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1. EXECUTIVE SUMMARY
|

To demonstrate the capabilities of the EEPOS approach,BEROE system was tested in 3
environments, with each demo site looking at different aspects of the systems to get to an
overall estimate whether the EEPOS idea is feasible to actually reduce energy consumption
and greenhouse gas (GHG) emissions in neiglomals.

In this document, the effects of the EEPOS system on three demo Sites in

1 Lauttasaari, Finland
1 Langefeld, Germany
1 Araia, Spain

are quantified and discussed.

In the Finnish demo sitepnsisting of six fairly new (2007) to new (2014) buildindpg man

energy consumers are space heating, air conditioning and a seawater based cooling systems,
which has a large consumption in auxiliaffhe aim was to show the possibility of increhse
integration of PV by load shiftintiprough central energy management.

The German Demo site in Langenfeld consists of a social housing development with about 70
buildings which are supplied by a local heating plant. This heating plant has several heat
generators with varying fuel sources and therefore GHG emissionsaifaewas adjusting

the building loads through demand response to keep in a range where only the environment
friendly heat sources have to be operafdte real demo site had to be replaced by a virtual
one during the project to bankruptcy of the respongitidgect partner.

For the municipality of Araia in Spain, the main municipal buildings were modelled in a
virtual demo site, and the possibility of a local heating grid powered by a CHP together with
increased PV production was explored.

In all three casesising the EEPOS approach for energy management on neighbourhood level
was primarily used for demand response.this capability, the effects on the EEPOS
approach both in terms of G@avings and financial gains could be demonstrated.
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2. INTRODUCTION

2.1 Purpose and target group

D4.5 gives the overall quantitative results of the three EEPOS demonsifa@pproaches

used in each experiment are shortly discussed, and allows for a direct comparison of the idea
of the EEPOS approach on the different systemd aites. It is mainly addressing
stakeholders on neighbourhood level, showing the possibilities that the EEPOS approach has
in terms of CQ savings, but also in terms of financial results.

2.2 Relations to other activities

This document is the summary of tegperiments done iT4.3 (Virtual Prototype) T5.1
(Finnish demo site) and T5.&German Demo site), andses definitions from D4.4 The
results partly entered1.5 for the feasibility of the business cases envisioned within the
EEPOS project.
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3. SYNOPSIS OF THE DEMONSTRATORS

3.1 German/Austrian Demonstrator

3.1.1 Overview

Due to the insolvency of the Partner responsible for the physical demo site during the last
project year, the Langenfeld neighbourhood was also redone as a virtual demo site. As
described in Deliverabls . 4 , based on GIS data the 72 bui
were recreated as Energy+ models provisioned for zone control were the temperatures
setpoints could be set from outside the simulation softwdast data from the actual heating

plant wasanalyzed, showing very consistent behavior of the different heat generator over
time. Base on this information, the load shifting control was designed.

3.1.2 Load Shifting

Based on the OGEM#Aased adaption request application developed for,@2.&pplication

was developed for shifting thermal loads. The application used predictions for the thermal

load of a variable number of households (73 were used in the simulations) in order to generate
adaption requests. The goal of the adaption request was to mini@jzer@luction for the

heating system used in the neighborhood, which were (in order gfp@@@uction) CHP,

biomass, and gas heatirihus, while the overall demand for heating was expected to stay the

s ame, t he goal was t o rnmeadsuandegastheating wauld haviepoe a k s «
be used, and conversely use CHP to fulfill as much of the heating demand as possible. Since
temperature in a household can vary within certain tolerances and will change only slowly

over time, the individual householdsughfunctioned as an energy storage system.

The following procedure was used:

1. The thermal load predictions for the individual householgsoviding the expected load
for each household in 15 minute intervalsre pushed into OGEMA via the OGEMA REST
interface.

2. The application calculates an averaged load prediction for all households, again dividing
the load prediction into 15 minute intervals. Furthermore, it calculates the mean load for the
span of the next 24 hours.

3. In order to ensure that masitthe load shifting will focus on peak events, only a limited
number of households will receive adaption requests for increasing or decreasing their
thermal load at any one time. The number of households selected for this purpose during any
given time iterval is:
o e e L, 8001 1T WE QI WIEXEQ U QE € w&Q
YE oM GEOTE 6 1B Qi e s

VQwEEe 0wQ
For periods when the selected number of households would exceed the total number of
households (i.e. when tlairrent averaged load for the 15 minute span is more than twice the

mean load), all households are selected. Beyond that, the households which receive nonzero
adaption requests are chosen randomly for each 15 minute interval.

The individual households rage the following adaption requests, which are published via
the OGEMA REST interface and thus made available to the thermal simulations:
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Adaption | Condition

Request

Value

-2 If chosen and CurremtveragedLoad >Mean Load
0 If not chosen for adaptiongaests

+2 If chosen anc€Current Averaged Load= Mean Load

This parallels the adaption requests for electrical loads as outlined in D2.3, section 4.2.1, with
the following differences:

1 The-1/+1 values for adaption requests were removed, as the thenmodditsons had
no way of integrating fiweakodo recommendat.
T A "0o value was added since, unl i ke with
theory completely controllable by central systearsd it was feared that if all
househals r ecei ved nonzero adaption requests
heating systems when the thermal load approaches the lean value.

As the OGEMA application is running on a persistent seivéhe same used for the
laboratory prototypd the adption requests are continually updated as new thermal load
predictions are submitted to the system.

A further OGEMA application was developed which provided historical weatheri diata
particular, outside temperature$or Langenfeld for the thermal sutations, which likewise

were made available via the REST interface. Current weather forecasts could also have been
used via the OpenWeatherMap Connector, as explained in D4.2. However, since the purpose
of the simulations was to study thermal load shgftinsing current summer temperatures as
input data for the thermal simulations would have been copnteiuctive.

3.1.2.1 Implementation

Several preconditions were necessary for calculating adaption requests. The Adaption Request
application itself has no subpagn the OGEMA web portalt assumes existing Region and

Building OGEMA Resources (using the OGEMA classes
org.ogema.model.building.GeographicAddress and
org.ogema.model.building.Building ) and generates adaption requests based on

the algorithm describedave.

The Regi on Resources ar e created by t he ;
application. The Clas§eographicAddress is further extended by weather forecasts

(based on OpenWeatherMap) and these, as well has historical data, are stored in a time series
(OGEMA Classorg.ogema.core.model.schedule.ForecastSchedule ).
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Figure 2: Region "Langenfeld"

The Building Resources themsel geme@3EMA gener
Application (see screenshot below), in which the Buildings are mapped to the Region
Resources. As nearly all OGEMA data classes and Resources are derived from the
org.ogema.core.model.Resource - which also provides interfaces to map derived
classes to each othetOGEMA Applications can communicate with other Applications using
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common Resources (as long as these Applications have the proper permissions for these
Resources). Th&2 simulated buildings used by the Adaption Request Applicaterihais
generated by the Building Management Application and made available as OGEMA
Resources which the Adaption Request Application has access to. For ease of configuration
the names of these buildings can be loaded from an XML file, but the Buildinggelaweat
Application can also create individual Building Resources:

& W W Logout (root ADMIN) 4 minutes logged 9

ogEmar Building-Management

™ Buiding Management

9} User-Management Building-Management
-

te new buiklings 1o  sslactad neighborhood. Balow you get an overview

a OpenWeatherMap-Connector

! PV Simulation Selectregion  Langenfeld_Neightorhood =

Create Building
! OGEMA Persistence View

Backup from XML

= Sites in OGEMA
Update AdaptionRequests

updatetR

Existing Buildings

Building Neighborhood Current Consumption (W)
Langenfeldl  Langenfeld_Neighborhood 0.0

Langenfeld1  Langenfeld_Neighborhood 0.0

Langenfeid11  Langenfeld_MNeighborhood 0.0

Langenfeid12 Langenfeld_Neighborhood 0.0

Figure 3:Create Building for Region

The Adaption Request Application itself only consists of a Start Class
(eu.eepos.nas.building.managemen.extension.ManagementApp ) which is

found by OGEMA as an OSGi Service and establishes the necessary data and Resources used
by the application, and a Logic Class
(eu.eepos.nas.building.management.extension .

BuildingAdaptionRequesuUtils ) which contain the actual algorithms. The B@lass

also includes a timer, which executes the algorithm once after the Framework starts and then
at each 15 minutes of system time (whenever the system time reaches a full hour, as well as
15, 30, and 45 minutes after a full hour.

The data transfer witexternal systemis that is,the retrieval of the thermal load prediction
and the publication of the adaption requéstecurs via the OGEMA REST interface, which
can be accessed via http (or https):

1 http://eepos.iwes.fraunhofer.de:8080/rest/resources/L angen
feld 1/adaptionRequest/forecast

1 https://eepos.iwes.fraunhofer.de:8443/rest/resources/Lange
nfeld 72/adaptionRequest/forecast

3.1.3 Results

A simulation experiment for load shifting on a daily basis was conducted for a whole year.
Figure4 shows the evaluation of a singel day, and the effect of the adaption request (AR) is
immidiatly visible. The gas boiler (green) is running for a longer time without the AR (left
side) while the biomass (cyan) is running less.
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Figure 4: Evaluation of a sample day

When looking at the numbens Table1 one can see that the reduction of the use of the gas
boiler can be directly translated into €@eductions, as it is the major contributor to
emissionsOn the sample day, the AR led to a reduction of CO2 emissions by about 1.3 tons.

Scenario CO;, (kg) Heat Energy from Gas (MWh)
Without AR 7840,19 20,731
With AR 6529,21 15,27

Tablel: Effect of adaption requests omissionsand production using the gas boiler

3.2 Finnish Demonstrator

3.2.1 Introduction
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Finnish demonstratiosite has been started to build 2007, six buildings are ready and the
last building is under constructioA.lot of EEPOS related energy and electricity metarda
local weather statiowere installecbn 2014

The seawater cooling system is the only RES based esetgge in Finnish demonstrator.
The most of theEEPOS seawater cooling systemelated energy meterswvere installed
between September and October 20d#e( the latestcooling season This means thahe
most important RES based experiment rgea{vater coolingis based onsummer 2015
cooling season dat@n the other hand summer 2014 was much wafmere cooling was
neededYhan summer 2015 ant astwhysomeRES based seawater coolirejated energy
saving analyses are madgingsummer 2014o0o0ling datawith estimatecoumping energies

Other experiment rundoneare energy saving potentials gpace heating and domestic hot
water In addition a study wasdoneto find out the minimum level cddditional RES based
energy production (PV panels in demonstration site) to achieve energy positive neighborhood.

Load shifting potential estimationcan be donebasedon raw measurement datanalysis
collectedand classified separately from each technical system

3.2.2 Energy Saving Potential

Seawater based space cooling

Two experiment runs for cooling related energy saving potential was donérstiman was
done on summer 20140 data of pumping energgvailalle, averageoutdoortemperature
17,2 °C) andthe second one was dooa summer 2015pumping energydata availablg
average outdoor temperature 15,7).°The cooling energy is produced by seater based
cooling systenflocal renewable energy sour@e)dit is free for occupants.

Measuredand savedooling power (deliveredby fan coil unit and chilled beam netwark
case Klyyssi buildingfor first experiment run (27.622.9.2014)s shown inFigure5.

Measured RES based cooling power and related savings
Delivered by seawater cooling system's fan coils and chilled beam
14

—— Delivered cooling power

T ] —a— Cooling power saving (COP =1.2)

Cooling power saving (COP = 1.4)
—— Cooling power saving (COP = 1.6)

]
L

=
N

10

1
!
IR TR T
’A,A,ﬁ,., A S W‘#

27.6.2014 22.7.2014 16.8.2014 10.9.2014
Date

Delivered and saved cooling power, [kW]

Figure 5: Measured and saved seawater based cooling pdwease Klyyssi building,
summer 2014
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The total delivered cooling energy between 27.82.9.2014 in Klyyssi building was 10,8
MWh which means 3,4 kWh/mOn the other handhe totalcooling energy saving is smaller
becauseextra electricity power is needed focold water station{compressors, pumps, etc.)
and other cooling network pumpgseawater system main pump, fan coil unit network
circulationpump chilled beam networkirculation pump air bleedey.

On ammer 2014 cooling seastme electricitymeters of the cooling netwogumpswerenot

yet installed. Installation was done on September and October 2014 (after cooling season).
This means thatompleteenergy saving experimentin was not possible to executbefore
summer 2015Because of thahe summer 2014 relateehergy savingotential analysewas

done using estimatgoumpingenergieshased on year 20160 o | i n g Ceeffident ©Mmo s
Performance (COP) values follows.If the cooling systerda £OP is1,2 then the summer
2014 experiment rurbasedKlyyssi building cooling energy saving i$,8 MWh (0,6
KWh/nr). For COP valud.,4 the energysaving is3.1 MWh (1,0 kWh/n?) and for COP value
1,6the saving ig,1MWh (1,3kWh/n7).

In neighborhoodevel (6 apartmenbuildings) the seawater cooling based energy savings are
something betweeb5i 34 MWh in the studied cooling season (27.82.9.2014).

The second experiment run was done on summer 2015 {17.9.2015) and the rated
measured and saved cooling power (delivered by fan coil unit and chilled beam networks)
datais shown inFigure6

Free and delivered sea water based cooling powet—Pelivered cooling power [kw]
Case KInyS| bU|Id|ng ——Used extra electric power for pumps etc. [kW]

Free cooling power [kW]

12

Average power, [kW]

Date

Figure 6. Measured and saved (free) seawater based cooling powase Klyyssi building
summer 2015

Based on summer 2015 data the delivered average (24 h) cooling power varies bétWween 5
to 11 kW for Klyyssi building. For whole Finnish pilot area this means 42 kW to 92 kW
cooling power. On the other hand the rembdlectric power for Klyyssi building related
compressor and pumps varies betwaénV to 10 kW (25 kW to 84 kW fothe whole area).
And the most important free cooling average power varies betivedétWVW to 3 kW which
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means-33 kW to 25 kW for the whole areAveragesavedcooling power is 0,8 kW and 7
kW for whole area.

The total delivered cooling energy for Klyyssi building in summer 2015WwadWh andfor
thewhole area 144 MWhThe usegower consumptiofior compressor and pumps were 15
MWh for Klyyssi bulding and for whole area 12MWh. The savedcooling energy for
Klyyssi building was 2 MWh and for whole area estimated value is 17 MWh.

The dstribution of electric power used in sea water cooling system is shbigune?7.

—— Cold water station [kW]
EIeCtrIC pOWGr Used by Sea Wa.ter COOII ng —Fan coil unit network circulation
pump [kW]
Chilled beam network circulatior
system Chilec e
= Air bleeder [kW]
8 /|
7
= a ¥ M// \ L\1
o
[
4
o \
=
A A
N wN Y
L
2
1
0 +I—= : : : : : : : : : : : : :
] ] ] » » » » » » » \J \J \J \J ] ]
<,,'J9\, <,,'39\, (0,]9» b’}@, b,}@, b’-”& b'-”& /\’.V& /\,}Q'» /\,]9'» /\,19'» %79\' %79\' %'19\' %19» %,)9»
Qo > R A$ S > & o o K & By o K S K

Figure7: Distribution of electric power used in sea wateoling system.

As seen from the Figure 3, the cold water station (2 compressor, 2 pumps etfee)russt of
the extraelectric powemeeded for sea wateooling systemand related eergy savings is
dependent how well the contrahd related load shiftingan be optimized.

COP values for Finnish pilot related seawater based coslisggmand related outsidair
and seawvater temperature&ase Klyyssi bilding, summer 2015) is shownRigure 8. The
sea water temperature is measured insideghevatec o ol i ng systembés I nput
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COP for Finnish pilot related sea water cooling| — €O forseawatercoolng

—— Sea water temperature, [°C]

Case KlnyS| bUI|d|ng —a=— Qutside air temperature, [°C
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Figure8: COP for Finnish pilot related seawater basaxbling sytemand related outsidair
and seawater temperaturdmeasurednside input pipe)i case Klyyssi building, summer
2015.

The COP for whole cooling system varies between 0,5 to 1,7. This means that sometimes the
cooling system takes moetectricpowerthan it deliversas acooling power And the average
delivered cooling power ignly 1,2 times higher thathe electricpower it uses

Onereason for COP values under 1,Gaifault in system likeblockage in sea water pipes

inlet (e.g the valuesdiween23.8- 27.8.2015). Othereason folow COP valuesan betoo

high sea water temperatuoe used control strategg nd r el at ed oéusithg user o
apartment levetoolingset poins.

As seen from thé-igure 4 the correlation betweesea waterdmperature n cool i ng sys
input pipeandoutdoor air temperature is rather high. On the other hand the sea water cooling
systembés input pipe is 5 m below sea surfac

surface water sefficiently that the tenperature changes rather fast also in 5 m below the
surface.In that case e solution for more energy savingsould be tofind better place
(deeper) where ttake cooling systerseawater.

Sea water temperature before and after the heat exchahmr is connectedetween cold
water stati on @sdseawandreuiis shown idrigurec QFigure9.
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Figure 9: Sea water temperatureefore and after the heat exchanger.

As seen from the Figure the temperature drop of sea watethiaheat exchanggwhich is
connected between col d wat ewatesdrai}is aboudb0s9 c o n d ¢
°C. On the other hand the sea @mtlow is muchhigherthanthe condenser circuit flovand

the sea water pumping related energy consumption per building is much lowehéwoid

water station related energy consumpti@ee figure 3) This means thathe seawater

pumping related eneygsaving by ICT is not very significant andult detection (e.g. see

figure 4 COPvaluesunder 1,0 and peak in sea water input temperature) and right control
strategy is the best way to avoid extra energy use in that part of the cooling. system

As a contusion, thesea watebasedcooling system is not very efficient solutimom energy
saving point of viewICT based energy saving is the most effective ifdbawater cooling
systemcontrol strategies are optimaélated load shifting can be optimizaadthe ICT based
monitoring and related fault detectiatgorithms(e.g. EEPOS fault detection engiran find
faults (e.g. blockages in sea water pipebs i

Air conditioning

Experiment run for ia conditioning relatedsaving pogntial was done between September
2014 and August 201 i r conditioning systemsdéd related
values is shown ifrigurel10
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= Apartment level AHUs, [kW]

Air conditioning related electric | . oe s
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Figure 10: Measured air conditioningelatedaverage electric powdr case Klyyssi building.

ICT based air conditioning based savings are based mainly on load shifting. The theoretical
maximum load shifting potential for Klyyssi building is about 110 kW (for whole
neighbourhoo®20 kW), butall air conditioning is not good to put totally off so 80 kW (for
whole neighbourhoo@70 kW) is more realistic value for short time load shifting. This means
that air handling is the most potential electric power related energy saving energyfsaving
EEPOS ICT.

Space heating

Space heatingenergy saving potential relatexperiment run was done betwe®aptember
2014 andMay 2015. Related energy saving potential was studied bgmparing the
measurement values and estimatgdimal spaceheatingenergyconsumptionin building
level (Figure26).

The estimated space heating was done by EBRDSystem connected extervagéb service
basel space heating calculation model based on EN ISO 13790:20DP8Energy
performance of buildings: Calculation of energy use for space heating and cpalinth EN
15241:2007[2] (Ventilation for buildings: Calculation methods for energy losses due to
ventilation and infiltration in buildingsstandards as well as the models for estimgagolar
radiation. The model includes methods for a dynamic hédaaged calculation of building
energy and thermal performance, including the periods of heating and cooling, and- airflow
related energy losses.
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Figure 11: Measued vs. estimated optimal space heamgrgyconsumptiori case Klyyssi
building

As seen from theigurell, themeasuredpace heating is rather optimal and there is not much
to dospace heating relatezhergy avings byEEPOSICT. On the other handf the district
heaing basedenergy price would varpy hoursand cheap energy could be stofedy. by
overheating when energy is cheappney savings is possibigee chapter load shifting
potentia).

Domestic hbwater

Domestic hot water heatingnergy savingrelated experiment run was done between
November 2014 and May 201/. this experiment run no reference datas availabldefore
EEPOS so the values are compared to the estimated Vélee=stimated hot vier energy
consumptionn building levelis calculated using equation

Qnotwater= 4 perpersont XquaaofHotwater® N numberotPersan™ Cp * (T hot T cold)

where

QnhotwateriS estimated domestic hataterenergy(delivered)in the building[W]
4 perpersordS Used hot water per person [Kg/s]

XquotaOfHotwatedS NOt water quota of usedater

NnumberofpersonkS NumMber of occupants in the building

Cp is water specific heat capacity/kg°C]

Thot IS hot water temperature [°C]

Teoid IS cold water temperature [°C]
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Typical value for one person water consumption is 140 I/Eajimation for buildig level
hot water energy consumption is

Qhotwater= 140 I/day,person / (24*3600) s/day * 0,4 * 64 person * 4190 J/kg°C * B7C =
8690 W

Measured vs. estimated domestic hot water heating energy consumpglomvn onFigure
12

14 Piping related heat loss 4,6 kW || 14.0
1135
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Figure 12 Measuredvs. estimateddomestic hot water heating energy case Klyyssi
building.

Theexperiment rumelated measurements includes also hot water circulation pipe related heat
loss. If the heat losseare 0 kW the real domestic hot water use is higher than the average, but
if the heat loss is 4,6 k\typical value)then the real consumption is lower.

This experiment rushows that the measurbdt waterenergy consumption @sverage This
means thatheremay besomeenergy saving potentiéut not muchin addition domestic hot
water rel ated energy consumpt iaodnn thissbuildirgp e nd e |
arel i ving very rich people who typically donot

On the other handf the thermalenergyprice would vary hourby hourthenthe cost savings
are possible by load shiftingee chapter load shiftingotentia) in the way that occupants
e v e n ndticei.0 t

Additional RES needed to achieve energyitipas neighborhood

The aim of this experiment run was to study how much more local RES based energy
production (Photo Voltage panels) is needed to achieve energy pasity#orhood

Electricity produced by the photovoltaic systea,Eouds calculate by[3]:

Esol,pv,out: Esol * Ppk * fperf/ Iyt

2015-09-30




EEPOS Final analysis and validation Page 17 of 47

where
Esolis the annual solar irradiation on the ghatltaic system [(kWh/R)/year]

Pok is the peak power [KW], represents the electrical power of a photovoltaic system with a
given surface and for a solirradiance of 1 W/m? on this surface (at 25 °C)

foerf IS the system performance factef [
l.efis the reference solar irradiance eqoal kW/nf

Solar radiation for horizontal surfaces{fo) in South Finland is 975 kWh/mper year 4]. If
the sohr panel tilt angle is e.g. 45° then the solar radiatignrEHelsinki is

Esoi= 1,2 * Bsothor= 1,2 * 975 [(KWh/mi)/year] = 1170 [(KWh/M)/year].
And the annual electric energy produced by the photovoltaic systenf fger m

Esolpvout = 1170 [(kWh/md)/year] * (0,15 kW/ni * 1,0 nf) * 0,75 / 1,0 [kW/mi] = 132
[kWhlyear]

The annual energy consumption in the Klyyssi building is as follows

- space heating and domestic hot w8#r MWh
- real estatelectricity consumptior81 MWh (household electricity not aiuded)

The total energy need in th@ready buildFinnish demonstratioareais 2500 MWh The
delivered energy by RES based seawater cooling is 144 MWh.means that for energy
positive neighborhood there is need 8360 MWh of new RES based energyogluction
installed in the demonstration are&tHis is done by PV panels (13@Vh/n¥ per year in
Helsinki) this means that there @sneed to instaltl7800m? PV panels to achieve energy
positive neighborhood hat isover4 times more than the availabloof area.

The efficiency of thermal solar system is much higher than using PV panel based system. If
the heatings done by thermal solar collectors and electricity part using PV panels sodass
for solar energy system will beeeded.

3.2.3 Load Shifting Potential

Load shifting is a very complicated challenge. Although in theory all technical systems can be
totally shut down or run up to full blast, in practice we have multiple boundaries that limits
load shifting potentialThe most important boundary iisdoor climate. Indoor climate must

meet preset limits all the timelt is unacceptable if inhabitants feel indoor conditions
uncomfortable. On the other hand while apartment is empty there could be options to deviate
from those limits.

The most reliablevay to estimate potential is to analyse realised raw data. Firstly load
shifting potential is collected and classified separately from each technical system.
Classification is based on time range of potential load shifting where

1 Short term mean 1 minutedd shifting potential. These systems are crucial and they
can be manipulated extremely short time only before those make effect on
circumstances.

1 Medium term means 1 hour load shiftinbhese systems take much more time to
make effect.

1 Long term means 4durs or more. These systems, such as floor heating system, make
effect very slowly.

Load shifting estimate is based on realised consumption data coming from sensors. The data
is categorised according to time on hourly basis. Base on this data threecaidukzed.
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1 Median value that means the most typical consumption

Maximum value that is close to practical realised maximum consumption, 99,5% of
values are below this value

1 Minimum value that is close to practical realised minimum consumption, 99,5% of
values are above this value

Practical load delaying potential is the median value minus minimum value.

Practical load advancing potential is the maximum value minus median value. Some systems,
like heating system and cooling system, data analysis is linoteelévant seasons only.

Shift loading potential for the entire building is calculated figures from the system level. This
figure gives us realistic input to business models. In the case that the figures are used for on
time adjustment of building automai system we should uses-tbme consumption values

instead of median values.

Advancin
/) a / \\/A
POTETI
/IU Delaying \
Maxvalue potential

- Medianvalue
AN \/'

Min value

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

Figure 13: Load shifting potential

The load shifting economical potential was calculated from the highest individual
measurement point (ventilationstgm, heat recovery, HO01EMO03_1) in Merenkulkijaranta,

As the initial step for shift potential was created energy consumption profile which is
presented ifrigure14.
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Figure 14: Energyconsumption profile, heat recovey901EMO03_1

Then from the daily hours were calculated separately by MAX IF and MIN IF hourly
minimum and maximum energy consumption. The hourly minimum and maximum energy
consumption are presentedrigure15

Figurel5.Energy consumption, mimas and integrl, heat recoveH901EMO03 1

Into the minimum and maximum consumption were applied trapezoidal rule by following
equation:

QwQw w Ww—m
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