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1. PURPOSE OF THE DOCUMENT

1.1 Introduction

To achieve energy efficiency in thpaiblic sector it is essential thatccupantsprofessional
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 inflence 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 hidrnges.
documentaims toprovide the initial detailed auditing procedure of pilot site premisiest

will be undertakenduring the implementation of OrbEEt projetinderstandingenergy
consumptionbuilds the foundation for any measure to save energy or any investment to
improve the energy performem of a building.Building assessments or energy audits are
often an important first step for this, leadinggeneration of conventional display energy
certificates for all pilot sitesvhich will serve as a benchmark for the enhanced SEOR
methodology.

Bassed on the building information model ling
the business processes of the pilot organization are investigated. BIM and energy audits
provide input for the scoping of the BPM initiatives. The business processlimgdBPM)

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 stauétwel. 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 EnerBlye partneris responsible for the
Building Information Model and the energy audit following. The other main contributing
partner is BOG responsible for the Business Process Modelling. All the pilat saietribute
major part in the creation of this document with the detailed presentatiorrgiréraises.

1.3 Scope of the document

Following the purpose of the document, to wit, éotail detailed auditing of pilot site
premises including all building characteristics and to model the organizational pratesses
paper has the following structur@ection 2is a reference to the operational rating modelling;
Section 3 explains the energy auditing, its advantages and methodSkxyyn4 presents
briefly the pilot sites dimensions, equipment and installed capacity along with the criteria for
pilot area selectionin Section 4defines building information modelling and there energy
consumption is calculated by source and per pilotigit8gction Sare collected the sketalp
models of the selected pilot premises well as XML for themand Section6 explainsthe
business process modelingethodology Section7 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 ey 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, canpared 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 afyener
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 chokaie (CO2)
emissions, since this is the most important driver for energy policy. Avassd rating would

be unsuitable because energy supply prices fordoomestic consumers are highly variable

and so meaningful comparisons based on cost would fieutlifo 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 enssions/Building area) x (100/Typical CO2 emissions per unit are\a)

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, andh building that resulted in twice the typical CO2 emissions would have an OR of
200. The goal of this docuent is not to extensively analyzhe methodological framework of

UK, rather to adopt parts of the auditing framework that set the baseline folEQOrbE
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 i@ 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 sam 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 othe energy consumpion of the building to be meteredor estimatedwithin
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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 Peod is the oneyear period (365 days) over which the energies used in the
calculation of the OR are considered to have been use@&nd is aligned with the
measurement period of the main heating fuel used in the building. If the main heating fuel is
measuredover a period of exactly one year (365 days), then the Assessteeiod 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 fuekrat tiate

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 eergy 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 projeayenadtressed

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 variousofms. 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 theseave 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.(éor solid and liquid fuels) rather than in energy
terms €.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 ehyissions
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 exangpleffice 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 buildiagg 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 electriGahd norelectrical (fossithermal) 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
benchmegks have been prepared to represent buildisg under a number of standaediz
conditions:

The weather year standardize@t 2021degree days per year, to the base 15.5°C
A defined occupancy period is noted for each category individually

A standard poportion of the norelectrical energy density benchmark that is considered to be
related to the heating demand is noted for each building category individually.

2016-11-25 Public
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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 a
building location, for the ongear assessment period over which the OR is to be calculated.

The adjustment is badeon the number of monthly degree days over the rh@nth
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 pged does not include complete months at its beginning and end, then the
number of degree days in those padnths 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 allowioigection 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 ahe honrelectrical 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 definiagnual occupancy hours are:

1 The number of hours per year that the number of recorded occupants exceeds 25 per
cent of the nominal maximum occupancy, or

1 The number of hours per year that the premises are fully open to the public according
to published opéeng 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 lig 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 egy conservation in buildings is to use an energy
audit. The energy adit starts to play significant role in managing the energy expenses and
basically consists of an analysis thie energy usage within a building or facility and its
contained equipmend assess how much energy the building consumes and to evaluate what
measures can be taken to make it more energy effid®mrgy audits can use information
from building management systems (BMS) with the goal of reducing energy usage without
negatively mpacting thebuildingb s everyday practices.

Action
implementation

Measurement
and verfication

Data on energy Description of Records of

consumption and the framework implemented energy Description of
for th ' i the new energy
current energy or the actions efficiency g
efficiency and the follow-up improvement actions efficiency

situation

situation procedure

Figure 1 Energy efficiency service process

For the purposes of OrbEEt project the following actions will be perforfagdiefined in
figure abové

- Identification of enclosing structes, components and systems, followed by the
measurement and calculation of energy performéatap 1: Preparation)

- Definition of baseline energy consumptiand current energy efficiency situatiéor all
pilot sitesand zone®f the projec(Step 2: Enegy Audits)

These steps wildllow 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 analigsabout theEnergy 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 linavith the overall methodological framewoitr energy measurements to

be extensively reported in D1.5. Tineain goalsand high level principles of our Energy Audit
are:

i Target Loadsldentify areas/loads of major energy wastes therefore future. gdiisis
the first step of thepeparation phase of the projees we needot examine theenergy
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consumptionper end usend further define the potential of managing possible energy
wastes.

10% Other

6% Computers
3% _Office
—_—
Equipment
3% Refrigeration
L AL
2% Water Heating

25% Lighting 2

35% Heating

10% Cooling

\ 6% Ventilation

Figure 2 Final energy demand for EU28 by ende for heating and cooling in all sectors in
2012

As indicated in lie figure, eneduses related to the HVAC system (heating, cooling, and
ventilation) make up 51% of total energy use, and lighting represents 25% of total use.
Thesetwoendi ses combined typically make up thr
energy use, hile 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 mixagdproaclon monitoring the different end uses

in nondomestic (with special focus on office) sector.

1 MeasurementBoundaries Set the basis for a continuous and efficient monitoring
framework (Metering & Sensing Technology that will automatically feed KPI
models). The main goal of the project is to achievetinaous daily energy savings in
different loads through different triggeehaviouraltriggering cannot be implemented
for long periods through high level messages (we need specific suggestions on a timely
manner) and cannot ensure persistence of effébbut continuous interaction. So this
actually drives the boundaries of measuremé&hé goalof overall building savings for
the whole pilot period is the ultimate goal that should be considered only as the
aggregated effect of continuous smaller sags;achieved on a daily basiéve are not
dealing with infrastructure retrofitting that has stable long term effects, we are dealing
with peoplebs actions that change every mi.

1 Monitoring Framework Set the basis for a monitoring framework that does 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 (hediaiyy)
interact with the occupants (not ordy the end of every reporting paed) and provide
feedback and triggers towards more sustainaéhaviours

1 CostEfficiency Tradeoffs: between cost and accuracy taking into account the project
resources and duration and at the same time common practices in the field. Retain
Technology cas very low; this is a major and critical requirement of the EU i.e. to have a
high costbenefit therefore keep technology costs very low (costs that can be easily

justified by the savingachieved). Tierefore we need to balance the need for detaiéd
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meteringwith keeping technology costs low. This is the approach selected for the project
and towards this directiomobust demand models calibrated through pericglit
metering realistic assumptions and appropriate adjustments (weather / occupancy
normalzation where appropriate) will allow us to avoid more costly and unrealistic
measurement and verificatiapproaches

These high level principles set the core guidelines for the definiti@rimEEtenergy audit
methodology in the following section.

3.2 Energy Audit Methodology

This section describes briefly the energy audit mettagy developed based on the good
European practices in the area of heead electricaénergy conservatiofznergy conservation
reduces energy servicasdcan result in increaseghvironmental quality, personal financial
security and higher savingghis methodlogy will be followed in orderto assess the energy
performance of the four OrbEEt pilot siteé more detailed presentation of this
methodological framework is reportedinl . 5 A Ener gy Measur ement s
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 Commissior(http:/iet.jrc.ec.europa.eu/energyefficiency/europeaargy
servicecompanies/monitorin@ndverification ) 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 usedIn order to evaluate thefficiency of the energy managemetriategiesapplied to the
casestudies set up for the project, a specific methodolsgyeveloped under the IPMVP
(International Performance Measurement and Verification Protocol) created by EVO
(Efficiency Valuation Oganization).

The general principle of IPMVP is to determine savings after one or various Energy
Conservation Measures (ECM) have been implemented. The procedure estaliisbelma
period (before the ECM has been implemented) amdpmrting 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 shart 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 andbuilding sub-metering data To this engdwe ae 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) towardsr@ accurate and

robust estimation of the energy savingacheved 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 dguofation,etc) help us adjusting the measured baseline
consumption of previous period to the expected consumption without &@Mr conditions of
reporting period (adjusted baseline)

Overall wedefineas
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| Savings = (BaselinBeriod UseDemand’ Reportng Period Usdbemand) + Adjustments

We may consider thisormula in a dynamic wayfor different measuremenperiodsand
different loadg(to be presented in detail in D1.8)/e may establish acontinuousvalidation
approach(different measurement periodsiit in parallel for different loadsd(fferent load
types. Intermediate savings calculations are calibrated for different periods (depending on the

loads to be addressed) where all comparigonse nt ma et ¢

flaggregated

for the whole duetion of the reporting periodA figure of the proposed framework is

presented:

Short Term period Measurement and Verification

Device Level Measurement & Verification

“‘.‘ e

Impact Assessment Analysis

o T
500.000

Baseline Period

{months)

Baseine + Adustments

Energy efficiency
implementation

.‘_,' 4 b Savings
¥ .
v .
Repglting Period

Metered Energy

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

The "Adjustmentsterm in this general equation is useddestate the baseline demand of the
reported periods under a common set of conditiddisnple comparisons of utility costs
without such adjustments only report cost related to the changes performed and the
consumption costs arfdil 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) happerBSavings in ourcase are difficult to validate, since they are only linked to
user behaviour and actions. So, adjustments are based botatrer conditions but also on
building occupancy related data as well as ambient conditions within the building (mainly
report

connected d occupant comfort aspects).o
account for the differences in conditions between the baseline and reporting periods.

properly

Ansavi

Having clearly defined the importance of Adjustments in baseline definition, we further
proceedwith the selection obest fitted baseliningnethod from IPMVP optionsiPMVP
provides four possible options to verify energy savjiegssidering baseline definition

A. Retrofit Isolation: Key Parameter Measuremefavings are determined bijeld
measurenent of the key performance parameter which defines the energy use of the

ECMO s

affected

system.

B. Retrofit Isolation: All Parameter Measuremerffavings are determined biield
measuremenbf the energy use of the ECMfected systenilThe measurement frequan
rangesvary from short-term to continuous depending on the expected variations in the
savings and the length of the reporting period.
There are shotterm or continuous measurements in baseline and reporting period energy.
The savings created by mogpés 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 measuramgrgy use at the whole facilityr
subf aci lity |l evel. Continuous measurements
throughout the reporting perio@he 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 indicatdx tapplied whenever the
expected savings are greater than 10%, considexisg 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,

. Calibrated SimulationSavings are determined througimulation of the energy usef
the whole facility, or of a sufacility. Simulation routines are demonstratechdequately
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 mape 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:
1 Where it is not possibl® provide data for a baseline period.
1 Where multiple ECMs are implemented and you want to validate the efficiency of

each one

1 Where many future changes are expected within measurement boundary

Towards the selection of the optimal approach for OrbEEteptowe are presenting in

summary the pros and cons of the differenlPMVP options along the
characteristidsequirement®f the OrbEEt project.
Characteristics Option B | Option C | Option D | ORBEET
Sub metering information X X
All parameters measuremepbwer and operating hours X X
Energy savings determination for the system ECM appli X X
Routine and nomoutine adjustments required X X X
Whole facility level (more than one ECM) X X X
Prerequisite: Energy savings > 10% X X
EnergySimulation X X
Future changes are expected within measurement boun X X
Low cost efficient nofintrusive infrastructur¢hat ensure
solution replicability and viability X X X
Varying measurement periods for differer_1t loads best fitt X X X
the aspect of human behavior

Tablel IPMVP comparative analysis and OrbEEt project requirements

It is clear that a mixec&and dynamic approackhould be considered f@@rbEEt project,
towardsbaseline definition at the diffent phases of the project.

MixedA To cope with the need for a low cost and unintrusive technologitabstructureas
well as optimal fit of the approach to the vawyicharacteristics and requirements of the

OrbEEtframework and the core human factor.
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Dynamic A 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 treindaddition 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) mandatesdatynamic approach.

The details of this approach are reported1.5- 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 subfacility level) annually or even in a shorter time period. This is in line with
Option C of IPMVP determiningsavings by measuring energy usaseline and reporting
period) at the whole system levelt may be applied whenever the expected savings are
greater tharl0%, which is the case @rbEEt This is an abstract method for evaluating
savings, considering also the implementation of ECM activities in part of the building.

On the other handaswe di dné6t have at t hemeteremginforrmbnng o f
for all pilot zones requiredin the projectas we need to proceed with a week by week
evaluation of ECM activities performed more sophisticated approackias considered for
baselineenergy performance measurement.

Step 2.Following simpleOption C casethe use of option Dsimulation of the energy us)
recommended in the following cases:

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

1 Where multiple ECMs are implemented and you want todasdi the efficiency of
each on&y This is the case of OrbEEt project

1 Where many future changes are expdavithin measurement boundAryThis is the
case of OrbEEt project.

Savingsare determined througsimulation of the energy useof the whole facility, or of a

sub facility. Simulation routies are demonstrated to adequately model actual energy
performance measured in the facility. This Option usually requires considerable skill in
calibrated simulationEnergy use simulation is furthercalibrated with hourly or monthly

utility billing data after installation of gasand electric metersBaseline energy use,
determined usingthe calibrated simulation, is compared to a simulation of reporting
period energy use.

It is clear that, ption D provides further information on the individua#haviour  each
building elementlt also offers the ability to closely monitor amhalysecomplex aspects
relevant to real time humdarehaviourwhich is the core aspect of the OrbEEt project, driving
the energy performance of the pilot buildinikre specifical, this Option D mechanisng
implementedas part ofSEOR engine, by taking into account détam BIM, occupancy
schedulesand BPMas defined irthe project.By incorporating this information as part of a
rule engine(in SEOR) we can accurately estimaiige typical operation and energy usé
each device type under different contextudluilding characteristics,environmental,
organizational/operational) building conditions.

Step 3.By having the sensors installed in premisgen from M17(starting withErlangen
pilot site and furthegoingto Asparrena, Pernik and BHOE up to M@ can further proceed
with the implementation of OptioB as defined in IPMVP.
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Option B requires full measurement, which makes this option a more expensive solution for
measwuements 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 @Nhaftected 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 shotterm

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; tfegeeabaseline of a weeks
enough. On the other hand the HVAC, consumption varies monthly; therefore we need
consumption data of a whole yeain order to establish the baseline.the following the
definition of baseline periodor the different typesof devicesexamined in the project is
given:

Fuel/Gas:HVAC systems

- Baseline period: a yeaperiod is required for baseline definition
- Information to register:
0 Monthly consumption
o Independent variablgfor routine adjustments):
A HDD or CDD
A Occupancy level
o Static factors (nomoutine adjustmentsjhe 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: aweekperiod is required for baseline definition
- Information to register:
0 Week consumption (daily average)
o Independent variables (routine adjustments):
A Occupancy level
o Static factors (nomoutine adjustmentsjhe 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 projeet lasve alreadygathered

heat consumption billing data for an annual period {0 beupdated with data gfaered from

pilot premises during the praalidation periodi October 2016 up to February 2017) while
accurate electricity submetering baselinesfor the different devices monitored in the
projectwill be retrieved considering the data gathered from pilotsites installations(early
installations performed Midugust 2016, full installation Mid/End October 2016).
Information about environmental conditions (through external weather services) and
occupancy levels (questionnaires to pilot representativesjisveavailable from the pilot
sites, enabling that way the adjustments to be performed during the evaluation phase.

As mentioned aboveRoutine adjustments are used for changes in selected independent
variables that can be expected to happen throughobi#eine period. This adjustments are
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often seasonal or cyclical (weather or occupancy variations). Therdfeating degree
(HDD) days or cooling degree days (CDibformation has been gathered from pilot areas.

Non- Routine adjustments are adjustmentsof changes in parameters which cannot be
predicted and for which a significant impact on energy use/demand is expectechultioa
adjustments should be based on known and agreed changes to the facility:

o changes in the amount of space being heated,

0 changs in the power or amount or use of equipment

o0 changes in sgtoint conditions (lighting levels, s@bint temperatures)
0 changes in occupancy

For the selected pilot zones, no modifications on the equipment installed, operational
processes, s@oint conditims are expected. Routine adjustmef#®D and CDD as no
modifications on occupancy levels are expected in pilot premisék)be extensively
considered & part of the validation phase (by taking into account the actual contextual
conditions)

We have preseed 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 ausing information from energy bills(Option C) and the itial
simulation process at sub metering level correlated with billing(@gtion D). The last step

of the methodological framework, towardsmore detailedbaseliningat device levefor the

pilot zones selectefOption B) will be reported in D1.5 (du M22) along with thanore
detailed presentation of timeethodological framework for baseline definition.

Overall,

- We are presenting in this deliveraliddling data available from pilot premises, further
analyzed to set the baseline for the pilot zo@#ipn C). Forheating consumption,we
gatheredilling data for the selected zones, and thus we directly set the baseline definition
following Option B (accurate and reliable baseline definitipnusingsub metering data)

- We are presenting in this delnable the initialsimulation based evaluationof the
different devices to be examined in pilot premi@@ption D). The analysis is focusing on
the estimation of power profiles for lighting/ office devices. A detailed simulation analysis
is performed by ioorporating building, climate, occupancy and organizational parameters
in the simulation process.

As mentioned abovdhe detailedOption B evaluation for the full list of device types (sub
metering points examined in the projeatijl be reported in D1.5along withthe 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 dynamicilding 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 relationshipgeographic information, quantities and properties of building

components.

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

practices. Standards in tbeilding industry may refer but not limited to material performanc
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 todayar8dEngineering
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-baskkd and

many others).

4.1 Criteriain pilot selection regarding the equipment limitations

Six criteriaare taken into account in applying OrbE#&gks to the four pilot sites, to wit: Total
number of workspaces; Offices; Plug Loads; LoAtmkspace CentralMonitors and Office
monitors. The distribution of the equipment based on these criteria is shown in the following

Table2Cr i t er i

a

Table2Cr i t er i

n pil

Imperial

Place
Innsbruck

ot

ar eas@

i
Asparrena
IZPH Town Hall

seI

ecti

on.

areas?o

Pernik
Minicipality

Total number of

Workspaces
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 dfet pilots, we proceed with the implementation of energy

auditing and baselining methodolagy

4.2 Imperial Palace Innsbruck (BHoOE)

The Hofburg Innsbruck is a&orey building with a total floor space of 26,300 m2 and a total
cubic volume of around 110,000 nihe 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 Bajuet 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
in Life T An Exhibition about Death and Mourning@5i 2 0 1 50 wi | | B'dunes h o wn
2015 until 18" 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 visitoper 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 measaments, 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 dw, 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 workthgre. 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 areaare selected for the pilot site of ORBEET Proj&ttef 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 affe rooms which are used by BHOe are ca. 3% of the entire area, for
museum purpose it is used approx. 30%, for event punpdaseused approx. 4%,
approx.24% is used by third parties, the rest is corridors, stairs and attics

3. The Imperial palace Innsbrudees 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 BHOgitot will need a
representativeness of the selected rooms, therefore they selected these premises.

4.2.1 Structure and Size of the Building

Table3 Physical sizes of Imperial Palace Innsbruck pilot areas

. Pilot Area Name Wall Tickness
DlmenS|ons

Museum Special exhibition area 685.08M 0.8m to 1.5m
Purposes
2. | Event Purposes | Gothic cellar 437,98mM 1,8m to 2,4m
Office Purposes Building Department 157,94m2 0,8mto 2,8m
Hofburg Innsbruck
2016-11-25 Public
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4, Administration
Department Hofburg 273,17m?2 0,8mto 2,2m
Innsbruck

Building structure and specifics

Extensive construction efftsr for refurbishment and vitaltion of the entire Hofburg as well

as the reconstruction of the entrance area to the mugeokn place in 19989.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 respedtixteess building followed the
installation of technology in keeping with the times.

Walls i structure and layers

The structure of the walls (external, internal and spatial orientation North, South,anest,
Eas) in the Imperial Palace of Innsbruck isgler- restorative treatment, monochrome way.

Ceiling 1 structure and layers

The material used for the ceilings in all the selected premisdasi®ip restorative treatment,
monochrome white

Floor / ground floor i structure and layers

The structure ahthe layers of the floor in the selected premises is rubber granule§-with
8mm thickness, sealed. The baseboard layer consists of clear protective coating layer with
thickness of 10 cm and the subfloor laysrof new screed, 7 cnihick, on (existing)
filling/insulating layer (existing)

The materi al used for the corridorés floors
subfloor layer is of filling/insulating layer (existing).

422Equi p menstal@sand Billing Data for baseline definition

The analys 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. Thasapafjermed 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 leastdr thick, which has a
significantinfluence of the energy balandgilling data are available for each pilot zosiger
consultation with the facility management company of the buildiihg. detailed billing data

for an annual period are presented in the followiggre.
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Heating energy consumption

Heating

Heating

. - . . Heatin

2015 Invoices- Billing Data OrbEEt Corrective Analysis energf

Zone Room set Costs Consumption Useable Costs Consumption Defined Comment | consumption
area corr. corr. Area

2
€ kwh m2 € kwh m2 KWh/m

(‘annual)
All Total Imperial Palace / BHOq € H ¢  ¢p] 733,350.00 7,745.50 94.68

. . (side
107 Office (‘t:"”hs“fuc“on and | chmd 3890900 | 15034 | ecpm{  38909.00 157.94 rooms 246.35
echnic) aliquoted)
117 Museum € m B2t 39,321.36 685.08 €EMZINH 39,321.36 685.08 (equal) 57.40
324 Office (administration) emInn| 17,758.68 258.97 emMZInn 17,758.68 273.17 (equal) 65.01
(including
503 Event emMZIdpm| 52,160.00 508.17 EmMIcp 44,955.50 437.98 more 102.64
rooms)
TeZ:Obted Sum of pilot rooms € pZno| 148,149.04 1,602.56 EPEMT 140,944.54 1,554.17 90.69
Table4 Heat Consumption Billing DataBHoE
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Museum Purposes Special exhibition area

The Imperial Palace of Innsbruck usegas heating system which operates during the heating
period. The heating period starts finst 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 purpdg€es is
According to the official data provided by the site, the amount of heat consur2@tbiis:
E-annual = 39,321.3&kWh

This is the heat consumed for 9 monthsereforethe heat per week equals to:
E-week=39,321.36 36 =109296 kWh

There is a tarmostat available to regulate the temperature at the Gothic cellar.
Event Purposes Gothic cellar

Thelmperial Palace of Innsbruck uses a gas heating system which operates during the heating
period. The heating period starts on first of September antinces until the end of May
which is equals to 36 weeks (9 months).

According to the official data provided by the site, dineount ofheat consumeith 2015is:
E-annual = 44,955.5(kWh

This is the heat consumed for 9 monthAsereforethe heat per wdeequals to:

E = 52070/ 36 4248.06kWh

There is a thermostat available to regulate the temperature at the Gothic cellar.
Additional information for the Gothic Cellar:

1 There is a floor heating, being designed to protect the building fabric
1 There is ale 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 nnber of radiators in the rooms used for office purpds8siilding Department
Hofburg Innsbruck is eight.

According to the official data provided by the site, the amount of heat consuribe
Building Department Hofburg Innsbruak 2015 is:

E-annual = 17,758.6&Wh
This is the heat consumed for 9 monfAsereforethe heat per week equals to:
E-week=17,758.68 36 =49329 kWh

There is a thermostat available to regulate the tempeiattine 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 purpbsAsiministration
Department Hofburg Innsbruak ten.

According to the official data provided by the site, the amount of heat consumed in the
Administration Department Hofburg Innsbruckai5 is:

E-annual = 38,909.0kWh
This is the heat consumed for 9 months. Therefore the heat per week equals to
E-week= 32197 / 36 108085 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 fiomeath
separatelyThen, the allocation of each area of the building is provided, considering the size
and operations performed in each zofiee zone allocation of annual energy consumption
data is provided:

PowerconsumptionData (2015)

Consumption| Defined area Power .
consumption
ZONE Room set
KWh m2 kwWh/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) 11,3%67.50 273.17 41.58
503 Event 273.00 437.98 0.62

QUm of selectedZones 27,364.70 1554.17 17.61

Table5 Power Consumption Billing DatdBHoE

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:

i T h ses af 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 prata basis

according to the lengh of the measurement period ( T h e

Government 6s
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the production of Operational Ratings, Display Energy Certificates and Advisory Reports,
p.13)

Therdore, 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 innnsbruck

Museum PurposesSpecialexhibition 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. Thezethe total installed
capacity in this area is equal to:

E = 54*20 + 54*50 + 2*35 + 34*24 = 533MW, around E = 5.34 kW
Considering the organizational processes in the muséemonsumed enerdpr one day is:
E =5.34*9 =48.06 k\h

Light is only neessary during exhibitions and thus the consumed energy per year is
(considering the number of workdays for 2014):

E =48.06 * 7 = 36.42 k\\h/week
The total number of plugins for lighting in the museum purposes area is 40.
Event PurposesGothic cellar

The lighting equipment in this area operafedays and 9 hours per dalhere ares8 floor

lights (downlighterswith installed capacitgach 4 Watt (LED therefore the totatapacity is
232 Watti asthis is the fix capacity, like in the museum there grecsl lighting concepts
for events. (There has to be taken into account if thereaseamt during the measure phpse

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 y&di5)2we have
E=210*7=14.70 kwh

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

Office Purposes

U Building Department Hofburg Innsbruck

The working schedule for this department is five days per week8r8@a.m. to 4:30m. 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 capacitpf the lighting devicesn all the premises in the Building
department Hofburg Innsbruck is 2800W which equals tok®/8 Therefore the consumed
energy per day and per weas 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 arBailding Department
Hofburg Innsbrucks 10.

U Administration Department Hofburg Innsbruck

The working schedule for this department is five days per week#rd@a.m. to 5.00p.m. for
the purposes of OrbEEt project we take the amount of working time in thaef§ 10 hours
per day.

The total installed capacityf the lighting devicesn 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 wesas accordingly as falws:

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 areAdministration
Department Hofburg Innsbrudk 15.

Office/plug equipment
MuseumPuposes Special exhibition areand Event Purposessothic cellar

The special exhibition area for museum purp@sebsthe gothic cellar premise in the area for
event purposess equipped withl sound systemwhich is used very rarely and may be
consideredegligible for the purposes of OrbEEt projeltherefore, we are not considering of
monitoring Special exhibition area and Event Purpes&sthic cellar specific plug loads.

Office Purposes

U Building Department Hofburg Innsbruck

This department hag computers with installed capacityaround 1960W (280W each,
operating 9 hours per day

Consumed energy for a day E = 91960 = 17644 #Wound E = 17.70 kWh
Consumed energy for a week E = 7*17.70 = 123.90 kWh
Two printers with installed capaciB00W (020 kW each)

Consumed energy for a day E = 2*200 = 400, \&ftound 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 capab@yV + six desks
Consumed energy for a day E = 2*150 = 300, \Wound E = 0.30 kWh
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Consumed energy for a week E = 7*0.30 = 2.10 kWh

There ares phonewith installed capacitg50 W 0,025 kWeach)
Consumed energy for a day 24*150 =3600 Wh, around E =3.60 kWh
Consumed energy for a week E =32*40 =25.20 kWh

In the premise there are al&dridge and 1 dishwasherorking 7 days per week/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 @desks + 1 meetinglle

U Total consumed energy for office equipment in tBeilding Department Hofburg
Innsbruck

per week:
E=123.9 +2.80+2.10 + 25.26- 1.4 + 3.64= 159.04kWh

The total number of sockets in the office areBuilding Department Hofburg Innsbruck is
20.

U Administration Department Hofburg Innsbruck

This department ha8 computers withinstalled capacity around 2240\280W each,
operating 9 hours per dpy

Consumed energy for a day E = 9*2240 = 20164 Wound E = 20.20 kWh
Consumed energy for a week=E/*20.20 =141.40 kWh
two printers with installed capaciB00W (020 kW each)

Consumed energy for a day E = 2*200 = 400, \&tound E = 0.40 kWh
Consumed energy for a week E = 7*0.42.80 kWh

and one copy machine including fax device with instalkgohcityl50W + sevendesks

Consumed energy for a day E = 2*150 = 300, \&round E = 0.30 kWh
Consumed energy for a week E = 7*0.32.20 kWh

8 phoneswith installed capacit00 W (0,025 kW each)

Consumed energy for a day E = 24*200 = 4800 Wound E= 4.80 kWh
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Consumed energy for a week E =480 =33.60 kWh

In the administration department of Hofburg Innsbruck there are also 1 dishwihshege

and acookeroperating7.20 hours per day, 7 days a week with consumed energy per day as
follows 0.2kWh, 0.52 kWh and 0.50 kWh and consumed energy per week as follows 1.4
kWh, 3.64 kwWh and 3.50 kWh

7 desks + 1 meeting table

Total consumed energy for office equipmentthe administration department of Hofburg
Innsbruckper week:

E=141.0+2.8+ 210 + 33.60+ 1.4 + 3.64 + 3.56 184.50 kWh

The total number of sockets in the office arfeaAdministration Department Hofburg
Innsbruck is also 20.

The total electricity consumption fétofburg Innsbrucks presented in the following table:

Office Purposes

Consumed |  Muyseum Purposes | Event Purposes

Energy Administration

Building Department
Hofburg Innsbruck Department Hofburg

Innsbruck
Lighting 10092.6 441 3360 4200
Aggregates 4771.2 5535
ota 10092.6 441 8131.2 9735
Y e celacted 28399.8kWh

4.2.2.3 Calculation of CO2 emissions
The calculation of the C{emissions per premises is done using the following formula.

EP=B 0 QQ010°
Where EP is the quantity of CO2 emissions, t;
Qi the quatity of the {"energy resource type, kWh;
f; - coefficient of ecological footprint equivalent factor of tHeehergy resource type, g/kWh;
m i number of the energy resources used.

The coefficient of ecological footprint equivalent for electricity inskia is f = 187 and for
heating with natural gassystem is if = 516. The calculations are done regarding the

! Based on the information of the Intergovernmental Panel on Climate change:
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consumption ohatural gas for heatingand theconsumption of electricity per premises per
week.

1 Museum purposes
- CO; emission from heating

EP = (Qn * fin)* 10° = (379.00* 516) * 10° = 195564/ 100000 = QL95564t
- CO, emission from electricity
EP = (Qe * fie)* 10° = (33642* 187) * 10° = 6291054/ 100000 = 0.62911t

1 Event purposes
- CO; emission from heating

EP = (Qn * fin)* 10° = (1446.40* 516) * 10° = 746342.40 100000 = (746342t

- CO, emission from electricity

EcP = (Qe* fio)* 10° = (14.70 * 187) * 16 = 2748.9 / 100000 = 0.002749 t

If the cooling system is operating the £&nissions are:
EP = (Qe * fie)* 10° = (102270 * 187) * 10° = 62910.54 / 100000 = 191244t

1 Building Department Hofburg Innsbruck
- CO, emission from heating

EP = (Qn * fin)* 10° = (388.75* 516) * 10°® =200595/ 100000 = (RO0959t

- CO; emission from electricity

EP = (Qe * fie)* 10° = (271.04 * 187) * 10° = 50684.48 / 100000 = 0.050684 t

1 Administration Department Hofburg Innsbruck
- CO, emission from heating

EP = (Qn* fin)* 10° = (894.36* 516) * 10° = 461489.76 100000 = 0461490t

- CO; emission from electricity

EP = (Qe* fie)* 10° = (324.50 * 187) * 16 = 60681.50 / 100000 = 0.060682 t

https://www.ipcc.ch/pdf/speciakports/sroc/Tables/t0305.pdf

2 Basedon 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 prennigegie

Table6 Annualenergy consumption in each pilot area in Imperial Palace Innsbduckg
the heating period

Office Purposes

Consumed | Museum Purposes | Event Purposes

Energy Administration

Building Department
Hofburg Innsbruck 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
ota 49413.96 45396.5 25889.88 48644
Y e celactod 169344.3KWh

The total annual estimated heat consumptiori49,944 KWh and the total estimated
electricity consumption i28399.8KWh . The allocation of costs considering the billing data
(as presented above only for electricity as for power we consider fonth&son the billing
data) is27,364.7CKWh

4.3 Interdisciplinary Centre for Public Health (IZPH)

The FriedrichAlexandefUniversity ErlangefN¢ r nber g i s one of Ger
universities with currently 26.000 students, 260 chairs and 24 clinics. iniy fiooted 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
interdisciplinarycentrefor public health (1ZPH).

The premises selct ed i n this pilot site are siXx: M
Management office |; Data Management officeRle s ear cher 6s of fice | ;

Il and Meeting roomThese 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 lisbexe predetermines the

choice of these premises.

4.3.1 Structure and Size of the building
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The areas of i nterest are the Director s

offices I and Il and the meeting room.
Table7 Physical sizes of IZPH pilot areas

. Pilot Area Name Premise® Di me Wall Thickness

L Managerds offic 22,06nt 0400
Data Manager 15,33nf

2. | Data management office | 38,37nf 0.49m

3. | Data management office Il 9,55nf 0.49m

4. |Researchero6s of 13,47nf 0.49m

5. |Researofitetir 6s 18,06nt 0.49m

6. | Meeting room 23,40nt 0.49m
140.26

Building structure and specifics

Theinformationabout the building structure and specifiesieeded in order to calculate the
losses or the gains of energy due to the structure of titdingumaterials used. In the next
subsections are described the different type of layers and mateseds in Friedrich

AlexanderUniversity pilotand based on that information is concluded the level of energy

efficiency of the building as an envelope.
Walls i_structure and layers

The construction material usedtime IZPHpilot site is1 layer masonry stone walls with red
bricks.

M Directorodos office

The spatial orientation of the wallsn t he Di riseas folowsé@dernal {North @ared
west)49cmthick and internal (East and south) 17 cm thick.

1 Data management office |

The spatial orientation of the walls in the Data management office | is as fobatesnal
(North and eas#9cm thick and internal (west and south) 17 cm thick.

1 Data management &ice Il

The spatial orientation of the walls in the Data management office 1l is as fobkavesnal
(North, west and easfPcm thick and internal (South) 17 cm thick.

T Researcherodés office |

The spati al orientation of1isasfokowsesdrnalgSouthn
and westyt9cm thick and internal (North and east) 17 cm thick.

M Researcheroés office |1
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The spati al orientation of the watrdalgSoutm t he
and east#9cm thick and internal (&fth and west) 17 cm thick.

1 Meeting room

The spatial orientation of the walls in the Meeting room is as follextgrnal (South#9cm
thick and internal (North, east and west) 17 cm thick.

Ceiling i structure and layers

The ceiling in # the rooms selged in this pilot site( Di r ect or 6 &’ Dafaf i c e
management office | 38,3m? Data management office Il 9,58 Researcher 6s
1347m?>, Resear cher 6m’ amfMedtingeoon 23,4@°8havd Glayer of
plasterboard roof (1,5 cmitik) and a layer of concrete slab roof.

Floor / ground floor i structure and layers

The floorof& | t he r ooms ( Dmi Ratatmanagesentooffideil 38@&7, 37, 3 9
Data management office Il 9,58 Researcher s dRfefsieaficehed8s 4
18,06 m* and Meeting room 23,4M%) have me layer of concrete slab covered witinyl

floor tiles, covered with a layer of carpet.

432Equi pment 6s installed and Billing Data f ot

The equipment used in the IZPH pilot areas sriiuted to hreemain areaand is described
accordinglyin threesubsection§ heatingsystem, includinghermostag; lighting and office
equipment.

4.3.2.1 Heating system data

Billing data are available for each pilot zo(efter consultation with the fadiyi 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 ( aanual)
All Pilot premises floor area (PPFA) 796,000.00 5820.59 136.76
[

111 5ANSOG2NDRa 27 3,016.84 22.06 136.76

112 Data management office 2,096.47 15.33 136.76

113 Data management office | 5,247.33 38.37 136.76

114 Data management office Il 1,307.39 9.56 136.76

152 wSaSlI NOKSNRa 32 1,842.10 13.47 136.76

156 Meeting room 3,200.09 23.4 136.76

157 wSaSlI NOKSNRa 32 2,469.81 18.06 136.76

Table8 Heat Consumption Billing Dat&rlangen
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Along with the billing data basecalculation, arestimation of Option Osimulation based
approachas defined in the methodological framework is considered.

The energy consumed for heatingl#PH is based on the data provided by the site for the
radi at candospecific gnergy audt tabl es. Based on the bui
assume that the installation operates &iCl1@aily in order to continuously maintain a
temperature of '€ in length of 24 hours during the heating season. The heating season in
Erlangen continues 19@uys; the heating installation operates on averdgaurs per day.

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

RC =

z

The degree days for the regiand for the yearare taken fromspecific table with
meteorologistdatafor the region and the year respectivelyre heating area is needed to
predict the losses of heat transfer between heated and unlaeatedThe infiltration h
(permeability of gaps, doors, windows) is:

h=05H
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 buildikigpg into accounas
part of the simulation process the device characteristics and weather condsi@nsyided.

- Manage 6 s and DatacManager- 1 radiatorwith no installed capacityy Schedule
of usage fronNovemberto March usage 5 monthsper year

According to he material used to construct the buildifiglayer masonry stone walls red
bricks) we assume that the coefficient of energy loses for this room is around zero so the
power capacity installetb heat the room is:

P=F*a = 8282240W, around2.3kW

Wher e F i s t he roomos sur f ace and & i s a ¢
material.

In the public service office there are &Bs in total with single capacity of 90W (based on a
data from the producerodés table).

The installed heat capagitor this room is equal to:
P=20*90=1800W = 1.8 kW
Therefore the referent consumption for one year eqaals

z

RC = . = ———— = 113.24kWh/myear

The relevant consumption per month equals to:

RC = 113.24 / 6 = 18.87 kWh/month
The relevant consumption per week equals to:

RC = 18.87 4= 4.71 kWh/mweek

2016-11-25 Public




D2.1 Page 37 of 120

- Data management office } 2 radiatos with no installed capacity
Schedule otisage fronNovember to March usageb months per year

P=F*a = 3&=312kW, around 3.0 kW
Wher e F i s t he roomos sur face and & is
material.

In the public service office there are &Bs in total with single capacity of 90W (based on a
data fromthe produer 6 s t abl e) .

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 :

z

RC = - = ———— =13021kWh/myear

The relevant consumption per month equals to:
RC =130.21/ 6 =21.70 kWh/n’month

The relevant consumption per week equals to:
RC =21.70/ 4 = 5.42 kWh/mfweek

- Data management office II- 1 radiatorwith no installed capacity
Schedule of usage frodovember to March usageb months per year

P= F * *8)=6.80kV0

Wher e F i s t he roomos sur f ace and & i s
material.

In the public service office themre 20ribs in total with single capacity of 90W (based on a
data from the produceroés table).

The installed heat capacity for this room is equal to:
P=20*90 =1800 W = B0 kW
Therefore the referent consumption for one year equals to :

z

RC = . = ———— = 16157 kWh/m?year

The relevant consumption per month equals to:
RC =16157/ 6 =26.88kWh/m‘month
The relevant consumption per week equais
RC =26.88/ 4 = 6.72 kWh/mfweek

- Res ear c h e rloaaliatonfith nodnstalldd capacity
Schedule of usage frodovember to March usages months per year

P=F*a> = 18 =2412kW, aroundl kW
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Where F is the r oocodlfisientsdakan ffranc a& tabke rfod thesspecifie
material.

Inther e s e ar c h ether@ are 20ibsin tata¢ with single capacity of 90W (based on a
data from the producerds tabl e).

The installed heat capacity for this room is equal to:
P=20*90 =1800 W = 180kW
Therefore the referent consumption for one year equals to :

z

RC = - = ———— = 185.45 kWh/nfyear

The relevant consumption peronth equals to:
RC =185.45/ 6 = 30.90 kWh/rfmonth

The relevant consumption per week equals to:
RC =30.90/ 4 = 7.72 kWh/nfweek

- Resear c her-tmdawifvithinairstalled capacity
Schedule of usage frodovember to March usade5 months peyear

P=F*a = 1& =0D4&KkW, around 150 kW
Wher e F i s t he roomos sur face and > is
material.

I n t he r es e dhere we20ibsin totalf with sthge caphcity of 90W (based on a
datafromthepradc er 6 s t abl e) .

The installed heat capacity for this room is equal to:

P=20*90 =1800 W 4.80kW

Therefore the referent consumption for one year eqaals

z

RC = - = ———— =138.32 kWh/nfyear

The relevant consumption per month equals to:
RC =138.32/ 6 = 23.05 kWh/rfmonth

The relevant consumption per week equals to:
RC =23.05/ 4 = 5.76 kWh/nfweek

- Meeting room - 2 radiatos with no insalled capacity
Schedule of usage frodovember to March usages months per year

P=F*a = 28& =#8080W*around 190 kW
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Wher e F S t he roomos sur face and > is a ¢
material.

In the public service oife there are 2@bs in total with single capacity of 90W (based on a
data from the producerds tabl e).

The installed heat capacity for this room is equal to:
P=40*90 = 3600 W = 3®kW
Therefore the referent consumption for one year equals to :

RC = =213.51 kWh/nfyear

The relevant consumption per month equals to:
RC =213.51/ 6 = 35.58 kWh/rfmonth

The relevant consumption peeek equals to:
RC =35.58/ 4 = 8.89 kWh/niweek

Considering thebilling-based allocation of heat consumption to the different zones of the
buildings the average heat consumption36.76 KWh/nf year. Considering the simulation
based approach for the difent zones of the building the average heat consumption value
equals t0157.05 KWh/nf 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 areavailable for the different zones of the 1ZPH but not for ¢laeh
month separatelyThen, the allocation of each area of the building is provided, considering
the size and operations performed in each z8ased on the information retrieved from
IZPH, a 20% of the buildingis for secondary processes (non_electricity consuming
processes)lhe zone allocation of annual energy consumption data is provided:

Table9 Power Consumption Billing Datd&rlangen

Power consumption 2015
Specific
Zore Room set Consumption| Useable area| power
consumption
2
kWh m? 'EZ!EC";D
All Pilot premises floor area (PPF4 423,391.00 4656 90.93
I
111 5ANBOG2NRa 2FF 2006.01 22.06 90.93
112 Data management office 1,394.03 15.33 90.93
113 Datamanagement office | 3,489.16 38.37 90.93
114 Data management office II 869.33 9.56 90.93
152 wSaSINOKSNRa 2| 1,224.89 13.47 90.93
2016-11-25 Public
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156 Meeting room 2,127.87 23.4 90.93

157 wSaSI NODKSNR& 2| 1,642.28 18.06 90.93

Considering the baseline defimti 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

Manage 0 s o6 4 fluoreseent lampshe installed capacity for the four lamps is 232W
(58W for each). The fluorescent lamps are working 9h per d&®00-18:00 for week day,
meaning that the consumedergyis:

Consumedknergyfor a dayE = 9*232 = 2088 W, aroundE = 2.1kWh
Consumed eneygfor a week E = 5*2.1 = 10.5 kWh

In the data ma n a g efficé there are2 fluorescentlampswith installed capacity 116W
(58w for each, operating 9 hours per day:00-17:00 from Madayi Thursday

Consumed energypr a dayE =9*116 = 1044 WA, around E= 1.04 kWh
Consumed energy for a week E*.04 =4.16 kWh

Total consumed energy for lighting in thenaged s  opkerivéek e
E =10.3 +4.16=14.66 kWh

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

Data management office Ii there arel2 fluorescentampswith installed capacity 696W
(58w for each, operating 10 hours per day8:00-18:00 for week daymeaning that the
consumed energy is:

Consumed energy the data management officéol a day

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

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

E =5*7 = 35 kWh

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

Data management office Il- there are2 fluorescentampswith installed capacity 116W
(58w for each, operating 9 hours per da¥.00-17:00 for week day, meaning that the
consumed energy is:

Consumed energy thedata management officefor a day

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

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

E =51.04 =5.04 kWh

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

Re s ear c her there acef2 fluoreseentllamps with installed capacity 1{68W for
each), operating 9 hours per day 8:20:00 for week day, meaning that trensumed energy
is:
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Consumed energy in the researcheroés office |
E =9*116 = 1044 W, around E = 1.04 kWh

Consumed energy in the researcherodés office |
E =5*1.04 = 5.04 kWh

The number of Ilighting slwl.tches in the resea

Re s ear c h e r-dhsre a8 fluoreseent larhpwith installed capacity 174Ws8w for
each), operating 9 hours per d&00-17:00 for week daymeaning that the consumed energy
is:

Consumed energy in the researcherodés office |
E=9*174 = 1566 W, around E = 1.60 kWh

Consumed energy in the researcherodés office |
E =5*1.60 = 8.00 kWh

The total number of | ighting switches in the

Meeting room - there are3 fluorescentamps meeting timewith installed capacity 464W

The potentialconsumed energy in the meeting room per day assuming 9h per day working
schedule is:

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

The potential consumed energy in the meeting room per week assuming 9h per dap 5 days
week working schedule is:

E =5*7.20= 36 kWh

Office/plug equipment

Managerd s  o-fthiere islecomputer with installed capacit80W, operating 9 hours per
day- 9:00-18:00 for weelday),

Consumed energy for a day E =280 = 2520 Wh, around E 2.5 kWh
Consumed energy for a week E 255= 125 kWh

Dat a man a g &codmteravithfinstadlex capacitg80W (operating 9 hours per day
- 8:00-17:00 from Manday Thursday + three desks

Consumed energy for a day E =280 = 2520 Wh, around E Z.5kWh

Consumed energy for a week E*2.5=10.00 kWh

Total consumed energy for office equipment inttenaged s of fi ce per week:
E =1250 +10.00 =22.50 kWh

The total number of plugs in this premise is 8.

Data management office |- there are3 computerswith installed capacity840W (280W,
operating 9 hours per day8:00-17:00 for weekday) & 1 printer with installed capacity
150W (100W200W, operating 9 hours per dag:00-17:00 for week dayin three desks

Consumed energy for a day E =846 = 7560 Wh, around E .6 kWh
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Consumed energy for a week E =7/%= 38.00 kWh

Consumed energy for a day E = 861=1350Wh, around E 21.40kWh

Consumed energy for a week E =1540=7.00kWh

Total consumed energy for office equipment in the data managemiestigfér week:
E =38.00 + 7.00 45.00 kWh

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

Data management office II- there are2 computers with installed capacityp60WV (280W
each operating 9 hours per day:00-17:00 for week dayin two desks

Consumed energy for a day E =580 = 5040 Wh, around E %5.04kWh
Consumed energy for a week E 5334 = 25.20 kWh
The total number of plugs in the data management office Il is 14.

Resear cher Otherearé 2 computers with installed apacity 560 W (280W,
operating 9 hours per day:00-17:00 for week dayn two desks

Consumed energy for a day E =580 = 5040 Wh, around E %5.04kWh
Consumed energy for a week E 5334 = 25.20 kWh
The pllisebgs i n the

Resear cher 6 thereoareR icomnputerk with installed capacity560 W (280W,
operating 9 hours per day8:00-17:00 for week day); 2 computers (not used newpur
desks

Consumed energy for a day E =580 =5040 Wh, around E %5.04kWh
Consumed energy for a week E =56504= 25.20 kWh

The
Meeting room1 No PC or other device installed

tot al number of

tot al number of plugs in the

Therefore the total estimation of electricity consumption is (annual)

Data

resear cher 6

resear cher 6

Consumed Ma n a g eficed s management Data management Re sear Re sear Meeting
Energy and Data Manager office | office Il office | office Il room
Lighting 762.32 1820 262.08 262.08 416 1872
Aggregates 1170 2340 13104 1310.4 13104
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 subetering billing éta)

4.3.2.3 Calculation of CO, emissions per premise
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The calculation of the C{emissions per premises is done using the following formula.
EP=B 0 QQ0010°

Where EP is the quantity of CO2 emissions, t;

Qi 1 the quantity of the”]energy resurce type, kWh;

f; - coefficient of ecological footprint equivalent factor of theehergy resource type, g/kWh;

m T number of the energy resources used.

The coefficient of ecological footprint equivalent for electricity in Germanya$fLl2 and for
heating with centralized heating system s 290.

The calculations are done regarding the consumption of natural gas for heating and the
consumption of electricity per premises per week.

=

Manager 6s office and Data Manager
CO, emission from heating

EP = (Qn * fin)* 10° = (18.28* 290) * 10° = 5301/ 100000 =0.005301

- CO, emission from electricity

EcP = (Qe* fio)* 10° = (37.16* 512) * 10° = 1902592/ 100000 = 0.09025t

1 Data management office |
- CO, emission from heating

EcP = (Qn * fin)* 10° = (5.42* 290) * 10° = 1572/ 100000 =0.001572

- CO; emission from electricity
EP = (Qe* fie)* 10° = (80.00 * 512) * 16 = 40960.00 / 100000 = 0.040960 t

1 Data management office Il
- CO, emission from heating

EP = (Qn* fin)* 10° = (10.89* 290) * 10°° = 3158/ 100000 =0.003158

- CO, emission from electricity
EP = (Qe * fie)* 10° = (30.24 * 512) * 10 = 15482.88 / 100000 = 0.015483 t

1T Researcheros office |
CO, emission from heating

EP = (Qn * fin)* 10° = (7.72* 290) * 10° = 2239/ 1000® =0.002239
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- CO, emission from electricity
EP = (Qe * fie)* 10° = (30.24 * 512) * 10 = 15482.88 / 100000 = 0.015483 t

T Researcherobés office 1|1

- CO, emission from heating
EP = (Qu * fin)* 10° = (5.76* 290) * 10° = 1670/ 100000 =0.00167®
- CO; emission from electricity
EP = (Qe * fig)* 10°=(33.20 * 512) * 10 = 16998.40 / 100000 = 0.016998 t

T Researcheroés office 1|1

- CO; emission from heating
EP = (Qn * fin)* 10° = (8.89* 290) * 10° = 2578/ 100000 =0.002578
- CO, emission from electricity
EP = (Qe* fie)* 10° = (36.00 * 512) * 1¢f = 18432.00 / 100000 = 0.018432 t

4.3.2.4 Total energy consumption in each IZPH pilot area

The following table summarizghe consumed energy from heating, lighting and aggregates
per office and sums up the totahsnmed energy per premiaed year

Table10 Annual energy consumption in each pilot area in IZPH

Consumed Manager 05 Data Data managemenf Res ear Re s e ais| Meeting
management ; . >
Energy and Data Manager office | office Il office | office Il 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 13104 1310.4 13104
ota 6166.32 9156.1577 3117.0892 3748.8279 5507.138 5727.99
otal energy ca ed e pilot pre es selected 33423 KWh

The total annual estimated heat consumptior2058744 KWh and the total estimated
electricity consumption i42,83568 KWh. The allocation of costs considering the billing
datais 19,18003 KWh for heatconsumption and2,75357 KWh for electricity consumption

4.4 Asparrena Town Hall

Asparrena City Hall is placed in a 250 year old building. Tis¢08ey building hosts several
offices distributed in all floors. It is occupied by municipality civil servants wlidorm a

2016-11-25 Public

‘-)

el

OrbEEt




D2.1 Page 45 of 120

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 plaitg the d
administrative activities of the Municipality. Furthermore, in them works the only regular and
daily staff of the Town Hall (4 peoplefAs the staff of these offices is regular and not
occasional, it will be easier to engage them, than other occhgioriers.

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 andhat makes themmoreinterestingfor the study.

Finally, these officesneetthe technical specifications dey the project gvailable electrical
plugs andscreensnumber ofworkspaces..). Therefore we proceeded tselect theseffices
asthe most appropriat®er the project.

Mayor's office

This office wasselected 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 Tantéfether

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 inhabitanpolitical representativesf other
municipalities.

Finally, this office alsomeetthe technical specifications sy the project dvailableplugs
andscreensnumber ofworkspaces..). Therefore we proceeded teelect the Mayor'sffice
asthe most appropriat®er the project.

4.4.1 Size and Structure of the building
Table11 Physical sizes of Asparrena Town Hailbt areas

. Pilot Area Name Premise® Di me Wall Thickness

Public service office 29,00nt

2. | Administrative office / (Accounting
departmentSecretariat of the town 25,20nt 1m
hall)

3. | Mayor's office 28,80nt 1m

Drawings of the premses

The pilot areachosen 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 locatiadnbfe May or 6s of fi ce.

Ground Floor
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The following Fig.2As parrena premi sses O dpresents andgasving Pu b |
Asparremf the ground floor of the Town Hall. The Public service office is locatetheright

of the main entranca n d  iettidnss nakthwest.More detailed description of the prensgse

and the equipment is made in the following sections.

Ground floor

o o el O b
e D o
‘ | \II " !

L ] Public flice |

| 0000

Sl i e &
(W= O
‘ OO0 ﬁ '  — f ]
X - | ool

e o i

Figure4dAsparr ena pr e:rRublicsenscéoffder awi ngs

Two windows with East and South orientatiovéndow with wooden frame antvo simple
glasses (East orientationjVindow's hole form outside: 90cm wide and 125cm high. Hole
form inside: 105cm wide and 220cm higfhéhole in the walfeaches the ground)

Window withwooden frame antivo simpleglasses (Sath orientation) Window's hole form

outside: 120cm wide and 145cm high. Hole form inside: 135cm wide and 200cniThigh (
hole in the walfreaches the ground)

Ground floor

Figure5 Asparrengpremise6 dr awi ngs: Admini strative

2016-11-25 Public

A

2,
=
OrbEEt




D2.1 Page 47 of 120

Fig. 3 Asparrenapremise6 dr awi ngs: Admini strative offic
Administrative office. It is | ocated next to
west.

One window with East orientation

Window with wooden frame anthree sinple glassesWindow'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 Hhigiie biole in the wallreaches

the ground)

First Floor
First floor
7 -c;,—,:-'” - jh,‘,,j"_'—‘_;/"% =
[ jid| O 00
| e = 2 Q'3 0 30
V Lzl < ‘_‘ - I,
;\ ‘—ﬁ ,-rj——' May ffi o 4‘ J J B
It Q1330 «
NitoZe: | E (J I: (33
OGS \"“Fgwx 0 j if}
WP | .
| | T §—7‘_[ il |
) @ B L — ] | _| - i
U ‘ Oy 1 E ;‘ng 4 .
Figure6Asparrena premissesoO drawings: Ma

The Mayor 6 ghrem alcanyc windolwa with East (2) and South (1) orientations.
Balcony window withwooden frame andwo simpleglasses (East orientatiojVindow's

hole form outside: 115cm wide and 215cm high (glass size: 50cm x 150cm). Hole form
inside: 130cm wide and 220cm highhghole in the walreaches the ground).

Balcony window withwooden frame andwo simpleglasses (East orientatiorjVindow's
hole form outsid: 115cm wide and 215cm high (glass size: 50cm x 150cm). Hole form
inside: 130cm wide and 215cm highhghole in the walreaches the ground).

Balcony window withwooden frame antivo simpleglasses (South orientation)Vindow's
hole form outside: 115cm ide and 205cm high (glass size: 50cm x 150cm). Hole form
inside: 115cm wide and 215cm highhghole in the walfeaches the ground).

Building structure and specifics

Building energy audit requires specific knowledge of the building construction. This
addtional 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 informé&ioarncluded the level of energy
efficiency of the building as an envelope.

Walls i structure and layers
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i 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 oridrda of theexternalwalls is South and East and they are
1m thick The internalwalls are0,70 m thickand their orientation is West and North. The
second layer used is covering piasterboardwith 1,5 cm thickiesson the insideof the
premise

1 Administr ative office

The walls of the Administrative office ai®outh, East and Nortbriented there is 1 layer
masonry stone walls. Thexternalwall (East)is 1m thickand theinternalwalls (South and
North) 0,70 m thick, covered withlasterboard.,5 cm thickon the inside.

1 Mayor's office

The orientation of t Bauth, Mastyamd Nosghndotlieil straceuies wa l
consists of 1 layer masonry stone walls. Bx¢ernalwall (East)is 1m thick the internal

(South and Northis 0,70 m thick, coveredith plasterboardl,5 cm thick) and woottim (3

cm thick and 180 cm height) on the inside

Ceiling 1 structure and layers
T Public service office(29 nf)

The ceiling of the public service office premise has layer ofplasterboard removable roof
(1,5 cmthick) and 2 more layers of timber planksie of them related with the old structure
(planks + joists) (3 cm thick) and the other one newer (3,5 cm thick)

1 Administrative office (25,2 nf)

The structure of the ceiling of the administrative office prergsenelayer of plasterboard
removable roof (1,5 cm thick) and 2 more layers of timber plaoks,of them related with
the old structure (planks + joists) (3 cm thick) and the other one newer (3,5 cm thick)

f Mayor's office (28,8 nf)

Thelayer of woodoft he cei |l i ng of d¢nmhtheck-mld stracturé with pldnksi c e i
and joists covered above with a concrete laydrich isalso 3 cm thick.

Floor / ground floor T structure and layers

1 Public service office

The public ser voftefloa is e layer dfconardterskald-15am thick
covered withvinyl floor tilesless than Tm thick.

1 Administrative office

The floor in the administrative office consists okedayer of concret&0-15 cm thick covered
with vinyl floor tiles lesghan 1 cm thick.

1 Mayor's office

The mayor 6s of f i2dagedsisfirst ldyer oftimber plamlss (nsw} sm thidk
secondayer oflevelling light concrete 5 cm thick, a third layerwbod wrought(planks 3
cm + joists)related to the oldtructure of the buildingnd a forth layer of removablges 1,5
cm thick (nineral fibre tiles and plastic structuré)here could be an insulation layer
(between layers) axtruded polystyrene-8 cm thick, but it is not for sure
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442Equi pment 0 sand BilBng Bdtd fer daseline definition

The equipment used in Asparrena Town Hall pilot areas is distributed to three main areas and
is described accordingly in three subsectibhgating system, including thermostats; lighting

and office equipmentAn analysis of the energy consumption in those areas is provided for
each specific premisén 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-r(®inthly billing data). By
taking into account the billing and the allocation of consumption to the different building
zones (considering the number of radratand the size of premises) we have:

Pilot site: Asparrena Town Hall
Total billing floor areaheated 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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Total Consumed

Pilot premises

Specific heat

No Billing period Heat Unit Consumed heat Unit consumption
1 05-12-2014 / 1302-2015 13,667.00 kWh 3,924.88 kWh 46.72kWh/m2
2 14-02-2015 / 0604-2015 7,738.00 kwWh 2,222.19 kWh 26.45kWh/m2
3 07-04-2015 / 0806-2015 1,889.00 kwh 542.48 kWh 6.46kWh/m2
4 09-06-2015 / 1408-2015 21.00 kWh 6.03 kWh 0.07 kWh/m2
5 1508-2015/0910-2015 0.00 kWh 0.00 kWh 0.00kwWh/m2
6 10-10-2015/0912-2015 3,833.00 kwh 1,100.76 kWh 13.10kwWh/m2
7 10-12-2015 / 0802-2016 8,078.00 kwh 2,319.84 kWh 27.62kWh/m2
Table12 Heat Consumption Billing Datin Asparrena Town Hall
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The energy consumed for heating in Asparréoan hallis based on the data provided by the

site for t he radi ator 0s tyPaseadndonsptloe f ibali
specifications we assume that the installation operates’@ dily in order to continuously

maintain a temperature of ZD in length of 24 hours during the heating season. The heating
season irAsparrenacontinues 175 days; thes&ting 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

The degree days for the region and for the year are taken from specific table with
meteorologistdata for the region and the year respectively. The heatew iarneeded to
predict the losses of heat transfer between heated and unheated area. The infiltration h
(permeability of gaps, doors, windows) is:

h=05H
The degree days férsparrenaegion are2821; and the degree days for 2dre3013

M Public senice office

In the public service office there a2eradiators/heaters powered by a gas boiler, used to heat
all the ground floor and the corridor of the 1st fl@oth installed capacity 70 kW36 kW per
heate). First one: 20ribs in 5 layers (total of 10 ribs) 8 cm width and 48 cm length each
glider.

Second one: 1bsin 5 layers (total of 50ibs) 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 thergdefined power needed to heat the room. According to the
material used to construct the building we assume that the coefficient of energipitdbées
roomis around zerso thepower capacity installetd heat the room is:

P=F*a = 82=2.30'kW, we take it 2.40 kW
Wher e F i s thandoemds surcfoedd i ci ent t aken
material

In the public service office theare30ribsin total with single capacity of 100W (based on a
datafromthepradc er 6 s t abl e) .

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 flpas programmed to activate the boiler, when the
temperature drops below 22 °C. The boiler is connected 24 hours per day.
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Therefore the referent consumption for one year eqaals

RC = =—  =11864kWh/m?%ear

The relevant consumption per month equals to:
RC =11864 / 6 =19.77 kWh/m’month
The relevant consumption per vkesquals to:
RC = 19.77 / 4 = 4.94 kWh/mweek
1 Administrative office

In the administrative office there isradiator/heater powered by a gas boiler, used to heat all
the ground floor and the corridor of the 1st flomith installed capacity of 35 kWThe
radiator in this office is with 14ibsin 5 layers (total of 70ibs) 8 cmwidth 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 isthe same daswals t he o.

P= F * & 8=2.0E&W,d&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 bodr, when the temperature drops below 22 °C. The boiler is connected 24 hours
per day.

Therefore the referent consumption for one year equals to :

RC =

= 64.22 kWh/m?year

The relevant consumption per month equals to:
RC =64.22/ 6 = 10.70kWh/nmonth

The relevant consumption per week equals to:
RC =10.70/ 4 = 2.67 kWh/mfweek

1 Mayor's office

There are2 radiators/heaters powered bygas boiler, used to heat the rest of the 1st floor
with installed capacity of 50 25 kW per heater)First one: 2Iibsin 5 layers (total of 105
ribs) 8 cmwidth and 48 cm lengtkeach glider.

Second one: 18bsin 5 layers (total of 60ibs) 8 cmwidth and 48 cm length each glider.
P= F *9.00* 8 = 232kW, we take it 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 thermostategulates the temperature of all the first floor (excepting Plenary Chamber)
andis programmed to aetate the boiler, when the temperature drops below 22 °C. The boiler
is connected 24 hours per day).

Therefore the referent consumption for one year equals to :

RC = — =— 2 =131.42kWh/m?year

The relevant consumption per month equals to:
RC =131.42 / 6 = 21@kWh/nfmonth

The relevant consumption per week equals to:
RC =21.90/ 4 = 5.47kWh/mfweek

The average heat consumption of thiding, considering billing data and further allocation
to the different zones i82.81 kWh/m2year The average heat consumption of the building
considering the simulation based methodologyl®t.76 kWh/m2year. Therefore the
average values are close ¢éach other but Option C methodology cannot address the
specificities at device level (e.dow heat consumption at admin office, high heat
consumpti on a)X A maeyacaurats baselining esttmation considering also
continuous swmeasuring dates reported in D1.5.

4.4.2.2 Electricity Consumption data
Billing data are available for the pilsite for different periods.Monthly billing data). By
taking into account the billing and the allocation of consumption to the different building
zones (considerinthe numberand type of installed loads, as wtie size ofpremises) we
have

Table13 Power Consumption Billing Data in Asparrena Town Hall

Pilot g
Total remises Specific
N: Billing period consumed | Unit P Unit power Unit
consumed .
power consumption
power
1 11-12-2014 / 1501-2015 1,293.00 kWh 371.32 kWh 4.42 kWh/m2
2 1501-2015 / 1202-2015 1,289.00 kwWh 370.17 kwWh 441 kWh/m2
3 12-02-2015 / 2103-2015 1,835.00 kWh 526.97 kWh 6.27 kWh/m2
4 21-03-2015 / 1504-2015 1,112.00 kwWh 319.34 kwWh 3.80 kWh/m2
5 15-04-2015 / 1205-2015 1,236.00 kWh 354.95 kWh 4.23 kWh/m2
6 12-05-2015 / 0806-2015 1,202.00 kWh 345.19 kWh 4.11 kWh/m2
7 08-06-2015 / 0607-2015 1,094.00 kwWh 314.17 kwh 3.74 kWh/m2
8 06-07-2015 / 1108-2015 1,413.00 kWh 405.78 kWh 4.83 kWh/m2
9 11-08-2015 / 0709-2015 985.00 kwWh 282.87 kwh 3.37 kWh/m2
10 07-09-2015/ 0810-2015 1,239.00 kWh 355.82 kWh 4.24 kWh/m2
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11 08-10-2015/0911-2015 1,196.00 kWh 343.47 kwWh 4.09 kWh/m2
12 09-11-2015/ 0912-2015 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 at@ fluorescent lightsvith installed capacity 480 W0,04
kW each onedperating 7 hour per dagneaning that the consumed energy is:

Consumed energy for a day E7=480= 3360Wh, around E 3.40kWh
Consumed energy for a week E =3540=17.00kWh

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 tfiorescent lights. Switches are located approximately

1 meter height from the ground.

) [e] k-

_ ]

B a8 |
b 3 I
A l |
[ i

[ & —

P gt

Figure7 Lighting.svx}itches in Public Service office areétspafrena

Administrative office

In the Administrative office there aBfluorescent lightswith 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 BB320 =2560 Wh, around E 22.60 kWh
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Consumed energy for a week E 2280 =13.00 kWh

and?2 erergy efficient light bulbs (ceilingyvith installed capacity 40 W0,02 kW each one),
working 8 hour per day, thus the consumed energy is:

Consumed energy for a day E =48*=320 Wh, around E #.32kWh
Consumed energy for a week E 082 = 1.60 kWh

Total consumed energy for lighting in the administrative office per week:
E =13.00 + 1.60 44.60 kWh

In the administrative office there 1slighting switch to control all lamps located in the office.

:I- , |_-i.
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Figure 8 Lighting switchesn Administrative Service office are@sparrena

Mayor's office

Il n the mayor 66fluaesdent ligktsvith mstatled capacity 240 W (0,04 kW
each one), working 6 hour per day, therefore the consumed energy is:

Consumed energy for a day=E6*240 = 1440 W, around E = 1.50 kWh
Consumed energy for a week E = 5*1.50.50 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 metert ffigighthe ground.
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Figure9Li ght i ng switches i n Ad-rAspariemat r ati ve N

Office equipment

Public service office

There3 computersn the public service office with installed capacity 900(8y3 kw CPU

&monitor), 1 of them almost never used, the otB€&Csare used 7 hours per day, therefore
the consumed energy is:

Consumed energy for a day E = 5*600 = 3000, Wfound E = 3.00 kWh
Consumed energy for a week E = 5*3.005:00 kWh

In the office ograte als@® printers connected 24 hounger day but almost never used, with
installed capacity of 200 0,1 kW each oneghus the consumed energy is:

Consumed energy for a day 22200 =400 Wh, around E .40 kWh
Consumed energy for a week E 0510 = 2.00 kWh

The 1l copy machiné printerin the premise,annected 24 hours per day ussdevery 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, Afound E .00 kWh
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Consumed energy for a week E =400 =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,025 kW each one)lhese are not considered as
part of the test bed.

In the premise there are alsdbank terminal anén electric calculator, connected 24 hours
per day, with installed capacity of 50{,025 kW each onghus the consumed energy is:

Consumed energy for a day E = 24*50 = 1200, Wfound E = 1.20 kWh
Consumed engy for a week E = 5*1.20 = 6.00 kWh
This is not considered as part of the test bed.

Total consumed energy foffice equipmentn the public service office per week:
E = 15.00 + 2.00 + 20.00 + 6.00 + 6.04%:00 kWh

The total number of plug sockets hig 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.

O T—
Figure 10 Socket p]uejns in Public Service office areaAéparrena

There are8 desksn this office.

Administrative office

In the administrative office there aé computers used 8 hours per day with installed
capacity600 W (0,3 kW CPU+monitor) The consumed energy from the computers with
working schedule 8 hours per day is:
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Consumed energy for a day BB¥600 = 3200 Wh, around E 3.20 kWh
Consumed energy for a week E =3520 =16.00 kWh

The 2 printers in the premise areotinectd 24 hous per day but almost never used and have
an installed capacity of 200 \@,1 kW each onge)neaning the energy consumed is:

Consumed energy for a day E =229 =400 Wh, around E .40 kWh
Consumed energy for a week E = 5*1.26.60 kWh

In the @ministrative office there ar2 telephones, connected 24 hours per day with installed
capacity 50 W0,025 kW each ongjhough not part of the final testbed

Total consumed energy foffice equipmentn the public service office per week:
E = 16.00 +80 + 6.00 =28.00 kWh

There arer 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).
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Figure 11 Socket plugns in Administrative office areaAsparrena

In the room there ar2 desks

Mayor's office

Il n t he mayor demputeriisedc8eéouts pes dag with iastalled capacity 0,3 kW
CPU& monitor, meaning the consumed energy is:

Consumed energy for ayl& = 8*300 = 2400 W, around E = 2.40 kWh
Consumed energy for a week E = 5*2.402:00 kWh
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There isl telephonen the premise, connected 24 hours per day with installed ca@e@izy
kW, not part of the final testbed.

Total consumed energy foffice equipmenin the public service office per week:

E =12.00 + 3.00 £5.00 kWh

I n the

Mayor 6s

of fice

t h

er e ar e

3

office, approximately 0,25 meter height from the ground (see picture below).

Thereare2 desksn the room.

Figure12Socketplug ns i

pl ug sock

n May o-rAgparrermf f i ce ar ea

The annual estimated electricity consumption (considering a 41 week operating period of the
building: the building is not operatingn averag for 8 weeks duringummer, 2 week at
winder and 1 week Easter per)ogt

Consumed Energy Public service office Administrative office

| Lighting 598.6 307.5
Aggregates 2009 1148 615
ota 2706 1746.6 922.5

5375.1 kWh

There is a deviation compared to #H850 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 the simulation process. Therefore, a more focused analysis should be
performed at suimetering data retrieved from pilot premises in D1.5

4.4.2.3 Calculation of CO, emissions per premise

The calculation of the C{emissions per premises is done using the fofigformula.
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EP=B 0 QQ0010°

Where EP is the quantity of CO2 emissions, t;

Q i the quantity of the"lenergy resource type, kWh;

f; - coefficient of ecological footprint equivalent factor of tHeehergy resource type, g/kWh;
m 1 number of the energy resources used.

The coefficient of ecological footprint equivalent for electricity in Spain #s455° and for
heating withnaturalgassystem is;f= 516".

The calculations are done regarding the consumption of natural gagdondghand the
consumption of electricity per premises per week.

1 Public service office
- CO; emission from heating

EP = (Qn * fin)* 10° = (4.94* 516) * 10° = 2528.40/ 100000 = 0.02528t

- CO; emission from electricity

EP = (Qe* fio)* 10° = (66.00 * 455) * 10° = 3003000/ 100000 = 0.08030t

1 Administrative office
- CO; emission from heating

EP = (Qn * fin)* 10° = (2.67* 516) * 10° = 1377.72/ 100000 = 0.00377t

- CO, emission from electricity

EP = (Qe* fio)* 10° = (42.60 * 455) * 16 = 19383.00 100000 = 0.09383t

T Mayords office
- CO; emission from heating

EP = (Qn * fin)* 10° = (5.47* 516) * 10° = 2822.52/ 100000 = 0.02823t

% Based on the information of the Intergovernmental Panel on Climate change:
https://www.ipcc.ch/pdf/speciakports/sroc/Tables/t0305.pdf

“ 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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- CO, emission from electricity

EcP = (Qe* fio)* 10° = (22.50 * 455) * 16 = 102375 / 100000 = 0.002375t

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 prperigear

Table14 Annualenergy consumption in each pilot areaAsparrena Town Hall

Public service Mayor's

Consumed Energy office Administrative office office

Heating (in case temperature
lower than 29 C) 2906.68 1367.886 3324.926
Lighting 697 598.6 307.5
Aggregates 2009 1148 615
ota 5612.68 3114.486 4247.426
SR edted 12974.52 KWh

The total annual estimated heat consumptiorv599.49 KWh and the total estimated
electricity consumption i83751 KWh . Theallocation of costs considering the billing data
779635 KWh for heat consumption ant850.48KWh 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 -&iarey high
building, constructed in 1962. The number of personnel occupying the building is more than
250 people, with an average of32occupants per officeThey perform a gseées 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 buildingof Pernik Municipaity located on the first and third floohalf of them
orientated to Sought and the other half to North. fEmgpremises chosearedivided in two
departments Accounting Department and Social Security DepartmeriDIse&nduser &

business requirementas folowms Room ~ 1 Muni ci pal Service,
Service Room ~ 3 A caocdoRoont ¥4 arounting Directgrand Reception room,
Room ~ 1 Soci al a 3 AccasirttirghRcoeo, m4 Rexlmical Asistant of

Accounti ng DibrAecauntiog DirectBramino o ml8 People with disabilities
department and social servicRsChancery 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 Seityrdepartment 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 directi@wght and Northwhich is of
interest forOrbEEtresearctpurposesand another reason to choose th@rbEED sbjective

to introduce intelligence in business operations implies that all factors underlying behaviour
dependent buil ding performance needinds® be
processes performed in both departmentsaayeod basis for the project neelfareover the
number of regular and occasional visitors in those departments is different which will
additionally contribute to the researas another objective of thegpect 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 consumpélmmg with the lightingn each office

4.5.1 Size and Structure of the building
Table15 Physical sizes of Pernik Municipality pilot areas

- Pilot Area Name WEURIEGESS

Room

Municipal Serwce 15,98m2 0.40m/ 0.25m

z i M Rpﬁg o 15,98m2 0.40m/ 0.25m
Accounting unicipal Service

Department Room - 3

3. . 15,98m2 0.40m/ 0.25m
Accounting

Room ™ 4
4. AccountingDirector 15,98m2 0.40m/ 0.25m

5. Reception room 18,801 0.40m/ 0.25m
Room ~ 1
6 assisance 15,04nt 0.40m/ 0.25m
Room ~ 3
! AccountStaff 14,10nf 0.40m/ 0.25m

Social Security Ro 0 m 4

8. Department Technical Assistant of] 14,90n% 0.40m/ 0.25m
P Accounting Director
9. Room =5 15,04n8 0.40m/ 0.25m
Accounting Director
Room "~ 18+c
10. People with disabilities 21,62n8 +7,50 0.40m/ 0.25m

department and socia
services

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 i structure and layers

The construction material usedRernik Municipalitypilot site is1 layer masonry stone walls
with red bricksThe external walls ar¢0 cm thick and the internal wall25 cm.
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Room 1 Muni ci pal Service and R o o mnting 2 Mu n i
Department are North orientated and Room ~ 3

Ceiling 1 structure and layers

The ceiling in all the rooms selected in this pilot site have a lafyplasterboard roof (1,5 cm
thick) and a layer of concrete slab roof.

Floor / ground floor T structure and layers

Thestructure othe floors in Pernik Municipalitgonsists of two layers and the material used
areone layer of concrete slab -1® cm thick covered withvinyl floor tiles less than 1 c¢cm
thick.

452Equi pment 6s installed and Billing Data f ot

The equipment used in Pernik Municipality pilot areas is described in three subséctions
heating system, including thermostats; liggtand office equipmentn 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 calculatioof the energy used for computers, printers, telephones etc. is
performed. The last subsectieffotal 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 perioddofithly billing data). By
takinginto account the billand 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
Totalbilling floor area (Active area 60% of Accounting Departient 533.33| m2
Pilot premises floor area (PPFA): 64.00 | m2
Average percentage of PPFA from TBFA: 12 %

Pilot site: Social Security Department
Total billng 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 Sggf umed Unit gglr?ét?r:]eergiiisat Unit ?:r?st,:tljfrlr?pﬂiﬁt
(annual)
1 1.2015 14202.00 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 kwWh 12.93
12 12.2015 13,650.00 kWh 1,638.00 kWh 25.59
Table16 Heat Consumption Billing Cta Accounting Department
2016-11-25 Public
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No Billing period Total Sggf umed Unit gcilr?ét?r;eergi?\i; Unit cSopr?sCLIJfrlr(I:prtli?)?]t
(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 4,27925 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
Table17 Heat Consumption Billing Data Social Security Department
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The energy consumed for heating in Pernik Municipality is basetieddata provided by the
site for t he radi ator s type and speci fic
specifications we assume that the installation operates’@tddly in order to continuously
maintain a temperature of AV in length of 24hours during the heating season. The heating
season irPernikcontinues 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

The degree days for the region and for the year are taken from specific table with
meteorologistdata for the region and the year respectively. The heatingisare@eded to
predict the losses of heat transfer between heated and unheated area. The infiltration h
(permeability of gaps, doors, windows) is:

h=05H
The degree days féternikregion are 3000; and the degree days for 2014 are 2610.

Accounting Depaitment

T Room ~ 1 Municipal Service

In Room 1 Municipal service there 1scast iron radiatowith 12 ribs with installed capacity
of 120W eachNo individual closing valves; No thermostats

To start the examination of the amount of energy consumed for heating prethesses 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 tpewer capacity installetb heat theoom is:

P= F * *&=1280W,6ve take it 130 kW

Wher e F i s t he roomos sur f ace and & is a
material.

In the 1st municipal service room there areriti® in total with single capacity of 120W
(basedonadatadrm t he producer s tabl e).

The installed heat capacity for this room is equal to:
P=12*120=500 W = 1.50 kW
Therefore the referent consumption for one year eqaals

z

RC = . = ———— = 12607 kWh/m®year

The relevant consumption per month equals to:
RC =126.07/ 6 =21.01 kWh/mfmonth
The relevant consumption per week equals to:
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RC =21.01/ 4 = 4.20 KWh/m?week

T Room =~ 2 Municipal Service

In the second selected room therd isast iron radiator with2Llribs. There arao individual
closingvalves and a thermostats

To start the examination of the amount of energy consumed for heating in the premises we
need to know what is the predefined poweeded 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 tpewer capacity installetd heat the room is:

P= F * & = 16 * 8 = 1280 kWw, we take it 1.30
Wher e F i s t he roomos sur face and & is a ¢
material.

In the 2nd municipal service room there are fiBs in total with single capacity of 120W
(basedonadatafom t he producer 6s tabl e).

The installed heat capacity for this room is equal to:
P=12*120=500 W = 1.50 kW
Therefore the referent consumption for one year eqaals

RC = =—— =126.07 kWh/nfyear

The relevant consumption per month equals to:
RC =126.07/ 6 = 21.01 kWh/rfmonth

The relevant consumption per week equals to:
RC =21.01/ 4 = 4.20 kWh/mMweek

T Room =~ 3 Accounting

The heatquipment in the Accounting roomlscast iron radiator with 18bs. 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 needetieiat 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 tpewer capacity installetd heat the room is:

P= F * o = 16 * 8 = 1280 kWw, we take it 1. 30
Wher e F i s t he roomos sur face and > is a ¢
material.

In the accounting room there are (ibs in total with single capacity of 120W (based on a
datafromthepmucer 6s tabl e) .
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The installed heat capacity for this room is equal to:
P=15*120 = BOO W = 1.80 kW
Therefore the referent consumption for one year eqaals

z

RC = - = ———— =151.29 kWh/nfyear

The relevant consumption per month equals to:
RC =151.29/ 6 = 25.21 kWh/rfmonth

The relevant consumption per week equals to:
RC =25.21/ 4 = 5.04 kWh/mMweek

1 R o o m4 Accounting Director

In Room 1Accounting Directorthere 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 ishe 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 * o = 16 * 8 = 1280 W, we take it 1.
Wher e F i s t he roomos sur face and > is a
material.

In the 1st municipal service room there are 12 ribs in total with single capacity of 120W
(basedonadatafom t he producer 6s tabl e).

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 eqaals

z

RC = - = ————=126.07 kWh/nfyear

The relevant consumption per month equals to:
RC = 126.07 / 6 = 21.01 kWhfmonth

The relevant consumption per week equals to:
RC = 21.01/ 4 = 4.20 kWh/week

The average heat consumptiohaccounting department considering monthly billing data

is 136.99kWh/m2year. The average heat consumption of accounting department following
the simulation based approachlid4.38 kWh/m2year Once again to highlight the fact that
the billing based batining cannot address the specificities of the installation, as data for the
whole accounting department are available.
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Social Security Department

1 Reception room

In the Reception room there atecast iron radiatoi one with2 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 tleatdkfficient of energy loses for this
room is around zero so tpewer capacity installetd heat the room is:

P= F *9* &= 1520 KW, we take it BO kW

Wher e F i s t he roomos sur face and & is a ¢
material.

In the accounting room there a2& ribs in total with single capacity of 120W (based on a
datafromthepmucer 6s tabl e) .

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 = =—— " =231.76 kWh/nfyear

The relevant consumption per month equals to:
RC =231.76/ 6 = 38.62 kWh/rfmonth

The relevant consumption per week equals to:
RC =38.62/ 4 = 7.72 kWh/mMweek

1 Chancery

The installel heat equiprnt in the Chancery is 1 cast iron radiator withrib2 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 amn is around zero so tipewer capacity installetb heat the room is:

P= F * o = 16 * 8 = 1280 kWw, we take it 1. 30
Wher e F i s t he roomos sur face and > is a ¢
material.

In the Chancery room there are rligs in total with single capacity of 120W (based on a data
fromtheprodo er 6 s t abl e) .

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 = = 268.96 kWh/nfyear

The relevant consumption per month equals to:
RC =268.96/ 6 = 44.82 kWh/rfmonth

The relevant consumption per week equals to:
RC =44.82/ 4 = 8.96 kWh/mMweek

T Room ~ 1 Soci al assistance
1 cast iron adiator with 9ibs, 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 teonstruct the building we assume that the coefficient of energy loses for this
room is around zero so tipewer capacity installetb heat the room is:

P= F * & = 15 * 8 = 1200 kWw, we take it 1.
Wher e F i s t he roomos sur f ace and & i s a
material.

In the social assistance room there ar#®in total with single capacity of 120W (based on a
datafromhe producerds table).

The installed heat capacity for this room is equal to:

P=9*120 =1080 W = 110kW

Therefore the referent consumption for one year equals to :

RC = = = 98.35kWh/m?year

The relevant consumption per month equals to:
RC =98.35/ 6 =16.39 kWh/nmonth

The relevant consumption per week equals to:
RC =16.39/ 4 = 3.27 kWh/nmfweek

R o o m3 Account Staff
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1 cast irm radiatowith 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 stheer capacity installetb heat the room is:

P= F * & = 14 * 8 = 1120 kWw, we take it 1.10
Wher e F S t he roomos sur face and > is a ¢
material.

In the social assistance room there ar#d9in total with single capacity of 120W (based on a
datafromhe producerds table).

The installed heat capacity for this room is equal to:

P=9*120 =108 W = 110kW

Therefore the referent consumption for one year equals to :

RC =

=104.91 kWh/nfyear

The relevant consumption per month equals to:
RC =104.91/ 6 = 17.48 kWh/rfmonth

The relevant consumption per week equals to:
RC =17.48/ 4 = 3.49 kWh/nfweek

1 R o0 o m4 Technical Assistant ofAccounting Director
1 cast iron radiatowith 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 sqtheer capacitynstalledto heat the room is:

P= F 22*&= 1760 kW, we take it BO kW

Wher e F i s t he roomos sur face and > is a ¢
material.

In the social assistance room there ar#®9in total with single capacity of 120W (based on a
datafromhe producerds tabl e).

The installed heat capacity for this room is equal to:

P=9%*120=1080 W = 110kW
Therefore the referent consumption for one year eqaals
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RC = = 68.42 kWh/nfyear

The relevant consumption per month equals to:
RC =68.42/ 6 = 11.40 kWh/rfmonth

The relevant consumption per week equals to:
RC =11.40/ 4 = 2.28 kWh/niweek

R o o m5 Accounting Director
1 castiron radiatowith 12ribs. 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 stheer capacity installetb heat the roons:

P= F *5*&=1200 KW, we take it 20 kW

Wher e F i s t he roomos sur face and > is a ¢
material.

In the social assistance room there areildi®in total with single capacity of 120W (based on
adatafromt he producer 6s tabl e).

The installed heat capacity for this room is equal to:

P=12*120 =1440 W = 150 kW

Therefore the referent consumption for one year equals to :

RC = =134.12 kWh/nfyear

The relevant consumption per month equals to:
RC =134.12/ 6 = 22.35 kWh/rfmonth

The relevant consumption per week equals to:
RC =22.35/ 4 = 4.47 kWh/niweek

1 R o o ml8People with disabilties department and social services
2 cast iron radiat@ with 18ribs 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 zeoathepower capacity installetb heat the room is:

P= F * & = 15 * 8 = 1200 kW, we take it 1.20

2016-11-25 Public

‘-57

=

OrbEEt




D2.1 Page 73 of 120

Wher e F S t he roomos sur face and > is a
material.

In the social assistance room there 28eibs in total with single capacity of 120W (based on
adatafromt he producer 6s tabl e).

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 eqaals

z

RC = Z = ———— =38810kWh/m’year

The relevant consumption per month equals to:
RC =388.10/ 6 =64.68 kWh/nfmonth

The relevant consumption per week equals to:
RC =64.68/ 4 = 1293 kWh/nmfweek

The average heat consumptiorsotial services department, considering monthly billing data
is 23891 kWh/m2year. The average heat consumption of social services department
following the simulation based approachL&4.94 kWh/m2year Once again to highlight the

fact that the billing bsed 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 pilsite for different periods.Monthly billing data). By
taking into account the billing and the allocation of consumption to the different building
zones (considering the numbamnd type of installed loads, as wtie size ofpremises) we
have

Table18 Power Consumption Billing Data Acanting Department

Pilot .
Total remises Specific
N: Billing period consumed | Unit P Unit power Unit
consumed .
power consumption
power
1 | 23-06-2015/2307-2015 1,531.00 kwh 306.20 kWh 4.78 kWh/m2
2 | 23-07-2015/2508-2015 1,297.00 kwh 259.40 kWh 4.05 kWh/m2
3 | 25082015/ 23092015 1,150.00 kWh 230.00 kWh 3.59 kWh/m2
4 | 2409-2015/1610-2015 1,164.00 kwh 232.80 kWh 3.64 kWh/m2
5 | 11-10-2015/1011-2015 1,926.00 kWh 385.20 kWh 6.02 kWh/m2
6 11-11-2015/1312-2015 1,512.00 kWh 302.40 kwh 4.73 kwh/m2
7 | 12-12-2015/1101-2016 1,589.00 kWh 317.80 kWh 4.97 kWh/m2
8 | 12-01-2016/1102-2016 2,090.00 kWh 418.00 kWh 6.53 kWh/m2
9 | 12-02-2016/1303-2016 1,416.00 kwWh 283.20 kWh 4.43 kWh/m2
10 | 14-03-2016/1304-2016 1,550.00 kWh 310.00 kWh 4.84 kWh/m2
11 | 14-04-2016 / 1305-2016 1,744.00 kwh 348.80 kwh 5.45 kwh/m2
12 | 14052016/ 1306-2016 1,545.00 kWh 309.00 kWh 4.83 kWh/m2
Total for period 18,514.00 | kwh 3,702.80 | kWh 57.86 kwWh/m2
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Table19 Power Consumption Billing Data Social SaguDepartment

Pilot .
Total remises Specific
N: Billing period consumed | Unit P Unit power Unit
consumed .
power consumption
power
1 | 2407-2015/2308-2015 1,241.00 | kWh 310.25 kWh 2.90 kWh/m2
2 | 24-08-2015/2309-2015 1,034.00 | kWh 258.50 kWh 2.42 kWh/m2
3 | 2409-2015/1610-2015 1,320.00 | kWh 330.00 kWh 3.08 kWh/m2
4 | 11-10-2015/1011-2015 1,985.00 | kWh 496.25 kWh 4.64 kWh/m2
5 11-11-2015/1112-2015 1,411.00 | kWh 352.75 kWh 3.30 kWh/m2
6 12-12-2015/1101-2016 1,216.00 | kWh 304.00 kWh 2.84 kWh/m2
7 12-01-2016 / 1102-2016 1,383.00 | kWh 345.75 kWh 3.23 kWh/m2
8 12-02-2016 / 1303-2016 1,296.00 | kWh 324.00 kWh 3.03 kWh/m2
9 14-03-2016 / 1304-2016 1,432.00 | kWh 358.00 kWh 3.35 kWh/m2
10 | 14-04-2016 /13052016 1,709.00 | kWh 427.25 kWh 3.99 kWh/m2
11 | 14052016 /1306-2016 1,541.00 | kWh 385.25 kWh 3.60 kWh/m2
12 | 14-06-2016 / 1207-2016 1,056.00 | kWh 264.00 kWh 2.47 kWh/m2
Total for period 16,624.00 | kWh 4,156.00 | kKWh 38.84 kwh/m2

Then, by having defined the baseline energy consumption values, the opérediimy
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 ared the building.

Lighting Devices
Accounting Departmen

T Room ~ 1 Municipal Service

In municipalservicer 0 o m theréare4 fluorescent lightswith installed capacit40 W
(0,06 kW each one) operatir@hour per daymeaning that the consumed energy is:

Corsumed energy for a day E9£240 =2160 Wh, around E 22.20 kWh
Consumed energy for a week E 22%20 = 11.00 kWh

T Room ~ 2 Municipal Service

Inmuni ci pal s etheveiamlefluorescentmights@ith installed capacity 240 W
(0,06 kW each one) opematj9 hour per daymeaning that the consumed energy is:

Consumed energy for a day E = 9*240 = 2160, &found E = 2.20 kWh
Consumed energy for a week E = 5*2.20 = 11.00 kWh
T Room ~ 3 Accounting

In theaccountinghere aret fluorescent lightswith installedcapacity 240 W (0,06 kW each
one) operatin@ hour per daymeaning that the consumed energy is:
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Consumed energy for a day E = 9*240 = 2160, Afound E = 2.20 kWh
Consumed energy for a week E = 5*2.20 = 11.00 kWh
1T Room ~ 4 Accounting Director

In the accounig director room there ar fluorescent lightswith 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 = 9240 = 2160 Wh, around E = 2.20 kWh
Consumed energy for a week-E55*2.20 = 11.00 kWh

Social Security Department

1 Reception room

In the reception room there adefluorescent lightswith installed capacity 240 W (0,06 kW
each one) operatir@hour per daymeaning that the consumed energy is:

Consumed energy for a d&y= 9*240 = 2160 W, around E = 2.20 kWh
Consumed energy for a week E = 5*2.20 = 11.00 kWh
1 Chancery

In the Chancery room there a&€dluorescent lightswith installed capacity 120 W (0,06 kW
each one) operating 2 hour per daganing that the consumedeegy is:

Consumed energy for a day E = 2*120 = 240, \&tound E = 0.24 kWh
Consumed energy for a week E = 5*0.24 = 1.20 kWh
T Room ~ 1 Soci al assistance

In the social assistae oom there is aingle lighting sourcewith luminescent lamps 4x60W
with installed capacity 240 W (0,06 kW each one) operating 9 hour peméaying that the
consumed energy is:

Consumed energy for a d&y= 9*240 = 2160 W, around E = 2.20 kWh
Consumed energy for a week E = 5*2.20 = 11.00 kWh
1 R o o m3Account Staff

In the accounting room there atdluorescent lightswith installed capacity 240 W (0,06 kW
each one) operating 9 hour per daganing thathe consumed energy is:

Consumed energy for a day E = 9*240 = 2160, Wfound E = 2.20 kWh
Consumed energy for a week E = 5*2.20 = 11.00 kWh
1 R o0 o m4 Technical Assistant of Accounting Director

In the office of the technical assistant of accounting dirgbtere is a single lighting source
with luminescent lamps 4x60Wwith installed capacity 240 W (0,06 kW each one) operating
9 hour per daymeaning that the consumed energy is:

Consumed energy for a day E = 9*240 = 2160, &found E = 2.20 kWh
Consumed eneygfor a week E = 5*2.20 21.00 kWh
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1 R o o m5 Accounting Director

In the office of the accounting director there is a single lighting source with luminescent
lamps 4x60Wwith installed capacity 240 W(0,06 kW each one) operating 9 hour per day,
meaning that the consumed energy is:

Consumed engy for a day E = 9*240 = 2160 Myaround E = 2.20 kWh
Consumed energy for a week E = 5*2.2000 kWh

1 R o o ml8People with disabilities department and social services

The | i ght i n1B People WRlo disabilities department and social services is
performed by aight bulbwith installedcapacity 0.07%W operating 9 hour per dageaning
that the consumed energy is:

Consumed energy for a day E = 9*75 = 6758,\&round E = 0.70 kwWh
Consumed energy for a week E = 5*0.70 = 3.50 kWh

Office/ plug Equipment

Accounting Department

T Room ~ 1 Municipal Service

Il n Room ~ 1 of the Acc o2conputensgith thetgieal capatigy 00 t her
W (0.30 kW per devicg operating &0hous per day, thus the consumed energy is:

Consumed energy for a day E = 8.50*600 = 5104 #&oundE = 5.10 kWh
Consumed energy for a week E = 5*5.125:50 kWh

and1 printer with installed capacity 200 YWoperating occasionally

Consumed energy for a day 22200 =400 Wh, around E .40 kWh
Consumed energy for a week E 0510 =2.00 kWh

Total consumed energy faffice equipmentin theaccounting departmeper week:
E =25.50 + 2.00 27.50 kWh

2 desks

T Room =~ 2 Municipal Service

| n R o ®MuniCipal Servicethere arel computer with installed capacity300 W (0.30
kW), operating 8.50 hours per day, thus the consumed energy is:

Consumed energy for a day E = 8.800 = 2550Wh, around E 22.55kWh
Consumed reergy for a week E = 2:55=12.75kWh
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Total consumed energy foffice equipmentn themunicipal srviceper week:
E =12.75kWh

T Room =~ 3 Accounting

There is2computersi n Room ~ 3 Accounting wbogeratingBhst al | ¢
hours per daythus therefore the consumed energy is:

Consumed energy for a day BB=5*600= 5100 Wh, around E #5.10 kWh
Consumed energy for a week E =550= 25.5kWh

and?2 printer swith installed capacity 200 W, operating occasionally
Consumed energy for a day==2*400 = 800 Wh, around E = @0 kWh
Consumed energy for a week E = B0®=4.00 kWh

Total consumed energy foffice equipmentn theaccountingoer week:
E =25.50+ 4.00 =29.50kWh

2 desks

T Room 4 Accounting Director

I n Room ~ 4 Account icomputBrwithenstdllex capdcity 800 &/ (@30 e
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
Consuned energy for a week E = 5*2.5512.75 kWh

Total consumed energy for office equipment i
E =12.75kWh

Social Security Department

1 Reception room

In the reception roomnthere is1 computer used9 hours per day with installed capacid,3
kw CPU& monitor, meaning the consumed energy is:

Consumed energy for a day B9*300 = 2700 Wh, around E = Z0 kWh
Consumed energy for a week E = 5@2=13.50 kWh

1 Chancery
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There is not office equipment in the chancditye Chancery room is uséal 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.

T Room ~ 1 Soci al assistance

Il n Room ~ 1 Soci ad2compuseiswith iastalied capabite 60@ 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
Conaimed energy for a week E = 5*5.4@%.00 kWh

andl 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*0.42.60 kWh

Total consumed energypif office equipment in the Social assistance per week:
E =27.00 + 2.00 29.00 kWh

R o o m3Account Staff

| n R o3Awcounting there aris 1 computerused 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 foreeek E = 5*2.70 43.50 kWh

Total consumed energy for office equipment in the Accounting per week:
E = 13.50 kWh

1 desk

1 R o0 o m4 Technical Assistant of Accounting Director

| n R o#Technical assistant of accounting director theré mputer usedaraund 9
hours per day with installed capacity 0,3 kW C&Unonitor, meaning the consumed energy
is:

Consumed energy for a day E = 9*300 = 2700, Wfound E = 2.70 kWh
Consumed energy for a week E = 5*2.703:50 kWh

Total consumed energy fasffice equipmen in the office of thetechnical assistant of
accounting directoper week:

E =13.50kWh
1 desk
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1 R o0 o m5Accounting Director

In the office of the accounting director therelisomputer used around 9 hours per day with
installed capacity 0,3 kW CRIJmonitor, meaning the consumed energy is:

Consumed energy for a day E = 9*300 = 2700, &found E = 2.7@&Wh

Consumed energy for a week E = 5*2.703:50 kWh

In the room there is alsbprinter with installed capacity 200 W, operating occasionally

Consumed energy for a day E = 2*200 = 400, \&found E = 0.40 kWh

Consumed energy for a week E = 5*0.40.60kWh

Total consumed energy foffice equipmenintheaccount i ng derweekt or 6 s o
E =13.50 + 2.06- 1550 kWh

1 desk

1 R o o ml8People with disabilities department and social services

There is1l computeri n R o ©8nPeople with disabilities department with installed
capacity 300 W, operatir@hours per day, thus therefore the consumed energy is:

Consumed energy for a d&y= 9*300 = 2700 W, around E = 2.70 kWh
Consumed energy for a week E = 5*2.703:50 kWh

andl printer with installed capacity 200 W, operating occasionally
Consumed energy for a day E = 2*200 = 400, \&tound E = 0.40 kWh
Consumed energy for a week=E55*0.40 =2.00 kWh

Total consumed energy fasffice equipmentin the office of thetechnical assistant of
accounting directoper week:

E =13.50 + 2.00 £5.50 kWh

The total annual power consumption of the different zones for the active operatioodlqgderi
the building (the municipality building is closed at sumwezationsand Christmas perit)

o
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> = = g g % g < =
2 S o = = £ B pt S E 3
Q Q Q =] =] S a S % - =] ©
L E E & ® 5 = = 2 oS 8 5 —
- . o o 2 c el & < o 2
5 = = g 25 o g £ F» <5
IS g = 8 ! ) g
3 £ = £ £8 g E2 €3 £
c © © o o o} € = © o o
S8 ° o o o @ o © ° o o
x x x x o g~ o o
m ’
Lighting 396 396 396 396 396 396 396 396 396 126
Aggregates 990 459 1062 459 486 1044 486 486 558 558
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 th@58.80KWh retrieved from power billing analysis.

The reason for this deviation may be the space allocation of billing data or additional loads
that are not caidered as part of the simulation process. Therefore, a more focused analysis
should be performed at suhetering data retrieved from pilot premises in D1.5

4.5.2.3 Calculation of CO, emissions per premise
The calculation of the C{emissions per premises is @omsing the following formula.

EP=B 0 QQ010°

Where EP is the quantity of CO2 emissions, t;

Q i the quantity of the"lenergy resource typeWh:;

f; - coefficient ofecological footprint equivalent factof the " energy resowe type, g/kWh;
m 1 number of the energy resources used.

The coefficient of ecologicdbotprint equivalent for electricity in Bulgaria is$ 819 and for
heating with centralized heating system s 290.

The calculations are done regarding tleathg energyconsumption and the consumption of
electricity per premises per week.

It is applied for each premise in the next lines.

T Room ~ 1 Municipal Service
- CO; emission from heating

EP = (Qu * fin)* 10° = (4.20 * 290) * 1 = 1218 / 100000 = 0.001218 t
- CO; emission from electricity

EP = (Qe* fio)* 10° = (38.90 * 819 * 10° = 31531.5 100000= 0031531t

T Room ~ 2 Mibervicei pal
- CO; emission from heating

EP = (Qn * fin)* 10° = (4.20 * 290) * 1 = 1218 / 100000 = 0.001218 t
- CO, emission from electricity

EP = (Qe * fio)* 10° = (38.50 * 819) * 16 = 31531.5 / 100000 = 0.031531 t
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f Room =~ 3 Accounting
- CO; emission fom heating
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EP = (Qn * fin)* 10° = (5.04* 290) * 10° = 1461.60/ 100000 = 0.00462t
CO, emission from electricity

1 R o o m4 Accounting Director
CO; emission from heating

EcP = (Qe* fio)* 10° = (26.00 * 819) * 10°° = 21294/ 100000 = 0.21294t

E.P = (Qn * fin)* 10° = (5.04 * 290) * 1¢f = 1461.60 / 100000 = 0.001462 t
CO, emission from electricity

EP = (Qe* fie)* 10° = (26.00 * 819) * 16 = 21294 / 100000 = 0.021294 t
1 Reception Room

CO; emission from heating

EP = (Qn * fin)* 10° = (7.72 * 290) * 10° = 2238.80 / 100000 = 0.002239 t
CO, emission from electricity

EP = (Qe* fi)* 10° = (24.50 * 819) * 16 = 20065.50/ 100000 = 0.0Q066t
1 Chancery

CO; emission from heating

EP = (Qu* fin)* 10° = (8.96 * 290) * 1P = 2598.40 / 00000 = 0.002598 t
CO, emission from electricity

EP = (Qc* fie)* 10° = (1.20 * 819) * 10 = 982.80 / 100000 = 0.000983 t
f Room "1

Soci al
CO; emission from heating

assistance
EP = (Qn * fin)* 10° = (3.27 * 290) * 10 = 948.30 / 100000 = 0.000948t
CO, emission from electricity

EP = (Qe * fie)* 10° = (24.50 * 819) * 10° = 2006550 / 100000 = 0.20066t
1 R o o m3Accounting
- CO, emission from heating

2016-11-25
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CO, emission from kectricity

EP = (Qe * fie)* 10°° = (40.00 * 819) * 10° = 3276000 / 100000 = 0.82760t

1 R o0 o m4Technical Assistant of Accounting Director
- CO; emission from heating

EP = (Qu* fin)* 10° = (2.28 * 290) * 1¢ = 661.20 / 100000 = 0.000661 t
- CO; emission from electricity

EcP = (Qe* fio)* 10° = (26,50 * 819) * 10° = 2170350 / 100000 = 0.21704t

1 R o o m5 Accounting Director
- CO; emission from heating

EP = (Qn * fin)* 10° = (4.47* 290) * 10° = 129630 / 100000 = 0.00R96t
- CO; emission from kectricity

EcP = (Qe* fio)* 10° = (28.50 * 819) * 10° = 2334150 / 100000 = 0.CE342t

1 R o o ml8People with disabilities department and social services
- CO; emission from heating

EP = (Qu* fin)* 10° = (12.93 * 290) * 16 = 3749.70 / 100000 = 0.8050 t
- CO; emission from electricity

EP = (Qe* fie)* 10° = (19.00 * 819) * 1¢ = 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, liglhtidgaggregates
per office and sums up the total consumed energy per premigeguier

Table20 Annual energy consumption in each pilot area in Pernik Municipality

Director
Reception room
R o o m Technical
Assistant
Director

Consumed Energy

IS
2
2
g
=]
=
S
o
o
o

R o o m Mugicipal
Ro o m Acé®unting
R o o m Acebunting

R o o m Sodal assistanc
Ro o m Acddunting

Room

Heating 201459 | 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
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