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SUMMARY

The object of this thesis toexaminethe feasibility of upgrading an existing typical Greek
hotel to green focusing on the energy savings and é€ssion reduction achievedy
examining 13 different energy improvement scenaridie 4 climate zones of Greeddis is
achievedby using 2 different software TEE-KENAK and Revit aswell as an economic
evaluation of the above energy improvement scenarios is carried outarkdrédremostthe
need forenergysaving measurdsa buildings is presented, especially for the hotel sector. The
concept of green tourism development, energy consumption, energy management and energy
audit of hotels are analyzed, the terms nZEB, ZEB and green hotels are defined and an extensive
referene to enegy saving actions in hotels jrformed Furthermore, investment evaluation
methods are presented, an extensive literature review on hotel energy upgradimuisted
and typical examples of energy efficient and green hotels in Greece, Europe and worldwide are
given. Then, the methodological approach of the thesis is presented in detail for the current
hotel situation and the methodology of the calculation of 13 difteenergy improvement
scenariosisingthe two software for the 4 climate zones of &ce is analyzed. Subsequently,
the results of the study regarding the energy classification of the building, primary energy
consumption, fuel consumption and £€missions are interpreted, focusing on the energy
savings achieveds well aLLO, emission reductions. Finally, the economic evaluation of the
energy saving measures simulated in the -REENAK software took place, where the
economic viability of each scenario and the possibility of converting this conventional hotel
into an energy modern hotel whose infrastructure will be similar to that of the green hotels was
examined
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ABSTRACT

The currentdiplomathesis deals with the institution of green, eneefficient hotels by
taking a holistic approach to this concept and then explores the possibility of upgrading an
existing typical Greek hotel to gredocusing onits energybehavior and C&emissions. For
this purpose, a multriteria analysis of various energy improvement scenarios is carried out,
includingthe energyupgradeof the building envelope, the installation and upgrade of various
heating, cooling and hot water systertis installation ofphotovoltaicpanels the use of
automation in the building and the combination of all the aforementioned energy improvement
measures. This analysis is carried out for the 4 climate zones of Greece using 2 software tools:
the TEEKENAK software used at national level and Bid software Revit, with the help of
Insight and Green Building Studio (GBS). In addition, in ordetiemultiparameteanalysis
to be relevant to the current Greek data, an economic evaluation of the above scenarios is carried
out by investigating the payback period and the Life Cycle Cost (LCCA) of each scenario for
each climatic zone. This study aims, by approaching the institution of green hotels, to
investigate the energy savings and CO2 emission reduction achieved by the various proposed
energy improvement measures for each climate zone in Greece, considering the economic
viability of each scenaritor the Greek reality.

More specifically, this thesis is structured as follows:

Thefirst chapteraddresses the need for energy saving in buildings, which becomes more
and more imperativever time, especially for the hotel sector.

Thesecond chaptetiscusses sustainability and energy saving in the hotel sectoarkirst
foremost the concept of green tourism development, energy consumption in the hotel sector,
hotel energy management, and hotel energy auditing are introddftedvards the terms
nZEB, ZEB and Green Buildings are defined focusing on hagtels well asan extensive
reference to energy saving actions in hotelprisvided Furthermore, variougvestment
evaluation methods are presented and life cycle cost analysis (LC@wsentedas well as
an extensive literature review on hotel energy upgradiognductedAt the end of the chapter,
examples of energy efficient and green hotels in Greece, Europe and Worldwide are presented.

In thethird chapter the methodological approach of the thesis is presented in detaly,First
areference is made to the software that were used ithéses TEEK-KENAK and Revit in
combination with Green Building Studio (GBS) and Insight. Then, the geographical location
and climatic data, the architectural description of the building as well as the way of dividing the
building into thermal zones are presenitedletail. Details of the operating profile, the shell,
heating, cooling, hot water, mechaalicventilation and lighting systems in the existing
condition are provided as well as the assumptions made within the scope of the work. At the
end of the chapter, clarifications are given on the data input for the energy analysis in Revit.

Chapter four provides an analysis of the methodology for calculating the energy
improvement scenarios simulated in both TEEENAK and Revit. In addition to the existing
building condition for each software (scenario 0), 13 alternative energy improvement scenarios
were studied for the 4 climate zones of Greece. More specifically, 5 different scenarios were
studied with the TEEKENAK software and 8 different scenarios with the Revit software
combined with Insight and GBS. Below are the scenanosideredn each software.
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In TEEEKENAK software the following scenarios were studied:

A Scenario 1: Improvement of the thempbysical characteristics of the building
envelope (addition of thermal insulation amthdowsdoors replacemeht

A Scenario 2: Improvement of the heating, cooling, hot water and lighting system (use of
geothermal heat pump and upgrading of lamps to LED)

A Scenario 3Installation of photovoltaic panels in the roof

A Scenario 4: Installation of automation (BEMS)

A Scenario 5Combination of scenariosdBui | di ngdés t o)t al ener gy

In Revit software, the following were studied:

Scenario 6: Installation of a variable air volume system according to ASHRAE (VAV)
Scenario 7: Installation of an ASHRAE Package Syse8HRAE Package System)
Scenario 8: Installation of a High Eff. Package System

Scenario 9: Installation of a High Eff. Package Terminal AC

Scenario 10: Installation of a heat pump for space heating and cooling (ASHRAE Heat
Pump)

Scenario 11: Installation of High Efficiency Variable Air Volume (VAV) system
Scenario 12: ASHRAE Package Terminal Heat Pump (ASHRAE Package Terminal
Heat Pump)

A Scenario 13: Installation of a High Efficiency Heat Pump

v > D

> >

Chapter fivepresents and interprets the results obtained from theS@tsmulations. For
the simulations in TEEXKENAK, the results of energy classification and primary energy
consumption of the building, energy consumption, fuel consumption and CO2 emissions for all
climate zones are interpreted. For the simulations it Rbe heatingcoolingloads and energy
consumption in the existing situation are presented and the total primary energy, annual
electricity and fuel consumption are analysed foclathate zones. In each casiee focus is on
primary energy consumption and CO2 emissiorsgar di ng .t hesi sés needs

In thesixth chapterthe economic evaluation of the implementation of the proposed energy
saving measures simulated in the TEENAK is carried outas they corresponded better to
the Greek market data. Fisstthe payback period of each scenario is calculated and then the
life cycle cost analysis (LCCA) methods are applied for each climate zone.

In the seventh chapterthe important conclusions that emerged from this stacty
introduced. More specificallythe classification of the building according to the Greek
standards after the implementation of the energy improvement scetlagiggimary energy
savings achieved by each scenario and the reduction efe@ksionsapproaching the
characteristics of green hotedse presentedvioreover,suggestions for further research are
provided.

The thesis concludes with five appendices in which the buibdserghitectual plansthat
were not included in thimesi® mainbodyarepresentedas well as figures and tables with the
detailed calculations of the energy study, the results of the energy analyses, the economic
evaluation of the hotel energy upgrade scenarios and the technical characteristics of the systems
used
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To EevodoxEio xOPaKMPILETON WG £va OOAOYIKO EEVOBOXEID. NEITOUPYET LE NAMPN Ou-
VOIOENON T ENMTWOELY NOU EXEI N AEITOURYIa £vog Eevodoxeiou 010 nepBailov kol
EPOPPOLET EBOBOUE K NPAKTIKES NOU ENKPEPOUY 10 -KaTd 10 SuvaTd ava NRERINTWonN-
HEVIOTQ NOCOOTA EEOHOVOLINONG EVEPYEIOKIV KOI PuOIKLV NOPuw. NapaAAnia dnpoor-
H 'l ONOIET K01 NEOWAET TN PINCCOPIa X0 TOV TPANO ASTOUPYIOS TOU KAI NPOG TOUE NEAGTES
Ote S TOU OUTWE WATE KOl QUTOI PE TN 0S4 TOUG VO OBETHIOoUY QVTIOTOXES TaKTIKEG 1000
- KOG m Sapovr Touc 00 KO oY KaBNPERVOTMIG 10UG. To EEVOBOXEID @ELEI OaMYI-
- Kkt motonoinan (EMAS, ISO 14001, ECO LABEL)

To Eevod0oxEio NOPOUOIGZETONIBINIMEDWS EVOICSNTONOINLE VO VIO NV NPOATA0IA 10U NEP-

BAMOVIOG %01 EXE1 IOBE TMOEI QUOKIOTIKEG PHEBOBOUS KOI NPAKTIKES NPOKEIEVOU VIO T

A anoreALopanks) ASITOUPYIa TOU, MV NPOCAVATOAIOPEVN NPOG T EEOmOvOLINON EVEP-

C] A SS yeXaoy K puonay nopaw. MNapalknia, YWwwaToNOIES ki NPOWSET 1 SPOEX; TOU KaI

o et NPOG T0UC NEAITES OUTWE WOTE WA UNBEMOOUY KOl QUTOI HE TN OEING TOUEG AVTIOTOIXES
TaK THES 1000 Katd 1 Seapovtt 10UC GO0 K1 0TV KOBNUEPVOTNTG T0UG.

[MvETan onpavTIKG NPOCAGBEN NPOC MV NPROOTOCK TOU NEPIBAAAOVTOS KaI TNV EEOIKOVD-
HNON EVEQYEIOKUNY KOI QUOREV NORGWY LIE TV LIOBETNoN EEunmawv TOKTIKuY Ko eSOV
B NPOKEIEVOU yia T Asmoupyia Tou Eevodoxeiou. MNapdha aurd, unNGEXEs 10 NEPBWOIO
/“1 /\S S avanTuENG =01 BEANOTONOINONG NPOG EVOV NEMIVAGTEDO OMOMYIKD TPONO AETOURYINS
— - 10U EEVOSOXEIOU KOl YWWOTONOINONG TG NEPIBGAMVTIKIG TOU SPGONG NPOG 10U NEAG-
1£Q 10U,

H Asrmoupyia Tou Egvodoxeiou BOoZETO 08 OPIOLEVES EUPEWS ONOBEXTEG PeBOB0UG Ne-

é pRalroviKNG NEOCTONIOE a1 EECIKOVOLINONG GUOIKLIV X1 EVEQYEIQKLV NOPWY, Napaha

CL p SQ e QuTa € YIvETOI OUOIAOTIKG YWWOTONOINGN TOU NPOYRAUILATOCS ToU 1Y Kai UOTERE! N OWVD-
JANDD Nt} GNOTEAEOUATIKOTNTA TV EQOPUOZOUE VWY LEBGSWY TOU.
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How Solar
Thermal Systems
Work

@ solar energy will
supply hot water for
dishwashers and sinks

i

P
# @ Solar collectors
*| absorb energy from the
sun, transferring it to
the Solar Control Panel

@ Solar energy will
supply hot water for
washing machines

@ Solar energy will
supply hot water for
hydronic floor heating

@ Solar energy will
supply hot water for
bathrooms
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Home Energy Manager
The central nervous system

for the net zero energy home
helps homeowners optimize
energy consumption.

Solar Photovotaic

3 kW to 4 kW solar array
on the roof to meet energy
requirements of the home.

Small Wind
Supplementary renewable
generation.

gateway between

Smart Meter
A communication
the Smart Grid

and the home.

Energy Efficient Lighting
High efficiency CFL, LED and
OLED lighting.

Demand Response Appliances
High efficiency Energy Star Appliances shed
load from the grid and help consumers save
money during peak demand.

%E ?90': PUth Energy Storage
a Ier :ﬂ :rlf e Battery storage for backup
Uses less than half the power and peak loads.
energy of a conventional

electric water heater. GE Water Filtration

Filters, conditions and monitors
home water usage.

Geothermal A -
Heat Pumps G =
Reduces HVAC and G

water heating energy

requirements by 30%.
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Window Shade Name Parameters

No change No change

1/6 Win Height 1/6 of the Window Height

1/4 Win Height 1/4 of the Window Height

1/3 Win Height 1/3 of the Window Height

1/2 Win Height 1/2 of the Window Height

2/3 Win Height 2/3 of the Window Height

BIM The setting in your model (Building Information Model)
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Window Glass
. . Solar Heat Gain| Visible Light
.
Window Glass Name Glazing Type U-Value (W/m”*K) Coefficient Transmittance
No Change No Change No Change No Change No Change
SqlCIr Single Clear 6mm 6.17 0.81 0.88
Dbl CiIr Double Clear 6/13 Air 274 07 078
Double Low-E (e3=0.2) )
Dbl LoE Clear 3113 Air 199 073 074
Triple Low-E
Trp LoE (e2=e5=0.1) Clear 155 047 0.66
3mm/6mm Air
Quadruple LoE Films
Quad LoE (88) 3mm/Bmm Krypton 0.66 0.45 0.62
The setting in your
BIM model (Building
Information Model)
Fce24) Uy UaUdy stUsoay Ui ¥3 gUaac Imsighv[d]y 3
@o UG Uy e ¥ UWWalbdCordteuctions g
j ey} ¥ egusUuUsaY GUsd GUyLaUsd U0Udd
Gdee f 3U Uy sy otUci3a 89 dUjesayd U 1
U sacoyd UddhnsystBezasUs dpadlIedg
Wall Construction
Wall Construction-Northern, Southern, . Heat Capacity
Construction Eastern, Western Walls R-Value (mz Kiw) (w,rmz*K}
Uninsulated RO Wood Frame Wall 0.52 680.77
R13 Metal R13 Metal Frame Wall 102 5703
R13 Wood R13 Wood Fjgme Wall, Wood| 505 987
Single
R13+R10 Metal R13 + R10 Metal Frame Wall 3.02 64.41
. Insulated Concrete Form Wall 14
14-inch ICF inch (36 cm) U-0.034 509 80.07
R38 Wood R38 Wood Frame Wall 5.48 10.21
R2 CMU R2 CMU Wall 0.71 106.06
e - Structurally Insulated Panel (SIP) -
12 25-inch SIP Nall 12 25 inch (311 mm) 6.57 23.89
} The setting in your model (Building
BIM - _ |
Information Model)
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Roof Construction
Roof . . Heat Capacity
Construction Roof Construction R-Value (m**K/W) (WInZK)
Uninsulated RO over Roof Deck 61.00 0.018
R10 R10 over Roof Deck 6.90 0.025
R15 R15 Wood Frame Roof 520 0.025
R19 R19 insulation Wood Frame Roof 495 0015
R38 R38 Wood Frame Roof 191 0016
R60 R60 Wood Frame Roof 122 0017
. - Structurally Insulated Panel (SIP)
10.254nch SP | 2061025 inch thick (260mm) 215 0018
BIM The setting in your model (Building
Information Model)
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Infiltration a

Costs f (EUR)
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Infiltration (ACH)
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Heating Ventilation and Air Conditioning (HVAC) Systems

HVAC System Name Description
ASHRAE Package ASHRAE 90.1-2010 minimum efficiency Packaged Single Zone System
System 11 EER, 70F economizer
High Eff. Heat Pump Heat Pump, 17.4 SEER, 9.6 HSPF, Electric Heat

ASHRAE 90.1-2010 minimum efficiency Heat Pump, 9.5 EER, COP 3.2

ASHRAE Heat Pump
Electric Heat, 70F economizer

High Eff. Package
Packaged Single Zone System, small unit, 20 SEER 85% AFUE

System

ASHRAE 90.1-2010 minimum efficiency Variable Air Volume, COP 6.10
ASHRAE VAV

Chiller, Gas Boiler, 75F economizer

VAV, Underfloor Air Distribution, COP7.5 Chiller, 95% Eff. Gas Boiler
High Eff. VAV

economizer
ASHRAE Package ASHRAE 90.1-2010 minimum efficiency Package Terminal Heat Pump
Terminal Heat Pump 11.9 EER

High Eff. Package

Package Terminal Air Conditioner unit, 12.7 EER, 90.4% Gas Boiler
Terminal AC

BIM The setting in your model (Building Information Model)
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24/7 facility schedule on weekdays
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12/7 Facility
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12/7 facility schedule on weekdays
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