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Energy consumption prediction with building usage

measurements to support decision making in building retrofitting

o Introduction

The EnPROVE project has developed a platform to sup-
port building renovation by directing the available invest-
ment to the most appropriate technologies. The aim
of this project is to maximise energy efficiency. The solu-
tion offered includes a wireless sensor network that
is used to perform a building audit to analyse the real
usage of various areas in the building. The Energy
Prediction and Decision Support System (EPDSS) provi-
des suggestions for potential renovation scenarios for
the building taking into account the current situation, i.e.
baseline scenario, and the real use of the infrastructure.
The alternative scenarios are analysed and compared
from both technical and financial perspectives. A techni-
cal consultant is in charge of comparing energy
consumption of each scenario, taking on board installa-
tion and maintenance costs. An investor then reviews
the scenarios from a financial perspective, comparing
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Figure 1. EnPROVE process steps.
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initial investment, payback period,
return on investment (Rol) and net
present value for each. The combi-
nation of these two perspectives
enables the investor to make an in-
formed decision and direct the ava-
ilable investment to the solution that
will also maximise energy efficiency.

) Rui Neves-Silva
The  project has  successfully  project Coordinator

completed a test case in the
University College Dublin in Ireland, where the CLARITY
Centre building was analysed to renovate its lighting
system. The infrastructure was monitored by the wireless
sensor network for six months. Energy consumption for
this building was analysed by the platform. EnPROVE
suggested a set of twelve possible renovation scenarios,
offering possible energy savings ranging from
12% to 82%, with initial investment from €70
to over €7000.

The EnPROVE Platform supports the building owner,
technical and audit consultants in going through the
complete planning of a building renovation.
This process comprehends 13 steps represented
in a clockwise direction as shown in Figure 1. starting
on the right side, with "Create new project”.

The objective of this newsletter is to demonstrate
the functionality offered by the EnPROVE platform
and the results achieved in the Irish test case.
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o Building Model

A building to be audited in the EnPROVE system
is described by its model. The model consists of walls,
openings (doors, windows), spaces and also the rela-
tions between those building elements. Figure 2 demon-
strates an example of a building model.

i Cwmpme gl

Figure 2. 2D building model in CAD system.

The building model can be imported from an external Com-
puter Aided Design (CAD) system into the EnPROVE
system. To accomplish this, EnNPROVE has importer plug-
-ins for different CAD systems (such as AutoCAD Architec-
ture, Autodesk Revit) that do a full-automatic import of
the relevant building model data into the EnPROVE system.

The CAD drawing is required to include building elements
(walls, openings, spaces, ...). Alternatively, a simple
2 dimensional (2D) CAD drawing geometry must be repla-
ced by the corresponding building elements. The result of
this process is a 3 dimensional (3D) model of the building as
shown in Figure 3.

Figure 3. 3D building model in CAD system.
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The working unit for the EPDSS system is the zone.
So once the building model has been imported into En-
PROVE, it needs to be partitioned into zones. A power-
ful, easy to use zone browser and editor with a graphical
user interface is included in the EnPROVE system
to assist in defining zones.

The part of the building to be renovated is completely
subdivided into an arrangement of zones which are cate-
gorized as HVAC, lighting or combined zones. Figures 4
and 5 show the CLARITY Centre building model impor-
ted to the EnPROVE system and its zone definition,
respectively.

Figure 4.
Building
model im-
ported into
EnPROVE
system
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Figure 5.
Defining
zones

for the
building
model for
the CLARI-
TY Centre
case.

Once all the zones are defined, the auditing of the buil-
ding can be requested.

Zones that are not going to be audited can be represen-
ted with a placeholder (proxy-zone), defining the usage
and consumption behaviour of that zone.
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o Extrapolation

The audit process consists of installing a wireless sensor
network in the selected zones to collect information on
how the building is actually used. This information will be
used to calculate the energy consumption in the building.

One of the key aspects for the investor is to be able
to gather the most possible information about the building
minimizing the investment costs. This implies reducing
the number of sensors installed and also the auditing
period length, without compromising the validity of the
results for the whole building.

An intelligent post-processing of audited data makes
it possible to get information of variables that are not
directly measured, or can complement these
measurements, e.g., a window actuation event also gives
the information of presence detection. Also, using the
concept of proxy-zones drastically reduces the number
of sensors needed to characterize a whole building.

In parallel, the system also implements intelligent
extrapolation strategies which permit to obtain usage
and ambient values for the whole year. Although the audit
provides only information of short period of time (2-3
months), it makes possible to reuse the sensors during
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the year, as it is shown in Figure 6 in several buildings.
The key issue is to find the correlations between different
measurements during audited period and apply them
to the rest of the year. For example the software of the
platform analyzes the collected data for external daylight,
internal daylight and on/off patterns of luminaires and
deduces how the luminaires will be operated in different
daylight conditions. Knowing what external daylight
conditions are anticipated in any moment of the year
(using historical or climate files), these luminaire actuation
patterns can be deduced for the rest of the year.

An equivalent situation for HVAC would be to detect
if there is any correspondence between when the users
switch on or off the terminal units regarding perceived
temperature and if the windows are opened in such
situations or not, obtaining some probabilistic factor for
different events, depending on the measured variables.
Then, those probabilistic functions are applied to the rest
of the year. This process is demonstrated in Figure 6.
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Figure 6. Procedure for extrapolating auditing period values to the whole year
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o Concept Creation — Lighting Use Case

Proxy zones act as reference for zones with similar usage and energy performance characteristics. The concept
of proxy zones does not only reduce the amount of auditing equipment to be deployed during data collection phase,
but does also greatly limit the complexity for renovation scenario creation. Figure 7 outlines the chosen setup for the
CLARITY Centre demonstration case. In total, reference zones for 3 different single person offices, 2 open space
offices, the corridor and a conference room were chosen.

scenario creation application uses 3 key
performance indicators (KPI) to generate
meaningful scenarios and to provide
assessment information at the same time.

OPEN
. SPACE
QFFICE

SINGLE-PERSON
l OFFICE

The following KPIs have been defined for
EnPROVE lighting scenario creation:

LENI: Lighting Energy Numeric Indicator

corrRIDOR  [KWh/(m2*year))

LINI: Lighting initial INvestment Indicator
[€/m2]

CONFERENCE ROOM
§ 12 12

SINGLE-
PERSON

OFFICE LIMI: Lighting Maintenance Indicator

i [€/(Mm2*year)

SPACE
OFFICE

While the LENI is initially used to select the most attractive
strategies in terms of energy saving potential, i.e. the
scenario creation engine determines ,what to implement"
(Figure 9), the cost indicators for required investments

Figure 7. Proxy zone definition for CLARITY Centre; reference zones
indicated with colored boxes

Selected renovation strategies and solutions for the
proxy zones are applied to all zones that refer to
a particular proxy in the same way in order to determine

and future maintenance efforts help the user to steer the
selection of attractive renovation scenarios at solution-
and product-level in a second step (‘how to implement’).

a full site renovation scenario.

Scenario creation of ENPROVE generates,
evaluates and characterizes a set of
renovation scenarios for the lighting domain
and the HVAC domain (Figure 8) In addition,
combined scenarios can be created that comprise
strategies  for  both, lighting and  HVAC.
A scenario creation control dashboard allows the user
to steer the combined scenario generation according
to their preferences, e.g. based on renovation budget
or envisioned energy savings.

®

SCENARIO
CREATION
CONTROL

BASELINE
DEFINITION

DECISION
SUPPORT

Baseline scenario — LIG
Baseline scenario — HVAC
Overall scenario creation control
Scenario list creation - LIG
Scenario list creation — HVAC
Decision Support

@
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LIGHTING
SCENARIOS

HVAC
SCENARIOS

The system demonstration at CLARITY Centre focused
mainly at appropriate lighting strategies measures. The

Figure 8. Lighting and HVAC scenario creation
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Examples:
EPDSS prototype application software such that P : + LPD,TI
the user is guided through lighting scenario S b oy st g
creation and refinement. Several dialogs and  EnerayPerfomance ~ DL
sub-menus allow to properly pre-configure the
solution space explored by the scenario creation (TL(fpﬁ,Pﬁﬂﬁmm ST Examples:
engine. In addition, the user has means to freely Solutonevel : (I_:Igﬂ'lt;s:;:;lg
modify, combine or skip proposed scenarios RESRAIOCIERIan . SEN config
and to proceed with the desired scenario list for % CrRLzonng
each refinement step. Figure 10. depicts 2 user M

Examples:

dialog screens, one at strategy-level scenario
selection and one at product-level scenario
definition.

The EPDSS software demonstration for the CLARITY
Centre case confirmed several high-level findings. For
instance, no sensible light point upgrade opportunities exist
due to the relatively new TL5HE luminaire installation.
However, several scenarios for the introduction of controls
were identified, which would enhance overall energy
performance of CLARITY Centre site.

For CLARITY Centre case, a list of 12 lighting
scenarios were created. The proposed scenarios

+ producttype
(LUM_GEAR_LAMP,
SEN_CTRLetc.)

+ numberofinstances

Product-level
Scenario Creation

Figure 9. Refinement of lighting scenarios via strategy-,
solution- and product level

and corresponding set of affected zones. In order to get
guiding insights to the financial consequences and to the
holistic performance of the individual scenario, the user
is referred to the decision support application following
the EPDSS workflow.

greatly vary based on the involved control measures

PRODUCT-LEVEL SCENARIOS |

adnin Role: |EnPROVERdministrator
IClarty ske | seatus: |Definng Lghteg Scenarios

| Project Informetion | Audting | Baseine Scenaria | Renovation Scenarios creation | Dicison Support | Sohution Specication |

STRATEGY-LEVEL SCENARICS

Zone Usage Type Defauks | Zone Prasats| Suategies

15.5.1 | Scheduling (all zones) - auto 1 & Daylght Dinming (Improving) - auto 1-KeeplP-Loca|

£

v | 285 11.62 0.17

i

15.6.1 |Scheduing (ol zones) - auto 1 & Daybght Dinwing (mproving) - auto 1-KeeplP-drez | ] 265 1274 047

Select all

N, Scenario Discard Modify LENI LINI LIMI
0.0.0 Baselne ] 17.23 0.24
6.4.1 | Scheduing (all zones) - auta 1-KeepLP-KeepCtrk-Frodimpl-1 | O 15.92 0.54 0.7
6.5.1 | Scheduing (all z0nes) - 3uto 1-KeepLP-LocaiCtri-Prodimpl-1 I 15.92 119 0.17
&.6.1 | Scheduing (all zones) - auto 1-KeepLP-AreaCtrtFrodimgl-1 | O Modfy... | 15.92 12.14 017
83,1 |Monwual OnfOccupancy OFf (inproving) - suto 1-KeeplP-LocalCtr-Prodimpt-t | [ 1301 166 0.7
10.5.1 | Occupancy OnfOccupancy OFF (mproving) - auto 1-keeptP-KeepCitProdingtt. | [ 1654 0.32 047
10.7.1 |Occupancy OnjOccupancy OF (mpraving) - auto 1-KeeplP-LocalCurtProdingt. | [] 1654 071 007
13.7.1 |Dayhoht Dinming (iproving) - 2uto 1-KeeplLP-LocalCrkProding-1 | O 427 12.05 047
13.8.1 | Deybght Dimaning (npeoving) - suko 1-KeeplP-AresCtrkProdimph-1 | O 427 13.28 0.07
14.3.1 scheduing (el zones) - 2uto 1 & Manusl OnfOceupancy Off (mproving) - auto 1-ke| [ 13 22 o4
14.4.1 | Scheduing {al zones) - aulo 1 & Manual OnfOccupancy OFF (improving) - auto 1-ked [ 11.32 10.97 0.17

O

O
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& checing (sl zonee) - ko | O [ooubee.. ][ rodhy. Jise
8. [Manuslonjocaupancy Ot (mprovea) - ko O [(oubm. ][y Jra
10 Ocaupaney On/occupancy Off (nereving) - ako 1@ 1654
13 |Daylght Dimming (improving) - auto | 1[G L2y
14 [Scheduing (al zones) - auto 1 & Manual On/Occupancy OFF (impraving) - auko | o 11.32
15 |Scheduing (al zones) - 2uto 1 & Daylght Dimming (mproving) - auto 1 (m] 2.85
Select all o

Figure 10. EnPROVE prototype Ul for lighting scenario
creation control
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The backbone of the EnNPROVE system is its decision support systemi.e. EPDSS. Once the complete set of renovation
scenarios has been generated and the technical consultant has selected the desired ones to be analysed in more
detail, the decision support module assists the investor in comparing and ranking the selected scenarios against

different criteria.

Demonstrating EnPROVE system at the CLARITY Centre
led to the comparison of twelve renovation scenarios
in the decision support module.

The first step was the calculation of the cash flows and
the financial indicators. The objective of this step is to
provide sufficient information that the investor can use to
reduce the number of scenarios, if needed. For example,
it can be difficult to do a full comparison or sensitivity
analysis of 12 scenarios. It is more efficient to consider
less than seven scenarios to compare. The decision
support module starts by creating standard, discounted
and accumulated cash flows for all renovation scenarios
and calculated the payback period (PP), net present value
(NPV) and internal rate of return (IRR). The investor gets a
screen with all the scenarios, as presented in Figure 11,
and can use any of the indicators to order the scenarios.

The investor has the opportunity of reviewing the details
and calculations of any renovation scenario, obtaining the
discounted cash flow represented in a table and graphic
(see Figure 12).

Discounted Cash Flow
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Figure 12. Financial details of one renovation scenario for the
CLARITY Centre case.

Menu

[ userdata | admin | Role: [ErPROVEAdmistrator |

[ Project | claritysite | Sttus: |Selacting salution scenario |

IU Project | Auditing | Baseline Scenario | Renovation Scenarios creation | Decision Support | 5o o, Spediicaion
Predicted Scenarios
Name Type Initial Inve... PP Py RR. Sel...
Scheduiing (all zones) - auto 1-KeeplP-KeepCirl LIGHTING 7565¢ 04| 2s50492€  210,33% [
Scheduing (all zones) - auto 1 - KeeplPLocalCirl LIGHTING 320,40€ 2,08 2.260,17¢ 0,55% |
Scheduing (all zones) - auto 1 - KeeplP-AreaCil LIGHTING 2.563,20€ 19,841 17,37¢ 2,07% [
Marual OnOccuipancy OFF (mproving) - auta 1 - KeeplP-LocalChrl__|LIGHTING 569,60 € 15 556476% 6,11% [
Occupancy On/Occupancy OFf (mproving) - auto 1 - KeepLP-Keep. . LIGHTING 57,85€ 04| 2030,47€  235,57% [
Occupancy On/Occupancy OFf improving) - auto 1 - KeeplP-Local. .. LIGHTING 71,20€ 0,57 2017,12€  180,80% [
Daylight Dimming {improving) - auto 1 - KeepLP-LocalCtl LIGHTING 6.230,00 € 7,18 9.149,01€ 14,00% [
Daylight Dimming {improving) - auto 1 - KeeplLP-AreaCtrl LIGHTING 8.107,90 € 5,5 72r,11€ 3,82% ||
Scheduing (all zones) - auto 1 & Manual On/Occupancy OFF (impro... LIGHTING 645,25€ 1,38 7.189,95¢ 73,17% [0
Scheduiing (all zones) - auto 1 & Manual On/Occupancy OFF (mpro.... LIGHTING 3.043,30 € 585  477L,40€ 19,50% |
Scheduing (all zones) - auto 1 &Daylight Dimming (mproving) -aut... LIGHTING 655040 € 58] 10,499,425 14,89
Scheduing (all zones) - auto 1 & Daylight Dimming (mpraving) -aut... LIGHTING 8.846,60 € 547  B.153,228 10,01% [

Figure 11. List of renovation scenarios in decision support for the
CLARITY Centre case.

The selected renovation scenarios are then compared
against each other. The decision support module
identifies the best scenario regarding each of the three
financial indicators, i.e.:

¢ The scenario with the shortest payback period,
e The scenario with the highest net present value, and

« The scenario with highest internal rate of return.

The best scenarios are ranked first in the respective
indicator, and all other scenarios are then proportionally
evaluated. This comparison is then represented in a radar
chart, as displayed in Figure 13.
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Figure 13. Comparison of selected renovation scenarios (radar chart)
for the CLARITY Centre case.

The investor can also compare the accumulated cash
flows of the selected scenarios, to easily identify the
payback period and the net present value, as presented
in Figure 14.

The investor defines the importance of each of the
three financial indicators, as a percentage. The decision
support module ranks the scenarios using the investor’s
preferences and the indicators calculated. The result
is an ordered list of scenarios.

Menu.
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Figure 15. Sensitivity analysis for the CLARITY Centre case.

Figure 14. Comparison of accumulated cash flows of selected
renovation scenarios for the CLARITY Centre case.

After comparing and ranking the renovation scenarios,
the investor has once again the possibility of reducing
further the list, before proceeding to the sensitivity
analysis. This analysis considers variations of either the
discount rate or the electricity price. The investor defines
a range for the selected parameter and obtains a graph
of the resulting ranking of the scenarios, as presented
in Figure 15.

The investor can finally select the renovation scenario
that best fulfils his plan for the building and indicate this
section to be saved in the EPDSS supporting database.
The assessment of the project’s status is modified
to reflect the decision made. The investor can still
go back and start a completely new decision process,
by selecting a different sub-set of scenarios or different
decision criteria.
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o Events

EnPROVE sponsored the ITAENERGY, an international workshop held
in Lisbon, on September 6th and 7th. During these two days, UNINOVA

maintained a stand at the event, showing the project’s results. 2
WORKSHOP

%n rgy

The project was presented with the support of two posters, explaining the
concept of the project and the support offered by the EnNPROVE platform
developed. In addition, a video was displayed showing the sensor
deployment at CLARITY, the first test case.

The IT4ENERGY counted attendants from research institutions and
industry, particularly in the area of energy monitoring and auditing.
EnPROVE had the possibility of establishing contacts with several
companies, who showed significant interest in EnPROVE’s results.

e Coordinator Contact o Project partners

Rui Neves-Silva

UNINOVA

UNINOVA Instituto de Desenvolvimeqto UNlNOVA
FCT Campus de Novas Tecngi:)tgul;asl
2829-516 Caparica, Portugal
E-mail: rns@fct.unl.pt
Tel. (+351)21 294 78 32 Um‘:ﬂ'—i:‘glggg::;: CLAETATiY
Fax. (+ 35 |) 2129577 86 National University of Ir’z;zr:z dority<caniracrg
e Project details

Philips Technologie PHILIPS
* Project Acronym: EnPROVE Gf,’;ﬁﬁ: sense and simplicity
* Project Reference: 248061
e Start Date: 2010-02-01
* Duration: 36 months CSTB

Centre Scientifique et CSTB

Technique du Batiment le futur en construction

* Total Cost: 3613 097 €

* Project Funding: 2 499 420 € France

* Www.enprove.eu

scan the 2D barcode to visit
the EnPROVE project website

Tecnalia

Fundacion Tecnalia
Research & Innovation
Spain

GEM
Team Solutions GdbR

Germany

Mostostal Warszawa

Mostostal Warszawa S.A.
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Groupe Archimen
France

Philips Electronics

Philips Electronics
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