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Task 5.2: Modelling of the test cases and baseline determination

For all buildings, selected modelling will be set up and executed. As DR services will affect several technical
parameters that are directly or indirectly related to comfort parameters (temperature, humidity, CO2, etc.),
modelling should include these parameters. One critical requirement will be that all simulations are able to
deal with DR data from the scenarios that will be developed in T5.3. For the calculation of additional revenue
streams at least three scenarios have to be considered: (i) baseline scenario: what would have happened
without a renovation; (ii) BaU scenario: where the energy and economic performance is evaluated under the
business as usual interventions conventionally undertaken; (iii) dual energy service scenarios: energy and
economic effects by NOVICE suggested interventions under defined scenarios of dual energy services
provision. The task will be carried out in close and frequent exchange with the partners providing scenarios
(T5.3) and calculating revenue streams (T5.4).

Task 5.3: Scenarios determination for dual services

Regulatory and market framework conditions for DR services vary to a large extent from country to country.
Based on WP3 (regulatory framework), WP2 (technologies) and T5.1, scenarios have to be developed for
each open European market. Those scenarios should be inclusive of the difference market structures and
conditions (e.g. consumer participation at the wholesale, day ahead or intraday market), building operational
profiles, aggregation conditions, climate, state incentives, etc. In order to reduce the number of total
scenarios and to exchange experiences between partners and countries, scenarios are developed in a
scenario-workshop that will take place in M13 (coinciding with third project meeting). Scenario parameters
will be directly used for simulations (T5.2).

Task 5.4: Revenue Stream Quantification from energy savings and demand response

For all scenarios revenue streams that either come from EE or DR services will be quantified. This will be
done for each scenario and each building type for each country. The resolution of revenue data for the
calculation of the revenue streams must be appropriate and has to be justified. In competitive markets (e.g.
where revenues depend on capacity and energy prize of competitors) revenues have to be calculated for
real case, but also for best (good) and worst (bad) case conditions. For comparability of results, templates
and common calculation tools will be used. The revenue streams will not only include the market income by
the services but also state incentives (i.e. Renewable Heat Incentive or Feed In Tariffs).

Task 5.5: Monetisation and feasibility study and risk analysis (e7, Months 16-21)

Feasibility studies and risk analysis will be prepared in this task where not only revenues but also additional
costs for equipment, running costs for maintenance and support and transaction costs (e.g. for participation
in DR markets, or for Aggregators) will be considered. Feasibility studies will be conducted for all building
types and all countries for real, but also for best (good) and worst (bad) case conditions. Development status
of DR services market shows quite a big variety in Europe, thus, risk analysis will be necessary. This risk
analysis will take into account that DR mar ket i
conditions are in an ongoing change in some countries, and that only a few real world experiences in applying
DR services in buildings exist. All feasibility studies will follow a similar structure (template).
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1 EXECUTIVBJMMARY

The aim of this report i$0 estimate and analyse revenue streams for the NOVICE dual services
business model from demand response and from energy efficiency improvements. This is done for 3
different building archetypes and for 3 markets in Europe.

Modelling has considered diffent scenarios that best represent the types of building that are most
suited to the NOVICE business model, the varying climatic conditions around Europe, the different
levels of maturity of DR markets in Europe and the different types of DR programmearéhat
available.Thefollowing building typologiesvere selectedas most suited to the NOVICE business
model:

1 LargeOffices
9 Hotels
1 Hospitals

For each of the building archetypes in each of the selected countries, three energy scenarios have
been modelled: 1) the baseline scenario; 2) the business as usual scenario, i.e. energy efficiency
measures only; 3) the NOVICE proposed solution i.e. engffipiency plus demand response
measures implemented. The energy modelling has focussed only on turn down @lahess).

Revenue streams are generated from two sources in NOVICE dual service projects, (1) from energy
cost savings resulting from the pilementation of energy efficiency measures, and (2) from offering
flexibility services to the corresponding markeesults from the revenue flow calculation for the
selected archetypes show that for the case of simply use chillers as switchahleeleatlies from
demand response reach a significant amount only in hospitals in Spain and Austria and in office
buildings in Spain andre more or less insignificant in all other cases. However, modelling and
scet NA2a ¢6SNB aSid dzLJ thagis quite $traighforward, bul cb@rbRlyiappldd.a S €
For the NOVICE dual services model, additional efforts could draw a quite different picture:

1 Experienced aggregators will incle@ir handling units, pumps, fans, onsite generators, CHP,
PV, storage etc. Tiwill increase potential revenues.

1 Implementation of demand response will need taitoade solutions, i.e. select appropriate
assets for particular demand response products and implement the optimal demand response
strategy.

9 Itis crucial for the NOVICHa service model to select the appropriate buildings with the
necessary energy consumption and available assets for demand response corresponding to
market conditions.

Demand for flexibility will increase in the future and regulatory framework conditiolhde adapted

for further implementation of demand response. In several European markets, aggregators are
successfully offering demand response products. Only market participantaingirovide tailor

made solutions for their clients will succeed. ™M@VICE dual service model will have its place in this
process.
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2 INTRODUCTION ABBRCKGROUND

The aim of the NOVICE project is the development and demonstration of an innovative business model
for Energy Service Companies (ESCOs) that will provide ereiggssto buildings and demand
response (DR) services to the grid after renovating buildings or blocks of buildings. A dual revenue
stream shall thus be enabled that can reduce payback period for investments in buildings renovations
and accelerate the mueheeded market uptake of the Energy Performance Contracting (EPC) based
financing model (www.novieproject.eu).

Traditional
EPC model

Energy Savings
Revenue

Implementation of
energy upgrading
measures that offer both
savings & flexibility

NOVICE
Proposed
Enhancement

Figurel: NOVICBual SrvicesModel

The aim of this report is to estimate and analyse revenue streams for the NOVICE dual services
business model from demand response and from energy efficiency improvements. This is done for 3
different building archetypes and for 3 markets in Europe. Fdagitvill be assessed as well as risks

for clients implementing the NOVICE dual services.

The initial idea behindhe approachapplied hereis, that only buildings with a large energy
consumption are suitable for EPC projects where energy efficiency waiprents are used to recover
initial investments. For the selection of the building typ@schetypes)and for the scenarios
developed one major assumption is that flexibility is related to energy consumption. In order to get
comparable resultamong diffeent markets, a straightforward, however realisaed commonly
applied approach was used for the selection of the switchable loads in buildiegshe turrdown

of chillersas the only asset for demand respons&his simplification, on the other handimits
significance ofthe resulting conclusions fromthe modelling and revenue calculation. Market
conditions are still quite different between countries and this should be considered in the definition
of the most appropriate demand response strategyas| asin the selection of the most suitable
assets and loads building selected for NOVICE dual services
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3 DESCRIPTION S8EENARIOS

The energy and financial modelling has considered different scenarios that best represent the types
of building thatare most suited to the NOVICE business model, the varying climatic conditions around
Europe, the different levels of maturity of DR mark@t Europe and the different types of DR
programmes that are available for revenue generation. Considering all eé thgpects could have
resulted in the generation of thousands of different scenarios, so where possible, simplifications were
made to select the scenarios that best reflect real world cases. This ensures that the outputs from the
model are as useful as pible to ESCOs, Aggregators, Building Owners and other stakeholders that
are considering a dual services approach to building renovations. This chapter describes in more detail
the basis upon which the scenarios were selected.

3.1 SELECTION @GBILDINGARCHEPES

Ly 5StAOSNIoOfS ptypology2SFp dMpAX RAwWSIE2 NldzAZiy 6 £ S F2 NJ
NOVICE project team analysed the different qtmmestic building typologies found around Europe
(offices, educational buildings, health care facilittestels and restaurants, sports facilities, wholesale

and retail trade service buildings) in terms of:

Energy consumption per square meter

Floor area coverage

Energy consumption per building

Building size distribution

Energy efficiency potential

Demandresponse potential

The status of operational constraints (e.g. regulations on air change rates in the health sector)
9 Building age distribution

=A =4 =4 4 -8 -4 4

For each building typology, the parameters above were scored (low, medium or high) to establish the
most suitablebuilding types in which to deploy the proposed NOVICE business model. As a result of
this analysis, the NOVICE team selected the following building typologies as most suited to the NOVICE
business model:

i Officesaccount for around 30% of commercial building floor area, the highest of any of the
building classes examined. Energy consumption in offices constitutes about 20% of the overall
non-residential demand and in general, offices have high potential for bo#ngy efficiency
improvements and participation in demand response programmes with few regulatory or
operational constraints preventing participation in a NOV4Gte approach to energy
management. In many countries, EPC has been embraced by public @getoisations as a
way of improving energy efficiency in the long term without the need for an initial capital
outlay. NOVICE could provide a means of driving uptake of EPCs in the private sector by
reducing contract duration if it can be shown that a Heaergy services approach can be
beneficial for office buildings.

1 Hotels and restaurant®ccupy around 15% of the European a@asidential building stock by
floor area and can have significant enedgynand particularly in Southern latitudes that have
large cooling requirements in the summer. The need to keep guests comfortable at all times
can lead to high energy consumption in this sector and therefofegh potential for energy
efficiency improvements and participation in demand response programsi@xpected
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Many larger hotels include additional facilities such as swimming pools, spas, restaurants and
conferencing facilities, which can significantly drive up energy consumption while at the same
time provide a large opportunity for energy savinglatemand response actions. Operational
constraints and the need for quick return on investment sometimes prevents hotel owners
from undertaking refurbishment works because of the level of disruption and potential loss
of income during the refurbishment. M@ver, larger hotel chains are often competing for the
same business and run at very tight margins, so reducing the operating cost could result in an
increase in profits more easily than increasing the occupancy rates.

1 Health Care Facilitiesuch ashosptalstend to be located in large buildings and often have
high energy consumption per square meter, as they are occupied at all times, must maintain
comfortable indoor conditions for building occupants and are filled with a large quantity of
energy intensie equipment. Hospitals are present in every European city and have high
potential for energy efficiency due to the large amount of energy consuming equipment on
site and the need to continuously regulate the temperature, humidity and air quality for the
comfort of building users. Ciritically there is significant potential for demand response
participation as many hospitals have-site generators or combined heat and power plants
(not considered in this reporthat can be used to export electricity to tigeid when required.

The main obstacle in health care facilities is overcoming operational constraints, as conserving
energy is often not a priority in health care environments, particularly hospitals. However,
pressure to reduce costs has boosted uptakéEBICs in this category of buildsngnaking
hospitals particularly suitable for dual energy services approach.

As a result of this analysis, the energy and financial modelling undertaken in this work package has
focussed orLarge Offices, Large Hotels ahlbspitals as these represent the best opportunities for

the NOVICE project. The US Department of Energy (DOE) reference building models for each of these
building types has been used as a starting point for the EnergyPlus modelling that will be undertake

in this work package, assuming pd$t80 construction. The EnergyPlus model input files are freely
available for others to use for further analysis.

3.2 DRMARKESELECTION

Climatic conditions can have an impact on the energy saving potential of the eafigjgncy
measures that can be implemented in each of the building archetypes selected above. For example,
buildings in southern latitudes are likely to have lower heating loads in winter and higher cooling loads
in summer compared to buildings in nortimelatitudes. In addition, the level of maturity for demand
response markets differs across Europe due to the wide variation of regulatory conditions that exist
and differing requirements for flexibility in each of the Member States. To ensure that thigyeaerd
financial modelling considers these climatic differences, as well as the differences in market conditions
each of the three building archetypes will be modelled in the following three countries:

1 Irelandrepresents a norttwestern European country itth a temperate humid climate. The
winter months can be cold, resulting in a large heating load but temperatures do not tend to
fall to the extreme lows that are common in northern Europe. Summers are mild, but not
uncomfortably hot so cooling loads tend be smaller compared to central and southern
European countries. Ireland also represents a demand response marketiglitmaturity as
several programmes are open for participation and there are several demand response
aggregators operating successfutijthe country.
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1 Austriarepresents a central European country within a temperate climatic zone with cold
winters yet warm summers. As a restiftere are opportunities for energy efficiency in terms
of both heating and cooling loads. Austria also repntsea demand response market of
medium maturity where some demand response markets are open but regulatory barriers
prevent widespread participatioaspecially for aggregated loads

1 Spainrepresents a Mediterranean European country with a climate charaset by hot dry
summers and mild winters. As a resttte main opportunities for energy efficiency relate to
reduction of summer cooling loads. Spain also represents a demand response market with
low maturity. Aggregation of loads is not legal in Spaid this has restricted participation to
implicit demand response only.

3.3 ENERG®CENARIOS

For each of the building archetypes in each of the selected countries, three energy scenarios have
been modelled: 1) the baseline scenario; 2) the business as usraris i.e. energy efficiency
measures only; 3) the NOVICE proposed solution i.e. energy efficiency plus demand response
measures implemented. These three scenarios are described in more detail below.

3.3.1 The baseline scenario

The baseline scenario simpakes the DOE reference building energy model for a large oéflaege

hotel and ahospital and assumes that the original buildings being considered were constructed
between 1980 and 2004. This corresponds to the widely held view that buildings thatcaned 20

years old are most suitable for an energy efficiency upgrade. The insulation values, lighting levels, and
HVAC equipment types and efficiencies in the reference model meet the minimum requirements of
Standard 90.11989 (ASHRAE 1989). The tybidanatic conditions in each of the three chosen
countries (Ireland, Austria and Spain) were then added to these models to determine the baseline
energy consumption of these buildings.

332 ¢KS WodzaAySaa | & daddtQ A0Syl NR2

¢KS WodzaAySaa | a&ls thednzact aRim@ledényinchdldadst cos@figctive energy

efficiency measures on building energy consumption in each of the three building archetypes for each

of the selected countries. In each case, it has been assumed that the installed energynaffici
measures result in a building that meets the minimum requirements of the building standards that

were applicable in 2010 in terms of insulation values, lighting levels, HVAC equipment types and
efficiencies in each of the selected countries. Thiddeas cross referenced with the energy efficiency
G§SOKy2t23A8Sa GKIG 6SNB ARSYGAFASR la Yzad &dzii
t SNF2NXIyOS 2F .dzAf RAy3 9ySNHE& | LJANIXRS&¢ |yR (K
appropriate for diferent buildings depending on their HYAC system. Typically, this has resulted in an
improvement in HVAC equipment efficiencies of approximately 10% and a reduction in lighting energy
consumption of around 40% based on the most common and-effsttive enegy efficiency
interventions. Based on the experience within the NOVICE consortium, these savings can be
considered typical in building refurbishmenksowever, further savings would be possible with deep
retrofitting but this is not subject to typical Epjects.

3.3.3 The NOVICE scenario
The NOVICE scenario models the impact of implementing energy efficiency AND demand response
(DR) measures in each of the three building archetypes for each of the selected countries. The range
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of possible options when consideg DR events is vast, so to narrow down the options into a scenario
that is manageable yet realistic, it was necessary to make some assumptions and simplifications about
the type of DR events to be modelled. The assumptions and simplifications arebkébed

1 The energy modelling has focussed only on turn down events i.e. which equipment can be
turned off or turned down via the BMS during a DR event (e.g. chillers and HVAC
equipment). This simplifies the scenario as it removes the scope for genechtany kind
exporting electricity to the grid. In the context of NOVICE, this is an appropriate
simplification as this type of equipment could be added to any suitable building and the
outputs controlled according to grid requirements assuming theresigitable demand
response programme available regardless of any energy efficiency measures that have been
implemented. NOVICE is primarily concerned with the interaction between energy efficiency
and demand response, so limiting the modelling to tdown events is entirely in keeping
with this objective.

1 As adirect consequence of the above simplification, frequency response, battery storage,
and renewable energy generation are outside the scope of the energy and financial
modelling. Whilst this imight be considered awmver-simplification (since most aggregators
will use the available flexibility from building assets across a range of different demand
response programmes to generate more revenue), it does demonsarted oféworst
case in terms of reenues generated.

1 DR events can have a different impact on the building depending on when they occur. A DR
event has been modelled on a typical day in summer, winter and during a shoulder season to
allow simplification of the modelling of load profilescathe impact of the DR events whilst
still considering the impact of seasonal differendes:. simplicity, all events have been
assumed to take place #te same times during the day, i.e. at 4.00, 8.00 a.m. and 12.00,
4.00, and 8.00 p.m

1 Turndown eventgan have different durations depending on the requirements of the grid
and the DR programme in which the assets are enrolled. The impact of DR events lasting 15,
60, and 120 minutes has been tested to determine the impact on energy consumption and
thermal comfort of building occupants. An additional analysis was carried out to determine
the maximum length of a DR event that the building could endure without exceeding
acceptable thermal comfort limits. This gives useful information to aggregators to hédp bui
their portfolio and to persuade network operators to change their requirements to allow
greater participation.

1 The modelling will consider rebound effects i.e. how long does it take and how much
additional energy is required to bring the building béelts original state after a DR event
To do this the impact of the DR event on internal temperature, air quality and therefore the
thermal comfort of occupants will be examined using the EnergyPlus model. This will
determine how often these events can b#ered without negative effects on the building
operation and comfort of building users.

{1 Standard temperature, humidity and air quality ranges for each archetype will be used to set
the acceptable parameters in the model. The middle of the range wvilided for the BAU
interventions. Parameters will be allowed to drift to the minimum or maximum values in the

10
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range for the NOVICE interventions. Rebound effects will be assessed by calculating the
additional energy required to return the building to théddle of the acceptable operating
range after a DR event.

1 Implicit DR has not been modelled for this work as it is considered that this load shifting
away from peak times should be done routinely where possible as part of the energy
efficiency or cost ofimisation of the building.

1 Triad avoidance (i.e. the significantly higher charges for energy consumption on the 3 days of
the year with the highest peak consumption), can yield significant savings for high energy
users that are able to respond to thesgents by turning down consumption. However, this
scenario is quite specific to the UK case and requires accurate forecasting of when triads are
likely to occur. For this reason, triads have been excluded from the modelling.

11
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4 MODELLING @RCHETYPES

4.1 DESCRIPTION BRERGMLUSMODEL

A preliminary analysis of the existing commercial building stock and its suitability for adopting a dual
services (energy efficiency and demamedponse) business model was presente@®aliverables.1:
GWSLR2 NI 2V 08ARPRRWHA2AdZAGF0fS FT2NJ Rdz2rf Sy SNHe@
a subset d building archetypes that shovike highest potential were selected for a more detailed
assessment.

These selected buildings archetyg€gyure?) are:

1 Large Hotel
1 Large Officduilding
1 Hospital

Figure2: Building Archetypes (Source: DOE)

Dynamic energy models, based on the DOE reference commieudidihg energy models,
representing the most common characteristics and designs of these building archetypes are
developed to assess several scenarios to quantify the benefits and identify the risks-séiMices
contracts in norresidential buildings.

A complete description of the models representing these building archetypes and their characteristics

as

are presented in section 3 @feliverablep ®HY awSLER2NIa 2y GSOKyAOFft I yR

A 2 4 oA ~

aSt SOUSR o0dzAf RAYI&aé d C erdtlinksShiddlasNBVAC ¢thardcaziéticki dn@ y a

details about building zones and their use is described in the appendix of that document.

4.2 MODELLINBESULTS
The results from the scenarios simulated are presented in three different stages:

1 The first stage re@sents a situation taken as baseline, this being the building archetype in
operation before any upgrade is applied to it.

1 The second stage represents the initial building after an upgrade process \{thpieal)
energy efficiency measures are applied be building archetype.

1 The third stage includes the scenario where explicit demand response strategies applied to a
plant element (i.e. chillers) are enabled.

The savings from these energy measures and their implications on occupant comfort are digtussed
this section.

12
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4.2.1 Operation assumptions

All the architectural and operation characteristics of the selected building archetypes are described in
detail inDeliverables.2. The tables below are extracted from it and summarize HVAC operation and
occupancy antrol for every building type.

Large Hotel:

HVAC Control

Guest Rooms: 24° C cooling, 21° C heating

Thermostat Set point Public Area: 24° C cooling, 21° C heating

Thermostat Setback Setback is based on codes and standards

For the VAV system, the supply air temperature is set at
12.8° C. Temperature reset may be required by codes
and standards.

Supply air temperature For the DOAS, the supply air temperature is reset
according to the outdoor air temperature:
1 Tsupply = 15.5° C when Toea < 15.5° C;
T Tsuppy = 12.8° C when Toa > 21° C; Interpolation
when Toa is between 15.5° and 21° C.

Table4-1: HVAC Control of Large Hotel

Hospital:
HVAC Control
Thermostat Set point 24° C cooling, 21° C heating
Thermostat Setback No setback
Supply air temperature Maximum 40° C, Minimum 11° C

Chilled water supply

6.7°C

temperatures
Hot water supply 82° C
temperatures

Table4-2: HVAC Control of Hospital

LargeOffice:

HVAC Control

Thermostat Set point 24°C cooling, 21°C heating
Thermostat Setback No setback
Supply air temperature Maximum 40° C, Minimum 11° C
Chilled water supply 6.7° C
temperatures

13
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Hot water supply 82° C
temperatures
Table4-3: HVAC Control of Large Office

4.2.2 Baseline
The annual results of the simulations for the three chosen locations are shown by building type and
represented by:

1 Annual Energy Use Intensity (E.U.l.) of the buildithat gives a comparable metric
representing the energy consumption of a building

1 Annual E.U.l. by end use, that shows the weight the differentus®s have on the overall
consumption of the building.

4.2.2.1 Large Hotel archetype model

EUI [kWh/sg.m.]

700.00
596.24
600.00 543.85 555.82

500.00

= 400.00

m

300.00

kWh/sq

200.00
100.00

0.00
Austria Spain Ireland

Figure3: Annual Energy Use Intensity of Large Hotel
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EUI by Endise
700.00
600.00
500.00
E
& 400.00
£
=
300.00
z
200.00
0.00
Austria Spain Ireland

m Heating m Cooling mInterior Lighting = Interior Equipment mFans mOTHER

Figure4: EUI of Large Hotel by Ebide

4.2.2.2 Hospital archetype model

EUI [kWh/sg.m.]

700.00
618.76 612.86
600.00 574.72

500.00

m

- 400.00

kwh/sq

300.00

200.00

100.00

0.00
Austria Spain Ireland

Figure5: Annual Energy Use Intensity of Hospital

NOVICE
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EUI by Endise
700.00
600.00
E
o 400.00
£
s 300.00
E .
200.00
100.00
0.00
Austria Spain Ireland

m Heating m Cooling m Interior Lighting ® Interior Equipment m Fans m OTHER

Figure6: EUI of Hospital by Exdse

4.2.2.3 Large Office archetype model

EUI [kWh/sg.m.]

250.00
220.33

207.63

200.00 189.43

50.00

0.00
Austria Spain Ireland

Figure7: Annual Energy Use Intensity of Large Office
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EUI by Endise
250.00
£ 150.00 - -
o
2
=
= 100.00
50.00
0.00

Austria Spain Ireland

m Heating mCooling mInterior Lighting = Interior Equipment mFans m OTHER

Figure8: EUI of Large Office by Ebde

4.2.3 BAU
The Businesasusual case represents a typical retrofit in a commercial building, including high return

of investment energy measures such as upgrading lighting and plant equipment and their control. In
this case, the buildings were upgraded with higher efficiency chillexpert commissioning is
performed on central boilers assuming a gain of 5% in energy efficiency and lighting was upgraded to

LED technology.
Overall annual E.U.I. and E.U.l. by-esd as well as consumption reduction of the energy measures

applied areshown to represent the improvement of the retrofit performed on the baseline case (vs.
BAU case)These results are also shown for the three different chosen climates.
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4.2.3.1 Large Hotel archetype model

EUI [kWh/sg.m.]

596.24
546.31 543.85

474.92

M.

KWH/SQ

Austria Spain Ireland

Figure9: EUI before and aftémplementation of Energy Efficiency Measures (Large Hotels)

EUI by Enduse
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Heating m Cooling mInterior Lighting m Interior Equipment m Fans m OTHER

FigurelQ: EUI by Endse before and after Implementation of Energy Efficiency Measures (Large Hotels)

NOVICE
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Reduction in Consumption by energy
70.00 measures
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Figurell: Reduction in Energyonsumption (Large Hotels)

4.2.3.2 Hospital archetype model

EUI [kWh/sq.m.]

618.76

=
o}
2
X
S
=4

Austria Spain Ireland

Figurel2: EUI before and after Implementation of Energy Efficiency Measures (Hospitals)
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EUI by End-use

=
o
<l
-
=
<

4338 - 39:35 jo83

209.99 185.70 - 189.81

AUS before AUS after Spain before Spain after Ireland Ireland after
before

Heating M Cooling M Interior Lighting M Interior Equipment Fans M OTHER

Figurel3: EUI by Endse before and after Implementatiari Energy Efficiency Measures (Hospitals)

Reduction in Consumption by energy
120,00 measures
100.00
80.00
60.00
40.00

20.00
24.29

REDUCTION IN EUI [KWH/SQ.M.]

0.00
AUS

Heating M Cooling M Interior Lighting

Figurel4: Reduction in Energy Consumption (Hospitals)

20



Deliverable D5.3/5.4 NOVICE

4.2.3.3 Large Office archetype model

EUI [kWh/sq.m.]

596.24
546.31

KWH/SQ.M.

Austria Spain Ireland

Figurel5: EUI before and after Implementation of Energy Efficidegsures (Large Offices)

EUI by End-use
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e M

120.34 115.87 6
8
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Heating M Cooling M Interior Lighting M Interior Equipment Fans m OTHER

Figurel6: EUI by Endse before and after Implementation of Energy Efficiency Measures (Large Offices)
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Reduction in Consumption by energy
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Figurel7: Reduction in Energy Consumption (Large Offices)

4.2.4 NOVICHEodel

4.2.4.1 Thermal Comfort assessment under DR events

The NOVICé#ual servicanodel combines energy efficiency measures with demand response. Explicit
demand response strategies such as tdown events might reduce comfort conditions of the
occupants. For thiseason, an assessment of thermal comfort under the assumptions of the scenarios
described in section 3 for the archetypes building is presented here.

The range of temperatures obtained in sumntay (worstcase) simulations for the three selected
locations and for DR event durations of 15 minutes, 30 minutes, 1 hour and 2 hours are compared
against the indoor sgtoint temperature in hours of occupancy.
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4.2.4.1.1 Hospital archetype

Thermal Comfort (Spain, Summer day)

B ef M 15m M 30om B 1h M 2h

35.00

33.00
31.00

29.00
27.00
25.00
C | e
21.00 21C

19.00
17.00
15.00

Zone temperature (occupied)

Figurel8: Thermal Comfort in Hospital (Spain, SumBesson)

Thermal Comfort Assessment (Austria, Summer day)

M ref B 15m M 30m @ 1h W 2h

35.00
33.00
31.00
29.00

27.00
25.00 Hac
23.00
21.00 21C

19.00
17.00
15.00

Zone temperature (occupied)

Figurel9: Thermal Comfort in Hospital (Austria, Summer Season)

23



Deliverable D5.3/5.4 NOVICE

Thermal Comfort Assessment (Ireland, Summer day)

MWref B 15m M 30m B 1h W 2h

35.00
33.00
31.00
29.00
27.00

25.00
21.00

19.00
17.00
15.00

24C

frietd

21C

Zone temperature (occupied)

Figure20: Thermal Comfort in Hospital (Ireland, Summer Season)

The results show that DR events of durations of 30 minuteess &re within thermal comfort
boundaries. They also show that for the climatic conditions of Dublin (Ireland) an event of up to one
hour would also be possible since indoor temperature can be maintained approximately 85% of the
time within comfort boundaies (21 to 24 C). For both the Austria and the Spain cases DR events of
one hour and longer would significantly impact comfort conditions of occupants.
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4.2.4.1.2 Office archetype

Thermal Comfort (Spain, Summer day)

M ref M 15m W30om B 1h M 2h

35.00
33.00
31.00

29.00
27.00
25.00
-
21.00 21C

19.00
17.00
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Zone temperature (occupied)

Figure21: Thermal Comfort in Office (Spain, Summer S§ason

Thermal Comfort Assessment (Austria, Summer day)

B ef B 15m W30om M ih W 2h

35.00
33.00
31.00
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Figure22: Thermal Comfort in Office (Austria, Summer Season)
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Thermal Comfort Assessment (Ireland, Summer day)

B ef B 15m BW30om @ 1h W 2h

35.00
33.00
31.00
29.00
27.00
25.00
23.00
21.00
19.00
17.00
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24C

2 s

21C

Zone temperature (occupied)

Figure23: Thermal Comfort in Office (Ireland, Summer Season)

The results show that DR events of durations of 30 minutes or less are within thermal comfort

boundaries, although this is not valid for meeting rooms where generally high internal loads are
present.

4.2.4.1.3 Hotel archetype

Figure24: Thermal Comfort in Hotel (Spain, Summer Season)
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