-offs: between cost and accuracy taking into account the project 

resources and duration and at the same time common practices in the field. Retain 

Technology costs very low; this is a major and critical requirement of the EU i.e. to have a 

high cost-benefit therefore keep technology costs very low (costs that can be easily 

justified by the savings achieved). Therefore we need to balance the need for detailed sub 
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metering with keeping technology costs low. This is the approach selected for the project 

and towards this direction robust demand models calibrated through periodic sub 

metering, realistic assumptions and appropriate adjustments (weather / occupancy 

normalization where appropriate) will allow us to avoid more costly and unrealistic 

measurement and verification approaches.  

These high level principles set the core guidelines for the definition of OrbEEt energy audit 

methodology in the following section. 

3.2 Energy Audit Methodology  

This section describes briefly the energy audit methodology developed based on the good 

European practices in the area of heat and electrical energy conservation. Energy conservation 

reduces energy services and can result in increased environmental quality, personal financial 

security and higher savings. This methodology will be followed in order to assess the energy 

performance of the four OrbEEt pilot sites. A more detailed presentation of this 

methodological framework is reported in D1.5 ñEnergy Measurements Methodologyò though 

a summary is provided here, focusing on the initial steps of this methodological framework, 

associated with the energy auditing and baseline definition. 

3.2.1 Basic principles for energy auditing and baselining process 

The European Commission (http://iet.jrc.ec.europa.eu/energyefficiency/european-energy-

service-companies/monitoring-and-verification ) DG JRC recommends that performance-

based projects are subject to M&V protocols, and in particular the International Performance 

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

be used. In order to evaluate the efficiency of the energy management strategies applied to the 

case studies set up for the project, a specific methodology is developed under the IPMVP 

(International Performance Measurement and Verification Protocol) created by EVO 

(Efficiency Valuation Organization). 

The general principle of IPMVP is to determine savings after one or various Energy 

Conservation Measures (ECM) have been implemented. The procedure establishes a baseline 

period (before the ECM has been implemented) and a reporting period  (after the ECM has 

been implemented).   

Nevertheless savings are not estimated through direct comparison between baseline 

consumption (before ECM to be implemented) and consumption during the reporting periods, 

without any adjustments. 

What we present in short in this paragraph and in more detail in D1.5, is a method to estimate baseline 

consumption for different loads, different parts of the buildings and different periods based on a 

combination of annual bills and building sub-metering data. To this end, we are able to allow for a 

more precise adjustment of the energy baseline taking into account all relevant factors (weather 

conditions, building ambient conditions and building occupancy) towards a more accurate and 

robust estimation of the energy savings achieved in various periods of the year (thus also accounting 

for different behavioural trends and building usage).  

The independent variables (e.g. environmental conditions, occupancy and ambient conditions) and 

static factors (e.g. building topology and configuration, etc.) help us adjusting the measured baseline 

consumption of previous period to the expected consumption without ECM under conditions of 

reporting period (adjusted baseline). 

 Overall we define as: 

http://iet.jrc.ec.europa.eu/energyefficiency/european-energy-service-companies/monitoring-and-verification
http://iet.jrc.ec.europa.eu/energyefficiency/european-energy-service-companies/monitoring-and-verification
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Savings = (Baseline Period Use/Demand ï Reporting Period Use/Demand) ± Adjustments 

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

different loads (to be presented in detail in D1.5). We may establish a continuous validation 

approach (different measurement periods) but in parallel for different loads (different load 

types). Intermediate savings calculations are calibrated for different periods (depending on the 

loads to be addressed) where all comparisons eventually ñmeetò (aggregated and validated) 

for the whole duration of the reporting period. A figure of the proposed framework is 

presented: 

 
Figure 3 From different loads & timeperiods baselining to the overall energy savings. 

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

reported periods under a common set of conditions. Simple comparisons of utility costs 

without such adjustments only report cost related to the changes performed and the 

consumption costs and fail to report the true performan ce of the changes designed and set 

up on the project. Especially in OrbEEt case, adjustments proves to be a critical parameter 

that allow us to actually monitor (and trigger) savings continuously at the time and place they 

(need to) happen. Savings in our case are difficult to validate, since they are only linked to 

user behaviour and actions. So, adjustments are based both on weather conditions but also on 

building occupancy related data as well as ambient conditions within the building (mainly 

connected to occupant comfort aspects). To properly report ñsavingsò adjustments must 

account for the differences in conditions between the baseline and reporting periods. 

Having clearly defined the importance of Adjustments in baseline definition, we further 

proceed with the selection of best fitted baselining method from IPMVP options. IPMVP 

provides four possible options to verify energy savings, considering baseline definition: 

A. Retrofit Isolation: Key Parameter Measurement: Savings are determined by field 

measurement of the key performance parameter which defines the energy use of the 

ECMôs affected system. 

B. Retrofit Isolation: All Parameter Measurement: Savings are determined by field 

measurement of the energy use of the ECM-affected system. The measurement frequency 

ranges vary from short -term to continuous, depending on the expected variations in the 

savings and the length of the reporting period. 

There are short-term or continuous measurements in baseline and reporting period energy. 

The savings created by most types of EEMs can be determined with Option B, but it is to 

consider that the costs associated with the verification increase as well as metering 

complexity increases too. 
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C. Whole Facility: Savings are determined by measuring energy use at the whole facility or 

sub-facility level. Continuous measurements of the entire facilityôs energy use are taken 

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

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

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

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

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

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

site, 

D. Calibrated Simulation: Savings are determined through simulation of the energy use of 

the whole facility, or of a sub-facility. Simulation routines are demonstrated to adequately 

model actual energy performance measured in the facility. This Option usually requires 

considerable skill in calibrated simulation.  

Energy use simulation, calibrated with hourly or monthly utility billing data. (Energy end 

use metering may be used to help refine input data.) Multifunctional energy management 

program affecting many systems in a facility but where no meter existed in the baseline 

period. Energy use measurements, after installation of gas and electric meters, are used to 

calibrate a simulation. Baseline energy use, determined using the calibrated simulation, is 

compared to a simulation of reporting period energy use. Overall, option D (simulation of 

the energy use) is recommended in the following cases: 

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

¶ Where multiple ECMs are implemented and you want to validate the efficiency of 

each one  

¶ Where many future changes are expected within measurement boundary 

Towards the selection of the optimal approach for OrbEEt project, we are presenting in 

summary the pros and cons of the different IPMVP options along the 

characteristics/requirements of the OrbEEt project. 

Characteristics Option B Option C Option D ORBEET 

Sub metering information X     X 

All parameters measurement; power and operating hours X     X 

Energy savings determination for the system ECM applied X     X 

Routine and non-routine adjustments required X X   X 

Whole facility level (more than one ECM)   X X X 

Prerequisite: Energy savings > 10%   X   X 

Energy Simulation     X X 

Future changes are expected within measurement boundary     X X 

Low cost efficient non-intrusive infrastructure that ensure 

solution replicability and viability 
  X X X 

 Varying measurement periods for different loads best fitting 

the aspect of human behavior 
X   X X 

 Table 1 IPMVP comparative analysis and OrbEEt project requirements 

It is clear that a mixed and dynamic approach should be considered for OrbEEt project, 

towards baseline definition at the different phases of the project. 

MixedĄ To cope with the need for a low cost and unintrusive technological infrastructure as 

well as optimal fit of the approach to the varying characteristics and requirements of the 

OrbEEt framework and the core human factor.  
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Dynamic Ą To cope with the need for varying measurement periods for different loads as 

well as for establishing a real time monitoring but also triggering approach following closely 

both building conditions/operations but also behavioral trends. In addition, the availability of 

information at the different stages of the project (early beginning: energy bills at building 

level, later: simulations by incorporating building contextual and organizational data end: real 

time sub metering information) mandates for a dynamic approach. 

The details of this approach are reported in D1.5 - Energy Measurements Methodology but a 

summary is presented here: 

Step 1. We first gather energy bills (electricity and gas bills for energy use at the whole 

facility or sub-facility level) annually or even in a shorter time period. This is in line with 

Option C of IPMVP determining savings by measuring energy use (baseline and reporting 

period) at the whole system level. It may be applied whenever the expected savings are 

greater than 10%, which is the case of OrbEEt. This is an abstract method for evaluating 

savings, considering also the implementation of ECM activities in part of the building.  

On the other hand, as we didnôt have at the beginning of the project, sub-metering information 

for all pilot zones (required in the project as we need to proceed with a week by week 

evaluation of ECM activities performed), a more sophisticated approach was considered for 

baseline energy performance measurement. 

Step 2. Following simple Option C case, the use of option D (simulation of the energy use) is 

recommended in the following cases: 

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

¶ Where multiple ECMs are implemented and you want to validate the efficiency of 

each one Ą This is the case of OrbEEt project  

¶ Where many future changes are expected within measurement boundaryĄ This is the 

case of OrbEEt project. 

Savings are determined through simulation of the energy use of the whole facility, or of a 

sub facility. Simulation routines are demonstrated to adequately model actual energy 

performance measured in the facility. This Option usually requires considerable skill in 

calibrated simulation. Energy use simulation is further calibrated with hourly or monthly 

utility billing data  after installation of gas and electric meters. Baseline energy use, 

determined using the calibrated simulation, is compared to a simulation of reporting 

period energy use.  

It is clear that, option D provides further information on the individual behaviour of each 

building element. It also offers the ability to closely monitor and analyse complex aspects 

relevant to real time human behaviour which is the core aspect of the OrbEEt project, driving 

the energy performance of the pilot buildings. More specifically, this Option D mechanism, is 

implemented as part of SEOR engine, by taking into account data from BIM, occupancy 

schedules and BPM as defined in the project. By incorporating this information as part of a 

rule engine (in SEOR), we can accurately estimate the typical operation and energy use of 

each device type under different contextual (building characteristics, environmental, 

organizational/operational) building conditions. 

Step 3. By having the sensors installed in premises even from M17 (starting with Erlangen 

pilot site and further going to Asparrena, Pernik and BHoE up to M20) we can further proceed 

with the implementation of Option B as defined in IPMVP.  
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Option B requires full measurement, which makes this option a more expensive solution for 

measurements in energy consumption and determination of energy savings. But, on the other 

hand more accurate and reliability of results are obtained with this option. 

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

Option B is indicated for behaviour change in the use of equipment, which is the case 

examined in OrbEEt project. The measurement frequency ranges vary from short-term 

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

reporting period.  

Depending on the type of consumption which shall be compared it is possible to have 

different time ranges (weekly, monthly, yearly) to define a baseline period. For example, the 

DHW consumption is quite similar during the whole year; therefore a baseline of a week is 

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

consumption data of a whole year in order to establish the baseline. In the following, the 

definition of baseline period for the different types of devices examined in the project is 

given: 

Fuel/Gas: HVAC systems 

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

- Information to register: 

o Monthly consumption 

o Independent variables (for routine adjustments): 

Á HDD or CDD 

Á Occupancy level 

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

of installed equipment, the number of weekly production shifts, or the types of 

occupant. 

Electricity:  NO HVAC systems (lighting and office equipment) 

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

- Information to register: 

o Week consumption (daily average) 

o Independent variables (routine adjustments): 

Á Occupancy level 

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

of installed equipment, the number of weekly production shifts, or the types of 

occupant. 

These baseline requirements are fully addressed in the project as we have already gathered 

heat consumption billing data for an annual period (to be updated with data gathered from 

pilot premises during the pre-validation period ï October 2016 up to February 2017) while 

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

project will be retrieved considering the data gathered from pilot sites installations (early 

installations performed Mid-August 2016, full installation Mid/End October 2016). 

Information about environmental conditions (through external weather services) and 

occupancy levels (questionnaires to pilot representatives) are also available from the pilot 

sites, enabling that way the adjustments to be performed during the evaluation phase. 

As mentioned above, Routine adjustments are used for changes in selected independent 

variables that can be expected to happen throughout the baseline period. This adjustments are 
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often seasonal or cyclical (weather or occupancy variations). Therefore, heating degree 

(HDD) days or cooling degree days (CDD) information has been gathered from pilot areas. 

Non- Routine adjustments are adjustments for changes in parameters which cannot be 

predicted and for which a significant impact on energy use/demand is expected. Non-routine 

adjustments should be based on known and agreed changes to the facility: 

o changes in the amount of space being heated, 

o changes in the power or amount or use of equipment 

o changes in set-point conditions (lighting levels, set-point temperatures) 

o changes in occupancy 

For the selected pilot zones, no modifications on the equipment installed, operational 

processes, set-point conditions are expected. Routine adjustments (HDD and CDD as no 

modifications on occupancy levels are expected in pilot premises) will be extensively 

considered as part of the validation phase (by taking into account the actual contextual 

conditions) 

We have presented in brief, the different steps for pilot auditing and baseline definition 

considering the evolution of the project through time. The deadline for this report is M15 and 

thus at the moment we are using information from energy bills (Option C) and the initial 

simulation process at sub metering level correlated with billing data (Option D). The last step 

of the methodological framework, towards a more detailed baselining at device level for the 

pilot zones selected (Option B) will  be reported in D1.5 (due to M22) along with the more 

detailed presentation of the methodological framework for baseline definition. 

Overall, 

- We are presenting in this deliverable billing data  available from pilot premises, further 

analyzed to set the baseline for the pilot zones (Option C). For heating consumption, we 

gathered billing data for the selected zones, and thus we directly set the baseline definition 

following Option B (accurate and reliable baseline definition by using sub metering data) 

- We are presenting in this deliverable the initial simulation based evaluation of the 

different devices to be examined in pilot premises (Option D). The analysis is focusing on 

the estimation of power profiles for lighting/ office devices. A detailed simulation analysis 

is performed by incorporating building, climate, occupancy and organizational parameters 

in the simulation process. 

As mentioned above, the detailed Option B evaluation for the full list of device types (sub 

metering points examined in the project) will be reported in D1.5, along with the detailed 

methodological framework for OrbEEt Energy Measurements Validation.  
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4. PILOT BUILDING INFORMATION  

Building Information Model ling: BIM is the process of generating and managing building 

data during its cycle of life using dynamic building modelling software in three dimensions 

and in real time, to reduce wasted time and resources in the design and construction. This 

process produces the building information modelling (BIM), which encompasses building 

geometry, spatial relationships, geographic information, quantities and properties of building 

components. 

Standards have played and will continue to play important roles in BIM related business 

practices. Standards in the building industry may refer but not limited to material performance 

standards, graphic standards, standards for defining products, drawing set standards, 

classification standards, layering standards, etc. Some standards have been created in order to 

help people and project teams to understand each other. As of today, Software Engineering 

and Information technology providers from one hand have implemented a groundwork 

technological framework for interoperability, by providing the languages that support 

exchange protocols among tools and framework (EXPRESS, BPMN, IFC, XML-based and 

many others).  

4.1 Criteria in pilot selection regarding the equipment limitations 

Six criteria are taken into account in applying OrbEEt tasks to the four pilot sites, to wit: Total 

number of workspaces; Offices; Plug Loads; Loads/Workspace; Central Monitors and Office 

monitors. The distribution of the equipment based on these criteria is shown in the following 

Table 2 Criteria in pilot areasô selection.  

Table 2 Criteria in pilot areasô selection 

Criteria  

Imperial 

Place 

Innsbruck 

IZPH  
Asparrena 

Town Hall 

Pernik 

Minicipality  

1. Total number of 

Workspaces 
10 13 6 25 

2. Offices 4 7 3 10 

3. Plug Loads 20 13 15 60 

4. Loads/WorkSpace 2 1 2,5 2,4 

5. Central Monitors 2 2 1 2 

6. Office Monitors 

(Tablets) 
4 4 2 10 

 

By having selected the scale of the pilots, we proceed with the implementation of energy 

auditing and baselining methodology. 

 

4.2 Imperial Palace Innsbruck (BHoE) 

The Hofburg Innsbruck is a 5-storey building with a total floor space of 26,300 m² and a total 

cubic volume of around 110,000 m³. The building has 10 offices and 4 public services (e.g. 
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Tyrolean educational institution, media centre for Tyrol, Federal Forest Research Centre), the 

Museum Café (Café Sacher in Innsbruck), the Imperial Apartments (museum, about 2,150 

m²) and various Banquet Facilities.  

The first set of rooms is the main use of the Imperial Palace Innsbruck (round about 30%). In 

the Museum there is regularly one exhibition per time. The actual exhibition ñThe Last Things 

in Life ï An Exhibition about Death and Mourning 1765 ï 2015ò will be shown from 6
th
 June 

2015 until 10
th
 January 2016. The first planning activities for the following exhibition have 

already started. The expected number of visitors (the updated number from last season) will 

be around 300 to 350 visitors per day. The Museum is opened nearly 365 days (there are only 

few closing days, mainly because of public events, like an Official Reception of the 

Provincial Governor of Tyrol), 7 days and 9 hours per day. There is nearly no restriction in 

regard to measurements, except official events (as described above). 

The set of rooms for events is using round about 4% of the Imperial Palace Innsbruck. Due to 

the varying load there is no restriction as well as it is opened like the Museum. Measurement 

can always be done, except during events. 

The third set of rooms is dedicated to office work. This set is using round about 17% of the 

total area. In these offices there is no direct contact between civil servants and citizens. Only 

20 persons (staff members) are working there. Some of them share an office area and others 

are always on their ways through the building. The official working time is between 8:30 a.m. 

and 4:30pm. 

Taking into account the business scenarios and end users requirements, a subset of the 

museum areas are selected for the pilot site of ORBEET Project. Brief explanation of the 

reasons for choosing these rooms: 

1. The main business processes of the Hofburg Innsbruck are offering place for and 

organising exhibition and museum resp. events 

2. The shares for office rooms which are used by BHOe are ca. 3% of the entire area, for 

museum purpose it is used approx. 30%, for event purpose it is used approx. 4%, 

approx. 24% is used by third parties, the rest is corridors, stairs and attics 

3. The Imperial palace Innsbruck sees the change of processes very much linked with 

change of persons are responsible for these processes 

4. To be able to transfer the results and learnings of OrbEEt to other part of the Imperial 

Palace and (maybe) to other buildings owned/run by the BHOe the pilot will need a 

representativeness of the selected rooms, therefore they selected these premises. 

4.2.1 Structure and Size of the Building 

 

Table 3 Physical sizes of Imperial Palace Innsbruck pilot areas 

 ̄ Pilot Area Name 
Premissesô 

Dimensions 
Wall Tickness 

1. Museum 

Purposes 

Special exhibition area 
685,08m

2
 0,8m to 1,5m 

2. Event Purposes Gothic cellar 437,98m
2
 1,8m to 2,4m 

3. 
Office Purposes 

Building Department 

Hofburg Innsbruck 
157,94m² 0,8m to 2,8m 
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4. Administration 

Department Hofburg 

Innsbruck 

273,17m² 0,8m to 2,2m 

Building structure and specifics 

Extensive construction efforts for refurbishment and vitalization of the entire Hofburg as well 

as the reconstruction of the entrance area to the museum took place in 1995-99. The 

combination of historic architectural fabric with modern infrastructure enables a soft 

utilization of the sensitive structure. The modern reconstruction and the extensive 

refurbishment and adaptation of the castle or respective fortress building followed the 

installation of technology in keeping with the times. 

Walls ï structure and layers 

The structure of the walls (external, internal and spatial orientation North, South, West, and 

East) in the Imperial Palace of Innsbruck is plaster - restorative treatment, monochrome way.  

Ceiling ï structure and layers 

The material used for the ceilings in all the selected premises is plaster, restorative treatment, 

monochrome white. 

Floor / ground floor ï structure and layers 

The structure and the layers of the floor in the selected premises is rubber granules with 6-

8mm thickness, sealed. The baseboard layer consists of clear protective coating layer with 

thickness of 10 cm and the subfloor layer is of new screed, 7 cm thick, on (existing) 

fi lling/insulating layer (existing) 

The material used for the corridorôs floors is Trentino marble, marble baseboard and the 

subfloor layer is of filling/insulating layer (existing). 

4.2.2 Equipmentôs installed and Billing Data for baseline definition  

The analysis towards the definition of the baseline is provided by taking into account annual 

billing data for the whole billing, further implementing the methodology for the extraction of 

baselines for each zone of the building selected for demonstration. The analysis performed for 

each of the main types of energy in the building. 

4.2.2.1 Heating system data 

The Imperial Palace Innsbruck was built end of 15th century existing buildings bought and 

merge to the Imperial Palace). Therefore the walls are at least 1 meter thick, which has a 

significant influence of the energy balance. Billing data are available for each pilot zone after 

consultation with the facility management company of the building. The detailed billing data 

for an annual period are presented in the following figure. 
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Heating energy consumption 
2015 

Heating Heating 
 Heating 
energy 

consumption 

Invoices - Billing Data OrbEEt Corrective Analysis 

Zone Room set Costs Consumption 
Useable 

area 
Costs 
corr. 

Consumption 
corr. 

Defined 
Area 

Comment 

    ϵ kWh m² ϵ kWh m²   
kWh/m²  
( annual) 

All Total Imperial Palace / BHOe ϵнсΣфмсΦул 733,350.00 7,745.50         94.68 

  

107 
Office (construction and 

technic) 
ϵсрмΦур 38,909.00 150.34 ϵсрмΦур 38,909.00 157.94 

(side 
rooms 

aliquoted) 
246.35 

117 Museum ϵмΣпн8.20 39,321.36 685.08 ϵмΣпнуΦнл 39,321.36 685.08 (equal) 57.40 

324 Office (administration) ϵмΣппоΦоо 17,758.68 258.97 ϵмΣппоΦоо 17,758.68 273.17 (equal) 65.01 

503 Event ϵмΣфмпΦпт 52,160.00 508.17 ϵмΣсрлΦлп 44,955.50 437.98 
(including 

more 
rooms) 

102.64 

Pilot  
Test- bed 

Sum of pilot rooms ϵрΣпотΦур 148,149.04 1,602.56 ϵрΣмтоΦпн 140,944.54 1,554.17   90.69 

Table 4 Heat Consumption Billing Data- BHoE 
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Museum Purposes - Special exhibition area 

The Imperial Palace of Innsbruck uses a gas heating system which operates during the heating 

period. The heating period starts on first of September and continues until the end of May 

which is equals to 36 weeks (9 months). 

The total number of radiators in the rooms used for museum purposes is 10. 

According to the official data provided by the site, the amount of heat consumed in 2015 is:  

E-annual = 39,321.36 kWh  

This is the heat consumed for 9 months. Therefore, the heat per week equals to: 

E-week = 39,321.36 / 36 = 1092.96  kWh 

 

There is a thermostat available to regulate the temperature at the Gothic cellar.  

Event Purposes - Gothic cellar 

The Imperial Palace of Innsbruck uses a gas heating system which operates during the heating 

period. The heating period starts on first of September and continues until the end of May 

which is equals to 36 weeks (9 months). 

According to the official data provided by the site, the amount of heat consumed in 2015 is:  

E-annual = 44,955.50 kWh  

This is the heat consumed for 9 months. Therefore, the heat per week equals to: 

E = 52070 / 36 = 1248.06 kWh 

 

There is a thermostat available to regulate the temperature at the Gothic cellar.  

Additional information for the Gothic Cellar: 

¶ There is a floor heating, being designed to protect the building fabric 

¶ There is also a ventilation, being designed to protect the building fabric 

 

Office Purposes - Building Department Hofburg Innsbruck  

The heating period starts on first of September and continues until the end of May which is 

equals to 36 weeks (9 months). 

The total number of radiators in the rooms used for office purposes ï Building Department 

Hofburg Innsbruck is eight. 

According to the official data provided by the site, the amount of heat consumed in the 

Building Department Hofburg Innsbruck in 2015 is:  

E-annual = 17,758.68 kWh  

This is the heat consumed for 9 months. Therefore, the heat per week equals to: 

E-week = 17,758.68 / 36 = 493.29 kWh 

 

There is a thermostat available to regulate the temperature at the Building department offices.  
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Administration Department  Hofburg Innsbruck  

The heating period starts on first of September and continues until the end of May which is 

equals to 36 weeks (9 months). 

The total number of radiators in the rooms used for office purposes ï Administration 

Department Hofburg Innsbruck is ten. 

According to the official data provided by the site, the amount of heat consumed in the 

Administration Department Hofburg Innsbruck in 2015 is:  

E-annual = 38,909.00 kWh  

This is the heat consumed for 9 months. Therefore the heat per week equals to: 

E-week = 32197 / 36 = 1080.85 kWh 

 

There is a thermostat available to regulate the temperature at the Administration department 

offices.  

4.2.2.2 Electricity Consumption data 

Annual billing data are available for the different zones of the museum but not for each month 

separately. Then, the allocation of each area of the building is provided, considering the size 

and operations performed in each zone. The zone allocation of annual energy consumption 

data is provided: 

 

Power consumption Data (2015) 

ZONE Room set 

Consumption Defined area 
Power 

consumption 

kWh m² 
kWh/m2 
(annual) 

all Total Imperial Palace / BHOe 38,842.77 7,745.50 5.01 

 
107 Office (construction and technic) 9,486.40 157.94 60.06 

117 Museum 6,247.80 685.08 9.12 

324 Office (administration) 11,357.50 273.17 41.58 

503 Event 273.00 437.98 0.62 

Sum of selected Zones 27,364.70 1554.17 17.61 

Table 5 Power Consumption Billing Data- BHoE 

We have to point out that this analysis is performed in an abstact way, as no submetering 

infromation is available at the different zones. Nevertheless:  

ñThe uses of energy other than for space heating are considered to be relatively constant 

in use throughout the year, and so correction can be applied on a pro-rata basis 

according to the length of the measurement period.ò (The Governmentôs methodology for 
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the production of Operational Ratings, Display Energy Certificates and Advisory Reports, 

p.13)  

Therefore, a simulation based analysis (Option D) can be accurately performed for the pilot 

sites of the project, by taking into account the operational profiles of the different device 

types.  

Lighting  Devices 

This section describes what the amount of energy used for lighting purposes in the Imperial 

Palace in Innsbruck.  

Museum Purposes - Special exhibition area 

The equipment installed in the museum purposes area comprises of 54 halogen lights with 

capacity of 20W each, 54 halogen lights with capacity of 50W, 21 halogen lights with 

capacity of 35W each and 34 LED lights with capacity of 24W. Therefore the total installed 

capacity in this area is equal to: 

E = 54*20 + 54*50 + 21*35 + 34*24 = 5331 W, around E = 5.34 kW 

Considering the organizational processes in the museum, the consumed energy for one day is: 

E = 5.34 * 9 = 48.06 kWh 

Light is only necessary during exhibitions and thus the consumed energy per year is 

(considering the number of workdays for 2014): 

E = 48.06 * 7 = 336.42 kWh/week 

The total number of plugins for lighting in the museum purposes area is 40. 

Event Purposes - Gothic cellar 

The lighting equipment in this area operates 7 days and 9 hours per day. There are 58 floor 

lights (downlighters) with installed capacity each 4 Watt (LED), therefore the total capacity is 

232 Watt ï as this is the fix capacity, like in the museum there are special lighting concepts 

for events. (There has to be taken into account if there is an event during the measure phase) 

Thus the consumed energy per one day is: 

E = 232 * 9 = 2088 Wh which is 2.10 kWh 

and considering the number of events during the year (2015) we have 

E = 2.10 * 7 = 14.70 kWh 

The total number of plugins for lighting in the event purposes area is 10. 

 

Office Purposes  

 

ü Building Department Hofburg Innsbruck  

The working schedule for this department is five days per week from 8:30a.m. to 4:30p.m. for 

the purposes of OrbEEt project we take the amount of working time in this offices is 8 hours 

per day. 
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The total installed capacity of the lighting devices in all the premises in the Building 

department Hofburg Innsbruck is 2800W which equals to 2.8 kW. Therefore the consumed 

energy per day and per weeks is accordingly as follows: 

Consumed energy for a day E = 8*2.8 = 22.4 kWh  

Consumed energy for a week E = 5*22.4 = 112 kWh 

The total number of plugins for lighting in the office purposes area - Building Department 

Hofburg Innsbruck is 10. 

 

ü Administration Department Hofburg Innsbruck 

The working schedule for this department is five days per week from 7:30a.m. to 5.00p.m. for 

the purposes of OrbEEt project we take the amount of working time in this offices is 10 hours 

per day. 

The total installed capacity of the lighting devices in all the premises in the Administration 

department Hofburg Innsbruck is 2800W which equals to 2.8 kW. Therefore the consumed 

energy per day and per weeks is accordingly as follows: 

Consumed energy for a day E = 10*2.8 = 28.00 kWh  

Consumed energy for a week E = 5*28 = 140 kWh 

The total number of plugins for lighting in the office purposes area ï Administration 

Department Hofburg Innsbruck is 15. 

 

Office/plug equipment  

Museum Purposes - Special exhibition area and Event Purposes - Gothic cellar 

The special exhibition area for museum purposes and the gothic cellar premise in the area for 

event purposes is equipped with 1 sound system which is used very rarely and may be 

considered negligible for the purposes of OrbEEt project. Therefore, we are not considering of 

monitoring Special exhibition area and Event Purposes - Gothic cellar specific plug loads. 

Office Purposes 

ü Building Department Hofburg Innsbruck  

This department has 7 computers with installed capacity around 1960W (280W each, 

operating 9 hours per day), 

Consumed energy for a day E = 9*1960 = 17640 Wh, around E = 17.70 kWh 

Consumed energy for a week E = 7*17.70 = 123.90 kWh 

Two printers with installed capacity 200W (0,20 kW each)  

 

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 7*0.40 = 2.80 kWh 

And one copy machine including fax device with installed capacity 150 W + six desks 

Consumed energy for a day E = 2*150 = 300 Wh, around E = 0.30 kWh 
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Consumed energy for a week E = 7*0.30 = 2.10 kWh 

 

There are 6 phones with installed capacity 150 W (0,025 kW each) 

Consumed energy for a day E = 24*150 = 3600 Wh, around E = 3.60 kWh 

Consumed energy for a week E = 7*32.40 = 25.20 kWh 

In the premise there are also 1 fridge and 1 dishwasher working 7 days per week/7.2 hours per 

day with consumed energy per day as follows 0.2 kWh and 0.52 kWh and consumed energy 

per week 1.4 kWh and 3.64 kWh. 

This equipment is located on 6 desks + 1 meeting table 

 

ü Total consumed energy for office equipment in the Building Department Hofburg 

Innsbruck  

 per week: 

E = 123.90 + 2.80 + 2.10 + 25.20 + 1.4 + 3.64 = 159.04 kWh 

 

The total number of sockets in the office area ï Building Department Hofburg Innsbruck is 

20. 

 

ü Administration Department Hofburg Innsbruck 

This department has 8 computers with installed capacity around 2240W (280W each, 

operating 9 hours per day), 

Consumed energy for a day E = 9*2240 = 20160 Wh, around E = 20.20 kWh 

Consumed energy for a week E = 7*20.20 = 141.40 kWh 

two printers with installed capacity 200W (0,20 kW each) 

 

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 7*0.40 = 2.80 kWh 

 

and one copy machine including fax device with installed capacity 150W + seven desks 

Consumed energy for a day E = 2*150 = 300 Wh, around E = 0.30 kWh 

Consumed energy for a week E = 7*0.30 = 2.10 kWh 

 

 

8 phones with installed capacity 200 W (0,025 kW each) 

 

Consumed energy for a day E = 24*200 = 4800 Wh, around E = 4.80 kWh 
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Consumed energy for a week E = 7*4.80 = 33.60 kWh 

 

In the administration department of Hofburg Innsbruck there are also 1 dishwasher, 1 fridge 

and a cooker operating 7.20 hours per day, 7 days a week with consumed energy per day as 

follows 0.2 kWh, 0.52 kWh and 0.50 kWh and consumed energy per week as follows 1.4 

kWh, 3.64 kWh and 3.50 kWh.  

7 desks + 1 meeting table 

 

Total consumed energy for office equipment in the administration department of Hofburg 

Innsbruck per week: 

E = 141.40 + 2.80 + 2.10 + 33.60 + 1.4 + 3.64 + 3.50 = 184.50 kWh 

 

The total number of sockets in the office area ï Administration Department Hofburg 

Innsbruck is also 20. 

The total electricity consumption for Hofburg Innsbruck is presented in the following table: 

 

Consumed 

Energy 
Museum Purposes 

 

Event Purposes 

 

Office Purposes 

 

Building Department 

Hofburg Innsbruck  

Administration 

Department Hofburg 

Innsbruck  

Lighting 10092.6 441 3360 4200 

Aggregates   4771.2 5535 

Total:  10092.6 441 8131.2 9735 
Total energy consumed in the pilot 

premises selected: 
28399.8 kWh 

 

4.2.2.3 Calculation of CO2 emissions 

The calculation of the CO2 emissions per premises is done using the following formula. 

  

EcP = В ὗὭzὪὭ) * 10
-6 

Where EcP is the quantity of CO2 emissions, t; 

Qi ï the quantity of the i
th 

energy resource type, kWh; 

f i - coefficient of ecological footprint equivalent factor of the i
th
 energy resource type, g/kWh; 

m ï number of the energy resources used.  

The coefficient of ecological footprint equivalent for electricity in Austria is fi = 187
1
 and for 

heating with natural gas system is fi = 516
2
. The calculations are done regarding the 

                                                 
1
 Based on the information of the Intergovernmental Panel on Climate change: 



D2.1   Page 31 of 120 

 

2016-11-25    Public 
 
 

consumption of natural gas for heating and the consumption of electricity per premises per 

week.  

¶ Museum purposes 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (379.00 * 516) * 10
-6

 = 195564 / 100000 = 0.195564 t 

- CO2 emission from electricity 

EcP = (Qie * f ie)* 10
-6

 = (336.42 * 187) * 10
-6

 = 62910.54 / 100000 = 0.062911 t 

¶ Event purposes 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (1446.40 * 516) * 10
-6

 = 746342.40 / 100000 = 0.746342 t 

- CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (14.70 * 187) * 10
-6

 = 2748.9 / 100000 = 0.002749 t 

 

If the cooling system is operating the CO2 emissions are: 

EcP = (Qie * f ie)* 10
-6

 = (1022.70 * 187) * 10
-6

 = 62910.54 / 100000 = 0.191244 t 

 

¶ Building Department Hofburg Innsbruck  

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (388.75 * 516) * 10
-6

 =200595 / 100000 = 0.200959 t 

 

- CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (271.04 * 187) * 10
-6

 = 50684.48 / 100000 = 0.050684 t 

 

¶ Administration Department Hofburg Innsbruck  

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (894.36 * 516) * 10
-6

 = 461489.76 / 100000 = 0.461490 t 

 

- CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (324.50 * 187) * 10
-6

 = 60681.50 / 100000 = 0.060682 t 

 

                                                                                                                                                         

https://www.ipcc.ch/pdf/special-reports/sroc/Tables/t0305.pdf 

2
 Based on the information of the European Investment Bank: 

http://www.eib.org/attachments/strategies/eib_project_carbon_footprint_methodologies_en.pdf 
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4.2.2.4 Total energy consumption in each pilot area  
The following table summarize the consumed energy from heating, lighting and aggregates 

per office and sums up the total consumed energy per premise per year.  

 

 

 

 

 

Table 6 Annual energy consumption in each pilot area in Imperial Palace Innsbruck during 

the heating period 

Consumed 

Energy 
Museum Purposes 

 

Event Purposes 

 

Office Purposes 

 

Building Department 

Hofburg Innsbruck  

Administration 

Department Hofburg 

Innsbruck  

Heating 39,321.36 44,955.50 17,758.68 38,909.00 

Lighting 10092.6 441 3360 4200 

Aggregates   4771.2 5535 

Total:  49413.96 45396.5 25889.88 48644 

Total energy consumed in the pilot 

premises selected: 
169344.34 kWh 

 

The total annual estimated heat consumption is 140,944 KWh and the total estimated 

electricity consumption is 28399.8 KWh . The allocation of costs considering the billing data 

(as presented above only for electricity as for power we consider for the simulation the billing 

data) is 27,364.70 KWh  

4.3 Interdisciplinary Centre for Public Health (IZPH) 

The Friedrich-Alexander-University Erlangen-N¿rnberg is one of Germanyôs largest 

universities with currently 26.000 students, 260 chairs and 24 clinics. It is firmly rooted in the 

Nuremberg Metropolitan area which has a strong focus on technology and environment (e.g. 

by the Medical Valley EMN e. V. initiative). The pilot sites provided include an 

interdisciplinary centre for public health (IZPH).  

The premises selected in this pilot site are six: Managerôs office & Data manager; Data 

Management office I; Data Management office II; Researcherôs office I; Researcherôs office 

II and Meeting room. These rooms represent all the rooms in the pilot area. They are located 

on the both sides of the corridor which means they have different spatial orientation therefore 

different amount of sunlight. The business processes performed in the selected offices are 

different so as the number of people working there. All of the listed above predetermines the 

choice of these premises.  

4.3.1 Structure and Size of the building 
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The areas of interest are the Directorôs office, data management offices I and II, Researcherôs 

offices I and II and the meeting room.  

Table 7 Physical sizes of IZPH pilot areas 

 ̄ Pilot Area Name Premisesô Dimensions Wall Thickness 

1. 
Managerôs office 22,06m

2
 

0.49m 

Data Manager 15,33m
2
 

2. Data management office I 38,37m
2
 0.49m 

3. Data management office II 9,55m
2
 0.49m 

4. Researcherôs office I 13,47m
2
 0.49m 

5. Researcherôs office II 18,06m
2
 0.49m 

6. Meeting room 23,40m
2
 0.49m 

  140.26  

Building structure and specifics  

The information about the building structure and specifics is needed in order to calculate the 

losses or the gains of energy due to the structure of the building materials used. In the next 

subsections are described the different type of layers and materials used in Friedrich-

Alexander-University pilot and based on that information is concluded the level of energy 

efficiency of the building as an envelope.  

Walls ï structure and layers 

The construction material used in the IZPH pilot site is 1 layer masonry stone walls with red 

bricks. 

¶ Directorôs office 

The spatial orientation of the walls in the Directorôs office is as follows: external (North and 

west) 49cm thick and internal (East and south) 17 cm thick. 

¶ Data management office I 

The spatial orientation of the walls in the Data management office I is as follows: external 

(North and east) 49cm thick and internal (west and south) 17 cm thick. 

¶ Data management office II  

The spatial orientation of the walls in the Data management office II is as follows: external 

(North, west and east) 49cm thick and internal (South) 17 cm thick. 

¶ Researcherôs office I 

The spatial orientation of the walls in the Researcherôs office I is as follows: external (South 

and west) 49cm thick and internal (North and east) 17 cm thick. 

 

¶ Researcherôs office II 
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The spatial orientation of the walls in the Researcherôs office II is as follows: external (South 

and east) 49cm thick and internal (North and west) 17 cm thick. 

¶ Meeting room 

The spatial orientation of the walls in the Meeting room is as follows: external (South) 49cm 

thick and internal (North, east and west) 17 cm thick. 

 

Ceiling ï structure and layers 

The ceiling in all the rooms selected in this pilot site (Directorôs office 37,39m
2
, Data 

management office I 38,37 m
2
, Data management office II 9,55 m

2
, Researcherôs office I 

13,47 m
2
, Researcherôs office II 18,06 m

2
 and Meeting room 23,40 m

2
) have a layer of 

plasterboard roof (1,5 cm thick) and a layer of concrete slab roof.  

 

Floor / ground floor ï structure and layers 

The floor of all the rooms (Directorôs office 37,39 m
2
, Data management office I 38,37 m

2
, 

Data management office II 9,55 m
2
, Researcherôs office I 13,47 m

2
, Researcherôs office II 

18,06 m
2
 and Meeting room 23,40 m

2
) have one layer of concrete slab covered with vinyl 

floor tiles, covered with a layer of carpet. 

 

4.3.2 Equipmentôs installed and Billing Data for baseline definition  

The equipment used in the IZPH pilot areas is distributed to three main areas and is described 

accordingly in three subsections ï heating system, including thermostats; lighting and office 

equipment.  

4.3.2.1 Heating system data  

Billing data are available for each pilot zone (after consultation with the facility manager 

company of the building). The detailed billing data for an annual period are presented in the 

following figure. 
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Heating energy consumption 2015 
  

 Heating energy 
consumption 

  

Zone Room set Consumption Useable area 

    kWh m² kWh/m² ( annual) 

All Pilot premises floor area (PPFA) 796,000.00 5820.59 136.76 

  

111 5ƛǊŜŎǘƻǊΩǎ ƻŦŦƛŎŜ 3,016.84 22.06 136.76 

112 Data management office 2,096.47 15.33 136.76 

113 Data management office I 5,247.33 38.37 136.76 

114 Data management office II 1,307.39 9.56 136.76 

152 wŜǎŜŀǊŎƘŜǊΩǎ ƻŦŦƛŎŜ 1,842.10 13.47 136.76 

156 Meeting room 3,200.09 23.4 136.76 

157 wŜǎŜŀǊŎƘŜǊΩǎ ƻŦŦƛŎŜ 2,469.81 18.06 136.76 

Table 8 Heat Consumption Billing Data- Erlangen 
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Along with the billing data based calculation, an estimation of Option D (simulation based 

approach) as defined in the methodological framework is considered. 

The energy consumed for heating in IZPH is based on the data provided by the site for the 

radiatorôs type and specific energy audit tables. Based on the buildingôs specifications we 

assume that the installation operates at 19
o
C daily in order to continuously maintain a 

temperature of 19
o
C in length of 24 hours during the heating season. The heating season in 

Erlangen continues 190 days; the heating installation operates on average 7 hours per day.  

To calculate the Referent Consumption (RC) needed for the heating season we use the 

following formula: 

RC = 
  z     

  z       
 

The degree days for the region and for the year are taken from specific table with 

meteorologist data for the region and the year respectively. The heating area is needed to 

predict the losses of heat transfer between heated and unheated area. The infiltration h 

(permeability of gaps, doors, windows) is: 

h = 0.5 H 

The degree days for Erlangen region are 2400; and the degree days for 2014 are 2300. 

Then, the simulation of radiator operation at each room of the building (taking into account as 

part of the simulation process the device characteristics and weather conditions) is provided. 

- Managerôs office and Data Manager - 1 radiator with no installed capacity Ą Schedule 

of usage from November to March usage ï 5 months per year 

According to the material used to construct the building (1 layer masonry stone walls red 

bricks) we assume that the coefficient of energy loses for this room is around zero so the 

power capacity installed to heat the room is: 

P = F * ɚ = 28 * 80 = 2240 W, around 2.3 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the public service office there are 20 ribs in total with single capacity of 90W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 20 * 90 = 1800 W = 1.80 kW 

Therefore the referent consumption for one year equals to: 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 113.24 kWh/m

2
year 

The relevant consumption per month equals to: 

  RC = 113.24 / 6 = 18.87 kWh/m
2
month 

The relevant consumption per week equals to: 

  RC = 18.87 / 4 = 4.71 kWh/m
2
week 
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- Data management office I - 2 radiators with no installed capacity 

Schedule of usage from November to March usage ï 5 months per year 

P = F * ɚ = 38.37 * 80 = 3.12 kW, around 3.10 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the public service office there are 20 ribs in total with single capacity of 90W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 40 * 90 = 3600 W = 3.60 kW 

Therefore the referent consumption for one year equals to : 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 130.21 kWh/m

2
year 

The relevant consumption per month equals to: 

RC = 130.21 / 6 = 21.70 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 21.70 / 4 = 5.42 kWh/m
2
week 

 

- Data management office II - 1 radiator with no installed capacity 

Schedule of usage from November to March usage ï 5 months per year 

 

P = F * ɚ = 10 * 80 = 0.80 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the public service office there are 20 ribs in total with single capacity of 90W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 20 * 90 = 1800 W = 1.80 kW 

Therefore the referent consumption for one year equals to : 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 161.57 kWh/m

2
year 

The relevant consumption per month equals to: 

RC = 161.57 / 6 = 26.88 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 26.88 / 4 = 6.72 kWh/m
2
week 

 

- Researcherôs office I - 1 radiator with no installed capacity  

Schedule of usage from November to March usage ï 5 months per year 

 

P = F * ɚ = 13.47 * 80 = 1.12 kW, around 1 kW 
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Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the researcherôs office I there are 20 ribs in total with single capacity of 90W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 20 * 90 = 1800 W = 1.80 kW 

Therefore the referent consumption for one year equals to : 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 185.45 kWh/m

2
year 

The relevant consumption per month equals to: 

RC = 185.45 / 6 = 30.90 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 30.90 / 4 = 7.72 kWh/m
2
week 

 

- Researcherôs office II - 1 radiator with no installed capacity 

Schedule of usage from November to March usage ï 5 months per year 

 

P = F * ɚ = 18.06 * 80 = 1.44 kW, around 1.50 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the researcherôs office II there are 20 ribs in total with single capacity of 90W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

 

P = 20 * 90 = 1800 W = 1.80 kW 

 

Therefore the referent consumption for one year equals to: 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 138.32 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 138.32 / 6 = 23.05 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 23.05 / 4 = 5.76 kWh/m
2
week 

 

- Meeting room - 2 radiators with no installed capacity  

Schedule of usage from November to March usage ï 5 months per year 

P = F * ɚ = 23.40 * 80 = 1840 W, around 1.90 kW 
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Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the public service office there are 20 ribs in total with single capacity of 90W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 40 * 90 = 3600 W = 3.60 kW 

Therefore the referent consumption for one year equals to : 

 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 213.51 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 213.51 / 6 = 35.58 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 35.58 / 4 = 8.89 kWh/m
2
week 

 

Considering the billing-based allocation of heat consumption to the different zones of the 

buildings the average heat consumption is 136.76 KWh/m
2
 year. Considering the simulation 

based approach for the different zones of the building the average heat consumption value 

equals to 157.05 KWh/m
2
 year. Towards the accurate estimation of baseline for heat 

consumption, sub metering data will be presented in D1.5. 

4.3.2.2 Electricity Consumption data 
Annual billing data are available for the different zones of the IZPH but not for the each 

month separately. Then, the allocation of each area of the building is provided, considering 

the size and operations performed in each zone. Based on the information retrieved from 

IZPH, a 20% of the building is for secondary processes (non_electricity consuming 

processes). The zone allocation of annual energy consumption data is provided: 

 

Table 9 Power Consumption Billing Data- Erlangen  

Power consumption 2015 

Zone Room set Consumption Useable area 
Specific 
power 
consumption 

    kWh m² 
kWh/m² 
(annual) 

All Pilot premises floor area (PPFA) 423,391.00 4656 90.93 

  

111 5ƛǊŜŎǘƻǊΩǎ ƻŦŦƛŎŜ 2,006.01 22.06 90.93 

112 Data management office 1,394.03 15.33 90.93 

113 Data management office I 3,489.16 38.37 90.93 

114 Data management office II 869.33 9.56 90.93 

152 wŜǎŜŀǊŎƘŜǊΩǎ ƻŦŦƛŎŜ 1,224.89 13.47 90.93 
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156 Meeting room 2,127.87 23.4 90.93 

157 wŜǎŜŀǊŎƘŜǊΩǎ ƻŦŦƛŎŜ 1,642.28 18.06 90.93 

 

Considering the baseline definition by taking into account annual billing data, we need to 

correlate these values with the early phase estimation of energy consumption from the devices 

that consist of the pilot area of the building. 

Lighting  Devices 

Managerôs office - 4 fluorescent lamps; the installed capacity for the four lamps is 232W 

(58W for each). The fluorescent lamps are working 9h per day - 9:00-18:00 for week day, 

meaning that the consumed energy is: 

Consumed energy for a day E = 9*232 = 2088 Wh, around E = 2.1 kWh 

Consumed energy for a week E = 5*2.1 = 10.5 kWh 

In the data managerôs office there are 2 fluorescent lamps with installed capacity 116W 

(58W for each), operating 9 hours per day - 8:00-17:00 from Monday ïThursday.  

Consumed energy for a day E = 9*116 = 1044 Wh, around E = 1.04 kWh  

Consumed energy for a week E = 4*1.04 = 4.16 kWh 

Total consumed energy for lighting in the managerôs office per week: 

E = 10.50 + 4.16 = 14.66 kWh 

The total number of lighting switches in this premise is 3. 

Data management office I ï there are 12 fluorescent lamps with installed capacity 696W 

(58w for each), operating 10 hours per day - 8:00-18:00 for week day, meaning that the 

consumed energy is: 

Consumed energy in the data management office I for a day: 

E = 10*696 = 6960 Wh, around E = 7 kWh 

Consumed energy in the data management office I for a week: 

E = 5*7 = 35 kWh 

The total number of lighting switches in the data management office I is 2. 

Data management office II - there are 2 fluorescent lamps with installed capacity 116W 

(58w for each), operating 9 hours per day 8:00-17:00 for week day, meaning that the 

consumed energy is: 

Consumed energy in the data management office II for a day:  

E = 9*116 = 1044 Wh, around E = 1.04 kWh  

Consumed energy in the data management office I for a week: 

E = 5*1.04 = 5.04 kWh 

The number of lighting switches in the data management office II is 1. 

Researcherôs office I - there are 2 fluorescent lamps with installed capacity 116W (58w for 

each), operating 9 hours per day 8:00-17:00 for week day, meaning that the consumed energy 

is: 
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Consumed energy in the researcherôs office I for a day:  

E = 9*116 = 1044 Wh, around E = 1.04 kWh  

Consumed energy in the researcherôs office I for a week: 

E = 5*1.04 = 5.04 kWh 

The number of lighting switches in the researcherôs office I is 1. 

Researcherôs office II - there are 3 fluorescent lamps with installed capacity 174W (58w for 

each), operating 9 hours per day 8:00-17:00 for week day, meaning that the consumed energy 

is: 

Consumed energy in the researcherôs office II for a day:  

E = 9*174 = 1566 Wh, around E = 1.60 kWh  

Consumed energy in the researcherôs office II for a week: 

E = 5*1.60 = 8.00 kWh 

The total number of lighting switches in the researcherôs office II is 2. 

Meeting room - there are 8 fluorescent lamps (meeting time) with installed capacity 464W.  

The potential consumed energy in the meeting room per day assuming 9h per day working 

schedule is: 

E = 9*464 = 4176 Wh, around E = 7.20 kWh  

The potential consumed energy in the meeting room per week assuming 9h per day 5 days a 

week working schedule is: 

E = 5*7.20 = 36 kWh  

 

Office/plug equipment  

Managerôs office - there is 1 computer with installed capacity 280W, operating 9 hours per 

day - 9:00-18:00 for week day);  

Consumed energy for a day E = 9*280 = 2520 Wh, around E = 2.5 kWh 

Consumed energy for a week E = 5*2.5 = 12.5 kWh 

Data managerôs office: 1 computer with installed capacity 280W (operating 9 hours per day 

- 8:00-17:00 from Monday-Thursday) + three desks 

Consumed energy for a day E = 9*280 = 2520 Wh, around E = 1.5 kWh 

Consumed energy for a week E = 4*2.5 = 10.00 kWh 

Total consumed energy for office equipment in the managerôs office per week: 

E = 12.50 + 10.00 = 22.50 kWh 

The total number of plugs in this premise is 8. 

Data management office I - there are 3 computers with installed capacity 840W (280W, 

operating 9 hours per day - 8:00-17:00 for week day) &  1 printer  with installed capacity 

150W (100W-200W, operating 9 hours per day - 8:00-17:00 for week day) in three desks 

Consumed energy for a day E = 9*840 = 7560 Wh, around E = 7.6 kWh 
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Consumed energy for a week E = 5*7.6 = 38.00 kWh 

Consumed energy for a day E = 9*150 = 1350 Wh, around E = 1.40 kWh 

Consumed energy for a week E = 5*1.40 = 7.00 kWh 

Total consumed energy for office equipment in the data management office I per week: 

E = 38.00 + 7.00 = 45.00 kWh 

The total number of plugs in the data management office I is 13. 

Data management office II - there are 2 computers with installed capacity 560W (280W 

each, operating 9 hours per day - 8:00-17:00 for week day) in two desks 

Consumed energy for a day E = 9*560 = 5040 Wh, around E = 5.04 kWh 

Consumed energy for a week E = 5*5.04 = 25.20 kWh 

The total number of plugs in the data management office II is 14. 

Researcherôs office I - there are 2 computers with installed capacity 560 W (280W, 

operating 9 hours per day - 8:00-17:00 for week day) in two desks 

Consumed energy for a day E = 9*560 = 5040 Wh, around E = 5.04 kWh 

Consumed energy for a week E = 5*5.04 = 25.20 kWh 

The total number of plugs in the researcherôs office I is 6. 

Researcherôs office II - there are 2 computers with installed capacity 560 W (280W, 

operating 9 hours per day - 8:00-17:00 for week day); 2 computers (not used now) + four 

desks 

Consumed energy for a day E = 9*560 = 5040 Wh, around E = 5.04 kWh 

Consumed energy for a week E = 5*5.04 = 25.20 kWh 

The total number of plugs in the researcherôs office II is 15. 

Meeting room ï No PC or other device installed  

 

Therefore the total estimation of electricity consumption is (annual) 

 

Consumed 

Energy 

Managerôs office 

and Data Manager 

Data 

management 

office I 

Data management 

office II  

Researcherôs 

office I 

Researcherôs 

office II  

Meeting 

room 

Lighting 762.32 1820 262.08 262.08 416 1872 

Aggregates  1170 2340 1310.4 1310.4 1310.4 - 

Total 1932.32 4160 1572.48 1572.48 1726.4 1872 

 

Considering power consumption from billing data minor deviations are reported among the 

different zones. These deviations have to do with the vertical allocation of total consumption 

to the different zones (lack of sub-metering billing data) 

 

4.3.2.3 Calculation of CO2 emissions per premise  
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The calculation of the CO2 emissions per premises is done using the following formula. 

EcP = В ὗὭzὪὭ) * 10
-6 

Where EcP is the quantity of CO2 emissions, t; 

Qi ï the quantity of the i
th 

energy resource type, kWh; 

f i - coefficient of ecological footprint equivalent factor of the i
th
 energy resource type, g/kWh; 

m ï number of the energy resources used.  

The coefficient of ecological footprint equivalent for electricity in Germany is fi = 512 and for 

heating with centralized heating system is fi = 290. 

The calculations are done regarding the consumption of natural gas for heating and the 

consumption of electricity per premises per week.  

 

¶ Managerôs office and Data Manager 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (18.28 * 290) * 10
-6

 = 5301 / 100000 = 0.005301t 

 

- CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (37.16 * 512) * 10
-6

 = 19025.92 / 100000 = 0.019025 t 

 

¶ Data management office I 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (5.42 * 290) * 10
-6

 = 1572 / 100000 = 0.001572t 

 

- CO2 emission from electricity 

EcP = (Qie * f ie)* 10
-6

 = (80.00 * 512) * 10
-6

 = 40960.00 / 100000 = 0.040960 t 

 

¶ Data management office II 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (10.89 * 290) * 10
-6

 = 3158 / 100000 = 0.003158t 

 

- CO2 emission from electricity 

EcP = (Qie * f ie)* 10
-6

 = (30.24 * 512) * 10
-6

 = 15482.88 / 100000 = 0.015483 t 

 

¶ Researcherôs office I 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (7.72 * 290) * 10
-6

 = 2239 / 100000 = 0.002239t 
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- CO2 emission from electricity 

EcP = (Qie * f ie)* 10
-6

 = (30.24 * 512) * 10
-6

 = 15482.88 / 100000 = 0.015483 t 

 

¶ Researcherôs office II 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (5.76 * 290) * 10
-6

 = 1670 / 100000 = 0.001670t 

- CO2 emission from electricity 

EcP = (Qie * f ie)* 10
-6

 = (33.20 * 512) * 10
-6

 = 16998.40 / 100000 = 0.016998 t 

 

¶ Researcherôs office II 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (8.89 * 290) * 10
-6

 = 2578 / 100000 = 0.002578t 

- CO2 emission from electricity 

EcP = (Qie * f ie)* 10
-6

 = (36.00 * 512) * 10
-6

 = 18432.00 / 100000 = 0.018432 t 

 

4.3.2.4 Total energy consumption in each IZPH pilot area  

The following table summarizes the consumed energy from heating, lighting and aggregates 

per office and sums up the total consumed energy per premise and year 

 

Table 10 Annual energy consumption in each pilot area in IZPH 

Consumed 

Energy 

Managerôs office 

and Data Manager 

Data 

management 

office I 

Data management 

office II  

Researcherôs 

office I 

Researcherôs 

office II  

Meeting 

room 

Heating 4234 4996.1577 1544.6092 2176.3479 3780.738 3855.99 

Lighting 762.32 1820 262.08 262.08 416 1872 

Aggregates  1170 2340 1310.4 1310.4 1310.4 - 

Total:  6166.32 9156.1577 3117.0892 3748.8279 5507.138 5727.99 

Total energy consumed in the pilot premises selected: 33423 KWh 

 

The total annual estimated heat consumption is 20587.44 KWh and the total estimated 

electricity consumption is 12,835.68 KWh . The allocation of costs considering the billing 

data is 19,180.03 KWh  for heat consumption and 12,753.57 KWh  for electricity consumption 

4.4 Asparrena Town Hall 

Asparrena City Hall is placed in a 250 year old building. The 3-storey building hosts several 

offices distributed in all floors. It is occupied by municipality civil servants who perform a 
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series of typical business activities to be analysed through the business process modelling 

phase of the project.  

Administrative office & Public service office 

These offices were selected because there are the main areas, where take place the daily 

administrative activities of the Municipality. Furthermore, in them works the only regular and 

daily staff of the Town Hall (4 people). As the staff of these offices is regular and not 

occasional, it will be easier to engage them, than other occasional workers.  

These offices are important because all the administrative and municipal tasks of the 

municipality are carried out there. Additionally, both offices are connected through a glass 

door and that makes them more interesting for the study. 

Finally, these offices meet the technical specifications set by the project (available electrical 

plugs and screens, number of workspaces ...). Therefore, we proceeded to select these offices 

as the most appropriate for the project. 

Mayor's office 

This office was selected because of the diary processes and meetings that take place in there. 

The Mayor is the regular user of this office but it is also occasionally used by councillors of 

the municipality. The Mayor is also the only regular and daily user of the Town Hall, together 

with regular staff aforementioned. 

The Mayor's office is important because of the work carried out there. The office is also used 

to carry out relevant meetings with Asparrena inhabitants or political representatives of other 

municipalities. 

Finally, this office also meet the technical specifications set by the project (available plugs 

and screens, number of workspaces ...). Therefore, we proceeded to select the Mayor's office 

as the most appropriate for the project. 

4.4.1 Size and Structure of the building  
Table 11 Physical sizes of Asparrena Town Hall pilot areas 

 ̄ Pilot Area Name Premisesô Dimensions Wall Thickness 

1. Public service office 29,00m
2
 1 m 

2. Administrative office / (Accounting 

department; Secretariat of the town 

hall)                  

25,20m
2
 1 m 

3. Mayor's office 28,80m
2
 1 m 

 

Drawings of the premises 

The pilot areas chosen for this pilot site are located on the ground floor and the first floor of 

the building. Section 3.4.2.1 demonstrates the location of the Public service office and 

Administrative office and Section 3.4.2.2 shows the location of the Mayorôs office.  

Ground Floor  
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The following Fig. 2 Asparrena premissesô drawings: Public service office presents a drawing 

Asparrenof the ground floor of the Town Hall. The Public service office is located on the right 

of the main entrance and itôs direction is north-west. More detailed description of the premises 

and the equipment is made in the following sections.  

 
Figure 4 Asparrena premissesô drawings: Public service office 

Two windows with East and South orientations. Window with wooden frame and two simple 

glasses (East orientation). Window's hole form outside: 90cm wide and 125cm high. Hole 

form inside: 105cm wide and 220cm high (The hole in the wall reaches the ground) 

Window with wooden frame and two simple glasses (South orientation). Window's hole form 

outside: 120cm wide and 145cm high. Hole form inside: 135cm wide and 200cm high (The 

hole in the wall reaches the ground) 

 
Figure 5 Asparrena premisesô drawings: Administrative office 
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Fig. 3 Asparrena premisesô drawings: Administrative office presents the location of the 

Administrative office. It is located next to the Public service office and itôs direction is south-

west.  

One window with East orientation 

Window with wooden frame and three simple glasses. Window's hole form outside: 155cm 

wide and 122cm high [Beneath the window there are located light (white box) and gas (black 

box) counters]. Hole form inside: 170cm wide and 215cm high (The hole in the wall reaches 

the ground). 

First Floor  

 
Figure 6 Asparrena premissesô drawings: Mayorôs office 

The Mayorôs office has three balcony windows with East (2) and South (1) orientations. 

Balcony window with wooden frame and two simple glasses (East orientation). Window's 

hole form outside: 115cm wide and 215cm high (glass size: 50cm x 150cm). Hole form 

inside: 130cm wide and 220cm high (The hole in the wall reaches the ground). 

Balcony window with wooden frame and two simple glasses (East orientation). Window's 

hole form outside: 115cm wide and 215cm high (glass size: 50cm x 150cm). Hole form 

inside: 130cm wide and 215cm high (The hole in the wall reaches the ground). 

Balcony window with wooden frame and two simple glasses (South orientation). Window's 

hole form outside: 115cm wide and 205cm high (glass size: 50cm x 150cm). Hole form 

inside: 115cm wide and 215cm high (The hole in the wall reaches the ground). 

Building structure and specifics  

Building energy audit requires specific knowledge of the building construction. This 

additional information is needed in order to calculate the losses or the gains of energy due to 

the structure of the building materials used. In the next subsections are described the different 

type of layers and materials and based on that information is concluded the level of energy 

efficiency of the building as an envelope.  

Walls ï structure and layers 
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¶ Public service office 

The construction of the walls in the public service office in Asparrena Town Hall consists of 1 

layer masonry stone walls. The orientation of the external walls is South and East and they are 

1m thick. The internal walls are 0,70 m thick and their orientation is West and North. The 

second layer used is covering of plasterboard with 1,5 cm thickness on the inside of the 

premise. 

¶ Administr ative office 

The walls of the Administrative office are South, East and North oriented: there is 1 layer 

masonry stone walls. The external wall (East) is 1m thick and the internal walls (South and 

North) 0,70 m thick, covered with plasterboard 1,5 cm thick on the inside. 

¶ Mayor's office 

The orientation of the Mayorôs officeôs walls is South, East and North and their structure 

consists of 1 layer masonry stone walls. The external wall (East) is 1m thick, the internal 

(South and North) is 0,70 m thick, covered with plasterboard (1,5 cm thick) and wood trim (3 

cm thick and 180 cm height) on the inside 

Ceiling ï structure and layers 

¶ Public service office (29 m
2
) 

The ceiling of the public service office premise has one layer of plasterboard removable roof 

(1,5 cm thick) and 2 more layers of timber planks, one of them related with the old structure 

(planks + joists) (3 cm thick) and the other one newer (3,5 cm thick).  

¶ Administrative office (25,2 m
2
) 

The structure of the ceiling of the administrative office premise is one layer of plasterboard 

removable roof (1,5 cm thick) and 2 more layers of timber planks, one of them related with 

the old structure (planks + joists) (3 cm thick) and the other one newer (3,5 cm thick).  

¶ Mayor's office (28,8 m
2
) 

The layer of wood of the ceiling of the mayorôs office is 3 cm thick - old structure with planks 

and joists, covered above with a concrete layer which is also 3 cm thick.  

 

Floor / ground floor ï structure and layers 

¶ Public service office 

The public service officeôs structure of the floor is one layer of concrete slab 10-15 cm thick 

covered with vinyl floor tiles less than 1 cm thick. 

¶ Administrative office  

The floor in the administrative office consists of one layer of concrete 10-15 cm thick covered 

with vinyl floor tiles less than 1 cm thick. 

¶ Mayor's office 

The mayorôs officeôs floor consists of 2 layers ï first layer of timber planks (new) 3 cm thick, 

second layer of levelling light concrete 5 cm thick, a third layer of wood wrought (planks 3 

cm + joists) related to the old structure of the building and a forth layer of removable tiles 1,5 

cm thick (mineral fibre tiles and plastic structure). There could be an insulation layer 

(between layers) of extruded polystyrene 3-5 cm thick, but it is not for sure. 
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4.4.2 Equipmentôs installed and Billing Data for baseline definition  

The equipment used in Asparrena Town Hall pilot areas is distributed to three main areas and 

is described accordingly in three subsections ï heating system, including thermostats; lighting 

and office equipment. An analysis of the energy consumption in those areas is provided for 

each specific premise. In section 3.4.4.4 Total energy consumption in each Asparrena Town 

Hall pilot area, the energy used for a week in the selected premises in the pilot site is summed 

up.  

4.4.2.1 Heating system and data 

Billing data are available for the pilot site for different periods. (Bi-monthly billing data). By 

taking into account the billing and the allocation of consumption to the different building 

zones (considering the number of radiators and the size of premises) we have: 

 

Pilot site: Asparrena Town Hall  

Total billing floor area (heated building zone):  292.50 m2 

Pilot premises floor area (PPFA):  84.00 m2 

Average percentage of PPFA from TBFA: 28.72 % 
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No Billing period 
Total Consumed 

Heat  
Unit 

Pilot premises 
Consumed heat 

Unit 
Specific heat 
consumption 

1 05-12-2014 / 13-02-2015 13,667.00 kWh 3,924.88 kWh 46.72 kWh/m2 

2 14-02-2015 / 06-04-2015 7,738.00 kWh 2,222.19 kWh 26.45 kWh/m2 

3 07-04-2015 / 08-06-2015 1,889.00 kWh 542.48 kWh 6.46 kWh/m2 

4 09-06-2015 / 14-08-2015 21.00 kWh 6.03 kWh 0.07 kWh/m2 

5 15-08-2015 / 09-10-2015 0.00 kWh 0.00 kWh 0.00 kWh/m2 

6 10-10-2015 / 09-12-2015 3,833.00 kWh 1,100.76 kWh 13.10 kWh/m2 

7 10-12-2015 / 08-02-2016 8,078.00 kWh 2,319.84 kWh 27.62 kWh/m2 

Table 12 Heat Consumption Billing Data in Asparrena Town Hall 
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The energy consumed for heating in Asparrena Town hall is based on the data provided by the 

site for the radiatorôs type and specific energy audit tables. Based on the buildingôs 

specifications we assume that the installation operates at 20
o
C daily in order to continuously 

maintain a temperature of 20
o
C in length of 24 hours during the heating season. The heating 

season in Asparrena continues 175 days; the heating installation operates on average 7 hours 

per day.  

To calculate the Referent Consumption (RC) needed for the heating season we use the 

following formula: 

RC = 
  z     

  z       
 

The degree days for the region and for the year are taken from specific table with 

meteorologist data for the region and the year respectively. The heating area is needed to 

predict the losses of heat transfer between heated and unheated area. The infiltration h 

(permeability of gaps, doors, windows) is: 

h = 0.5 H 

The degree days for Asparrena region are 2821; and the degree days for 2013 are 3013. 

 

¶ Public service office 

In the public service office there are 2 radiators/heaters powered by a gas boiler, used to heat 

all the ground floor and the corridor of the 1st floor with installed capacity 70 kW (35 kW per 

heater). First one: 20 ribs in 5 layers (total of 100 ribs) 8 cm width and 48 cm length each 

glider. 

Second one: 10 ribs in 5 layers (total of 50 ribs) 8 cm width and 48 cm length each glider. 

To start the examination of the amount of energy consumed for heating in the premises we 

need to know what is the predefined power needed to heat the room. According to the 

material used to construct the building we assume that the coefficient of energy loses for this 

room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 29 * 8 = 2.30 kW, we take it 2.40 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the public service office there are 30 ribs in total with single capacity of 100W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

 

P = 30 * 100 = 3000 W = 3.00 kW 

Based on the calculations we may say that the installed capacity in this room covers the heat 

needs of the premises.  

The thermostat, on the ground floor, is programmed to activate the boiler, when the 

temperature drops below 22 ºC. The boiler is connected 24 hours per day.  
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Therefore the referent consumption for one year equals to: 

 

RC = 
  z     

  z       
 = 

ᶻ

ᶻ
 = 118.64 kWh/m

2
year 

 

The relevant consumption per month equals to: 

 RC = 118.64 / 6 = 19.77 kWh/m
2
month 

The relevant consumption per week equals to: 

 RC = 19.77 / 4 = 4.94 kWh/m
2
week 

¶ Administrative office 

In the administrative office there is 1 radiator/heater powered by a gas boiler, used to heat all 

the ground floor and the corridor of the 1st floor with installed capacity of 35 kW. The 

radiator in this office is with 14 ribs in 5 layers (total of 70 ribs) 8 cm width and 48 cm length 

each glider.  

The building material in this room matches the material of the public service office so the 

assumption for the energy losses is the same as well as the ɚ.  

P = F * ɚ = 25.20 * 8 = 2.01 kW, we take it 2.00 kW 

The installed heat capacity for this room is equal to: 

P = 14 * 100 = 1400 W = 1.40 kW 

The thermostat regulates the temperature of all the ground floor, and is programmed to 

activate the boiler, when the temperature drops below 22 ºC. The boiler is connected 24 hours 

per day.  

Therefore the referent consumption for one year equals to : 

 

RC = 
  z     

  z       
 = 

ᶻ

Ȣz
 = 64.22 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 64.22 / 6 = 10.70 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 10.70 / 4 = 2.67 kWh/m
2
week 

¶ Mayor's office 

There are 2 radiators/heaters powered by a gas boiler, used to heat the rest of the 1st floor 

with installed capacity of 50 W (25 kW per heater). First one: 21 ribs in 5 layers (total of 105 

ribs) 8 cm width and 48 cm length each glider. 

Second one: 12 ribs in 5 layers (total of 60 ribs) 8 cm width and 48 cm length each glider. 

P = F * ɚ = 29.00 * 8 = 2.32 kW, we take it 2.40 kW 
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The installed heat capacity for this room is equal to: 

P = 33 * 100 = 3300 W = 3.30 kW 

The thermostat regulates the temperature of all the first floor (excepting Plenary Chamber), 

and is programmed to activate the boiler, when the temperature drops below 22 ºC. The boiler 

is connected 24 hours per day).  

Therefore the referent consumption for one year equals to : 

RC = 
  z     

  z       
 = 

Ȣ ᶻ

Ȣ ᶻ
 = 131.42 kWh/m

2
year 

The relevant consumption per month equals to: 

RC = 131.42 / 6 = 21.90 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 21.90 / 4 = 5.47 kWh/m
2
week 

 

The average heat consumption of the building, considering billing data and further allocation 

to the different zones is 92.81 kWh/m2year. The average heat consumption of the building 

considering the simulation based methodology is 104.76 kWh/m2year. Therefore, the 

average values are close to each other but Option C methodology cannot address the 

specificities at device level (e.g. low heat consumption at admin office, high heat 

consumption at mayorôs office). A more accurate baselining estimation considering also 

continuous sub-measuring data is reported in D1.5. 

4.4.2.2 Electricity Consumption data 
Billing data are available for the pilot site for different periods. (Monthly billing data). By 

taking into account the billing and the allocation of consumption to the different building 

zones (considering the number and type of installed loads, as well the size of premises) we 

have 

Table 13 Power Consumption Billing Data in Asparrena Town Hall 

N: Billing period  

Total 

consumed 

power 

Unit  

Pilot 

premises 

consumed 

power 

Unit  

Specific 

power 

consumption 

Unit  

1 11-12-2014 / 15-01-2015 1,293.00 kWh 371.32 kWh 4.42 kWh/m2 

2 15-01-2015 / 12-02-2015 1,289.00 kWh 370.17 kWh 4.41 kWh/m2 

3 12-02-2015 / 21-03-2015 1,835.00 kWh 526.97 kWh 6.27 kWh/m2 

4 21-03-2015 / 15-04-2015 1,112.00 kWh 319.34 kWh 3.80 kWh/m2 

5 15-04-2015 / 12-05-2015 1,236.00 kWh 354.95 kWh 4.23 kWh/m2 

6 12-05-2015 / 08-06-2015 1,202.00 kWh 345.19 kWh 4.11 kWh/m2 

7 08-06-2015 / 06-07-2015 1,094.00 kWh 314.17 kWh 3.74 kWh/m2 

8 06-07-2015 / 11-08-2015 1,413.00 kWh 405.78 kWh 4.83 kWh/m2 

9 11-08-2015 / 07-09-2015 985.00 kWh 282.87 kWh 3.37 kWh/m2 

10 07-09-2015 / 08-10-2015 1,239.00 kWh 355.82 kWh 4.24 kWh/m2 
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11 08-10-2015 / 09-11-2015 1,196.00 kWh 343.47 kWh 4.09 kWh/m2 

12 09-11-2015 / 09-12-2015 1,255.00 kWh 360.41 kWh 4.29 kWh/m2 

 
Total for 2015 15,149.00 kWh 4,350.48 kWh 51.79 kWh/m2 

Considering the baseline definition by taking into account annual billing data, we need to 

correlate these values with the early phase estimation of energy consumption from the devices 

that consist of the pilot area of the building. 

Lighting Devices 

Public service office 

In the public service office there are 12 fluorescent lights with installed capacity 480 W (0,04 

kW each one) operating 7 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 7*480 = 3360 Wh, around E = 3.40 kWh 

Consumed energy for a week E = 5*3.40 = 17.00 kWh 

There are 4 lighting switches: 2 (A) to control half of the fluorescent lights of the office and 

other 2 (B) to control the other half of fluorescent lights. Switches are located approximately 

1 meter height from the ground. 

 
Figure 7 Lighting switches in Public Service office area - Asparrena 

 

 

Administrative office 

In the Administrative office there are 8 fluorescent lights with installed capacity 320 W (0,04 

kW each one) working 8 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 8*320 = 2560 Wh, around E = 2.60 kWh 

A 

A 

B 

B 
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Consumed energy for a week E = 5*2.60 = 13.00 kWh 

 

and 2 energy efficient light bulbs (ceiling) with installed capacity 40 W (0,02 kW each one), 

working 8 hour per day, thus the consumed energy is: 

Consumed energy for a day E = 8*40 = 320 Wh, around E = 0.32 kWh 

Consumed energy for a week E = 5*0.32 = 1.60 kWh 

 

Total consumed energy for lighting in the administrative office per week: 

E = 13.00 + 1.60 = 14.60 kWh 

In the administrative office there is 1 lighting switch to control all lamps located in the office. 

 
Figure 8 Lighting switches in Administrative Service office area - Asparrena 

 

Mayor's office 

In the mayorôs office there are 6 fluorescent lights with installed capacity 240 W (0,04 kW 

each one), working 6 hour per day, therefore the consumed energy is: 

Consumed energy for a day E = 6*240 = 1440 Wh, around E = 1.50 kWh 

Consumed energy for a week E = 5*1.50 = 7.50 kWh 

There are 4 lighting switches: 2 to control 4 fluorescent lights and other 2 to control the other 

2 fluorescent lights. Switches are located approximately 1 meter height from the ground. 
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Figure 9 Lighting switches in Administrative Mayorôs office area - Asparrena 

 

 

Office equipment  

Public service office 

There 3 computers in the public service office with installed capacity 900 W (0,3 kW CPU 

&monitor), 1 of them almost never used, the other 2 PCs are used 7 hours per day, therefore 

the consumed energy is: 

Consumed energy for a day E = 5*600 = 3000 Wh, around E = 3.00 kWh 

Consumed energy for a week E = 5*3.00 = 15.00 kWh 

In the office operate also 2 printers connected 24 hours per day but almost never used, with 

installed capacity of 200 W (0,1 kW each one) thus the consumed energy is: 

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 5*0.40 = 2.00 kWh 

 

The 1 copy machine ï printer in the premise, connected 24 hours per day used by every user 

of the town hall has installed capacity of 500 W, meaning the consumed energy is: 

Consumed energy for a day E = 8*500 = 4000 Wh, around E = 4.00 kWh 

A 

A 

B 

B 
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Consumed energy for a week E = 5*4.00 = 20.00 kWh 

 

The public service office has 3 telephones (1 of them almost never used) connected 24 hours 

per day, with installed capacity of 75 W (0,025 kW each one). These are not considered as 

part of the test bed. 

In the premise there are also a bank terminal and an electric calculator, connected 24 hours 

per day, with installed capacity of 50W (0,025 kW each one) thus the consumed energy is: 

Consumed energy for a day E = 24*50 = 1200 Wh, around E = 1.20 kWh 

Consumed energy for a week E = 5*1.20 = 6.00 kWh 

This is not considered as part of the test bed. 

 

Total consumed energy for office equipment in the public service office per week: 

E = 15.00 + 2.00 + 20.00 + 6.00 + 6.00 = 49.00 kWh 

The total number of plug sockets in this premise is 8: 2 of the sockets are located on the walls 

of the office, approximately 0,25 meter height from the ground. The other six are located on 

an auxiliary column, in the centre of the office, as it can be seen in the picture below. 

 

 
Figure 10 Socket plug-ins in Public Service office area - Asparrena 

There are 3 desks in this office.  

 

Administrative office 

In the administrative office there are 2 computers, used 8 hours per day with installed 

capacity 600 W (0,3 kW CPU+monitor). The consumed energy from the computers with 

working schedule 8 hours per day is: 

x 6 
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Consumed energy for a day E = 8*600 = 3200 Wh, around E = 3.20 kWh 

Consumed energy for a week E = 5*3.20 = 16.00 kWh 

 

The 2 printers in the premise are connected 24 hours per day but almost never used and have 

an installed capacity of 200 W (0,1 kW each one), meaning the energy consumed is: 

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 5*1.20 = 6.00 kWh 

 

In the administrative office there are 2 telephones, connected 24 hours per day with installed 

capacity 50 W (0,025 kW each one), though not part of the final testbed  

 

Total consumed energy for office equipment in the public service office per week: 

E = 16.00 +6.00 + 6.00 = 28.00 kWh 

There are 7 plug sockets in the administrative office: All of them are located on the walls of 

the office, approximately 0,25 meter height from the ground (see picture below). 

 
Figure 11 Socket plug-ins in Administrative office area - Asparrena 

In the room there are 2 desks. 

Mayor's office 

In the mayorôs office there is 1 computer used 8 hours per day with installed capacity 0,3 kW 

CPU & monitor, meaning the consumed energy is: 

Consumed energy for a day E = 8*300 = 2400 Wh, around E = 2.40 kWh 

Consumed energy for a week E = 5*2.40 = 12.00 kWh 
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There is 1 telephone in the premise, connected 24 hours per day with installed capacity 0,025 

kW, not part of the final testbed. 

 

Total consumed energy for office equipment in the public service office per week: 

E = 12.00 + 3.00 = 15.00 kWh 

In the Mayorôs office there are 3 plug sockets: All of them are located on the walls of the 

office, approximately 0,25 meter height from the ground (see picture below). 

 
Figure 12 Socket plug-ins in Mayorôs office area - Asparrena 

There are 2 desks in the room.  

The annual estimated electricity consumption (considering a 41 week operating period of the 

building: the building is not operating on average for 8 weeks during summer, 2 weeks at 

winder and 1 week Easter period) is: 

 

Consumed Energy Public service office 

 

Administrative office 

 

Mayor's office 

 

Lighting 697 598.6 307.5 

Aggregates  2009 1148 615 

Total:  2706 1746.6 922.5 

Total energy consumed in the pilot premises selected: 5375.1 kWh 

There is a deviation compared to the 4350 KWh retrieved from the billing analysis. The 

reason for this deviation may be the space allocation of billing data or additional loads that are 

not considered as part of the simulation process. Therefore, a more focused analysis should be 

performed at sub-metering data retrieved from pilot premises in D1.5 

4.4.2.3 Calculation of CO2 emissions per premise  

The calculation of the CO2 emissions per premises is done using the following formula. 
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EcP = В ὗὭzὪὭ) * 10
-6  

 

Where EcP is the quantity of CO2 emissions, t; 

Qi ï the quantity of the i
th 

energy resource type, kWh; 

f i - coefficient of ecological footprint equivalent factor of the i
th
 energy resource type, g/kWh; 

m ï number of the energy resources used.  

 

The coefficient of ecological footprint equivalent for electricity in Spain is fi = 455
3
 and for 

heating with natural gas system is fi = 516
4
. 

The calculations are done regarding the consumption of natural gas for heating and the 

consumption of electricity per premises per week.  

¶ Public service office 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (4.94 * 516) * 10
-6

 = 2528.40 / 100000 = 0.002528 t 

 

- CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (66.00 * 455) * 10
-6

 = 30030.00 / 100000 = 0.030030 t 

 

¶ Administrative office 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (2.67 * 516) * 10
-6

 = 1377.72 / 100000 = 0.001377 t 

 

- CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (42.60 * 455) * 10
-6

 = 19383.00 / 100000 = 0.019383 t 

 

 

¶ Mayorôs office 

- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (5.47 * 516) * 10
-6

 = 2822.52 / 100000 = 0.002823 t 

                                                 
3
 Based on the information of the Intergovernmental Panel on Climate change: 

https://www.ipcc.ch/pdf/special-reports/sroc/Tables/t0305.pdf 

4
 Based on the information of the European Investment Bank: 

http://www.eib.org/attachments/strategies/eib_project_carbon_footprint_methodologies_en.pdf 
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- CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (22.50 * 455) * 10
-6

 = 10237.5 / 100000 = 0.0102375 t 

 

4.4.2.4 Total energy consumption in each Asparrena Town Hall pilot area  
The following table summarize the consumed energy from heating, lighting and aggregates 

per office and sums up the total consumed energy per premise per year.  

Table 14 Annual energy consumption in each pilot area in Asparrena Town Hall 

Consumed Energy 
Public service 

office 

 

Administrative office 

 

Mayor's 

office 

 
Heating (in case temperature is 

lower than 22
O
 C) 

2906.68 1367.886 3324.926 

Lighting 697 598.6 307.5 

Aggregates  2009 1148 615 

Total:  5612.68 3114.486 4247.426 

Total energy consumed in the pilot premises 

selected: 
12974.52 KWh 

 

The total annual estimated heat consumption is 7599.49 KWh  and the total estimated 

electricity consumption is 5375.1 KWh . The allocation of costs considering the billing data is 

7796.35 KWh  for heat consumption and 4350.48 KWh  for electricity consumption 

4.5 Administrative Building of Pernik 

The Municipality of Pernik will contribute to the pilot premises deployment of OrbEEt 

Framework. The public office building for the pilot testing is a monolithic four-storey high 

building, constructed in 1962. The number of personnel occupying the building is more than 

250 people, with an average of 2-3 occupants per office. They perform a series of typical 

business activities that will be further analysed during the business process modelling phase 

of the project.  

For the purposes of OrbEEt research the consortium took decision to examine ten rooms from 

the whole building of Pernik Municipality located on the first and third floor, half of them 

orientated to Sought and the other half to North. The ten premises chosen are divided in two 

departments Accounting Department and Social Security Department (see D1.1 End-user & 

business requirements) as follows: Room ˉ1 Municipal Service, Room ˉ2 Municipal 

Service, Room ˉ3 Accounting and Room ̄ 4 Accounting Director; and Reception room, 

Room ˉ1 Social assistance, Room ˉ3 Accounting, Room ˉ4 Technical Assistant of 

Accounting Director, Room ˉ5 Accounting Director and Room ˉ18 People with disabilities 

department and social services & Chancery. The rooms of the Accounting department are 

located on the first floor along with the reception room of the Social security department. The 

rest of the offices of the Social Security department are located on the third floor. This is one 
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of the main reasons to choose those offices. Since the premises are located on both sides of 

the corridor their facades are orientated in two directions (Sought and North) which is of 

interest for OrbEEt research purposes and another reason to choose them. OrbEEtôs objective 

to introduce intelligence in business operations implies that all factors underlying behaviour-

dependent building performance need to be identified. Thatôs why the different business 

processes performed in both departments are a good basis for the project needs. Moreover the 

number of regular and occasional visitors in those departments is different which will 

additionally contribute to the research as another objective of the project is to facilitate the 

public and social engagement to action for energy efficiency.  

Next Subsections present in detail the building structure, premises dimensions, office 

equipment and heating energy consumption along with the lighting in each office.  

4.5.1 Size and Structure of the building 
Table 15 Physical sizes of Pernik Municipality pilot areas 

 ̄ Pilot Area Name Premissesô Dimensions Wall Tickness 

1.  

Accounting 

Department 

Room ˉ1          

Municipal Service 
15,98m2 0.40m/ 0.25m 

2.  
Room ˉ2        

Municipal Service 
15,98m2 0.40m/ 0.25m 

3.  
Room ˉ3      

Accounting 
15,98m2 0.40m/ 0.25m 

4.  
Room ˉ4      

Accounting Director 
15,98m2 0.40m/ 0.25m 

5.  

Social Security 

Department 

Reception room 18,80m2 0.40m/ 0.25m 

6.  
Room ˉ1        Social 

assistance 
15,04m2 0.40m/ 0.25m 

7.  
Room ˉ3                      

Account Staff 
14,10m2 0.40m/ 0.25m 

8.  

Room ˉ4                         

Technical Assistant of 

Accounting Director 

14,90m2 0.40m/ 0.25m 

9.  
Room ˉ5                     

Accounting Director 
15,04m2 0.40m/ 0.25m 

10.  

Room ˉ18+chancery         

People with disabilities 

department and social 

services 

21,62m2 +7,50 m2 0.40m/ 0.25m 

 

Building structure and specifics  

In the next subsections are described the different type of layers and materials and based on 

that information is concluded the level of energy efficiency of the building as an envelope.  

Walls ï structure and layers 

The construction material used in Pernik Municipality pilot site is 1 layer masonry stone walls 

with red bricks. The external walls are 40 cm thick and the internal walls ï 25 cm.  



D2.1   Page 63 of 120 

 

2016-11-25    Public 
 
 

Room ˉ1 Municipal Service and Room ˉ2 Municipal Service from the Accounting 

Department are North orientated and Room ˉ3 Accounting is with South orientation 

Ceiling ï structure and layers 

The ceiling in all the rooms selected in this pilot site have a layer of plasterboard roof (1,5 cm 

thick) and a layer of concrete slab roof.  

Floor / ground floor ï structure and layers 

The structure of the floors in Pernik Municipality consists of two layers and the material used 

are one layer of concrete slab 10-15 cm thick covered with vinyl floor tiles less than 1 cm 

thick. 

 

4.5.2 Equipmentôs installed and Billing Data for baseline definition  

The equipment used in Pernik Municipality pilot areas is described in three subsections ï 

heating system, including thermostats; lighting and office equipment. In the heating system 

subsection is provided a brief heating energy audit report for the rooms of interest; in the 

lighting subsection the energy used for lighting is calculated and in the office equipment 

subsection a calculation of the energy used for computers, printers, telephones etc. is 

performed. The last subsection - Total energy consumption in each Pernik Municipality pilot 

area summarize the amount of energy consumed in the rooms per week.  

4.5.2.1 Heating system data 

Billing data are available for the pilot site for different periods. (Monthly billing data). By 

taking into account the bills and the allocation of consumption to the different building zones 

(considering the number of radiators and the size of premises) we have: 

 

Pilot site: Accounting Department 

Total billing floor area (Active area 60% of Accounting Department):  533.33 m2 

Pilot premises floor area (PPFA):  64.00 m2 

Average percentage of PPFA from TBFA: 12 % 

 

 

Pilot site: Social Security Department 

Total billing floor area (TBFA):  428.00 m2 

Pilot premises floor area (PPFA):  107.00 m2 

Average percentage of PPFA from TBFA: 25.00 % 
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No Billing period 
Total Consumed 

Heat  
Unit 

Pilot premises 
Consumed heat 

Unit 
Specific Heat 
consumption 

(annual) 

1 1.2015 14,202.00 kWh 1,704.24 kWh 26.63 

2 2.2015 12,495.00 kWh 1,499.40 kWh 23.43 

3 3.2015 12,230.00 kWh 1,467.60 kWh 22.93 

4 4.2015 9,096.00 kWh 1,091.52 kWh 17.06 

5 5.2015 0.00 kWh 0.00 kWh 0.00 

6 6.2015 0.00 kWh 0.00 kWh 0.00 

7 7.2015 0.00 kWh 0.00 kWh 0.00 

8 8.2015 0.00 kWh 0.00 kWh 0.00 

9 9.2015 0.00 kWh 0.00 kWh 0.00 

10 10.2015 4,489.00 kWh 538.68 kWh 8.42 

11 11.2015 6,897.00 kWh 827.64 kWh 12.93 

12 12.2015 13,650.00 kWh 1,638.00 kWh 25.59 
Table 16 Heat Consumption Billing Data Accounting Department 
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No Billing period 
Total Consumed 

Heat  
Unit 

Pilot premises 
Consumed heat 

Unit 
Specific heat 
consumption 

(annual) 

1 1.2015 19,878.00 kWh 4,969.50 kWh 57.36 

2 2.2015 17,488.00 kWh 4,372.00 kWh 40.86 

3 3.2015 17,117.00 kWh 4,279.25 kWh 39.99 

4 4.2015 12,730.00 kWh 3,182.50 kWh 29.74 

5 5.2015 0.00 kWh 0.00 kWh 0.00 

6 6.2015 0.00 kWh 0.00 kWh 0.00 

7 7.2015 0.00 kWh 0.00 kWh 0.00 

8 8.2015 0.00 kWh 0.00 kWh 0.00 

9 9.2015 0.00 kWh 0.00 kWh 0.00 

10 10.2015 6,283.00 kWh 1,570.75 kWh 14.68 

11 11.2015 9,653.00 kWh 2,413.25 kWh 22.55 

12 12.2015 19,104.00 kWh 4,776.00 kWh 44.64 
Table 17 Heat Consumption Billing Data Social Security Department 
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The energy consumed for heating in Pernik Municipality is based on the data provided by the 

site for the radiatorôs type and specific energy audit tables. Based on the buildingôs 

specifications we assume that the installation operates at 19
o
C daily in order to continuously 

maintain a temperature of 19
o
C in length of 24 hours during the heating season. The heating 

season in Pernik continues 195 days; the heating installation operates on average 7 hours per 

day.  

To calculate the Referent Consumption (RC) needed for the heating season we use the 

following formula: 

RC = 
  z     

  z       
 

The degree days for the region and for the year are taken from specific table with 

meteorologist data for the region and the year respectively. The heating area is needed to 

predict the losses of heat transfer between heated and unheated area. The infiltration h 

(permeability of gaps, doors, windows) is: 

h = 0.5 H 

The degree days for Pernik region are 3000; and the degree days for 2014 are 2610. 

 

Accounting Department 

¶ Room ˉ1 Municipal Service 

In Room 1 Municipal service there is 1 cast iron radiator with 12 ribs with installed capacity 

of 120W each, No individual closing valves; No thermostats 

To start the examination of the amount of energy consumed for heating in the premises we 

need to know what is the predefined power needed to heat the room. According to the 

material used to construct the building we assume that the coefficient of energy loses for this 

room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 16 * 8 = 1280 W, we take it 1.30 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the 1st municipal service room there are 12 ribs in total with single capacity of 120W 

(based on a data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 12 * 120 = 1500 W = 1.50 kW 

Therefore the referent consumption for one year equals to: 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 126.07 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 126.07 / 6 = 21.01 kWh/m
2
month 

The relevant consumption per week equals to: 
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RC = 21.01 / 4 = 4.20 kWh/m
2
week 

 

¶ Room ˉ2 Municipal Service 

In the second selected room there is 1 cast iron radiator with 12 ribs. There are no individual 

closing valves and no thermostats 

To start the examination of the amount of energy consumed for heating in the premises we 

need to know what is the predefined power needed to heat the room. According to the 

material used to construct the building we assume that the coefficient of energy loses for this 

room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 16 * 8 = 1280 kW, we take it 1.30 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the 2nd municipal service room there are 12 ribs in total with single capacity of 120W 

(based on a data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 12 * 120 = 1500 W = 1.50 kW 

Therefore the referent consumption for one year equals to: 

 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 126.07 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 126.07 / 6 = 21.01 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 21.01 / 4 = 4.20 kWh/m
2
week 

 

¶ Room ˉ3 Accounting 

The heat equipment in the Accounting room is 1 cast iron radiator with 15 ribs. No individual 

closing valves; No thermostats 

To start the examination of the amount of energy consumed for heating in the premises we 

need to know what is the predefined power needed to heat the room. According to the 

material used to construct the building we assume that the coefficient of energy loses for this 

room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 16 * 8 = 1280 kW, we take it 1.30 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the accounting room there are 15 ribs in total with single capacity of 120W (based on a 

data from the producerôs table). 
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The installed heat capacity for this room is equal to: 

P = 15 * 120 = 1800 W = 1.80 kW 

Therefore the referent consumption for one year equals to: 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 151.29 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 151.29 / 6 = 25.21 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 25.21 / 4 = 5.04 kWh/m
2
week 

 

¶ Room ˉ4 Accounting Director 

In Room 1 Accounting Director there is 1 cast iron radiator with 12 ribs with installed 

capacity of 120W each, No individual closing valves; No thermostats 

To start the examination of the amount of energy consumed for heating in the premises we 

need to know what is the predefined power needed to heat the room. According to the 

material used to construct the building we assume that the coefficient of energy loses for this 

room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 16 * 8 = 1280 W, we take it 1.30 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the 1st municipal service room there are 12 ribs in total with single capacity of 120W 

(based on a data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 12 * 120 = 1500 W = 1.50 kW 

Therefore the referent consumption for one year equals to: 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 126.07 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 126.07 / 6 = 21.01 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 21.01 / 4 = 4.20 kWh/m
2
week 

The average heat consumption of accounting department, considering monthly billing data 

is 136.99 kWh/m2year. The average heat consumption of accounting department following 

the simulation based approach is 134.38 kWh/m2year. Once again to highlight the fact that 

the billing based baselining cannot address the specificities of the installation, as data for the 

whole accounting department are available. 
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Social Security Department 

¶ Reception room  

In the Reception room there are 1 cast iron radiator ï one with 2 ribs, No individual closing 

valves; No thermostats 

To start the examination of the amount of energy consumed for heating in the premises we 

need to know what is the predefined power needed to heat the room. According to the 

material used to construct the building we assume that the coefficient of energy loses for this 

room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 19 * 8 = 1520 kW, we take it 1.50 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the accounting room there are 27 ribs in total with single capacity of 120W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 27 * 120 = 3240 W = 3.24 kW 

Therefore the referent consumption for one year equals to : 

 

RC = 
  z     

  z       
 = 

Ȣ ᶻ

Ȣ ᶻ
 = 231.76 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 231.76 / 6 = 38.62 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 38.62 / 4 = 7.72 kWh/m
2
week 

 

¶ Chancery 

The installed heat equipment in the Chancery is 1 cast iron radiator with 12 ribs with installed 

capacity of 120W each, No individual closing valves; No thermostats. 

According to the material used to construct the building we assume that the coefficient of 

energy loses for this room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 16 * 8 = 1280 kW, we take it 1.30 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the Chancery room there are 12 ribs in total with single capacity of 120W (based on a data 

from the producerôs table). 

The installed heat capacity for this room is equal to: 
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P = 12 * 120 = 1500 W = 1.50 kW 

Therefore the referent consumption for one year equals to : 

 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 268.96 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 268.96 / 6 = 44.82 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 44.82 / 4 = 8.96 kWh/m
2
week 

 

¶ Room ˉ1 Social assistance 

1 cast iron radiator with 9 ribs, No individual closing valves; No thermostats 

To start the examination of the amount of energy consumed for heating in the premises we 

need to know what is the predefined power needed to heat the room. According to the 

material used to construct the building we assume that the coefficient of energy loses for this 

room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 15 * 8 = 1200 kW, we take it 1.20 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the social assistance room there are 9 ribs in total with single capacity of 120W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

 

P = 9 * 120 = 1080 W = 1.10 kW 

 

Therefore the referent consumption for one year equals to : 

 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 98.35 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 98.35 / 6 = 16.39 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 16.39 / 4 = 3.27 kWh/m
2
week 

 

¶ Room ˉ3 Account Staff 



D2.1   Page 71 of 120 

 

2016-11-25    Public 
 
 

1 cast iron radiator with 9 ribs , No individual closing valves; No thermostats 

According to the material used to construct the building we assume that the coefficient of 

energy loses for this room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 14 * 8 = 1120 kW, we take it 1.10 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the social assistance room there are 9 ribs in total with single capacity of 120W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

 

P = 9 * 120 = 1080 W = 1.10 kW 

 

Therefore the referent consumption for one year equals to : 

 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 104.91 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 104.91 / 6 = 17.48 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 17.48 / 4 = 3.49 kWh/m
2
week 

 

¶ Room ˉ4 Technical Assistant of Accounting Director 

1 cast iron radiator with 9 ribs , No individual closing valves; No thermostats 

According to the material used to construct the building we assume that the coefficient of 

energy loses for this room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 22 * 8 = 1760 kW, we take it 1.80 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the social assistance room there are 9 ribs in total with single capacity of 120W (based on a 

data from the producerôs table). 

The installed heat capacity for this room is equal to: 

 

P = 9 * 120 = 1080 W = 1.10 kW 

Therefore the referent consumption for one year equals to: 
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RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 68.42 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 68.42 / 6 = 11.40 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 11.40 / 4 = 2.28 kWh/m
2
week 

 

¶ Room ˉ5 Accounting Director 

1 cast iron radiator with 12 ribs. No individual closing valves; No thermostats 

According to the material used to construct the building we assume that the coefficient of 

energy loses for this room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 15 * 8 = 1200 kW, we take it 1.20 kW 

Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the social assistance room there are 12 ribs in total with single capacity of 120W (based on 

a data from the producerôs table). 

The installed heat capacity for this room is equal to: 

 

P = 12 * 120 = 1440 W = 1.50 kW 

 

Therefore the referent consumption for one year equals to : 

 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 134.12 kWh/m

2
year 

 

The relevant consumption per month equals to: 

RC = 134.12 / 6 = 22.35 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 22.35 / 4 = 4.47 kWh/m
2
week 

 

¶ Room ˉ18 People with disabilities department and social services 

2 cast iron radiators with 18 ribs each, No individual closing valves; No thermostats 

According to the material used to construct the building we assume that the coefficient of 

energy loses for this room is around zero so the power capacity installed to heat the room is: 

P = F * ɚ = 15 * 8 = 1200 kW, we take it 1.20 kW 
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Where F is the roomôs surface and ɚ is a coefficient taken from a table for the specific 

material.  

In the social assistance room there are 36 ribs in total with single capacity of 120W (based on 

a data from the producerôs table). 

The installed heat capacity for this room is equal to: 

P = 36 * 120 = 4320 W = 4.30 kW 

Therefore the referent consumption for one year equals to: 

RC = 
  z     

  z       
 = 

ᶻ

Ȣ ᶻ
 = 388.10 kWh/m

2
year 

The relevant consumption per month equals to: 

RC = 388.10 / 6 = 64.68 kWh/m
2
month 

The relevant consumption per week equals to: 

RC = 64.68 / 4 = 12.93 kWh/m
2
week 

 

The average heat consumption of social services department, considering monthly billing data 

is 238.91 kWh/m2year. The average heat consumption of social services department 

following the simulation based approach is 184.94 kWh/m2year. Once again to highlight the 

fact that the billing based baselining cannot address the specificities of the installation, as data 

for the whole accounting department are available. 

 

4.5.2.2 Electricity Consumption data 
Billing data are available for the pilot site for different periods. (Monthly billing data). By 

taking into account the billing and the allocation of consumption to the different building 

zones (considering the number and type of installed loads, as well the size of premises) we 

have  

Table 18 Power Consumption Billing Data Accounting Department 

N: Billing period  

Total 

consumed 

power 

Unit  

Pilot 

premises 

consumed 

power 

Unit  

Specific 

power 

consumption 

Unit  

1 23-06-2015 / 23-07-2015 1,531.00 kWh 306.20 kWh 4.78 kWh/m2 

2 23-07-2015 / 25-08-2015 1,297.00 kWh 259.40 kWh 4.05 kWh/m2 

3 25-08-2015 / 23-09-2015 1,150.00 kWh 230.00 kWh 3.59 kWh/m2 

4 24-09-2015 / 10-10-2015 1,164.00 kWh 232.80 kWh 3.64 kWh/m2 

5 11-10-2015 / 10-11-2015 1,926.00 kWh 385.20 kWh 6.02 kWh/m2 

6 11-11-2015 / 11-12-2015 1,512.00 kWh 302.40 kWh 4.73 kWh/m2 

7 12-12-2015 / 11-01-2016 1,589.00 kWh 317.80 kWh 4.97 kWh/m2 

8 12-01-2016 / 11-02-2016 2,090.00 kWh 418.00 kWh 6.53 kWh/m2 

9 12-02-2016 / 13-03-2016 1,416.00 kWh 283.20 kWh 4.43 kWh/m2 

10 14-03-2016 / 13-04-2016 1,550.00 kWh 310.00 kWh 4.84 kWh/m2 

11 14-04-2016 / 13-05-2016 1,744.00 kWh 348.80 kWh 5.45 kWh/m2 

12 14-05-2016 / 13-06-2016 1,545.00 kWh 309.00 kWh 4.83 kWh/m2 

 
Total for period 18,514.00 kWh 3,702.80 kWh 57.86 kWh/m2 
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Table 19 Power Consumption Billing Data Social Security Department 

N: Billing period  

Total 

consumed 

power 

Unit  

Pilot 

premises 

consumed 

power 

Unit  

Specific 

power 

consumption 

Unit  

1 24-07-2015 / 23-08-2015 1,241.00 kWh 310.25 kWh 2.90 kWh/m2 

2 24-08-2015 / 23-09-2015 1,034.00 kWh 258.50 kWh 2.42 kWh/m2 

3 24-09-2015 / 10-10-2015 1,320.00 kWh 330.00 kWh 3.08 kWh/m2 

4 11-10-2015 / 10-11-2015 1,985.00 kWh 496.25 kWh 4.64 kWh/m2 

5 11-11-2015 / 11-12-2015 1,411.00 kWh 352.75 kWh 3.30 kWh/m2 

6 12-12-2015 / 11-01-2016 1,216.00 kWh 304.00 kWh 2.84 kWh/m2 

7 12-01-2016 / 11-02-2016 1,383.00 kWh 345.75 kWh 3.23 kWh/m2 

8 12-02-2016 / 13-03-2016 1,296.00 kWh 324.00 kWh 3.03 kWh/m2 

9 14-03-2016 / 13-04-2016 1,432.00 kWh 358.00 kWh 3.35 kWh/m2 

10 14-04-2016 / 13-05-2016 1,709.00 kWh 427.25 kWh 3.99 kWh/m2 

11 14-05-2016 / 13-06-2016 1,541.00 kWh 385.25 kWh 3.60 kWh/m2 

12 14-06-2016 / 12-07-2016 1,056.00 kWh 264.00 kWh 2.47 kWh/m2 

 
Total for period 16,624.00 kWh 4,156.00 kWh 38.84 kWh/m2 

 

Then, by having defined the baseline energy consumption values, the operational rating 

methodology is implemented. 

 

Considering the baseline definition by taking into account annual billing data, we need to 

correlate these values with the early phase estimation of energy consumption from the devices 

that consist of the pilot area of the building. 

Lighting  Devices 

Accounting Department 

¶ Room ˉ1 Municipal Service 

In municipal service room ˉ1 there are 4 fluorescent lights with installed capacity 240 W 

(0,06 kW each one) operating 9 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

¶ Room ˉ2 Municipal Service 

In municipal service room ˉ2 there are 4 fluorescent lights with installed capacity 240 W 

(0,06 kW each one) operating 9 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

¶ Room ˉ3 Accounting 

In the accounting there are 4 fluorescent lights with installed capacity 240 W (0,06 kW each 

one) operating 9 hour per day, meaning that the consumed energy is: 
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Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

¶ Room ˉ4 Accounting Director 

In the accounting director room there are 4 fluorescent lights with installed capacity 240 W 

(0,06 kW each one) operating 9 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

 

Social Security Department 

¶ Reception room  

In the reception room there are 4 fluorescent lights with installed capacity 240 W (0,06 kW 

each one) operating 9 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

¶ Chancery 

In the Chancery room there are 2 fluorescent lights with installed capacity 120 W (0,06 kW 

each one) operating 2 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 2*120 = 240 Wh, around E = 0.24 kWh 

Consumed energy for a week E = 5*0.24 = 1.20 kWh 

¶ Room ˉ1 Social assistance 

In the social assistance room there is a single lighting source with luminescent lamps 4x60W 

with installed capacity 240 W (0,06 kW each one) operating 9 hour per day, meaning that the 

consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

¶ Room ˉ3 Account Staff 

In the accounting room there are 4 fluorescent lights with installed capacity 240 W (0,06 kW 

each one) operating 9 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

¶ Room ˉ4 Technical Assistant of Accounting Director 

In the office of the technical assistant of accounting director there is a single lighting source 

with luminescent lamps 4x60W with installed capacity 240 W (0,06 kW each one) operating 

9 hour per day, meaning that the consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 
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¶ Room ˉ5 Accounting Director 

In the office of the accounting director there is a single lighting source with luminescent 

lamps 4x60W with installed capacity 240 W (0,06 kW each one) operating 9 hour per day, 

meaning that the consumed energy is: 

Consumed energy for a day E = 9*240 = 2160 Wh, around E = 2.20 kWh 

Consumed energy for a week E = 5*2.20 = 11.00 kWh 

 

¶ Room ˉ18 People with disabilities department and social services 

The lighting in Room ˉ18 People with disabilities department and social services is 

performed by a light bulb with installed capacity 0.075 kW operating 9 hour per day, meaning 

that the consumed energy is: 

Consumed energy for a day E = 9*75 = 675 Wh, around E = 0.70 kWh 

Consumed energy for a week E = 5*0.70 = 3.50 kWh 

Office/ plug Equipment 

Accounting Department 

¶ Room ˉ1 Municipal Service 

In Room ˉ1 of the Accounting department there are 2 computers with installed capacity 600 

W (0.30 kW per device), operating 8.50 hours per day, thus the consumed energy is: 

 

Consumed energy for a day E = 8.50*600 = 5100 Wh, around E = 5.10 kWh 

Consumed energy for a week E = 5*5.10 = 25.50 kWh 

 

and 1 printer  with installed capacity 200 W, operating occasionally  

 

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 5*0.40 = 2.00 kWh 

 

Total consumed energy for office equipment in the accounting department per week: 

E = 25.50 + 2.00 = 27.50 kWh 

2 desks 

¶ Room ˉ2 Municipal Service 

In Room ˉ2 Municipal Service there are 1 computer with installed capacity 300 W (0.30 

kW), operating 8.50 hours per day, thus the consumed energy is: 

Consumed energy for a day E = 8.50*300 = 2550 Wh, around E = 2.55 kWh 

Consumed energy for a week E = 5*2.55 = 12.75 kWh 
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Total consumed energy for office equipment in the municipal service per week: 

E = 12.75 kWh  

 

¶ Room ˉ3 Accounting 

There is 2 computers in Room ˉ3 Accounting with installed capacity 300 W, operating 8.5 

hours per day, thus therefore the consumed energy is: 

Consumed energy for a day E = 8.5*600 = 5100 Wh, around E = 5.10 kWh 

Consumed energy for a week E = 5*5.10 = 25.5 kWh  

 

and 2 printer s with installed capacity 200 W, operating occasionally  

Consumed energy for a day E = 2*400 = 800 Wh, around E = 0.80 kWh 

Consumed energy for a week E = 5*0.80 = 4.00 kWh 

 

Total consumed energy for office equipment in the accounting per week: 

E = 25.50 + 4.00 = 29.50 kWh  

2 desks 

¶ Room ˉ4 Accounting Director 

In Room ˉ4 Accounting Director there are 1 computer with installed capacity 300 W (0.30 

kW), operating 8.50 hours per day, thus the consumed energy is: 

Consumed energy for a day E = 8.50*300 = 2550 Wh, around E = 2.55 kWh 

Consumed energy for a week E = 5*2.55 = 12.75 kWh 

 

Total consumed energy for office equipment in the Room ˉ4 per week: 

E = 12.75 kWh  

 

Social Security Department 

¶ Reception room  

In the reception room there is 1 computer used 9 hours per day with installed capacity 0,3 

kW CPU & monitor, meaning the consumed energy is: 

 

Consumed energy for a day E = 9*300 = 2700 Wh, around E = 2.70 kWh 

Consumed energy for a week E = 5*2.70 = 13.50 kWh 

 

¶ Chancery 
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There is not office equipment in the chancery. The Chancery room is used to store documents 

thus is used regularly by the employees to verify an information about documents if needed. 

This room is interconnected to the Social Assistance room by an internal door.  

 

¶ Room ˉ1 Social assistance 

In Room ˉ1 Social assistance there are 2 computers with installed capacity 600 W (0.30 kW 

per device), operating 9 hours per day, thus the consumed energy is: 

Consumed energy for a day E = 9*600 = 5400 Wh, around E = 5.40 kWh 

Consumed energy for a week E = 5*5.40 = 27.00 kWh  

 

and 1 printer  with installed capacity 200 W, operating occasionally  

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 5*0.40 = 2.00 kWh 

 

Total consumed energy for office equipment in the Social assistance per week: 

E = 27.00 + 2.00 = 29.00 kWh 

 

¶ Room ˉ3 Account Staff 

In Room ˉ3 Accounting there are is 1 computer used 9 hours per day with installed capacity 

0,3 kW CPU & monitor, meaning the consumed energy is: 

Consumed energy for a day E = 9*300 = 2700 Wh, around E = 2.70 kWh 

Consumed energy for a week E = 5*2.70 = 13.50 kWh  

Total consumed energy for office equipment in the Accounting per week: 

E = 13.50 kWh  

1 desk 

 

¶ Room ˉ4 Technical Assistant of Accounting Director 

In Room ˉ4 Technical assistant of accounting director there is 1 computer used around 9 

hours per day with installed capacity 0,3 kW CPU & monitor, meaning the consumed energy 

is: 

Consumed energy for a day E = 9*300 = 2700 Wh, around E = 2.70 kWh 

Consumed energy for a week E = 5*2.70 = 13.50 kWh 

Total consumed energy for office equipment in the office of the technical assistant of 

accounting director per week: 

E = 13.50 kWh  

1 desk 
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¶ Room ˉ5 Accounting Director 

In the office of the accounting director there is 1 computer used around 9 hours per day with 

installed capacity 0,3 kW CPU& monitor, meaning the consumed energy is: 

Consumed energy for a day E = 9*300 = 2700 Wh, around E = 2.70 kWh 

Consumed energy for a week E = 5*2.70 = 13.50 kWh 

In the room there is also 1 printer  with installed capacity 200 W, operating occasionally  

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 5*0.40 = 2.00 kWh 

Total consumed energy for office equipment in the accounting directorôs office per week: 

E = 13.50 + 2.00 = 15.50 kWh 

1 desk 

 

¶ Room ˉ18 People with disabilities department and social services 

There is 1 computer in Room ˉ18 People with disabilities department with installed 

capacity 300 W, operating 9 hours per day, thus therefore the consumed energy is: 

Consumed energy for a day E = 9*300 = 2700 Wh, around E = 2.70 kWh 

Consumed energy for a week E = 5*2.70 = 13.50 kWh 

and 1 printer  with installed capacity 200 W, operating occasionally:  

Consumed energy for a day E = 2*200 = 400 Wh, around E = 0.40 kWh 

Consumed energy for a week E = 5*0.40 = 2.00 kWh 

Total consumed energy for office equipment in the office of the technical assistant of 

accounting director per week: 

E = 13.50 + 2.00 = 15.50 kWh 

 

The total annual power consumption of the different zones for the active operational period of 

the building (the municipality building is closed at summer vacations and Christmas period) 
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Lighting 396 396 396 396 396 396 396 396 396 126 

Aggregates 990 459 1062 459 486 1044 486 486 558 558 

Total:  1386 855 1458 855 882 1440 882 882 954 684 
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Total energy consumed in the pilot premises selected: 10278 

There is a deviation compared to the 7858.80 KWh  retrieved from power billing analysis. 

The reason for this deviation may be the space allocation of billing data or additional loads 

that are not considered as part of the simulation process. Therefore, a more focused analysis 

should be performed at sub-metering data retrieved from pilot premises in D1.5 

 

4.5.2.3 Calculation of CO2 emissions per premise  

The calculation of the CO2 emissions per premises is done using the following formula. 

  

EcP = В ὗὭzὪὭ) * 10
-6  

 

Where EcP is the quantity of CO2 emissions, t; 

Qi ï the quantity of the i
th 

energy resource type, kWh; 

f i - coefficient of ecological footprint equivalent factor of the i
th
 energy resource type, g/kWh; 

m ï number of the energy resources used.  

 

The coefficient of ecological footprint equivalent for electricity in Bulgaria is fi = 819 and for 

heating with centralized heating system is fi = 290. 

The calculations are done regarding the heating energy consumption and the consumption of 

electricity per premises per week.  

 

It is applied for each premise in the next lines. 

¶ Room ˉ1 Municipal Service 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (4.20 * 290) * 10
-6

 = 1218 / 100000 = 0.001218 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (38.50 * 819) * 10
-6

 = 31531.5 / 100000 = 0.031531 t 

 

¶ Room ˉ2 Municipal Service 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (4.20 * 290) * 10
-6

 = 1218 / 100000 = 0.001218 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (38.50 * 819) * 10
-6

 = 31531.5 / 100000 = 0.031531 t 
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¶ Room ˉ3 Accounting 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (5.04 * 290) * 10
-6

 = 1461.60 / 100000 = 0.001462 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (26.00 * 819) * 10
-6

 = 21294 / 100000 = 0.021294 t 

 

¶ Room ˉ4 Accounting Director  
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (5.04 * 290) * 10
-6

 = 1461.60 / 100000 = 0.001462 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (26.00 * 819) * 10
-6

 = 21294 / 100000 = 0.021294 t 

 

¶ Reception Room  
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (7.72 * 290) * 10
-6

 = 2238.80 / 100000 = 0.002239 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (24.50 * 819) * 10
-6

 = 20065.50 / 100000 = 0.020066 t 

 

¶ Chancery 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (8.96 * 290) * 10
-6

 = 2598.40 / 100000 = 0.002598 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (1.20 * 819) * 10
-6

 = 982.80 / 100000 = 0.000983 t 

 

¶ Room ˉ1 Social assistance 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (3.27 * 290) * 10
-6

 = 948.30 / 100000 = 0.000948t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (24.50 * 819) * 10
-6

 = 20065.50 / 100000 = 0.020066 t 

¶ Room ˉ3 Accounting 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (3.49 * 290) * 10
-6

 = 1012.10 / 100000 = 0.001012 t 
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-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (40.00 * 819) * 10
-6

 = 32760.00 / 100000 = 0.032760 t 

 

¶ Room ˉ4 Technical Assistant of Accounting Director 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (2.28 * 290) * 10
-6

 = 661.20 / 100000 = 0.000661 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (26.50 * 819) * 10
-6

 = 21703.50 / 100000 = 0.021704 t 

 

¶ Room ˉ5 Accounting Director 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (4.47 * 290) * 10
-6

 = 1296.30 / 100000 = 0.001296 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (28.50 * 819) * 10
-6

 = 23341.50 / 100000 = 0.023342 t 

 

¶ Room ˉ18 People with disabilities department and social services 
- CO2 emission from heating 

EcP = (Qih * f ih)* 10
-6

 = (12.93 * 290) * 10
-6

 = 3749.70 / 100000 = 0.003750 t 

-  
CO2 emission from electricity 

 

EcP = (Qie * f ie)* 10
-6

 = (19.00 * 819) * 10
-6

 = 15561.00 / 100000 = 0.015561 t 

4.5.2.4 Total energy consumption in each Pernik Municipality pilot area  
The following table summarize the consumed energy from heating, lighting and aggregates 

per office and sums up the total consumed energy per premise per year.  

Table 20 Annual energy consumption in each pilot area in Pernik Municipality 
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Heating 2014.59 2014.59 2417.62 2014.56 4357.88 1479.4 1479.1 1019.48 2017.18 11254.9 

Lighting 396 396 396 396 396 396 396 396 396 126 

Aggregates 990 459 1062 459 486 1044 486 486 558 558 














































































