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Solar decathlon middle east competition house of team
twist box

Andrej Crnila, Aleksandra Sretenovi¢, Stefan Milanovi¢

University of Belgrade, Faculty of Mechanical Engineering, Serbia

Abstract:

The Solar House "Twist Box" is a project of the Belgrade University, run by the Faculty
of Architecture; School of Electrical Engineering; Faculty of Technology and Metallurgy
and Faculty of Mechanical Engineering.

This project has been launched for the purpose of the "Solar Decathlon Middle East"
competition and is now in the final stage in which the documentation for carrying out the
works is being prepared. Here we will be talking about the HVAC equipment that will be
designed for this building, the way they are selected and solutions that are developed in
order to reduce heat load. The first problem we encounter is location and climatic
conditions. The location where this house will be built in November 2018 is 30km from
Dubai UAE. Climatic conditions at this location are very unfavorable from the standpoint
of air conditioning because they represent a combination of very high temperatures and
intense solar radiation. In order to achieve comfort conditions inside the building, it is
necessary to provide the required amount of fresh air of the appropriate temperature. In
order to select an adequate system, it was first necessary to calculate the heat load based
on climatic influences, thearchitectural and construction model, the number of people
envisaged to be in premises, electrical installations and other factors. In addition to the
calculated heat flow, a simulation was performed that showed a more realistic picture
throughout the year. After calculating the heat load, equipment is selected for covering
the total heat load, which ensures the design temperature in the room and provides the
required amount of fresh air. The preparation of air-conditioned air is carried out using
a heat recovery, and high-static ducted indoor units. The heat recovery serves to cool the
fresh outside air at the expense of heating the waste air from the room. The high-static
ducted indoor unitsare supplied with the refrigerant from the outdoor unit. Prepared air
is supplied to the living space by means of supply air equipment which has been selected
so that it fits best into the interior, while ensuring sufficient levels of noise and, more
importantly, to provide an adequate air flow inside the space. The second task is the
preparation of domestic hot water, which is done by solar energy receiver. Space is
allocated on the roof for the solar energy receiver, and it is connected with the hot water
boiler inside the house.

Key words: SDME; HVAC; Solar, Efficiency; Sustainability.

1. Introduction

The Solar Decathlon Middle East is a competition held in Dubai in November
2018, in which universities around the world compete with the goal of designing and
building a solar house. The competition is held every two years and every time it is set
in a different location so the challenges are different every time. Teams from colleges
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and universities across the globe participate in the Solar Decathlon.The Solar
Decathlon encourages students to incorporate energy efficiency and clean energy into
their future professional projects and personal lives. Like Olympic athletes, the solar
decathletes draw on all their strengths, including design and architecture, engineering
and performance, and education and promotion. The teams rely on expertise from
many disciplines as they spend months fundraising, planning, designing, analyzing,
and finally building and improving their houses. Future engineers work with future
architects to create affordable, energy-efficient houses.The competition has now
entered its final phase where competitors need to develop final documentation for the
house construction and supply materials, machinery and personnel for actually
building the house. At this point only 21 universities from across the world have a
chance to build their house in November 2018. To get to this point each team has gone
through two years of research and development and has successfully completed 5
deliverables of which some included hundreds of pages of drawings and calculations.
Team from the university of Belgrade “Twist BOX” is proud to be one of these 21
teams that have a chance of building our vision of the house of tomorrow. Our team is
comprised of students and mentors from 4 faculties: Faculty of Architecture; School of
Electrical Engineering; Faculty of Technology and Metallurgy and Faculty of
Mechanical Engineering. Each faculty contributed to development of the area of the
house that it specializes in but teamwork is essential to actually make the house.

&
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Within each of the above categories, certain requirements are set by the
organizer. The main task of the team from the Faculty of Mechanical Engineering is to
maintain the thermal comfort in the space in the most energy efficient way. The
students, together with their faculty advisor are given the task to design the ventilation
and air conditioning system as well as the domestic hot water preparation system.
Temperature, relative humidity and CO2 concentration inside the house are required to
be inside the rangedefinedby the organizer. These requirements coincide with general
views on the comfort conditionsinside the room, for example, the temperature is
limited in the range of 23 to 25 ° C. For each deviation from the given values, the

Figure 1: Disciplines of solar decathlon [1]
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number of points achieved is reduced. Diagrams in Figure 1 show how number of

points awarded changes in respect to the temperature, relative humidity and CO2
concentration inside the house.

Temperature " Humidity

raied

I

Tempearature inside the house ["I.'..:] . — :?i.'lu'.rﬁ;. h-.'-'r'-i:.ill'.' %]

Temperature inside the howse must Relative hurnidity inside the
be between 23-25" C house must be between 3c-6o0%

Concentration of COz

\.‘ Maximum allowed CO2

E \ concentration must not exceed
\ .

Koncentracia CO2 [ppm]
Figure 1: Points earned in relation to task completion [1]

2. Climate conditions

Climate conditions are one of the most important factors affecting the energy
consumption of the air conditioning system. The location on which the house will be
built is characterized by desert climate.The effects of the climate conditions are

mitigated by utilizing smart architectural concepts that will be discussed further in the
text.

Bsar Scim on bons Totel Soier o Horiz Oy Buls ¥l Bulls

t t t t i t +

Figure 2: Solar and temperature profiles for dates between 10.11.-18.11. [3]

3. Architecture-Building model

The house is mainly constructed from lightweight prefabricated materials that
are easierto set up and transport. The weight aspect is very important because the
house needs to be shipped from Serbia to Dubai so the lighter the material the lower
the cost of shipping will be. Low weight materials also have the property of low
thermal accumulation, so when the house is constructed in Dubai, and the air
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conditioning system is turned on for the first time, it will not require that much energy
to cool the walls down to room temperature. Walls are also equipped with insulation
layers that greatly reduce transmission heat gains. In Dubai, the biggest challenge for
achieving the comfort conditions inside the house is solar radiation. In order to
minimize this effect, a brisesoleil system is created (Figure 4). This system has the role
of blocking most of the direct solar radiation that would fall on the outside walls of the
house and penetrate through the glass surfaces. Brise soleil are rotated throughout the
day so as to completely block the Sun's radiation at the places where it is needed and
provide an unobstructed view at places where there is no direct sun radiation. By
installing the brise soleil, it is possible to place larger windows, without compromising
the concept of the thermal efficiency of the house. Although brise soleil block a large
part of the solarradiation, it is necessary that large glass surfaces have good thermal
characteristics because direct solar radiation is not the only way to get heat into the
room. In order to reduce the transmission load, windows with dual or even triple glass
with inert gases between the glass layers are used to minimize transmission gains. The
south facade of this building is covered with windows so it is necessary that these
windows have the best thermal properties. Due to the weight, a compromise was made,
so the windows with double glass with a heat transfer coefficient of 1,2 [W / m’K]
were selected instead of the windows with triple glass.

Figure 4. Functioning of brise soleil

4. Air conditioning system

In order to achieve comfort conditions in the climate conditions that are in
Dubai, it is necessary that the air in the room is cooled and a certain amount of fresh
air is continuously supplied. Supply air is prepared separately for each zone and
distributed to all the rooms through insulated duct system. Each zone has its own high-
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static ducted indoor unit that cools the air to designated temperature. Fresh air is first
prepared inside

the heat recoveryand then distributed to all duct units. The ducted indoor
unitsare part of the multi splitVRF (Variable Refrigerant Flow) heat pump system. The
advantage of a variable refrigerant flow system is that it has much better control of
heat load and the heat pump much more rarely enters the on/off mode. The variable
refrigerant flow is enabled by the inverter compressor. The inverter compressor is a
compressor drive technology that ensures the control of refrigerant flow in order to
maintain the air temperature in a very narrow range close to the set temperature. The
COP of the selected device is 5,34 [2]. This COP is obtained from the manufacturer
and it is defined on the basis of the design temperature of the outside air (in this case,
this temperature is 41.1 © C) and the design air temperature in the room (in this case
temperature is 25 °C). The heat pump selected has temperature and pressure control so
it can further optimize it’s work to best fit the conditions inside and outside the house.

NON-INVERTER INVERTER

OUTFUT FOWIR

LAl

Figure 5: Difference between inverter and non-inverter heat pump

4.1. Heat recovery system

Heat recovery systemsenable using of waste heat, which significantly reduces
the required energy for heating or cooling. In the summer, the outside air is warmer
than the exhaust air. When they pass through the heat exchanger, heat is transferred
from the outside air to the exhaust air and by doing so the outside air is cooled. In this
way ventilation heat load is reduced, so the cooling system consumption is lower.

In the winter mode, the heat recovery works on the same principle, only now
the return air, which is at a higher temperature than the outside air, transfers the heat to
the outside air.If the device operates in summer mode, and the outside temperature is
lower than the temperature inside the house, the return air will be directed so that it
does not pass through the heat exchanger. By doing this unnecessary heating of the
outside air is avoided and energy is conserved.

Figure 6: Heat recovery system in heat exchange mode (left image) and
in by-pass mode (right image) [2]
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4.2. Heat pump

The heat pump is selected based on the maximum heat load that occurs during
the year. The heat load was calculated in the “Hourly Analysis Program”(HAP). The
program performs a calculation of heat load and energy simulation for every hour of
the year (8760 hours per year). This program works on the transfer function method,
which is one of the most accurate methods for calculating heat load. The maximum
load occurs in September at 15h and it is 8,8[kW] [3]. The duct unitsare supplied with
fresh air which isprecooled in the heat recovery. This is also done to ensure the proper
operation of the heat pump because the temperature of air that is entering the
evaporator is limited (in this case 30 °C). The prepared air is suppliedto the rooms
using slot diffusers. Slot diffusers are chosen because they are the most suitable for
mitigating heat loads at large glass surfaces and provide the best flow inside the living
space. Using thisequipment, it is possible to achieve sufficient ventilation and
temperature in all parts of the living space, assuring that there are no dead zones. Air is
distributed to the diffusers using lightweightpre-insulated ducts.

Duct size is determined so that the pressure drop in them does not exceed the
capabilities of the fans inside duct units. Air is drawn out of the rooms using the
exhaust air grilles and is then sent to duct units and to the heat recovery. Kitchen and
bathroom are under vacuum pressure so that contaminated air does not leak into
surrounding spaces.

5. Domestic hot water preparation

Domestic hot water preparation is a significant energy consumer in households.
Considering that solar energy is very abundant resource in Dubai it was rational to use
this form of energy to prepare domestic hot water. The system chosen for this purpose
consists of solar energy absorber, a tank where water is heated and stored and all the
necessary equipment to insure stable operation.

5.1. Solar collectors

The main parts of the flat plate solar collector are: absorber, transparent cover
and insulated casing. The absorber is usually a layer of highly conductive metal with
integrated or added channels or tubes. The surface of the absorber is colored or coated
in black to maximize the absorption of solar radiation. The transparent cover lets the
Sun’s radiation pass through to the absorber, but also isolates the space above the
absorber from cold air entering into the enclosure. The insulated casing is a support for
a complete plate collector assembly and reduces heat losses from the back or side.

The main element of the full plate solar collector is the absorber plate. The
absorber plate covers the complete base of the collector and fulfills 3 functions: it
absorbs the maximum possible amount of solar radiation, transfers the heat collected
to the heat transfer fluid, and reduces heat losses to a minimum.

The solar radiation passes through the transparent cover and is absorbed
directly into the absorber. The surface of the absorber is coated with materials that
absorb short wavelength radiation and low emission of long wavelength radiation.
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The second role of the absorber plate is to transfer the collected heat to the fluid
flowing through the pipe. The heat transfer fluid can be water or water mixed with
antifreeze.

Since the temperature of the surface of the absorber is higher than the ambient
air temperature, a part of the heat is lost to the environment. By carefully selecting the
material from which the absorber is made and the coating of the absorber, heat loss can
be reduced. The absorber is usually covered with one or more transparent covers in
order to reduce heat losses. The cover ensures that the air above the absorber is
stagnant which reduces convection heat losses.

Each additional cover increases the efficiency of the collector in operation at
high temperatures as it reduces heat losses but reduces efficiency at lower
temperatures. Solar collector that was chosen for this house has selective coating that
prevents the solar collector from overheating when the heat load is small but the Solar
radiation is high. This improves efficiency of the Solar collector drastically. Total
surface area of solar collector is around 4,15 m?[4] and the volume of the collection
tank is 250 liters.

kel e GOSo and e of Adsoriver plate Uvusiy Daace Sworee etaortang
e Colecion I ROLCE T O of e T T P ColeCang SRy

Figure 7: Flat plate Solar collector

References:

[1] Solar decathlon Middle east, Rules and building code.

[2] LG Electronics, Total HVAC solution provider engineering product data book 2017.
[3] Hourly Analysis Program Carrier, Report [4] Viessman, Engineering product data boo

321



Revista Romana de Inginerie Civila, Volumul 9 (2018), Numarul 4 © Matrix Rom

Aspecte privind propagarea zgomotului cauzat de
curgerea aeraulica

Aspects of noise propagation caused by aeraulic flow

Carmen Marza, Georgiana Corsiuc

Universitatea Tehnica din Cluj-Napoca

Abstract:

The terms of comfort and "well-being" are concepts that includes a cumulus of people
requirements regarding the environment in which they operate. In this paper, the authors
propose a debate on acoustic comfort in buildings, more specifically aspects of the
propagation of noise in the ventilation / air conditioning ducts and the measures required
to attenuate them, even if the value of the acoustic pressure due to this cause has no
extreme values.

Key words: acoustic comfort, noise sources, aeraulic flow, noise attenuation.

Rezumat:

Notiunea de confort sau ,,starea de bine” reprezinta concepte care inglobeaza un cumul
de exigente ale indivizilor vis-a-vis de mediul in care isi desfisoard activitatea. In
aceastd lucrare, autoarele isi propun o dezbatere privind confortul acustic in cladiri, mai
concret aspecte legate de propagarea zgomotelor in canalele de ventilare/climatizare §i
mdsurile care se impun pentru atenuarea acestora, chiar daca valoarea presiunii
acustice datorata acestei cauze nu are valori extrem de mari.

Cuvinte cheie : confort acustic, surse de zgomot, curgere aeraulicd, atenuare zgomote.

1. Notiuni introductive.

Cladirea constituie mijlocul de protejare al omului Impotriva actiunii factorilor
de mediu exterior si are rolul de a asigura ocupantilor confortul necesar desfasurarii
unei multitudini de activitati: productive, casnice, culturale, de tratament, de odihna
etc.

Notiunea de confort este o notiune abstractd, subiectiva si relativ greu de
apreciat, care se poate defini simplist prin senzatia de armonie sau de bine a
organismului vis-a-vis de mediul ambiant. De altfel, aprecierea notiunii de confort
ambiental este dificila si datoritd faptului ca inglobeaza un cumul de cerinte, care pot fi
grupate in urmatoarele categorii fundamentale:

* Confortul termic (higrotermic),

* Confortul acustic,

* Confortul olfactiv,

* Confortul vizual.
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In ultima perioada s-a definit asa numitul concept complex denumit ,,senzatia
de bine” (well being) care reflectd nevoile fundamentale fiziologice, psihologice si
sociale ale omului in raport cu mediul. Definirea starii de bine este dificila deoarece
simturile si asteptarile indivizilor variazd de la un individ la altul sau chiar pentru
acelasi individ, daca se schimba conditiile.

In aceasta lucrare, dupi o prezentare generald despre sunet ca fenomen fizic si
fiziologic, autoarele dezvoltd aspecte legate de producerea si propagarea zgomotelor in
cladiri precum si modalitati de realizare a exigentei referitoare la confortul acustic.
De altfel, proiectarea cladirilor civile trebuie sd se realizeze, in acord cu Legea
10/1995 si Directiva Europeand 89/106 privind calitatea in constructii.

Zgomotul reprezintd o suprapunere de sunete pure de frecvente si amplitudini
variabile producdnd o senzatie auditiva consideratd ca dezagreabila, desigur daca
depaseste un anumit prag acceptabil. Cercetdrile din domeniul medical si al igienei
muncii au dovedit

actiunea vatamatoare a zgomotelor asupra activitdtilor intelectuale In primul
rand dar si productive, a facultitilor de concentrare, somnului, respiratiei si chiar
asupra metabolismului [4].

Principalele surse de zgomot care pot afecta ocupantii unei cladiri sunt:
zgomotele din exterior (trafic, activitate seismicd), zgomotele provenite din
exploatarea curentd a instalatiilor, zgomotele provenite de la spatiile tehnice sau
comerciale din cladiri si zgomotele ocazionale, datorate insdsi ocupantilor [1].

Odata cu cresterea pretentiillor oamenilor relativ la crearea unui ambient
confortabil, rolul instalatiilor din cadrul constructiilor a crescut foarte mult. Pe langa
beneficiile de necontestat ale acestora, apare ca efect secundar negativ generarea
zgomotelor si transmiterea acestora de la sursa la receptor, prin urmatoarele cai [2,6]:

- Prin radiatia suprafetei proprii in contact cu aerul, ca si zgomot aerian;

- Prin vibratia elementelor de constructii si a instalatiilor;

- Prin vibratiile induse in fluidul vehiculat in conducte.

Cu alte cuvinte, functionarea instalatiilor este insotitd in cele mai multe cazuri
de zgomote si vibratii care au ca efect poluarea sonora a incaperilor.

2. Notiuni fizice si fiziologic despre sunet
Sunetul ca fenomen fizic este rezultatul vibratiei particulelor materiale si este
caracterizat de urmatoarele marimi fizice [2,4]:
* presiunea acustica, cauzata de o sursa sonora si se adauga presiunii statice po
a aerului; in calcule si masuratori se utilizeaza presiunea acustica eficace per [N/m?
sau dyn/cm?];
* energia acustica W [J; erg]; energia sursei se transmite mediului elastic care
o propagd odatd cu undele acustice; legat de aceastd marime definim:
o densitatea de energie w; se obtine raportand energia acustica la volumul
mediului [J/m?3; erg/cm?];
o fluxul de energie acustica @; reprezinta cantitatea de energie acustica care
strabate in unitate de timp o suprafatd data [W; erg/s];
* intensitatea acustica I:
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[= 6 _W
A At
* nivelul de intensitate acusticad N; (notat L; in anumite carti de specialitate)
utilizatd pentru ordonarea intensitdtii acustice ale diferitelor surse si raportarea la o
intensitate de referinta L.
Deoarece urechea nu percepe sunetele ca intensitate dupa o scard aritmetica (1,
2, 3, ...) ct dupa o scara logaritmica (1, 10, 100, 1000,...), s-a definit nivelul de
intensitate acusticd Nj a unui sunet de intensitate I:

N; = 1gl (2a)

Iy

I N
N; = 101gI— [deciBeli] (2b)
0
Scara de masurare a nivelului de intensitate acusticd si sensibilitatea urechii
omenesti este cuprinsa intre 0 i 120 dB.
* nivelul de presiune acustica N ( notat L, in anumite carti de specialitate), se
exprima prin analogie:

[W/m? sau erg/s cm?] (1)

2

N, = 101g(£] =20lg2- [dB] 3)
Po Po

Daca zgomotul este produs de mai multe surse, nivelul presiunii acustice se

calculeaza cu relatia [3,6]:
N, = 101g(

unde, Nyi=nivelul presiunii acustice a sursei de zgomot i;

n= numarul de surse.

Diferenta intre marimile N; si N, in conditii normale de temperatura si presiune
este de circa 0.2 dB, astfel incat in practica curentd se poate utiliza oricare dintre
aceste marimi.

Din punct de vedere fiziologic, energia sonord de tip mecanic, pentru a fi
receptionatd si analizatd de creier este convertitd in energie de tip electric prin
intermediul celor 30 000 + 40 000 de celule senzoriale din organul Corti [5]. Sistemul
auditiv este foarte complex si e structurat pe trei parti: urechea externd — formata din
pavilion si care colecteazd undele sonore si le conduc la timpan; urechea medie —
contine cele trei oscioare scdrita, ciocanul si nicovala prin care se transmit vibratiile de
la timpan la poarta de intrare in urechea interna; si in fine, urechea interna — in care se
efectueaza trecerea undelor sonore din mediu gazos in mediu apos.

Deci, variatiile de presiune ale aerului produse de undele acustice sunt
transformate prin organul auditiv al omului in senzatii auditive.

Domeniul de audibilitate cuprinde vibratiile acustice cu frecvente cuprinse intre
16 Hz si 16000 Hz. Vibratiile cu frecventa sub 16 Hz se numesc infrasunete, iar cele
cu frecventa peste 16000 Hz se numesc ultrasunete.

1

nlloNpi“OJ [dB] 4)
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In Fig. 1 s-a reprezentat domeniul de audibilitate pentru urechea umana [1,4].
De exemplu, un sunet cu frecventa de 1000 Hz, va avea urmatoarele limite [5]:

- pragul de audibilitate inferior caracterizat prin:

Imin =10-12W/m?=10"erg/s cm?;

Pmin= 2x107 N/m?= 2x10*dyN/cm?.

- pragul senzatiei dureroase caracterizat prin:

Imax =1 W/m?=10° erg/s cm?;

Pmax= 2x10 N/m?= 2x10°dyN/cm?.
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Fig.1 Domeniul de audibilitate

Daca se depaseste pragul senzatiei dureroase, organul auditiv este afectat, astfel
incat se poate ajunge in extremis la spargerea timpanului, hemoragii, pierderea partiala
sau totald a auzului, etc. Senzatia auditivd se caracterizeazd din punct de vedere
fiziologic prin:

* nivelul de tirie sau amplitudine, care se masoard in foni si este 0 marime
similara cu nivelul de intensitate.

La frecvente de 1000 Hz, respectiv pentru combaterea zgomotelor in Incaperi
cu destinatii curente se acceptd aproximarea 1dB= Ifon. Pentru sali care necesita o
acusticd speciald se fac alte echivalente intre sunetul ca fenomen fizic si cel fiziologic
[3], prin intermediul curbelor de egala tarie sonora stabilite de Fletcher- Munson.

* indltimea sunetului, are ca unitate de masura mel-ul si este o Insusire a
senzatiei auditive dupd care sunetele percepute pot fi ordonate pe o scara, de la sunete
joase — de frecvente mici, la sunete Tnalte — de frecventa ridicata; senzatia de néltime a
sunetului variaza cu logaritmul frecventei.

* timbrul sau nuanta sunetului.

3. Zgomotul produs in canale de aer si masuri pentru reducerea acestuia

Zgomotul produs in canale este cauzat in principal de actiunea aerodinamica la
schimbarea directiei si/sau sectiunii canalului prin vibratiile induse 1n fluidul vehiculat
datoritd frecarilor care intervin atat in interiorul fluidului, cat si intre fluid si peretii
canalului. La tubulatura rectangulara, reflexiile undelor sonore sunt mai ridicate decat
in cazul canalelor de sectiune circulara [3,8].

Nivelul presiunii acustice in canale drepte se determina cu relatia [6]:
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Npa=10 + 501g v +101gA [dB] (5)

in care, v= viteza aerului [m/s],

A= aria sectiunii canalului [m?].

Mentionam ca in piesele aferente tubulaturii cum sunt coturi, curbe, ramificatii,
piese de legatura, nivelul zgomot indus este diferit si poate fi amplificat sau redus in
anumite conditii, dupd forma geometrica a piesei, respectiv dupa modul de curgere a
fluidului, respectiv gradul de turbulenta. Deoarece varietatea acestor piese este mare,
zgomotul produs si propagat prin acestea a fost studiat, fard a acoperi toate situatiile
intalnite in situ. S-a constatat cd acele piese sunt mai avantajoase la care latimea
canalelor corespunde cu lungimea de unda a propagarii sunetului.

Zgomotul produs de instalatia de ventilare/climatizare, la trecerea prin
tubulatura se diminueazd intr-o oarecare mdsurd daca instalatia este corect
dimensionata si aerul se deplaseaza cu anumite valori, care evident variaza in functie
de destinatia cladirilor — vezi Tabelul 1 [7]. Acest proces se numeste atenuare naturala,
care de regula este insuficientd, depasind nivelul acustic acceptat. Astfel, e necesara o
atenuare suplimentard, numitd artificiala, prin apelarea la atenuatoare de zgomot,
captusirea canalelor etc.

Tabelul 1
Valori admise ale intensitatii sonore
Destinatia cladirilor Nivelul admis al intensitatii
sonore [dB]

1. Cladiri de locuit 35
2. Sali de studiu, biblioteci 35
3. Sali de restaurant 50
4. Birouri de administratie 45
5. Amfiteatre, sili conferinte 40

Atenuarea zgomotului in canale drepte AN, se calculeaza cu relatia:

ANp =1.5-a B [dB/m] (6)

A

unde, o= coeficient de absorbtie sonora a peretelui, care depinde de forma si
materialul conductei, de dimensiunile conductei si de frecventa zgomotului;

P= perimetrul interior al canalului captusit [m];

A= sectiunea liberd a canalului dupa captusire [m?].

In ceea ce priveste atenuarea zgomotelor prin canalele de aer, se recomanda
prevederea unor masuri incepand cu faza de proiectare [6,7, 8]:

- la dimensionarea canalelor, utilizarea vitezelor de circulatie moderate,
conform Tabelului 2 (extras din [7]);
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Tabel 2
Viteze recomandate pentru deplasarea aerului in canale
Tipul canalului Viteza aerului [m/s]
Cladiri civile, social-culturale Cladiri industriale
Canal principal 5..8 8...12
Canal secundar 3.5 5..8

- evitarea canalelor cu muchii ascutite [6];

- rigidizarea laturilor mari ale canalelor;

- captusirea la interior a canalelor de ventilare cu materiale fonoabsorbante.

Legat de aceasta din urma masurd, specificam ca materialele utilizate trebuie sa
aiba anumite proprietati, dintre care amintim: sa fie rezistente la foc, la bacterii, s nu
absoarba umiditatea aerului vehiculat, sa fie inodore, sd nu se descompuna astfel incat
sd genereze particule de praf etc.

Materialele fonoabsorbante se fixeaza pe peretii interiori in lungul canalului,
paralel cu latura micd sau cu latura mare, respectiv pot fi dispuse lamelar [2, 8]
compartimentand conducta.
realizarea atenudrii zgomotelor. Exista si varianta dispunerii in zig-zag a placilor, dar
nu este recomandata datoritd neajunsurilor care le implica: dificultatea executiei ti
cresterea pierderilor de sarcina.

Fig.2. Modalitati de captusire a canalelor rectangulare
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4. Concluzii

Confortul acustic reprezintd o componentd importantd a confortului, cu un
impact semnificativ asupra randamentului intelectual (si nu numai) al ocupantilor unui
spatiu indiferent de destinatia lui.

Studiul referitor la propagarea zgomotelor intr-o instalatie la modul general,
respectiv la instalatiile de ventilare/climatizare in particular, este laborios deoarece
fiecare instalatie trebuie particularizata dupa datele de proiectare, iar incidenta tipizarii
este minimd. De aceea, solutiile trebuie analizate cu maxima responsabilitate.

Partea referitoare la confortul acustic si propagarea zgomotelor necesita
cunostinte avansate de fizicd si inginerie. Atenuarea la zgomot pentru cladirile cu
destinatii comune se face simplificat, pentru frecvente de 250 Hz. Dar pentru cladirile
cu destinatii speciale, ca de exemplu sali de operd, de concerte, studiouri etc. calculul
se face pentru Intreaga gama de frecventa.
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Rezumat

Lucrarea de fata urmareste analiza energetica a unui sistem neconventional compus
dintr-o bucla de captare a energiei solare legata in paralel cu o pompa de caldura,
ambele pompand puteri termice care se insumeaza in contul agentului termic vehiculat in
instalatia de incalzire centrala a unei cladiri. In lucrare se prezinta procedura de
evaluare a performantelor energetice ale acestui sistem utilizand energia solara si
energia mediului exterior si se realizeaza o aplicatie pe un studiu de caz. Rezultatele sunt
prezentate tabelar si grafic in cateva diagrame. In final se fac aprecieri asupra
parametrilor importanti capabili sa conduca la cresterea performantelor energetice
aferente acestor tipuri de sisteme de utilizare a surselor regenerabile.

Cuvinte cheie : energie solara, pompe de caldura, surse regenerabile

Abstract

The present paper follows the energy analysis of an unconventional system consisting of
a solar energy capture loop connected in parallel with a heat pump, both pumping
thermal energies that are summed up in the account of the thermal agent circulated in the
central heating installation of a building. The paper presents the procedure for assessing
the energy performance of this system using solar energy and the energy of the external
environment, and an application is made on a case study. The results are presented
tabularly and graphically in some diagrams. Finally, we assess the important parameters
able to increase the energy performance of these types of systems for the use of renewable
sources.

Keywords: solar energy, heat pumps, renewable sources
1. Introducere
Lucrarea de fata trateaza ca si [4] problema stabilirii metodei de evaluare a
performantelor energetice a unui sistem sursa neconventional de preparare a agentului

termic pentru incalzirea unei cladiri. Sistemul sursa neconventional este compus din
bucla de captare solara si pompa de caldura ca si in [4], insa de aceasta data bucla
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solara si pompa de caldura sunt componente legate in paralel pe circuitul agentului
termic vehiculat in instalatia de incalzire a cladirii. Pompa de caldura considerata este
0 pompa cu compresie de tip aer-apa. Sistemul complet presupune desigur si o sursa
clasica (centrala termica) introdusa si ea in paralel fata de cele doua mentionate, pe
circuitul agentului termic din instalatia de incalzire a consumatorului. Pentru a se oferi
o functionare cat mai eficienta a componentei solare si pompei de caldura instalatia de
incalzire a cladirii este o instalatie de joasa temperatura de pardoseala.

2. Descrierea sistemului. Modelarea proceselor de transfer. Procedura de
evaluare

Sistemul sursa se compune din 2 subsisteme neconventionale, primul bucla
solara compusa din suprafata de captare si schimbatorul de caldura imersat intr-un
rezervor de acumulare la partea de jos si reprezentand prima treapta de incalzire a
agentului termic din instalatia de incalzire a cladirii. La mijlocul rezervorului de
acumulare sau in partea superioara a lui se gaseste imersat condensatorul pompei
termice cu compresie de tip aer-apa. Vaporizatorul pompei termice extrage caldura din
aerul exterior, fiind o baterie cu aripioare transversale. Instalatia de incalzire centrala a
cladirii este de tip de joasa temperatura de pardoseala, nivelul scazut de temperatura
favorizand captarea de energie termica prin bucla solara si captarea de energie termica
din mediul exterior (fig.1).

/ y — L
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/.'" I."’ TS N — i————————__|
/ U
/ S === B
i Condensator[||  CMP

,f'lr f".ll

/fBuclasolara %o Pompa
caldura

- de captare
t
RS -\

Vaporizator

Fig.1

Puterea termicd captata de suprafata colectoarelor solare este livrata agentului
termic din rezervorul de acumulare prin schimbatorul de caldura imersat. In
continuare, prin condensatorul pompei de caldura se adauga o noua transa de putere
termica care conduce la cresterea temperaturii agentului termic din instalatia de
incalzire centrala a cladirii. Aceasta a doua transa este compusa in principal din
puterea termica absorbita la vaporizatorul pompei de caldura si dintr-o cota mica
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provenita din energia electrica furnizata motorului compresorului pompei termice.
Instalatia de incalzire centrala a cladirii preia suma celor doua puteri termice
mentionate si o livreaza cladirii prin intermediul suprafetei de incalzire mentinand
temperatura interioara pe valoarea normata, tpo. Dat fiind variatia permanenta a
conditiilor climatice in cadrul sezonului rece al anului, puterea termica livrata de
rezervorul de acumulare este si ea reglata corespunzator. Se respecta graficul de reglaj
termic calitativ centralizat corespunzator (in acord cu temperatura exterioara).

Puterea termica captata de suprafata solard se poate exprima prin [3], [4], [7]:

Pes =S¢ - 1:n=Sc - 1-Fg -[ (1) ~k¢ -Bo | (1
Unde :

trg —t
Bo=% (2)
Fp == —(1-Ec) )

C
F' ke

Ec =exp(-NTU( ) = exp| —
c = NTUC)=exp{ 1" @

In continuare se poate exprima temperatura de retur din bucla solara in functie
de temperatura medie a agentului termic din secundarul schimbéatorului de caldura
aferent buclei solare si relatiile (1) si (2) iau formele :

Pes =S T-n=Sc-1-E& [(o-7) ke By ] (5)
Unde :

tg—t
BB:% ”
-5 1k ;

C
Ecs = Ec-(1-Eg)+Es-(I1-Ec) unde :
1-E¢ -Eg

Eg =exp(-NTUg) = exl{_a-p-c %j (8)
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Mergand pe aceeasi linie a apelarii in relatia (6) la o temperatura reprezentativa
pentru consumator se trece succesiv prin niste etape de exprimare a temperaturii tS in
functie de temperatura tR si mai departe a lui tr in functie de tio. Rezulta in final pentru
puterea termica captata si livrata de bucla solara expresia :

BC

Pcs =Sc - I'mpe =S¢ - I-Fr™ [ (- 1) — k¢ - Fine -Bio | )

In care :

Bio=% (10)
o)

BC _

FR —{F—C+F—B] (11)
R IR

F=2.— 1 tio~leo (12)
kc-Sc tro—tro

Fine = ROl (13)
tio —teo

In ceea ce priveste pompa de caldura cu compresie, al carei condensator
reprezinta treapta a 2-a de incalzire pentru agentul termic care circula prin instalatia de
incalzire a consumatorului, se va porni de la relatia (14), care permite exprimarea
puterii termice livrate la condensatorul pompei de caldura in functie de temperatura
medie a agentului termic incalzit in vecinatatea condensatorului si de puterea electrica

absorbita de motorul compresorului pompei de caldura. Relatia a fost stabilita in
cadrul [5] s1[4] :

OCD +(27315+ At)

Prp =0,7-
D OCD—t0+2'At

PyL (14)

Coreland relatiile specifice pompei de caldura cu cele specifce instalatiei de
incalzire centrala a cladirii rezulta in final relatia operativa de lucru :

tr —C-Pep +273.15+ At

COPqp = 0,7
D —CPep+2-At—t, (15)
In care :
1
C=— -
ke-Sc-FS (15)
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Procedura practica de evaluarea a performantelor energetice presupune
urmatorii past :

a. Se stabileste puterea termica necesara a fi livrata de instalatia de incalzire:
Pine =H-(tio —te) (16)
b. Se stabileste temperatura echivalenta cu :

th%-I+te (17)
C

c. Se stabilesc parametrii de reglaj termic calitativ al agentului termic din
instalatia de incalzire a cladirii conform relatiilor:

tr =107 %0 o fT0 =0
T~ 10 e
tio ~teo tio ~teo
_Ro=teo , _tRO~tio
€

1
tio —teo tio —teo

(13)
tR

d. Se stabilesc parametrii : Fr, FrB, Fr¢, FrBC, Fine, C conform relatiilor
prezentate mai inainte;

e. Se stabileste Bio conform relatiei (10);
f. Se stabilesc in continuare ngc, si Pcs conform relatiilor corespunzatoare;
g. Se stabileste PCD conform :

Pep =Pine —Pes (19)

h. Se stabileste coeficientul de performanta al pompei de caldura utilizand
relatia (15) pentru care puterea termica necesar a fi livrata de catre condensatorul
pompei de caldura tocmai a fost stabilit.

1. Se stabileste puterea electrica preluata din retea de motorul compresorului
pompei de caldura cu :

P =—CD (20)

COPcp

J- Si urmeaza in continuare stabilirea aspectelor energetice prin calcularea
energiilor lunare si anuale la nivel de bucla solara, instalatie de incalzire consumator
condensator pompa termica, motorul compresorului pompei de caldura si totodata
gradele de acoperire energetica realizate de cele 2 componente neconventionale ale
sistemului sursa descrie.
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3. Studiu de caz. Analiza energetica

Pentru evaluarea necesarului de caldura al spatiului interior al cladirii, s-a
definit cladirea prin factorul de cuplaj termic complex al cladirii H, care cuprinde in el:
suprafata anvelopei termice a cladirii, rezistenta termica medie a anvelopei cladirii,
numadrul de schimburi de aer cu mediul exterior si volumul spatiului climatizat. Pentru
evaluarea efectivd a necesarului de caldura s-a utilizat o procedura conforma cu
metodologia de evaluare a performantelor energetice ale cladirilor, Mc0O01.
Temperatura exterioard de echilibru, tee, este o temperaturd elaboratd in ipoteza
neutilizarii instalatiei de 1incdlzire, concomitent cu realizarea unei temperaturi
interioare normate pe perioada sezonului rece al anului, ti0. Pentru intensitatea
radiatie1 solare utile in evaluarea aporturilor exterioare de cadldurd in perioada
sezonului cald atat pe plan vertical (diverse orientdri) si pe plan orizontal s-a utilizat
Mc001, iar pentru stabilirea temperaturilor exterioare medii lunare s-a utilizat SR
4839/1997. Astfel s-a considerat o cladire rezidentiala colectiva avand 16 apartamente
de 3 camere caracterizatd de o valoare H = 2288 W/K. Sezonul rece al anului s-a
considerat compus din 5 perioade (lunile noiembrie, decembrie, ianuarie, februarie si
martie insumand 151 zile). Pentru aceste 5 perioade ale sezonului rece s-au stabilit
temperaturile exterioare, te, si s-au calculat temperaturile exterioare de echilibru tee.

Suplimentar a mai fost necesar a se stabilii suprafata de captare a energiei
solare s1 unghiul de inclinare al acestora, orientarea fiind spre sud. Unghiul de
inclinare al captatorilor solari a fost considerat 45° si pentru aceasta inclinare s-au
stabilit intensitatile globale ale radiatiei solare. In tabelul 1 se prezinta sintetic cateva
din datele de baza aferente cladirii si instalatiei solare. Suprafata de captare solara a
fost considerata de 320 m?, captatoarele solare fiind caracterizate de urmatorii
parametrii: F>=0.9, = 0,9, 1= 0,9, kC = 3,0 W/m?.K.

Tabel 1
Zi W/m? °C °C
luna Nrzile | 1 45 S te tee
noi 30 105 5,99 14,04
dec 31 99 0 14,3
ian 31 89 -2,15 14,39
feb 28 95 0,34 14,28
mar 31 115,5 5,61 14,06
Total 151

Alegerea efectivda a pompei de cdldurd se va face pe baza valorii maxime
rezultate din analiza energetica ce va fi prezentata in continuare.

In tabelul 2 se prezinta sintetic rezultatele obtinute. Puterea termica livrata de
bucla solara este livrata agentului termic in prima treapta care este bucla solara si la ea
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se adauga o a doua transa de putere termica de la condensatorul pompei de caldura tip
aer-apa. In tabelul 2 alaturi de puteri se prezinta situatia lunard a energiilor rezultate pe
baza acestor puteri.

Tabel 2
kW kW kW kW | MWh | MWh | MWh | MWh | % % %

luna | Pinc PCS Pcp | PEL | Einc | ECS | ECD | EEL |Gae-cs|Gae-cd|/COPsy
noi | 18.43 7.18 1125 | 1.87 | 1327 | 517 | 810 | 1.34 | 38.95 | 61.05 | 9.87
dec | 32.71 0.71 3201 | 684 | 2434 | 052 | 2381 | 5.09 | 2.16 | 97.84 | 4.79
ian | 37.84 0.00 37.84 | 872 | 28.16 | 0.00 | 28.16 | 6.49 | 0.00 |100.00| 4.34
feb | 31.90 0.26 3164 | 6,67 | 2144 | 017 | 21.26 | 449 | 0.81 | 99.19 | 4.78
mar_| 19.33 8.80 1053 | 1,78 | 1438 | 6.55 | 7.84 | 132 | 45.52 | 54,48 | 10.86
Total 101.58 | 12.41 | 89.17 | 18.72 | 12.22 | 87.78 | 5.43

O imagine mai clard o avem din reprezentarea grafica a valorilor prezentate in

tabelul 2.

Diagrama puterilor termice si electrice

40,00
30,00
= M Pinc
= 20,00
= PCS
10,00 - — PCD
0,00 I T T T T 1 PEL
noi dec jan feb mar
Luna
Fig. 2

In fig. 2 se prezinta diagrama puterilor termice de la bucla solara si de la
condensatorul pompei de caldura si a energiei electrice consumate de pompa de
caldura. Se observa ca in perioada de tranzitie energia solara apare cu o cota vizibila,
iar in perioada de mijloc de sezon rece, pompa de caldura acoperind marea parte a
necesarului de caldura al cladirii.
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Diagrama energiilor termice si electrice

30,00
= 20,00 W Einc
=
2 10,00 - WECS
W ECD
0,00 - ‘ ‘ . .

noi dec jian feb mar EEL

Luna

Fig. 3

In fig.3 se prezinta diagrama energiilor termice si electrice furnizate de sistemul
neconventional de utilizare a surselor regenerabile. Se observa la fel ca si din fig. 2
contributia majora a pompei de caldura fata de bucla solara si de asemenea cota de
contributie a energiei electrice.

Diagrama gradelor de acoperire energetica si
eficienta sistemului

120,00
100,00
80,00
¥ 60,00 B Gae-cs
40,00 - H Gae-cd

20,00 - m COPsys
0,00 -

noi dec ian feb mar

Luna

Fig. 4

In fig. 4 se prezinta diagrama gradelor de acoperire energetica pe care cele doua
componente ale sistemului sursa, le ofera consumatorului. Tot in fig. 4 se prezinta
coeficientul de performanta al sistemului sursa in ansamblu. Coeficientul de
performanta definit ca raportul dintre consumul energetic aferent incalzirii cladirii si
energia electrica consumata de pompa de caldura.
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In fig.5 se prezinta situatia anuala (sezonul rece) a contributiilor energetice ale
celor doua componente ale sistemului sursa neconventional.

4. Concluzii

Sistemul sursa neconventional compus din bucla solara si pompa de caldura
aer- apa, reprezinta o alternativa fezabila de economie de energie in alimentarea cu
energie termica a cladirilor pentru incalzirea spatiilor si prepararea apei calde de
consum. In configuratia considerata a sistemului neconventional ponderea energetica
majoritara survine din partea pompei de caldura aceasta acoperind 87,8% din necesarul
de energie termica a cladirii, iar bucla solara acoperind 12,2%. Cresterea cotei
componentei solare presupune implicarea intr-o astfel de aplicatie a unor captatoare
solare superioare din punct de vedere calitativ, caracterizate de coeficienti globali de
transfer termic avand valori de cca. 2,0 ...2,5 W/m>.K.

In ceea ce priveste pompa de caldura aer-apa o caracteristica calitativa
importanta este factorul de utilizare a energiei electrice absorbite de pompa termica. In
cazul lucrarii de fata acesta a fost considerat de 0,7, dar in multe situatii practice acesta
este de 0,4...0,6.

O alta parghie de ridicare a performantelor energetice ale acestui sistem sursa
este cea de adoptare din partea consumatorului a unui sistem de incalzire bazat pe un
nivel scazut al temperaturilor de calcul ale agentului termic (necesare in dimensionarea
capacitatii sistemului de incalzire). In acest sens in cazul lucrarii de fata s-a considerat
ca este vorba de un sistem de incalzire de joasa temperatura de pardoseala.
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Lista de Notatii

tr — temperatura de intrare a agentului termic in instalatia de incalzire a cladirii, °C;

tro — temperatura de intrare de calcul, a agentului termic in instalatia de incalzire a
cladirii, °C;

tr — temperatura de iesire a agentului termic din instalatia de incélzire a cladirii, °C;

tro — temperatura de iesire de calcul a agentului termic din instalatia de incélzire a
cladirii, °C;

ts - temperatura medie a agentului termic din secundarul schimbéatorului de caldura
aferent buclei solare, °C;

trs - temperatura de retur din bucla solara, °C;

te — temperatura exterioara, °C;

teo — temperatura exterioara de calcul, °C;

tee — temperatura exterioara de echilibru, °C;

tio — temperatura interioard de calcul in sezonul rece al anului, °C;

tg — temperatura echivalentd — temperatura maxima realizabild pe placa absorbanta a
captatorilor solari °C;

At — diferenta medie de temperatura la vaporizatorul si la schimbatorul pompei
termice, K;

I — intensitatea radiatiei solare, W/m?;

Sc — suprafata de captare solard, m?;

Ss — suprafata schimbatorului de caldura al buclei solare, m?;

kc — coeficientul global de transfer termic al captatoarelor solare, W/m?.K;

ks — coeficientul global de transfer termic al schimbatorului de caldura al buclei solare,
W/m?.K;

H — factorul de cuplaj termic complex al cladirii (capacitatea de transfer termic a
cladirii), W/K;

a — debitul specific de agent termic in bucla solard, m*/s.m?;

p - densitatea agentului termic, kg/m?;

¢ — caldura specifica masica a agentului termic, J/kg.K;

F’- factorul de corectie al fluxului termic captat, conform tip captator solar, -;

o - coeficientul de absorbtie al radiatiei solare pe placa plana absorbanta a
captatoarelor solare, -;

1 - coeficientul de transparentd al elementului vitrat al captatoarelor solare, -;

NTU¢ — numarul de unitdti de transfer termic aferent suprafetei de captare solara, -;
NTUs — numadrul de unitati de transfer termic aferent schimbatorului de céldura al
buclei solare, -;

Ec — modulul termic aferent suprafetei de captare solara, -;

Es — modulul termic aferent schimbatorului de caldura al buclei solare, -;

Ecs — modulul termic aferent buclei solare in ansamblu, -;

Bo — raportul parametrilor termici aferenti suprafetei de captare, care implica
temperatura de retur din bucla solard, m? K/W,
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Bs — raportul parametrilor termici aferenti buclei de captare, care implica temperatura
medie a agentului termic din secundarul schimbatorului de cdldurd aferent buclei
solare, m>.K/W;

Bec — raportul parametrilor termici aferenti sistemului bucld de captare consumator,
care implica temperatura interioara normata a cladirii, m2.K/W;

1 - randamentul de captare a energiei solare, -;

Fr — factor de corectie flux termic captat corelat cu o, -;

FrB — factor de corectie flux termic captat corelat cu Bg, -;

FRrC - factor de corectie aferent consumatorului, -;

FrBC - factor de corectie flux termic captat corelat cu Bgc, -;

COP¢p — coeficientul de performanta al pompei de caldura, -; Nr.zile — numar zile, zi;
P.s — puterea termica captata de instalatia solard, kW;

Pine — puterea termicd a instalatiei de Incdlzire a cladirii, kW;

Pcp — puterea termica cedata la condensatorul pompei termice, kW;

PgL — puterea electrica absorbita de motorul compresorului pompei termice, kW;

Einc — energia termica necesara cladirii pentru incalzire, MWh;

Ecs - energia termicd captata si livrata de bucla solara, MWh;

Ecp — energia termica livrata la condensatorul pompei termice, MWh;

EgrL — energia electrica absorbitd din retea de pompa termica, MWh;

Gae cs — grad de acoperire energetica al buclei solare, -;

Gae cd — grad de acoperire energetica al pompei de caldura, -;

COPsys — coeficientul de performanta energetica al sistemului in ansamblu, -;
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Abstract. The straw-wooden panel became an integral part of eco-building in the 21st
century. Combined with wooden frame, interior and exterior protective layers, this
technology allows to achieve passive house and nearly zero energy standard. This paper
represents the numerical analysis of simplified fragments of straw-wooden panel in two
variants: with and without accumulation layer and heating. The obtained data will be
compared with the next investigations concerning the detailed structure with wooden

frame and expected thermal bridges.

Key words: straw-wooden panels, insulation, numerical analysis, housing construction,

green building, sustainable development in constructions

1. Introduction

Natural conditions and local building materials had a great influence on the
formation of folk architecture, the types of residential buildings, their placement. The
use of local materials, such as straw, reeds, etc., has been practiced in housing

construction in Ukraine since ancient times.

Each natural landscape forms its own modes of dwelling. In forests, ancient
buildings have been built from wood, in the forest steppe - from clay, straw and wood,
in the steppe - from clay and stone. By the nature of natural building materials, the
territory of Ukraine can be divided into three lanes. The forest zone occupies the north
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of Ukraine to the Volodymyr-Volynsky, Lutsk, Rivne, Zhytomyr, Kyiv, Nizhyn, and
Glukhiv lines. The main building material here it was wood. Clay had an auxiliary
value; the cover was made of straw. The Forest-Steppe belt harbors the central part of
Ukraine to the Balta, Kremenchug, Poltava, and Kharkiv lines. In the building here,
there were used wood, clay, cane and straw; straw or cane cover (Fig. 1.) [1].

Along with the well-known advantages of such dwelling (ecology, economy,
accessibility), the traditional constructive solutions are inherent in the shortcomings, in
the first place, the failure to ensure the implementation of modern standards for energy
efficiency in constructions [2].

Fig. 1.Types of Ukrainian Dwelling (Poltava region, end of the XIX century) [3]

Under the conditions of the global environmental, social and economic crisis,
widespread use of local materials and energy-saving technologies in the construction
industry can solve a number of urgent social problems in providing the population
with quality affordable housing that meets the criteria of the sustainable development
policy.

For the introduction of mass ecological construction in design practice, it is
necessary to adapt existing effective, unique technologies in the conditions of modern
standards and norms.

For the existing material and cultural base of Ukraine, a promising construction
technology is the technology of low-rise construction with the use of a wooden frame
and local organic materials such as straw of cereals, hemp, reeds as insulation. Ukraine
has especially considerable potential for the use of straw cereals in construction.
Annually its available volume for use is about 5 million tons. [4]

Today, in the world, a wooden frame is widely used in the construction of low-
rise ecological housing. The construction of the wall from local organic materials and
the choice of structural details depends on the type of frame chosen - the racks are
located in the center of the organic insulation, either on the outside or on the inside -
and on the type of racks - simple or double ladder type or I-section (Fig. 2, Fig.3, Fig.

4. [5].
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Fig. 2. I-section rack Fig. 3. Rack made of Fig.4 "Ladder" type
solid wood rack

2. Case study and general assumptions

The most versatile of these technologies, suitable for any type of organic
insulation (both in straw pressed blocs and in bulk packed) - is a "ladder" type frame.
The main elements of external enclosing structures of this type used in the design of
low-rise buildings from ecological local materials are shown in Fig. 5. [6]

Fig.5. The main elements of external enclosing structures used in the design of low-rise buildings from
environmental local materials
1 - "ladder" type rack; 2 - insulation from ecological local materials (straw cereals, light or traditional
adobe, hemp or cane), 400 mm; 3 - vapor barrier; 4 - wind protection; 5 — grid; 6 - outer layer of clay
plaster, 50 mm; 7 - moisture resistant gypsum board, 12.5 mm

As the insulation material it can be used any ecological plant origin local
material. Meanwhile, the theoretic calculation of the presented model on energy-
efficiency in the different architectural-planning context application according to the
existing Ukrainian standards showed, that the most effective local ecological material
from the point of view of energy saving is the pressed straw of cereal crops, although a
lightweight concrete of hemp and lightweight adobe make it possible to reach the level
that corresponds to the highest energy conservation class A. [7]

For the research, we have chosen the wall structure for a sustainable building
containing a wooden frame, a thermal insulation layer from materials of straw origin,
an internal massive heat accumulation layer and an outer protective layer.The
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considered element is the fragment of pre-fabricate straw-wooden panel of 250 mm of
width and the overall dimensions - 1000x1000 mm (thermal insulation layer); info red
heating film (heating layer) and brick accumulation layer of width of 120 mm.
Characteristics of materials are summarized in the Table 1.

The analysis is carried out in two general stages:

1. First stage — test of prefabricated straw-wooden panel without accumulation
layer and heating under the conditions precise in the Table 2 (temperature in
external camera).

2. Second stage — test of composed wall with insulation, heating and accumulation
layers under the conditions precise in the Table 2 (temperature in external

camera).
Table 1
Characteristics of materials
Material Thickness, | Thermal conductivity | Thermal capacity, | Density,
m L, W/m'K J/(kg'K) kg/m’
1.External clay plaster layer | 0,02 0,15 880 1600
2. Straw panel 0,25 0,062 600 220
3.Heat-reflecting  material | 0,005 0,037 1950 33
(eg Izolon, Penofol, etc.)
4.Electric heating film 0,00034 0,42 1800 1000
5.Masonry of ceramic brick | 0,120 0,17 2070000 1800

3. Numerical thermal analysis of the specimens using ANSYS workbench

This paper represents the numerical analysis of simplified fragments without
elements of wooden frame in order to examine the main field of the structure. The
obtained data will be compared with the next investigations concerning the detailed
structure with wooden frame and expected thermal bridges; and also with results of
described samples testing under mentioned conditions in climate chamber. Experiment
of the thermo-technical properties study of the proposed structure element is planned
to realize in the big climate chamber TiR32 in the laboratory of building physics of
Civil Engineering Faculty (Slovak University of Technology in Bratislava). The
disposition and numbers of measurement points are represented on the Fig. 6 and 7.
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Fig.6. Disposition of measurement elements Fig.7. Disposition of measurement elements
for the first stage of experiment for the second stage of experiment

The numerical analysis was carried out by ANSYS workbench, a program to
calculate the three-dimensional steady-state temperature distribution and heat transfer.
The numerical approach permitted also to verify required dimensions of the samples in
order to avoid distortion of the temperature field caused by edge effects during the
experiment. The thermal conductivities of the materials are summarized in Table 1.
Heat transfer coefficient of the interior surface is aint=8,7 W/m?>K and for exterior
surface aint=23 W/m?K. The calculations were done by choosing an appropriate grid
[7] resulting in 5853 nodes for the first stage of experiment and 11055 nodes for the
second stage. The power capacity of the electric heating film is 10 W/m?.

The exterior temperature is varying from -15 to +10°C. The figure 8 represents
prefabricated straw panel without accumulation layer and heating. The figure 9
represents composed wall with insulation of straw, heating and accumulation layers.
For the illustrated example for the both variants we imposed -15 °C on the cold side
and 20 °C on the hot side with the purpose to obtain a maximal temperature difference
of 45 °C.

Fig. 8. Prefabricated straw panel without accumulation layer and heating.
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Fig. 9. Composed wall with insulation of straw, heating and accumulation layers.

The results of modelling for all variants of temperature conditions are represented in the Table

2.
Table 2
Results of numerical thermal analysis
Stage (type T.ernp erature Temperature values, °C
of sample) in external
camera*, tex,
°C 01 02 03 04 05 06 07
First stage -15 2,769 2,76 19,071 | 19,071 | 19,072 | 19,071 | 19,071
prefabricated -10 5,222 5,22 19,204 | 19,204 | 19,205 | 19,204 | 19,204
straw- -5 7,685 7,68 19,336 | 19,336 | 19,337 | 19,336 | 19,336
wooden 0 10,148 | 10,148 | 19,469 | 19,469 | 19,467 | 19,469 | 19,469
panel +5 12,611 | 12,611 | 19,602 | 19,602 | 19,602 | 19,602 | 19,602
+10 15,074 | 15,074 | 19,735 | 19,735 | 19,735 | 19,735 | 19,735
Second stage -15 6,8382 | 6,8382 | 21,157 | 21,155 | 21,155 | 21,155 | 21,157
composed -10 9,7151 | 9,7151 | 21,268 | 21,266 | 21,266 | 21,266 | 21,268
eco wall with -5 12,593 | 12,593 | 21,379 | 21,377 | 21,377 | 21,377 | 21,379
insulation, 0 15,47 15,47 21,49 | 21,489 | 21,489 | 21,489 | 21,49
heating apd +5 18,347 | 18,347 | 21,602 21,6 21,6 21,6 21,602
acc‘g‘;l;tm +10 21224 | 21224 | 21,713 | 21,711 | 21,711 | 21,711 | 21,713

The temperature difference between values for the first and for the second stage
of point Ne 05 (under -15°C in external camera ) located in the middle of the straw
insulation layer reaches 2,083 °C. In other words the presence of heating film and an
accumulation layer assure higher temperature on the hot side of the wall and protect it
additional heat losses. Those results will be compared with experimental data from
climate chamber.
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6. Conclusion

The paper was dedicated to the study of two variants of the wall structure for a
sustainable building containing: for the first stage - a wooden frame, a thermal
insulation layer from materials of straw origin and an outer protective layer; for the
second stage — mentioned components plus a heat-reflecting material, an electric
heating film and a masonry of ceramic brick as an accumulating layer. This paper
represents the numerical analysis of simplified fragments without elements of wooden
frame in order to examine the main thermal field of the structure. The presence of
heating film and an accumulation layer assure higher temperature on the hot side of the
wall and protect it from additional heat losses. The obtained data will be compared
with the next investigations concerning the detailed structure with wooden frame and
expected thermal bridges. And also the obtained data will be compared with results of
described samples testing under mentioned conditions in climate chamber.
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Impactul performantelor elementelor de anvelopa vitrate
asupra performantelor energetice ale cladirii, confortului
(thermic & luminos) si calitatii mediului interior

Impact of vitreous tire performance on the energy performance of the
building, comfort (thermal & light) and indoor environment
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Abstract:

The imposition of new requirements for future buildings (NZBEs and others) requires
much more powerful and effective design tools than usual tools to predict their dynamic
behavior in climatic conditions specific to amplitude in the context of neighborhoods and
to provide a climate and a quality indoor environment appropriate to occupant
requirements. The paper presents the results of a case study that aimed at optimal
configuration of vitreous exterior construction elements in dynamic climatic conditions to
achieve the NZEB building envelope. The advantage of the instrument used is the
possibility of using the latest models of dynamic behavior of the glazed elements, which
can simulate light and energy transfer from the outside to the inside and vice versa with
different structures (different glasses: classical, clear, intelligent, integrated PV , solar
control ...; number of different coupled windows, different gas cavities, associated or
integrated shading systems) under standard climate or real climate conditions. The study
also focused on the impact of glazed systems on energy and visual comfort. The classic
glazed systems with 2 and 3 clear glasses found: a strong dynamics of the temperature on
the internal surface of the glass, respectively the effect of cold / warm radiation from the
window; the blindness effect at certain times of the day and year; the greenhouse effect in
the window cavity; a positive effect during the winter and a negative one during the
summer. For recent special glasses it was possible to control the visible light and the
energy transmitted externally-inside and vice versa.

Keywords: vitreous tire elements, energy performance, thermal comfort, indoor
environment quality

Rezumat:

Impunerea unor noi exigente pentru cladirile viitorului (NZBE, si altele) necesita
instrumente de concepere mult mai puternice si eficiente in raport cu instrumentele
uzuale care sa permita previzionarea comportamentului dinamic al acestora in conditii
climatice specifice amplasamentului, in contextul vecinatatilor si care sa poata oferi un
climat si o calitate a mediului interior adecvat cu cerintele ocupantilor. In lucrare se
prezinta rezultatele unui studiu de caz care a vizat configurarea optima a elementelor de
constructie exterioare vitrate, in conditii climatice dinamice, pentru cladirile noi si
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imbunatdatirea elementelor de constructie existente pentru a realiza anvelopa cladirilor
NZEB. Avantajul instrumentului utilizat consta in posibilitatea utilizarii celor mai recente
modele de comportament dinamic a elementelor vitrate, care pot simula transferul de
lumina si energie, dinspre exterior spre interior si invers, cu diferite structurari (diferite
sticle: clasice, clare, inteligente, cu PV integrate, cu control solar...; numar de geamuri
cuplate diferite, cu cavitate cu gaze diferite; tamplarie din materiale si cu dimensiuni
diferite; sisteme de umbrire asociate sau integrate), in conditii climatice standard sau in
conditii climatice reale. S-a vizat si studiul impactului sistemelor vitrate asupra
confortului energetic si vizual. S-a vizat si studiul impactului sistemelor vitrate asupra
confortului energetic si vizual. S-a constatat: a) la sistemele vitrate clasice cu 2 si 3 sticle
clare s-a constatat: o puternica dinamica a temperaturii pe suprafata internda a geamului,
respectiv efectul radiatiei reci/calde din partea geamului; efectul de orbire in anumite
momente din zi si an; efectul de serd in cavitatea dintre geamuri; b)pentru geamurile
termopan un efect pozitiv pe perioada iernii si unul negativ pe perioada verii, c) Pentru
geamuri speciale recente s-a constatat posibilitatea controlului luminii vizibile si a
energiel transmise exterior-interior §i invers.

Cuvinte cheie : elemente de anvelopd vitrate, performantd energeticd, confort termic,
calitatea mediului interior

1. Introducere

Sistemele vitrate pot fi structurate dupa dorinta (si experienta proiectantului/
cercetatorului) prin cuplarea adecvatd a doud sau mai multe vitraje, cu caracteristici
identice sau diferite, amplasate la distante diferite unele de altele si inchizand cel putin
o lama de gaz - aer/argon/Kripton, cu ventilare naturala sau mecanica.

Performantele energetice (termice si optice) ale vitrajelor sunt dependente si se
determina 1n raport cu urmatoarele caracteristici: coeficientul de transmitanta termica:
U; fractia din radiatia ultra violeta transmisa: tuv, coeficientul de transmitanta
uminoasa: ty , notata si cu TL, fractia din energia absorbita re-emisa spre exterior §i
interior: RLexterior, RLinterior; factorii energetici de transmisie, absorbtie si refractie: TE,
RE, AE; factorul global de insorire, g; coeficientii de umbrire Tsc si Ssc .

Aceste caracteristici diferd foarte mult de la un vitraj la altul. Se pot determina,
conform metodelor standard normate in SR EN 410: 2011, SR EN 673:2011 si ISO
9050, cu diverse instrumente ajutdtoare sau cu ajutorul softurilor special concepute
care 1n general au si o baza de date cu informatii acreditate, ale furnizorilor individuali
sau grupurilor de furnizori.

2. Obiectivele cercetarii

In cadrul lucrdrii sunt prezentate rezultatele unei analize comparate a
performantelor unor sisteme de anvelopa vitrate (uzuale si de ultima generatie), cu
impact major asupra dinamicii confortului energetic, vizual si biologic din spatiile
deservite.

Analiza a fost realizatd pe baza simuldrii comportamentului dinamic (respectiv
transferul de energie si lumind dinspre exterior spre interior si invers) a diferite sisteme
de geamuri, (clasice cu geam dublu si triplu clar, triple cu geam low-e, plasat spre
exterior si geam triplu cu o foaie de geam termocrom), in conditii climatice
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(temperatura, radiatie solara) dinamice. Ferestrele termocromice sunt tehnologia cea
mai avansatd si cea mai simpla de fereastrd dinamicd disponibila. Sticla
termochromica utilizeaza pur si simplu cédldurd din lumina directd a soarelui pentru a
tenta ferestrele atunci cand este necesar. Cu cat lumina soarelui este mai directd si mai
intensd pe geam, cu atdt devine mai intunecatd. Se reduce puternic transferul de
caldurd spre interiorul cladirii iar procesul de transfer se adapteaza continuu intr-o
gama de temperaturi, obtinandu-se un echilibru natural si utilizarea maxima a luminii
de zi. Prin design, ferestrele termocromice ajutd la reducerea orbirii, atenuarea
zgomotului si la cresterea sigurantei.

3. Ipoteze de lucru

In prezenta cercetare, caracteristicile (energetice si optice) ale vitrajelor s-au
determinat cu ajutorul softurilor specializate performante WINDOW 7.5.12., Optics 6,
Radiance, Confen, care contin: bazele de date pentru caracteristicile optice si
energetice ale tuturor geamurilor omologate in lume (inclusiv cele active/inteligente);
bazele de date ale tamplariei; bazele de date ale sistemelor de umbrire; bazele de date
ale straturilor de gaze dintre geamuri si care prezintd si avantajul ca pot fi apelate de
platformele de simulare ale cladirilor (Trnsys, Lesosai, ...).

Analiza comparata a performantelor energetice ale diferitelor sisteme vitrate s-a
realizat pe baza simuldrii structuri si configuratiei acestora si al comportamentului in
conditii climatice standard. Pentru analizd s-a considerat un mediu climatic standard,
care ia In considerare datele climatice pentru perioada de vara si cea de iarna (respectiv
standardul NFRC 100-2010).

Analiza permite studiul comportamentului sistemului vitrat in conditiile
interactiunii fiecarei componente spectrale a radiatiei cu gemurile & lamele de aer &
tamplarie & sistem umbrire. Se poate analiza transmiterea radiatiei luminoase si
termice prin sistemul de geamuri, intr-un sens si in celdlalt.

Caracteristicile luminoase si energetice ale geamurilor sunt conforme cu
certificatele de testare.

4. Variante de alcatuire a sistemelor vitrate analizate

In cadrul studiului s-au analizat performantele luminoase si termice pentru
sistemele vitrate delimitatoare ale unei incaperi (un laborator de cercetare din U.T.M.-
Chisinau), in 5 variante de alcatuire, Tab. 1. si Tab. 2.:

* Vl1-sistem vitrat cu geam dublu clar

* V2-sistem vitrat cu geam triplu clar

* V3-sistem vitrat cu geam triplu cu un strat low-e (joasa energie/termopan) exterior;

* V4-sistem vitrat cu geam triplu cu un strat low-e (joasa energie/termopan), interior;

* V5- sistem vitrat cu geam triplu cu un strat thermocromatic exterior.

Baza de date a software Window si algoritmii de evaluare a transferului
luminos si termic prin suprafetele vitrate dinspre exterior spre interior si dinspre
interior spre exterior, respectiv a energiei valoirificate de sistemele vitrate active sunt
incluse in Software Trnsys.
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5. Rezultate cercetare
Rezultatele extrase sunt prezentate centralizat in:
* Tab. 3.: Factorul de transmitanta termica U in centrul geamului

* Tab. 4.: Evolutia temperaturii in sectiunea transversala a sistemului vitrat

* Tab. 5.: Caracteristicile optice ale sistemului de geamuri

* Tab. 6, 7: Reprezentarea grafica a fluxului luminos si energetic prin sistemele
analizate pe parcursul anului.

Tabelul 1.
Variante de alcatuire a sistemelor vitrate
Varianta Vi V V3 V4 VS
Scl_leu_la — o = =
alcatuire + I I + —I—
| — s —
Simbol 1+1 1+2 1+2 2+1 1+2
Structura Geam clar Geam clar | Geam low-e Geam clar Geam thermocrom
Lama aer Lama aer Lama aer Lama aer Lama aer
Geam clar Geam clar | Geam clar Geam clar Geam clar
Lama aer Lama aer Lama aer Lama aer
Geam clar | Geam clar Geam low-e Geam clar
Tabelul 2.
Caracterizare sisteme vitrate-Structura
V D Wame Mode| Thick |Flip) Tsol | Rsoll Rsol?  Tws |Rwil | A2 T | E1 0 E2 | Cond
1 T
SRS PN (GlzsT b0 0 ELEAH_EDAT 7 D 07 0070 0070 0834 0080 0080 0000 0840 0840 1.0M
N e ey Gapiw 1 A 120
1 2 v Gles2 b 103 CLEAR_BDAT $ 087 CfarA 00 0070 064 00D 0080 0000 0840 084D 1000
vV D Name Mode Thek Fp| Tsol | Rscll | Reol | Twis Rws?|Rwis2| Ti | E1 | E2 Cond
2 Gl vr 102 CLEAR_IDAT a0 |z| 083 0075 0075 089 0083 (0081 0000 0B40 0OB40 1.000
24544 Min Gapl w1 A 27
g Glass 2 w0 102 CLEAR_IDAT # 30 |Z| 083 0075 0075 0899 0083 0087 0000 0840 0840 1.000
1 3 | Gapd w1 A 127
Glags 3 102 CLEAR_IDAT #0030 K084 0075 0078 0859 0083 O0HD 0000 B0 0840 1000
V 1] Mane Mode| Thick |Flip Tsol | Rsoll | Rsol2 | Teis  Pwis] Rws2 T El E2 | Cond
3 ; v|  GlesT 19628 CETIBBACSGCSG ¥ 39 [(X|0283 0530 0399 0832 0087 0083 0000 D045 0840 1000
: Gaptwb 1A 127
: « | Glss? e 102 CLEAR_3DAT t 30 (€[ 0075 0075 0899 0083 0083 0000 0S40 080 1.000
1 3 Gap? Pb 1 Air 27
v | Gles3 e 102 CLEAR_3DAT t 30 [E[0sa 0075 0075 0899 0083 0083 0000 0840 0840 1.000
Vv 10 Wame Mode| Thick |Flim Tsal | Rl Reol? | Twis | Rwisd Rwis2 | Tr  E1 | E2 | Cond
4 v Glags1 w102 CLEAR_3DAT # 30 [J|0g34 0075 0075 0839 0083 0083 0000 0840 0840 1000
: Gapt w1 & 17
1 2 3 M Glass 2 102 CLEAR_3DAT # 30 [J|0g3d 0075 0075 0899 0083 0083 0000 0840 0840 1000
Gapl »w 1 A 127
v Glass 3w 19528 CETTR_LCSGESE  # 29 [J[0289 0399 0530 0692 0083 0047 0000 0840 0045 1000
V D Narre Mode] Thick |Fl Tsol | Rsoll | Rsol2 | Tvis | Rvisl | Rvise | Tir | ET | E2 | Cond
5 | Glass1 30020 Themochonic2 2418f | 120 [B8|0223 0054 0045 0546 00E5 Q.05 0000 0860 0840 1.000
) Gapl w1 i 127
1 3 v Glasszw 102 CLEAR_1DAT # 30 [@[osd 0075 0075 DASH OOED OOR3 0000 084D OE0 1000
Gap2 » 1 A 127
» | Glass3w 102 CLEAR_3DAT # 30 [@(osm 0075 0075 DGSD 00D O0R3 0000 0840 OB40 1000
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Tabelul 3.
Caracterizare sistem vitrat - Factorul de transmitanta termicd U in centrul geamului
|Jfactar 5C SHGC Rel Ht. Gain Twis Keff Laper 1 Keff Gap 1 Keff Layer 2 Keff
Wim2 WiimK Wi WimK Wi
0807 0702 531 0786 ans2 1.0000 00636 1.0000
|Jfactor e SHGE Rel HE. Gain Twis Keff Layer 1 Keff Gap 1 Keff Layer 2 kaf [3ap 2 keff Laver 3Kefl
VZ Wik Win2 Wiimk, Wik, Wk Wimk, Witk ek,
174k 749 N EAA A1t nra? MNAR 1nnnn MR T nran LIEN 10nnn
Lfactar 5C SHGC Rel HE Gain Twis Feff Leyer 1 keff Gap 1 Kelf Layer 2 Kedf Gap 2 Keff Layer 3 Keff
V3 WA W2 Wik Wk Wik Wik Wik Wink
0310 0270 210 0571 008w 1.0000 00633 1.0000 00693 1.0000
Center of Gless Resuls | Terpereture Data | Optical Dets | Anguler Deta.| Color Propates | Radiance Resuls
V4 | factor 5C SHEC Rel. Ht. Gain Ttis Kefl Layer1 Keff Gap 1Kelf Layer 2 feft Gep 2Kef Layer 3 el
Wim2 Wimk, Wik Wik Wim. Wik Wimi
. L 0.406 Ell 0577 (og72 _1.0000 (L0616 1.0000 0.0668 1.0000
Center of Glass Results | Temperature Data | Optical Data | Angular Deta | Calor Propeties | Radiance Results | Dynamic Properties
VS Ufactar SC SHGRC Rel. Ht Gain Twis Keff Layer 1 Kef Gap 1Keff Laper 2 Keff Gap2keff | Layer 3 Keff
WK, Wiz i W/ Wi Wi Wi i,
1.744 0191 0156 135 0.086 0.1088 1.0000 0.0634 1.0000 0.0700 1.0000
Tabelul 4.
Caracterizare sistem vitrat - Evolutia temperaturii in sectiunea transversald a sistemului vitrat
Layer 1 Layer 2
Outside Air Outer Surface Inner Surface Outer Surface Inner Surface Inside Air
V1 | Ueter 7 aso 145 133 55 6.2 21.0
SHGC 320 37.9 382 370 367 240
Layer 1 Layer 2 Layer 3
Outside &ir Outer Suface Inner Surface Outer Suface Inner Surface Outer Suface Inner Surface Inside &ir
vz -18.0 -15.7 -15.5 1.8 1.6 10.8 11.0 21.0
SHGC 320 k9 371 404 403 351 349 240
Layer 1 Layer 2 Laper 3 ]
Outside Air Outer Surface Inner Suface Outer Surface Inner Surface Outer Surface Inner Surface Inside Air
V3! 180 154 152 16 14 108 11 210
320 Gl 401 359 358 303 302 24.0
Layer 1 Laper 2 Layer 3 I
Outside Air Outer Surface Inner Surface Outer Surface Inner Surface Outer Surface Inner Suface Inside Air
v4‘ : -18.0 162 161 5.5 5.3 45 47 21.0
SHGC 320 422 427 525 57.8 E15 613 240
Layer 1 Layer 2 Layer 3
v5 Dutside A Outer Surface Inner Surface Outer Surface Inner Surface Outer Surface Irner Suface Inside Air
-18.0 5.7 149 -1.2 -1.0 11.3 1.5 21.0
SHGC 320 B0.2 B33 51.3 51.0 373 37o 240
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Ll

Obsservatii.

Evolutia temperaturii este prezentata distnct pentru perioada

rece si cea calda.

Pe suprafata interioara a sistemului vitrat se manifesta

— Efectul suprafetelor radiante reci la toate sistemele vitrate analizate in
urmdtoarea ordine : V4, VI, V2, V3, V5

— Efectul suprafetelor radiante calde la toate sistemele vitrate analizate
in urmdtoarea ordine : V4, V5, VI, V2, V3

larna
Vara

Tabelul 5.
Caracterizare sistem vitrat - Caracteristicile optice ale sistemului de geamuri
Vishle Solar 1)
Rifvis Rbwis Tsal Risal Absol Abst Abs2 TawK TdwASO Tuy
01436 01436 0.6069 INREY 0114 01664 01128 05242 06899 (14626
igie Solar v
vz Trig Rfvi Rouis Tsal Rifsal Absal Absl £bs2 Abs3 Tawk | TdwlS0 Tuy
0.2083 02083 05584 01671 (1663 00338 01766 00562 05104 0673 (4626
Center of Glass Results | Tempereture Deta. Opticel Data | Angule Dete | Color Propertes | Radiance Resus |
V4. Visibie Solar i
Tws Fifvis Fibsiz Tsol Risel Akl Absl Abs2 Abs3 TdwK Tdw50 Tuy
o 0159 0252 04106 05540 01229 a1 F7 TR P S Y B "

5

Obsservatii.

Caracteristicile sticlelor utilizate 1n sistemele vitrate precum si structura

acestora are un mare impact asupra mediului interior:

— Sticlele clare conduc la cresterea efectului de serda al cavitatii sistemului
vitrat

— Prezenta geamului termopan intr-o pozitie fixa (exterior/interior) poate
avea efecte benefice intr-un sezon si negative in alt sezon : este
recomandat sa se utilizeze un geam cu posibilitate de schimbare a
suprafetei cu geam low-e interior/exterior in raport cu sezonul ;

— Prezenta geamurilor low-e poate diminua substantial radiatia ultravioletd
ajunsa la interior (Tuy) ceea ce se poate constitui intr-un dezavantaj, cu
impact asupra dezvoltarii unor organisme biologice indezirabile ;
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confortului (thermic & luminos) si calitdtii mediului interior

Caracterizare sistem vitrat

Tabelul 6

V1-- Sistem vitrat cu geam dublu clar

Suprafata frontala

Lumina vizibila
transmisa

Energia solard Lumina vizibila
transmisa reflectata

Energia solari
reflectata

[re—
Warih
of £ F & 8 F e I 0 £ 0BT

af £ F &£ F F g ¥ & 8 B T

o |_....,,:,. T —

Suprafata dorsala

Lumina vizibila
transmisa

Lumina vizibila
reflectata

Energia solara
transmisa

Energia solara
reflectata

E
d
-

T

F ¢t I § ¢ 0 I

Bt

fram—,
HMEEEEE R NN

O L T T

How

« £ F 4 0 ¥ a F §F 0 0 0

Hew

V2- Sistem vitrat cu geam triplu clar

Suprafata frontala

Lumina vizibila
transmisa

Lumina vizibila
reflectata

Energia solard
transmisa

Energia solard
reflectata

D o oy o e e e g

«f & F ¥ F ¥ 5 F ¥

P A b S i e

M -

VL e b
Hew
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Suprafata dorsala

Lumina vizibila | Energia solara Lumina vizibila Energia solara
transmisa transmisa reflectati reflectati

hI

Bt

Suprafata frontala

Lumina vizibilda | Energia solara Lumina vizibila Energia solara
transmisa transmisa reflectata reflectata

[r—

P& moe B0

Wrl

[ s

Suprafata dorsala

Lumina vizibila | Energia solara Lununa vizibila Energia solard
transmisa transmisa reflectata reflectati

T

V3- Sistem vitrat cu geam triplu cu o foie low-e, exterior

HAAERENEEEEN

[
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Suprafata frontald

Lumina vizibild Energia solarid Lumina vizibila Energia solard
transmisa transmis3 reflectatd reflectatd

Suprafata dorsala

Lumina vizibild Energia solarid Lumina vizibila Energia solard
transmisa transmis3 reflectatd reflectata

V4- Sistem vitrat cu geam triplu cu o foie low-e , interior

Suprafata frontala
Lumina vizibili Energia solari Lumina vizibila Energia solara
transmisa transmisa reflectatd reflectata

V 5- Sistem vitrat cu geam triplu cu un strat
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Suprafata dorsala
Lumina vizibili Energia solard Lununa vizibila Energia solari
transmisi transmisi reflectati reflectati

i@ Pk B p e I ¥

Observatii

V1 - Sistem witrat cu geam dublu clar
— Lumina este transmisd s1 de geamul frontal si de cel dorsal in proportie
relativ mare: apare riscul de orbire pentru persoanele aflate in vecinitatea
geanmilor :
— Energia solard transnusa este relativ mai mica s1 este reflectati aproape
complet de geamul dorsal : efect de capcana solard
V2- Sistem witrat cu geam triplu clar
— Lumina este transmisd s1 de geamul frontal si de cel dorsal in proportie
relativ mare: apare riscul de orbire pentru persoancle aflate in vecinitatea
geanmnilor :
— Energia solard transnusa prin fata frontald este relativ mai mica decat radiatial
luminoasi, dar in proportie mai mare in raport cu V1. '
— Radiatia luminoasa s1 energia solara transmuisa de fata dorsala este mult
mai mare in raport cu V1
— Radiatia luminoasa reflectatd de fata dorsald este mai redusa in raport
cu V1 1ar energia solard reflectatd mar mare.
V3 Sistem vitrat cu geam triplu cu un strat low-e (joasa
energie/termopan) exterior:

— Favorizeazi efectul de serd in cavitatea dintre geamuri

V4. Sistem vitrat cu geam triplu clar sistem vitrat cu geam triplu cu un strat
low-¢ (joasi energie/termopan). interior:

— Efectul de serd este mult amplificat in raport cu v3.

V5. Sistem vitrat cu geam triplu clar

— Blocheazi trecerea lumini si energiei solare prin fata frontald peste

limitele fixate : controleaza deci fluxul luminos s1 energetic prin sticla

speciali (heliotropd/termotropicd/ termocromai).
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confortului (thermic & luminos) si calitdtii mediului interior

Tabel 7.

Reprezentarea grafica a fluxului luminous si energetic prin sistemele de geamuri analizate pe parcursul

anului

Suprafata frontala

I

Lununa vizibila transmisa

Harih

liza

Lumina vizibila reflectata

I'l.l
L]

— 3

01
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Suprafata frontala

V3
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Suprafata dorsala

A F 8 FF e b oWoRE

(41

i

-

e

Suprafata dorsala
V3

o i 0t B F x E F R T

4 P FE & F e d ¥

— 15

LB

e

s E T FRag R O 1

man
A 8 P r Fred ¥ 01T

5. Concluzii.

* Elementele de anvelopd vitrate au un mare impact asupra performantelor
energetice ale unei cladiri si asupra confortului termic si vizual al spatiului interior
precum si asupra calitatii biologice a aerului interior;

* Analizele realizate au pus 1n evidenta uratoarele aspecte:

— V1-Geamurile duble vitrate, cu sticld clara, au un coeficient de transmitantd
termica ridicata ceea ce conduce la o pierdere de energie mare pe timp de noapte, iarna si
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la cresterea aporturilor pe timp de vara si transformarea cavitatii dintre geamuri intr-o
capcani solara. In conditiile de climat considerat nu pot fi utilizate pentru cladirile NZEB.

— V2- Geamurile triplu vitrate, cu sticla clard, au un coeficient de transmitanta
termicd mai mic in raport cu varianta vl, dar totusi ridicat ceea ce conduce la o
pierdere de energie mare pe timp de noapte, iarna si la cresterea aporturilor pe timp de
vari si cresterea efectului de serd in cavitatea dintre geamuri. In conditiile de climat
considerat nu pot fi utilizate pentru cladirile NZEB.

— V3- Geamurile triplu vitrate, cu o foaie de geam low-e plasata la exterior, au
un coeficient de transmitantd mai mic in raport cu varianta v, ceea ce conduce la o
pierdere de energie mare pe timp de noapte, iarna si la cresterea aporturilor pe timp de
vard si transformarea cavitatii dintre geamuri intr-o capcana solara. In conditiile de
climat considerat nu pot fi utilizate pentru cladirile NZEB.

— V4- Geamurile triplu vitrate, cu o foaie de geam low-e plasata la interior, au
cel mai mic coeficient de transmitanta termica, un comportament bun pe perioada de
iarnad, dar deficitara In perioada estivald. O solutie posibila de crestere a performantelor
energetice ar consta 1n inversarea pozitiei exterior-interior a geamului termopan prin
rabatarea geamului.

— V5- Utilizarea unui geam special (heliotrop, termocromic, termotropic,
electro-cromic, ...) permite controlul pasiv sau activ al sistemului de geamuri respectiv
controlul transferului luminii si energiei solare. Se reduce puternic transferul de
caldurd spre interiorul cladirii iar procesul de transfer se adapteaza continuu intr-o
gama de temperaturi, obtinandu-se un echilibru natural si utilizarea maxima a luminii
de zi. Prin design, ferestrele termocromice ajutd la reducerea orbirii, atenuarea
zgomotului si la cresterea sigurantei.
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Sisteme de ventilatie si climatizare
- Grinzi de racire vs. Ventiloconvectoare -

Ventilation and air conditioning systems
- Cooling Beams vs. Ventilation Convectors -
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Abstract:

The paper presents a comparative study between a ventilation and air conditioning
system consisting of cooling beams and a system composed of fan coils, regarding the
advantages and disadvantages of the two solutions, as well as the value for the "life cycle
cost" for each solution.

Key words: HVAC installations, cooling beams, fan coils, life cycle cost.

Rezumat:

Lucrarea prezinta un studiu comparativ intre un sistem de ventilare §i climatizare
compus din grinzi de rdcire si un sistem compus din ventiloconvectoare, privind
avantajele §i dezavantajele celor doud solutii, precum si o valoare pentru ,, life cycle
cost” pentru fiecare solutie in parte.

Cuvinte cheie: instalatii HVAC, grinzi de rdcire, ventiloconvectoare, life cycle cost.

1. Introducere

Institutiile medicale sunt organe cu caracter social dedicate mentinerii sanatatii
st oferd atat ingrijire pe o perioada de scurt timp cat si pentru o perioadd medie si chiar
de lunga duratd. Conceptul de spital dedicat vindecarii populatiei a fost facut public
restului lumii de catre locuitorii Sri Lankai.

Lucrarea are in vedere o cladire publica avand destinatia de clinica si trebuie sa
respecte normele si standardele in vigoare astfel incat sa fie asigurate conditiile si
nivelurile de performanta si igiend necesare ocupantilor, iar din punct de vedere al
investitorului sa

asigure costuri minime care vor fi amortizate in timp.

2. Formule care au stat la baza determinarii sarcinii termice si
de racire in vederea selectiei de echipamente.

a. Sarcina termica de iarnd s-a determinat cu relatia:

D =D ons—Ds; [W], unde:
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®.ons - consumurile de caldura [w];

@s; - degajarile de caldura de la sursele interioare [w].
Consumurile de cdldura se calculeaza cu relatia:
Dions = Ppe + Pary + Pimr [W], unde:

@, - pierderile de caldura prin elementele constructive ale incaperii in cauza
[w];

@y - consumul de cdldurd pentru incdlzirea aerului rece patruns prin usi, porti
sau goluri tehnologice;

®jnr - consumul de caldurda pentru incalzirea materialelor reci aduse in
incapere.

b. Sarcina termica de vara (sarcina de racire) s-a determinat prin efectuarea unui
bilant termic care in forma generala se poate scrie:
Dy, =Dy + Do [W] , unde:

Dgeg - degajarile de caldura de la sursele interioare (oameni, iluminat, masini,
aparaturi sau alte utilaje actionate electric) [w];

@, - aporturile de cdldura din exterior prin elemente inertiale (pereti, terase),
neinertiale (ferestre, luminatoare) si de la incaperile vecine [w], putandu-se scrie sub
forma:

(Dap = (DPE + CDFE + (DiV [W], conform SR 6648/1

®pg - aporturile de caldurd din exterior prin elemente inertiale [w];

@rg - aporturile de caldura patrunse prin elementele neinertiale [w];

®;, - fluxurile termice patrunse prin elementele de delimitare de la incaperile
vecine [w];

3. Studiu de caz

a. Date tehnice

In aceastd lucrare s-au tratat doud solutii de ventilare si climatizare pentru o
clinica in regim de indltime P+3E+Et. tehnic.

OBS. 1: Centrala de tratare a aerului, respectiv chiller-ul se vor amplasa in
exterior, pe invelitoarea cladirii.

OBS. 2: Lucrarea nu trateaza planul parter al clinicii.

b. Calcule

In tabelul 1 se prezinti calculele in urma cirora s-a stabilit necesarul de cald
pentru incdperile tratate n acest studiu.
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Tabelul 1.
Calculul necesarului de caldura
Necesa
Tempera | Tempera inﬁl{i Capacitat r de
Denumire Supra tura tura me e de caldur
spatiu fata interioar | ambient | incap | incalzire a
a iarna ala iarna ere pe m? calcul
at
m’ or C ar ( m (W/m?) (W)
Etaj 1 (Total) | 504 25.740
Hol principal 185.00 20 -15 3.20 260W/m* | 4.810
11 x Cabinet 20,00 22 -15 3,20 83 W/m* | 1.660
Sal3 tratamente 16.50 22 -15 3.20 74 W/ m? 1.221
Birou 7.50 22 -15 3,20 11W/m? 83
Vestiar 8.50 22 15 320 | 27W/mE | 230
personal
Cup santtar |-y 5 2 15 320 | 3W/me | 307
personal
Crup samitar— |- 20 15 320 | 24W/m? | 276
public
Casa scara 5040 20 -15 3.20 11 W/ m? 554
Etaj 2 (Total) 504 25.740
Hol principal 185.00 20 -15 3,20 26 W/ m? | 4.810
11 x Cabinet 20,00 22 - 3,20 83 W/m? | 1.660
Sald tratamente | 16,50 22 - 3,20 74W/m?* | 1.221
Birou 7.50 22 - 3.20 11 W/ m? 83
Vestiar 8.50 22 15 320 | 27W/m? | 230
personal
CIup samifar | 5 22 15 320 | T3W/me | 307
personal
Crup samitar— |- 20 15 320 | 24W/m? | 276
public
Casa scara 50,40 20 -15 3.20 I11TW/m? 554
Etaj 3 (Total) 494 27.742
Hol principal 85.80 20 -15 3.20 38W/m? | 3.260
6 x Salon 22,70 22 -15 320 | 94W/m? | 2.134
Camera 19.90 22 15 320 | 60W/m? | 1.194
asistenti
Birou 17,10 22 -15 320 | 34 W/m? 581
Grup samtar |-y 5, 22 15 320 | 27W/me | 311
public
Lounge 223,10 22 -15 320 | 43W/m? | 9.593
TOTAL 1.501 79.222
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In tabelul 2 se prezintd calculele in urma cirora s-a stabilit necesarul de frig
pentru incaperile tratate Tn acest studiu.

Tabelul 2.
Calculul necesarului de frig
Tempera | Tempera inﬁlti C . I\?cesa
. . - ‘apacitat r de
Denumire Supraf tura tura me < . .
. < . . . A e de racire frig
spatiu ata interioar | ambienta | Incape 3
- . . ) pe m calcula
avara la vara re ¢
m> gr C or C m (W/m?) (W)
Etaj 1 (Total) 504 30.518
Hol principal 185,00 26 32 3.20 44 W/ m? 8.140
11 x Cabinet 20,00 26 32 3.20 94 W/ m? 1.880
Sala tratamente 16.50 26 32 3.20 67 W/ m? 1.106
Birou 7,50 26 32 3,20 79 W/ m? 593
Vestiar personal 8.50 2 32 3.20 OW/m? 0
Grup sanitar 420 26 32 320 | OW/m? 0
personal
Grup sanitar 11.50 26 32 320 | OW/m? 0
public
Casa scara 50.40 26 32 3.20 0W/m? 0
Etaj 2 (Total) 504 30.518
Hol principal 185.00 26 32 3.20 44 W/ m? 8.140
11 x Cabinet 20.00 26 32 3.20 94 W/ m? 1.880
Sala tratamente 16,50 2 32 3.20 07 W/ m? 1.106
Birou 7,50 2 32 3,20 79 W/ m? 593
Vestiar personal 8,50 2 32 3.20 0W/m? 0
Grup sanitar 420 26 32 320 | OW/nP 0
personal
Grup sanitar 11.50 26 32 320 | OW/m? 0
public
Casa scara 50.40 26 32 3.20 0W/m? 0
Etaj 3 (Total) 494 41.136
Hol principal 85.80 26 32 3.20 S8 W/ m? 4.976
6 x Salon 22,70 26 32 3.20 10%11\37\-’ 2.315
Camera asistent1 | 19,90 26 32 3.20 74 W/ m? 1.473
Birou 17.10 26 32 3.20 81 W/ m? 1.385
Grup sanitar 11,50 26 32 320 | OW/mp 0
public
Lounge 223,10 26 32 3.20 87 W/ m? 19.410
TOTAL 1.501 1022'17
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4. Prezentarea solutiilor alese

4.1. Din punct de vedere tehnic

a. Grinzi de racire

Grinzile de racire sunt folosite de reguld pentru racire si ventilare In spatii unde
este nevoie de o calitate ridicatd a aerului i unde e nevoie de control individual.

Este recomandata folosirea lor mai ales in spatii cu umiditate interioara
moderata.

Acestea asigurd un confort termic foarte bun, conservarea energiei si utilizarea
eficientd a spatiului.Pentru functionarea acestora este necesar a fi prevazuta o centrala
de tratare a aerului. In figura 1 este prezentati o schemi elementard de functionare a
grinzilor de ricire.

Figura 1. Schema de functionare a grinzilor de racire

b. Ventiloconvectoare

Ventiloconvectoarele (de parapet si necarcasate — pentru zona perimetrala a
spatiului comun; refularea aerului se face prin grile pentru spdlarea suprafetei vitrate
exterioare) sunt folosite fie pentru incalzire sau racire (sistem pe 2 tevi), fie pentru
incdlzire si racire (sistem pe 4 tevi), avand bateriile separate pe incdlzire si racire
(baterii dedicate cerintei de climatizare).

Folosesc racirea umeda si apa ca agent de racire (7/13°C) si au iIn componenta
lor un ventilator care refuleaza aerul prin baterii, urmand ulterior sd distribuie aer cald
sau rece in incaperi.

Ventilatorul (cu 3 trepte de frecventd) functioneaza permanent, iar temperatura
este controlata de apa prin baterii.

In cadrul aceste solutii nu este obligatoriu a fi previzuti o centrald de tratare a
aerului.

In figura 2 este prezentati schema de bazi de functionare a
ventiloconvectoarelor.
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Figura 2. Schema de functionare a ventiloconvectoarelor

In tabelul 3 se prezintd avantajele si dezavantajele din punct de vedere tehnic
ale celor doua sisteme analizate pentru clddirea descrisa anterior.

Avantajele si dezavantajele celor doua sisteme

Grinzi de racire

Ventiloconvectoare

Avantaje

- nivel de zgomot redus

- costuri de exploatare reduse (fard
parti in miscare si fara filtru)

- risc minim de aparitie a curentilor
- consum de energie redus

- grad igienic ridicat deoarece nu
exista condens

- fara racord electric (ventilator)

- nu necesita colectarea condensului
- costuri de instalare reduse

- inaltime mica (sub 120 mm)

- infegrare foarte buni in orice tavan
fals

- ventilare integrat (introducere si
evacuare)

- usor de curatat

- sistem foarte cunoscut pe piafa
- putere de racire ridicata

- functioneaza cu racire umeda,
nu necesita cerinte speciale
d.p.d.v. al umiditatii

- nu necesiti aer primar

- raspuns rapid la schimbarea
parametrilor

- la echipamentele mici pretul este
comparabil cu echipamentele tip
.split”

Dezavantaje

- necesitatea unui sistem de ventilare
- putere limitata (racire uscata / viteze
mici)

- grinzile lungi sunt greu de manevrat
- spatiile cu nivelul umiditatii ridicat
reduc puterea grinzilor din cauza
racirii uscate

- nivel de zgomot ridicat

- costuri de intretinere mari
(ventilator + schimb filtru)

- consum de energie

- riscul aparitiei curentilor de aer
- necesitatea colectarii
condensului

- riscul de scurgeri de condens

Tabelul 3

Din punct de vedere al costurilor, investitia initiald pentru un ventiloconvector
sau o grindd de racire este aproximativ aceasi, in functie de cerintele din proiect.
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In cazul instalarii ventiloconvectoarelor, acestea necesita in plus fata de grinzile
de racire montarea conductelor de preluare a condensului dar si asigurarea cu energie
electrica pentru functionarea ventilatorului integrat in acestea.

Ventiloconvectoarele necarcasate necesitd suplimentar grile de introducere si
evacuare, tubulaturi flexibile etc, lucru ce duce la cresterea costurilor de investitie (si
de manopera).

Din punct de vedere al exploatarii, grinzile de racire, spre deosebire de
ventiloconvectoare, nu au parti n miscare sau filtru rezultand in acest sens mai putine
cerinte legate de Intretinere.

In schimb, la ventiloconvectoare filtrele (sintetice, clasa de filtrare G1) trebuie
inlocuite de cel putin doud ori pe an (in zone ocupate).

Avand parti in miscare, durata de viatd a unui ventiloconvector este mult mai
micd comparativ cu cea a grinzii de racire. Motorul ventilatorului trebuie inlocuit
odata la aproximativ 10 ani.

4.2. Din punct de vedere financiar pentru un ciclu de viata de 20 ani — Life
Cycle Cost

a. Grinzi de racire:

Costuri de achizitie:

Conform calcule a rezultat un numar de 101 grinzi de racire avand pretul per
unitate egal cu 1083 Euro.

Date tehnice:

- capacitate Incalzire: 2220 [w];

- capacitate racire: 1480 [w];

- temperatura de calcul a apei iarna: 50 [°C];

- temperatura de calcul a apei vara: 16 [°C];

- temperatura punctului de roua: 13.9 [°C];

- debit de aer: 150 m3/h.

Suplimentar, acest sistem necesita si o centrald de tratare a aerului a carei cost
de achizitie este de 32.659 Euro.

Ca =101 x 1083 + 32659 = 142.042 Euro.

OBS.: Chiller-ul si centrala termica nu se iau in considerare in aceste calcule
deoarece se considerd ca au aceleasi capacitati de racire, respectiv de incalzire in
ambele cazuri.

Costuri de intretinere:

- curatarea grinzilor de racire odatd la 5 ani, 15 minute/ord 2020 Euro.

Ci =2020 Euro

Total: Ca + Ci = 144.062 Euro.

b. Ventiloconvectoare:

Costuri de achizitie:

Tinand cont de calculele efectuate s-au ales 98 ventiloconvectoare de perete si 6
ventiloconvectoare necarcasate cu preturile unitare de 387 Euro, respectiv 438 Euro.
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Date tehnice ventiloconvectoare de perete:

- numar trepte de frecventa ventilator: 3;

- debitde aer (1/2/3):255/315/430 [m3/h];

- consum electric ventilator (1/2/3): 11/15/47 [W];

- capacitate racire pentru 7/13°C (1 /2 / 3): 1700/2000/2500 [WT];

- capacitate incalzire pentru 50/30°C (1 /2 / 3): 600/720/900 [W];

- clasa filtru: G1.

Date tehnice ventiloconvectoare necarcasate:

- numar trepte de frecventa ventilator: 3;

- debit de aer (1/2/3): 205/280 /360 [m3/h];

- consum electric ventilator (1/2/3): 16 /42 /50 [w];

- capacitate racire pentru 7/13°C (1 /2 /3): 1300/1700/2100 [WT];

- capacitate Incalzire pentru 50/30°C (1/ 2/ 3): 1100/1400/1700 [W];

- clasa filtru: G1.

Ca =98 x 387 + 6 x 438 = 40.554 Euro.

Costuri de intretinere:

- inlocuire filtre: 25 Euro/filtru de doua ori pe an 104000 Euro

- 15 minute manopera pentru inlocuire 20800 Euro

- 15 minute manopera curdtare sistem de condens 3 ori/an 31200 Euro

- interventie asupra motoarelor: 250 Euro/motor 26000 Euro

- 2 ore manopera pentru inlocuire: 20 Euro/ord 4160 Euro

- consum el. mediu ventilator 24 [w], 8 oh/zi: 0,11 Euro/kW 10800 Euro

Ci =196.960 Euro

Total: Ca + Ci = 237.514 Euro.

In figura 3 sunt centralizate toate datele referitoare la costuri pentru cele doua
solutii alese si este prezentatd amortizarea investitiei. Se poate observa ca dupa 10 ani
de functionare costurile se intersecteaza, iar dupa aceasta perioada solutia mai eficienta
din punct de vedere economic este solutia cu grinzi de racire.

Diagrama de amortizare a investitiei

250000 ~

200000 - /

150000

100000 - = QGrinzi de ricire
50000 - = Ventiloconvectoare

0

Costuri [Euro]

0 5 10 15 20 24

Perioada [ani]

Figura 3. Prezentarea diagramei de amortizare a investitiei pentru cele doua sisteme
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5. Concluzii

In urma celor prezentate concluzionim faptul ci desi grinzile de ricire
presupun un cost de investitie mult mai ridicat (diferenta de 101.488 Euro), in timp,
din punct de vedere al exploatarii, intretinerii si a eficientei energetice prezintd
multiple beneficii comparativ cu sistemul bazat pe ventiloconvectoare, investitia
amortizandu-se (in cazul acesta) in aproximativ 10 ani.
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Abstract

This paper review the energetic analyze of two different heat pumps, used to prepare the
primary thermal agent of a building heating system. Two types of heat pump with
mechanical compression were simulated, the chosen types being water to water and air to
water. The building heating system consist of a low temperature.

In brief, the basic mathematical equations are presented, to be used in energetic analyze
for cold season when heating is required for inside thermal comfort. The results,
functional and energetic, are presented in tables also graphical, to be easy seen the heat-
pumps performances. For critical temperatures, also a classical heating system, to cover
the entire heating demand in those periods.

Key words : renewable sources, heat pumps, building with energy saving

Rezumat

Lucrarea are ca obiectiv principal efectuarea unei analize energetice privind utilizarea
unei pompe de caldura pentru incalzirea agentului termic vehiculat in cadrul instalatiei
de incalzire centrala a unei cladiri. S-au considerat 2 tipuri de pompe de caldura cu
compresie mecanica si anume una tip apa-apa si alta tip aer-apa. Instalatia de incalzire
centrala s-a considerat de tip de joasa temperatura.

In lucrare se prezinta pe scurt relatiile care au stat la baza realizarii analizei energetice
pe perioada sezonului rece al anului. Rezultatele energetice si functionale sunt prezentate
tabelar si grafic astfel incat sa rezulte destul de usor performantele pompei de caldura.
In perioadele de solicitare climatica intense ale cladirii intra in functiune si o centrala
termica pe combustibil gazos, acoperindu-se astfel varfurile de sarcina ale
consumatorului.

Cuvinte cheie: surse regenerabile, pompe de caldura, casa cu economie de energie
1. Introducere

Lucrarea are ca obiectiv modelarea functionarii in regim de exploatare a unui
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sistem termic compus din pompa de caldura ca sursa si instalatia de incalzire si cladire
ca si consumator. Pompa de caldura analizata este o pompa de caldura aer- apa sau o
pompa de caldura apa-apa. Instalatia de incalzire considerata este o instalatie de
incalzire de joasa temperatura.

In cadrul lucrarii se urmaresc atat aspecte functionale precum variatia
temperaturilor si a fluxului termic livrat de pompa de caldura cat si aspecte energetice
cum ar fi performanta energetica a sistemului si gradul de acoperire energetica al
consumatorului.

Se urmareste totodata si identificarea unor repere privind dimensionarea sursei
in vederea unei acoperiri energetice rezonabile a consumatorului. Trebuie precizat
faptul ca sursa neconventionala avuta in vedere este o pompa de caldura cu compresie
mecanica.

2. Schema sistemului. Modelarea proceselor termice specifice

In figura 1 se prezinta schematic sistemul sursa consummator, compus din
rezervorul de acumulare a agentului termic vehiculat in instalatia de incalzire centrala
a cladirii, in care se pompeaza energie termica prin intermediul condensatorului
pompei de caldura cu compresie ca o prima treapta, urmata de o a doua treapta prin
care se pompeaza energie termica de la sursa de rezerva — o centrala termica. Instalatia
de incalzire centrala trebuie sa fie dimensionata conform unui niivel scazut al
temperaturilor agentului termic astfel incat sa ofere posibilitatea pompei de caldura sa
lucreze la eficiente cat mai ridicate.

Pompa

te ==

Centrala
Termica

sl / **:@Z
Vaporizator VL K\=@#-=/
R

Fig. 1
Puterea termica ceruta de consumator corespunzator unei anumite temperaturi
exterioare, te, curente, trebuie sa fie acoperita partial de catre sursa neconventionala de

caldura, pompa termica, mai precis prin fluxul termic preluat la condensatorul pompei
de caldura [1] :
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Pep =GAE Pine = Gag - H-(tio —te) (1
Gradul de acoperire energetica oferit consumatorului (incalzirea cladirii), Gy,

rezulta ca fiind urmatorul raport de diferente de temperaturi ale agentului termic
vehiculat in instalatia de incalzire central :

tN — tR
T—=GAE (2)
T-tg
Unde :
trg —t trg — t:
tT — TO eO 'tlo _ TO 10 'te
tio —teo tio —teo 3)

tg = tRo —teo tig - tro —tio 1,
tio ~teo tio —teo
Temperatura O este temperatura medie a agentului termic incalzit de catre
condensatorul pompei de caldura, agent incalzit in continuare de catre sursa clasica de
rezerva, pana la temperatura necesara conforma cu graficul de reglaj termic calitativ
asociat marimii suprafetei de instalatiei de incalzire centrala a consumatorului. Astfel
definim :

’(tin +tR) (4)

1
Ocp =—
CD 2

Rezulta in final dupa cateva prelucrari pentru ¢ expresia :

'M'(tio _te)
tip —teo

)

1
Ocp = tr +§'GAE

Pe de alta parte, daca ne referim la pompa de caldura, conform [2] s-a stabilit
expresia :

coppp = Fep _ . Ocp +Acp +273.15
PeL %cp —Ovp +Acp +Avp

(6)

Considerand Acp = Ayp = A s1 Oyp = t; st g = 0,7, in cazul pompei de caldura
aer-apa, si relatia (6) devine :
P, D 'GCD+A+273.15

COPqp =-CD2 =
CD PEL NEL GCD — to +2-A

(7)

De asemenea sunt cunoscute relatiile :
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Pgp = o
COP¢p (8)
NgL - PeL =Pcp —Pyp
Si )
P — Pcp —Pyp
EL=—""—
NEL

In ceea ce priveste implicatia energetica a centralei termice ca sursa de rezerva

PCT=(1—GAE)'H'(tio—te) (10)
N
P
Pry =—L (11)
ncr
cuner=0,9.

In cazul unei pompe de caldura aer-apa t, = t,, iar in cazul pompei apa-apa t,

este temperatura sursei reci utilizate efectiv.

Scenariul de functionare pe care il propunem este compus din 2 etape si anume:

prima etapa este cea a temperaturilor exterioare pana la -5°C inclusiv si a doua etapa
cea a temperaturilor exterioare de -10°C si -15°C. In prima etapa se va merge pe un
grad acoperire energetica G,y = 1, iar in a doua etapa pe mentinerea puterii electrice

care rezulta pentru temperatura exterioara de -5°C si vor rezulta P-p<Ppc st deci un

Gap <

1. Pentru prima etapa procedura de lucru este :

. Se propun temperaturile nominale ale agentului termic, ty, si tg;
. Se stabilesc temperaturile de reglaj termic calitativ conform (3);
. Se propune t, si G, :

. Se calculeaza O cu (5);

. Se calculeaza P conform (1);

. Se calculeaza COP, cu (7);

. Se calculeaza Pg; cu (8);

. Se calculeaza P cu (10):

. Se calculeaza Py cu (11);

O 0 3 N L A W —

Pentru a doua etapa procedura de lucru va trebui sa inceapa printr-un calcul

iterativ :
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. Se propune o valoare initiala pentru Pcp o;

. Se stabileste G conform (1);

. Se calculeaza O cu (5);

. Se calculeaza COP, cu (7);

. Si tot cu (7) se calculeaza Pcp 4;

. Se reia calculul pana cand diferenta dintre Pcp  si Pep  este mai mica decat

AN N AW

1W;
. In continuare se calculeaza G,y si Op, pentru valoarea stabilita la lui Pqp;
. Se calculeaza COP, cu (7);
. Se calculeaza Py; cu (8);
10. Se calculeaza P cu (10);
11. Se calculeaza Py cu (11);

O 00

In continuare urmeaza calculul energiilor lunare termice si electrice.

In acest fel se poate urmarii evolutia coeficientului de performanta al pompei de
caldura alese la diverse temperaturi exterioare din cadrul sezonului rece si totodata
evolutia puterii electrice absorbite din retea de motorul compresorului si implicit a
puterii termice absorbite la vaporizatorul pompei de caldura.

Din punct de vedere energetic necesarul cladirii in zona temperaturii exterioare
de calcul, t, este destul de scazut, cca. 2%. Consumul energetic mai substantial apare
in zona temperaturilor superioare valorii de cca, -5°C, fapt datorat in principal duratei
semnificative de aparitie a acestor valori de temperatura exterioara pe durata sezonului
rece de cca. 182 zile.

Tinand seama de acest aspect se considera ca nu este oportuna alegerea unei
pompe termice care sa acopere puterea termica necesara a consumatorului la solicitari
climatice sub -5°C. Si acest aspect devine mai evident in situatia utilizarii unei pompe
termice de tip aer-aer cand diferenta dintre temperaturile la condensator si vaporizator
devin destul de mari. In fig. 2 se prezinta distributia frecventei de aparitie a
temperaturilor exterioare intr-o iarna medie, caracteristica pentru zona 2 din Romania.
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Frecvente aparitie temperaturi exterioare
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Fig. 2

Asa cum s-a mentionat in cazul pompei de caldura apa-apa alegerea se va face
pentru o putere termica maxima de acoperit corespunzatoare unei temperaturi
exterioare de -5°C, iar in cazul pompei de caldura aer-apa alegerea se poate face tot
pentru o putere termica maxima de acoperit corespunzatoare unei temperaturi
exterioare de -5°C. Optiunea pentru acoperirea necesarului de caldura al casei la o
temperatura exterioara de -5°C se datoreaza faptului ca sub acesta temperatura
exterioara chiar daca necesarul termic este mai mare, consumul energetic nu este mare
dat fiind frecventa de aparitie a acestor temperaturi care este relativ scazuta. Alegerea
pompei de caldura se face pentru puterea maxima si valoarea COP corespunzatoare ei.
Asta presupune ca pompa nu va lucra peste aceasta putere insa va lucra la puteri
inferioare ei si cu valori COP eventual mai mari.

3. Studiu de caz

Analiza energetica se va efectua pe 2 situatii in care o cladire caracterizata de
un coeficient de transmitanta termica H = 1000 W/K. De asemenea se va considera un
coeficient global de transfer termic al instalatiei de incalzire constant: k = 1,5 W/m?.K.
In tabelul 1 se prezinta o situatie des intalnita in zona 2 de temperaturi exterioare din
Romania.

Tabel 1
to t, dt, to—te | (tp-t.) | Nr.Zile | nr.zile Qn | Energie| tr tr
(°C)| (°C) (°C) (°C) % zile % (kwh) % o) | (O
20 | -15 |(-17.5/-12.5) 35 100.00 2 1.10 1680 2.04 | 50.00 | 30.00
20 | -10 | (-12.5/-7.5) 30 85.71 11 6.04 7920 9.61 | 4571 | 28.57

20 -5 (-7.5/-2.5) 25 71.43 32 17.58 | 19200 | 23.29 | 4143 | 27.14

20 0 (-2.5/42.5) 20 57.14 60 32.97 | 28800 | 34.93 | 37.14 | 25.71

20 5 (+2.5/+7.5) 15 42.86 53 29.12 | 19080 | 23.14 | 32.86 | 24.29

20 10 | (+7.5/+12.5) 10 28.57 24 13.19 | 5760 6.99 | 2857 | 22.86

182 100 82440 100
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Din tabelul 1 este de retinut faptul ca daca dimensionarea pompei de caldura se
face corespunzator acoperirii necesarului de caldura pentru temperatura exterioara de -
5°C, insemna ca din punct de vedere energetic se impune acoperirea necesarul de
caldura de calcul in proportie de 71,43 %. Puteri superioare putand fi acoperite pe baza
utilizarii ca sursa a unei centrale termice.

In fig. 3 se prezinta distributia consumurilor energetice ale cladirii pentru
incalzire spatiilor in perioada sezonului rece.

Distributie consumuri energetice - cladire
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Fig. 3

In fig. 4 se prezinta alura considerata a curbelor de reglaj termic calitativ ale
instalatiei de incalzire centrala a cladirii.

Curbe reglaj termic calitativ
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Fig. 4

Primul caz analizat a fost cel al utilizarii unei pompe de caldura tip apa-apa in
care temperatura sursei reci este de +10°C. In tabelul 2 se prezinta rezultatele obtinute.
Primele 2 linii corespunzatoare temperaturilor exterioare -15°C si -10°C se asociaza cu
acoperirea energetica partial de catre pompa de caldura si partial de centrala termica
care lucreaza cu un randament de 90%, iar urmatoarele 4 linii corespunzatoare
temperaturilor exterioare -5°C, 0°C, +5°C, +10°C se asociaza cu acoperirea energetica
integral de pompa de caldura. In ceea ce priveste evaluarea acoperiri energetice
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realizate de pompa de caldura in domeniul temperaturilor exterioare reprezentate prin
mediile de -10°C si -15°C, s-a considerat ca motorul compresorului pompei nu poate
absorbi din reteaua electrica o putere mai mare decat cea nominala (corespunzatoare
zonei de temperaturi exterioare reprezentate de media de -5°C, pentru care dupa cum
se vede din tabelul 2 este in valoare de 3920 W. Temperatura medie a agentului termic
incalzit de catre condensatorul pompei de caldura se ridica la o valoare de cca. 35,5°C.

Tabel 2

te 1:)INC GAE eCD PCD COPC PEL PCT PTH ElNC ECD EEL ECT ETH
°C | kW °C | kW kW | kW | kW [MWh|MWh|MWh |MWh|MWh
-15 | 35 ]0.67136.714] 23.5 {6.003 [3.919| 11.5 |12.778] 1.68 | 1.13 | 0.19 | 0.55 | 0.61
-10 | 30 |0.808|35.497/24.24|6.185(3.920| 5.76 |6.400 | 7.92 | 6.40 | 1.03 | 1.52 | 1.69

-5 25 1 34.286] 25 [6.379|3919| 0 0 19.2 {19.20| 3.01 0 0
0 20 1 |31.429] 20 ]6.895|2.901 28.8 128.80| 4.18 0 0

0
0 |19.08]19.08| 2.54 0 0
0

5 15 1 28571 15 |7.515|1.996

S| O | O

10 10 1 25.714] 10 |[8.272]1.209 5.76 | 5.76 | 0.70 0 0

82.44180.37|11.65| 2.07 | 2.30

Pana la temperatura exterioara in zona -5°C pompa de caldura are capacitatea
de a acoperi necesarul de caldura al consumatorului, urmand ca la temperaturi mai
scazute sa intervina si centrala termica pentru completarea surplusului de putere
termica care lucreaza cu un randament de 90%. Se observa ca se poate vorbi de un
coeficient de performanta glogal anual - SPF, valoarea acestuia fiind 5,91. Stabilirea
lui s-a facut raportand energia totala anuala necesara la consumator la energia electrica
si termica anuala utilizata. Energia utilizata la nivelul cladirii este in marea majoritate
energie electrica (83,5%) si doar in mica masura energie termica (16,5%). O imagine
mai clara o putem obtine grafic din figurile 5 si 6.

Diagrama puterilor termice si electrice
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Fig. 5
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Diagrama energiilor termice si electrice
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Al doilea caz analizat a fost cel al utilizarii unei pompe de caldura tip aer-apa in
care temperatura sursei reci este temperatura aerului exterior, variabila pe parcursul
sezonului rece. In tabelul 3 se prezinta rezultatele obtinute. Primele 2 linii
corespunzatoare temperaturilor exterioare -15°C si -10°C se asociaza cu acoperirea
energetica partial de pompa de caldura si partial de centrala termica care lucreaza cu
un randament de 90%, iar urmatoarele 4 linii corespunzatoare temperaturilor
exterioare -5°C, 0°C, +5°C, +10°C se asociaza cu acoperirea energetica integral de
pompa de caldura. La fel ca in situatia anterioara evaluarea acoperiri energetice
realizate de pompa de caldura in domeniul temperaturilor exterioare reprezentate prin
mediile de -10°C si -15°C, s-a considerat ca motorul compresorului pompei nu poate
absorbi din reteaua electrica o putere mai mare decat cea nominala (corespunzatoare
zonei de temperaturi exterioare reprezentate de media de -5°C, pentru care dupa cum
se vede din tabelul 3 este in valoare de 5634 W. Temperatura medie a agentului termic
incalzit de catre condensatorul pompei de caldura se mentine pe valoarea de cca.
35,5°C. Puterea livrata la condensatorul pompei de caldura la temperaturi exterioare de
-10°C si -15°C scade fata de valoarea corespunzatoare temperaturii exterioare de -5°C
datorita scaderii temperaturii aerului exterior.

Tabel 3

te 1:)INC GAE eCD PCD C()PCD PEL PCT PTH ElNC ECD EEL ECT ETH
°C | kW °C | kW kW | kW | kW |[MWh|MWh|MWh |[MWh|MWh
-15 | 35 |0.58135.814/20.35|3.614 |5.634|14.65(16.278| 1.68 | 0.98 | 0.27 | 0.70 | 0.78
-10 | 30 |0.749|34.989/22.46 |3.986 | 5.634| 7.54 |8.378| 7.92 | 5.93 | 1.49 | 1.99 | 2.21
S5 | 25 1 [34.286| 25 |4.437(5.634| 0 | 0 |19.21920]433| 0 | 0

0 20 1 31.429] 20 |5.231|3.823| O 0 | 28.8 [28.80| 5.51 0 0
5 15 1 |28.571] 15 [6.395|2.345] 0 0 |19.08]19.08| 2.98 0 0
10 10 1 25.714] 10 |8272|1.209| O 0 |576 576 0.70 0 0

82.44|79.75|15.27 | 2.69 | 2.99
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La fel ca in cazul anterior, pana la temperatura exterioara in zona -5°C pompa
de caldura are capacitatea de a acoperi necesarul de caldura al consumatorului, urmand
ca la temperaturi mai scazute sa intervina si centrala termica pentru completarea
surplusului de putere termica. Pompa de caldura lucreaza insa cu un COP aferent
temperaturii exterioare de -5°C iar acoperirea surplusului de catre centrala termica
facandu-se cu un randament de 90%. Se observa ca se poate vorbi de un coeficient de
performanta glogal anual - SPF, valoarea acestuia fiind de data aceasta 4,51. Energia
utilizata la nivelul cladirii este in majoritate energie electrica (83,6%) si doar in mica
masura energie termica (16,4%). O imagine mai clara o putem obtine grafic din
figurile 7 si 8.

Diagrama puterilor termice si electrice
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Diagrama energiilor termice si electrice
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4. Concluzii

O prima concluzie care rezulta dupa analiza energetica asupra celor 2 variante
de utilizare a unei pompe termice tip apa-apa si tip aer-apa este ca pompa tip apa- apa
conduce la performante energetice superioare 5,90 fata de 4,5 in cazul pompei de
caldura tip aer-apa. Justificarea firesca, cunoscuta, rezulta din temperatura mai ridicata
a sursei reci in cazul pompei de caldura de tip apa-apa fata de cazul pompei de caldura
de tip aer-apa.
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O a doua concluzie importanta consta in ponderea energiilor electrice si termice
implicate in acoperirea necesarului energetic anual al consumatorului. In cazul
utilizarii pompei de caldura tip apa-apa si chiar de tip aer-apa ponderea electric/termic
este 84% / 14%, In valoare absoluta insa consumul de energie fosila este de cca. 13
MWh in cazul pompei de caldura tip apa-apa fata de 18 MWh in cazul pompei de
caldura tip aer-apa.

Lista de Notatii

tio - temperatura interioara normata, °C;

t,o - temperatura exterioara de calcul, °C;

tro - temperatura agent termic nominala la intrare, °C;

tro - temperatura agent termic nominala la iesire, °C;

t, - temperatura exterioara, °C;

tr - temperatura agent termic la intrare, °C;

tg - temperatura agent termic la iesire, °C;

tiy - temperatura agentului termic realizata dupa condensatorul pompei de caldura, °C;
Ocp - temperatura medie agent incalzit la condensator, °C;

Oyp - temperatura medie agent incalzit la vaporizator, °C;

Acp = Ayp - diferente medii de temperatura la condensator si vaporizator, °C;
k - coeficient termic global instalatie incalzire, W/m2.K;

S - suprafata instalatiei de incalzire centrala, m?;

H - capacitatea de transfer termic a cladirii incalzite, W/K;

Pnc - puterea termica necesara la consumator, kW;

Pcp - puterea termica livrata la condensator; kW;

Pyp - puterea termica captata la vaporizator, kW;

Pg - puterea electrica absorbita de motorul compresorului, kW;

Pt - puterea termica livrata de centrala termica, kW;

Py - puterea combustibilului utilizat de centrala termica, kW;

Enc - energia necesara aferenta consumatorului, MWh;

Ecp - energia livrata de pompa de caldura, kWh;

Eg; - energia livrata electric, MWh;

ECT - energia livrata de central termica, MWh;

ETn - energia aferenta combustibilului utilizat de central termica, MWh;
NgL - randamentul compresorului, - ;

Gf - gradul de acoperire energetica, - ;

COP(p, - coeficientul de performanta al pompei termice, - ;
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Abstract: We have the ability to design good buildings and the knowledge to operate
them in an effective and efficient manner — so why doesn’t it happen?

The “Mind the Gap” project intends to collect evidence from exemplar office buildings
with a range of performance; investigate the reasons for their performance,; determine
the underpinning causes, and then present practical solutions to solve any
underperformance.

The first phase will to produce a methodology based on the learnings from the trial
buildings. This will be streamlined with the process then rolled out in a second phase
over a larger number of buildings to produce a statistically significant sample which
covers office buildings with a full range of servicing and age.

This paper:

e Introduces the performance gap.
o Describes the “Mind the Gap” project and its methodology.
e Presents some initial data and findings.

Keywords: Performance gap; Asset performance; Operational performance

1. Introduction

The construction industry has in general been ‘“designing for compliance” using
software with “standardised driving conditions” — see below. We know how to build
good performance buildings but the issue seems to be having the design feed through
to performance-in-use [1].
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This has led to what has been termed the performance gap. In reality this has two
components (see Figure 1):

* The compliance gap; and
* Actual performance gap.

The overall gap has been estimated at between 200-450% [2] of which the modelers
estimate 50-70% is the compliance gap [3] and can be solved with more realistic
modelling mirroring the conditions in operation more closely.

However, the underpinning reasons for the second and larger actual performance gap
are generally unknown. There is a lot of speculation and hypothesis but little
investigation and hard evidence.

COMPLIANCE REAL OPERATIONAL
ASSET MODEL ASSET MODEL (“REAL") PERFORMANCE
» Standardised Real Use:
Driving Conditions™ » Occupancy Hours = Issues with Management
* Occupancy Structure and Govermance
e.q. Density * Lack of Maintenance
* Limited Data
» Selponts, -
S b el « Lack of Practical Solutions
. Oc Density * Small Power * Process loads
. Et:upancy * Other Services(e.g

servers, fire, security)

ENERGY PERFORMANCE CERTIFICATE METERED DATA

(EPC) | .
; | :
' \ |
| - - - .!
: : :
: COMPUIANCEGAP |  PERFORMANCE GAP
; (50 -70%) : (150 - 400%) |

Figure 1. The difference between design and the building “in-use”

2. Why is the important?

The Management of real estate investments aimed at maximising property value and
return on investment [4] via
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» Effective risk management;
» Efficient property management;

 Identification and implementation of valuable improvements.

A high-performing building generates maximum profit via:

* High and continuous rental income;
» Low operating & maintenance cost;
* Low depreciation.

However, poor operational management undermines the aims of asset management
and leads to:

* Increased tenant complaints regarding comfort conditions and loss of
reputation;

* Higher service charges;

* Longer void periods leading to a reduction of income;

* Lower and shorter rental values, as a consequence of high service charges
and poor comfort conditions;

+ Capital expenditure on HVAC equipment failures, due to poor maintenance;
* Tenants wanting to renegotiate rent values based on comfort and
maintenance issues.

On a pure cost basis, the operation energy or the energy used in using a building is up to
50% of the operation costs or 40% of the total cost of a building; see Figure 2 below:

Operate & maintain, renovate & revitalize

Figure 2. The life costs of a building

If this is inflated by a multiple of 2 to 4.5 the cost to the end user is considerable.
However, if the occupier is leasing these may just be passed onto them and they more
not have much say in the management of the building.

The effect on the asset and its value is just as dramatic with:
* Deterioration of value;

* Service life of plant reduced;
* Fabric lifetime reduced;
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* Costly remedial works to maintain value;
* In ‘void’ periods there is likely to be still further deterioration through lack of use;
* Loss of reputation.

3. Investigating the gap

BRE have previously attempted to close the gap by using the Green Deal Tool to map
Energy Performance Certificates (EPCs) onto Meters readings [5,6], although this
approach has merit the sliding energy management scale has little underpinning
research to support the assumptions and no verification has been carried out to support
these judgement calls by expert groups.

Anecdotal evidence from the asset management industry has indicated a number of
possible reasons:

* Issues with the management structure and governance;

* Lack of maintenance due to resource and skills shortage;
* Limited data;

* Lack of practical solutions and their costs.

However, the real truth is nobody knows and this present an opportunity for whoever
finds the evidence for the underpinning causes and then presents practical solutions to
solve them. This has been recognised by the construction industry and priorities that
were fed back from the UKGBC Delivering Building Performance task group; the UK
Innovate building performance project and a BSRIA workshop on Building
Performance were:

* There was data on the performance gap but no systematic investigation of the
reasons why and the magnitude of the issues — what was needed was a
controlled study to investigate this; not attempting to link datasets;

* Design was not an issue but operation and the associated issues seemed to be
the cause, however there is only anecdotal evidence to support this. A study is
needed to codify and quantify the causes of poor performance in use;

» The “gap” seems to increase with time, again anecdotal evidence is available
with no quantification of the underlying reasons; with a long-term study needed
to identify, qualify and quantify any affect;

* Health and wellbeing is associated with this effect but, as before, there is not
true quantification, model or tool; as a result, a monetary value cannot be
assigned to the loss/gain of productivity leading to an incomplete business case.
A desk study is needed to identify knowledge gaps following by field study
producing data leading to a model/tool for quantification of productivity
loss/gains.
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The main barrier to this is quality data from a large enough sample with full access to
the building and their occupants — we have now been presented with that opportunity.
What was missing is “real-life” exemplars to investigate the actual causes of the
performance gap and propose practical solutions.

3. The “Mind the Gap” research project

This research project is in two stages where the on-going first stage defines the
methodology using trial buildings to determine the correct data to collect and the right
questions to ask; with a proposed second stage rolling this out over a larger number of
buildings.

The objective of this project will be:

1. Scope proposed buildings and choose suitable exemplars for the purpose of
collection and analysis of metered, asset and energy audit data.

2. Using the results, from 1., propose reasons for the performance gap; produce
operational and asset recommendations; and model the benefits.

3. Based on the learning from these trial buildings produce a methodology that can
be rolled out to a larger number of buildings.

4. Propose a second phase covering more office buildings, which covers the breath
of the building stock in this sector and aims to produce a tested generic
methodology for the office sector, which includes

a. Fully air-conditioned,;
b. Mechanical vented;
c. Naturally ventilated.

3.1. The initial Methodology

The initial methodology:
1. Scope proposed buildings and choose suitable exemplars — see figure 3.
2. Hold an inception workshop for each of the buildings, along with targeted
follow-up, to map the data and produce a data gap analysis. From this and

consideration of the other research questions produce a full project action plan
for the project.
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Figure 3. The choice of exemplar buildings

The modelled data will be in the form of a NCT file from the Interface to Simplified
Energy Model (iISBEM) software. The NCT file will be checked to ensure it reflects
the buildings current geometry, usage and servicing.

a. The metered data will be in a %2 hourly form and transferred into a spreadsheet.

b. At this point operational data will be required and will be collected by a mini-
audit including interviewing key members of the operational, facilities and
maintenance staff.

Basic information about the population and lifts were sourced from the building
operators. These inputs were used to run simulations using the generic Energy Model
in the Elevate elevator simulation software [7]. Calibration of the model is based on
measurements made as part of a research project with ThyssenKrupp [8]. The
simulations were run applying a full day traffic demand template, reflecting the rise
and fall of passenger demand during a typical day, and the impact this has on energy
consumption. Out of hours and weekend energy consumption was assumed to reflect
standby load only. Lifts of the same basic specification from different sources have
dramatically different energy performance, thus the results are indicative only. There
is insufficient measurement data in the public domain at this point to be able to give a
range of expected results.

Determine any data gaps and proposed how they will be filled.

On the basis of the gap analysis above install and commission sub-metering if
required.
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7.

10.

IS

11.

12.

building “in-use”
Collect additional data if required, especially with respect to energy management
activities — this will include the use of “energy matrices [9].

Analyse the modelled data and input into the Green Deal (GD) Tool along with
Energy management, operational and bill data [6] to join the asset and operational data
up. If carry out a calculation of the lift energy usage.

Analyse the metered and produce energy profiles [9] for day/night; weekday/weekend
and seasonal; look for high base consumption and any unusual usage patterns.
Compare to the Real Estate Environmental Benchmark (REEB) for energy [10] — these
are produced by Better Building Partnership (BBP) and are:

Based on the performance of buildings ‘in-use’;

Publicly available operational benchmarks;

Based on the annual consumption data of BBP members property portfolios;
based on a 3-year rolling average;

Updated each year;

Office sample size for air-condition can be considered representative (185);
Limited sample (25) for naturally ventilated offices;

Can probably be seen to represent good practice.

Carry out a targeted energy audit, in line with BS EN 16247 [11] and best practice
[12], to:

Investigate user behavior;
Investigate working practices including maintenance regimes;
Examine high and unusual energy consumption patterns.

From consideration of the analysis of the asset and operations data, use the GD to run
recommendations based on business case parameters and best practice [13].

The methodology will be based on the learnings from the trial buildings and aims to
streamline the process with the aim of designing a second phase where this will be run
out over a larger number of buildings to produce a statistically significant sample
which covers office buildings with a full range of servicing and age.

4. Initial results and discussions

The initial results in terms of energy performance are given in Table 1.

This table shows energy performance in terms of:

the modelled asset usage including lift energy;
the operational usage from metered data; and
the performance gap in terms of a percentage.

Observations from this initial data are:
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e The performance gap was confirmed as real and in the range 209 to 491%.
e The values observed were similar to that observed by previous studies which were
between 200 and 450% (see Figure 1).
e There was no relationship between the perceived operational status (Figure 3) and that
observed;
0 Exemplar E was perceived to have good operational status; has one of the best two
asset ratings (61 C) and the lowest metered usage. However, it has a performance gap
of 280% which is around the average of 300% for the 5 buildings.
0 Exemplar C on the other hand was perceived to have averaged operational status; has
the best asset rating (58 C); the highest metered usage; which results in the highest
value for the performance gap at 490%.

Table 1
Exemplar building energy performance
Exemplar A B C D E
Metered data
2017 unadjusted 1,098,666 1,062,816 95,184 212,242 4,176,555
gas data
KWh/yr.
Total 2017 775,445 1,675,704 788,268 775,445 9,424,437
electricity
KWh/yr.
Total unadjusted 1,874,111 2,738,520 883,452 987,687 13,600,992
usage KWh/yr.
Total 340 268 527 340 264
unadjusted
usage
KWh/m?/yr.
Asset rating & 79D -53.a 96D-53.a |[58C-53a |114E-53a |[61C-53a
iSBEM Version
building Air Air Air Air Air
environment Conditioning | Conditioning | Conditioning | Conditioning | Conditioning
floor area (m?) 5515 10211 1676 2906 51608
Total 118 97.0 87.6 146.7 89.2
KWh/m?/yr.
Lift energy 8.80 10.12 19.87 16.29 5.90
KWh/m%/yr.
Total asset 127 107 107 163 95.0
model
KWh/m?*/yr.
Performance 267 250 491 209 277
gap (%)
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Designing the “mind the gap” project — investigating the difference, in performance, between design and the
building “in-use”
5. Conclusion

The initial data collection was difficult to collect and the remaining data required for
the first phase will be collected or measured on-site. Current data collection and
storage processes are ineffective due to the lack of management and a dedicated
resource.

The second stage will concentrate on investigating both the asset, operational and
management features of 5 buildings in order to obtain more granularity in terms of key
performance aspects/indicators and the underpinning reasons/drivers for the poor
performance.
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Abstract:

As the market place becomes increasingly competitive and there is a need to be able to
differentiate oneself as a high performer. From Andrew Vaughan the CEO of Redevco
‘Greening our portfolio over the next two years is not only environmentally the right
thing to do, it also makes sound business sense.’ One of the barriers to this is the result
of split responsibilities within the real estate sector.

Buildings built and/or managed to sustainability standards, such as BREEAM have been
shown to minimise risk and generate maximum profit via:

* High and continuous rental income;
* Low operating & maintenance cost;
* Low depreciation.

Through certification and verification all parties can be confident in:
* The performance of assets and portfolios;,
* It allows comparability across building types and countries,

* The analysis is based on sound science and standards;
* Allows you to be one step ahead of legislation and industry best practices.

The UK RICS Valuation Sustainability Working Group do not think we are paying a
premier for green buildings but having to give a discount because the building is not
performing well.

This paper presents the business case and value gained by being sustainable and how
certification gives credibility to process and performance of portfolios and buildings.

Keywords: Sustainability; value case; Asset management; Asset performance;
Operational performance

1. Introduction

The management of real estate investments is aimed at maximising property value and
return on investment [1] via:

 Effective risk management;
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+ Efficient property management;
* Identification and implementation of valuable improvements.

In the current highly competitive market place the “Challenges for Real Estate Clients”
are:

* Increasing profit;

» Maintaining competitive edge;
* Driving asset yield;

* Minimising voids;

* ‘Being the best on the street’;
» High productivity workspaces.

2. What is the value of sustainable buildings?”

An interesting question and all the relevant stakeholders need to be considered as
illustrated in Figure 1:

Developer Tenant Mr
Why would | want Why would | want
to build this green building? to lease this green building?

Owner ﬂ
Why would | want

to own this green building?

Figure 1. Stakeholders in Real estate asset management [2]

These split responsibilities within the real estate sector and the positions are now being
challenged as the valuers now are changing their position from “paying a premier for
green buildings” to “having to give a discount because the building is not performing
well”.
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3. High performance assets

High-performing buildings provide a solution in that they have been shown to generate
maximum profit via:

» Asset protection

* High and continuous rental income

* Low operating & maintenance cost

* Low depreciation.
The increase in rentable value is shown by studies to be a maximum of 25% but an
average of between 5-10% is more realistic (see Figure 2).

5% _—

T 24.9%,
BREEAM

20%

10%

5%

Percentage increase in rental premiums for green buildings
compared to conventional code-compliant buildings (%]

-5%

-10%

2008 2009 2010 am 2012 2013
Year of Study

Figure 2. Studies on the rentable value for green buildings [3]

This is further illustrated by the case study below [4]:

Case study: Increased yield with lower risk

From an investment
perspective, it also bolstered
marketability and reduced
obsolescence risk. On launch,
we were able to advertise the
letting at £65 per square foot —
an improvement of some 20%
on our expectations when we
first undertook the project.’

Dr Steve Waygood, Chief
Responsible Investment Officer
Aviva Responsible investment
update, Spring/Summer 2015
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The earlier you engage with sustainable design principles the more chance you have to
influence the sustainability of the project at a lower cost — see Figure 3.

At the planning and pre-design stages there are opportunities through economies of
scale, site-wide solutions and greater flexibility in design or decisions to be made.

A

1
I
Master Planning |
I
I
> I Cost
= | "
c
= |
=
o |
a |
o
o |
: Opportunity
I
I
'l h__

Figure 3. The window of opportunity for high performance design

The benefits of high performance buildings can be realised by the use of certification.

As a process it facilitates:

» Client engagement;

* Communication within project team and between developers and their
clients;

» Common language: standards, methods and data flows.

With 3rd party certification it realises the following benefits:

» Assurance for clients, investors & other stakeholders;

» Comparability across building types and countries;

» Based on sound science and standards;

* One step ahead of legislation and industry best practices.

However, you also need to consider the operational phase with schemes such as:

e BREEAM in Use (BiU);
e Non-Domestic Refurbishment & Fit-Out (RFO).

The reason for this are that 80% of the life costs of a building are embedded in the

operational phase and generally non-domestic buildings have a design lifetime of 20-40
years. With UK new built being approximately 1% per annum means the majority of the
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stock are in the operational phase with its associated costs. Therefore, the opportunities
for providing an improved environment for the occupants and lowering running cost are
substantial.

However, poor operational management [5,6] undermines the aims of asset
management and leads to:

e Increased tenant complaints regarding comfort conditions and loss of
reputation;

e Higher service charges;

e Longer void periods leading to a reduction of income;

e Lower and shorter rental values, because of higher service charges and poor
comfort conditions;

e Capital expenditure on Heating, Ventilation and Air Conditioning (HVAC)
equipment failures, due to poor maintenance;

e Tenants wanting to renegotiate rent values based on maintenance issues.

Again, sustainable certification can be seen to reduce running costs as illustrated by the
average reductions shown in Figure 4:

Operating Emissi.crn Energy costs
costs reduction -15%
» 0,
-11% 13%

e |

|
|
~ b . 7 =
7 / \

Figure 4. Studies on the operational cost for green buildings [2,3]

4. Conclusion

With sustainability in general and the third-party certification of sustainability becoming
more mainstream across institutional grade real estate. In reviewing the latest literature,
we have noted a shift in the argument in recent times away from a “green premium” to
a “brown discount”, especially within the London office market, that seems to indicate
a shift from a developing market for sustainability to a mature market where sustainable
credentials come hand in hand with top level assets.
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To reflect this ever-evolving issue, BRE is actively engaged with a number of industry
partners to update the existing, empirical body of evidence that exists around BREEAM
and a link to increased property prices. Over the course of the next twelve months we
plan on updating the work carried out by RICS in partnership with Maastricht University
“Supply, Demand and the Value of Green Buildings” [7]. In updating, we also aim to
broaden the breadth of this work to include evidence and insights into the other factors
mentioned above as well as including more lifecycle stages and locations for the first
time. We are also actively exploring ways of communicating value to a wider selection
of stakeholders by measuring value at a more aggregate level than just looking at
individual asset value. We are exploring the feasibility of creating an index of publicly
listed companies who have a commitment to BREEAM within their strategy against
those who don’t. The methodology for this piece of work is still taking shape but we
anticipate an analysis of publicly available data on company value, such as market
capitalisation of publicly listed firms. It would then be determined through reviewing
company literature on strategy such as Environmental, Social and Governance (ESG)
strategies and Annual Reports whether the company has a defined strategy for
implementing or investing in BREEAM. We would then compare those that do with
those that don’t to compare profitability and market value. If available we would like to
explore comparative yields and other measures in addition to the standard metrics.
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Influenta confortului termic si a calitatii aerului asupra
randamentului sportivilor in spatii inchise

Influence of thermal comfort and air quality on performance of athletes in
enclosed spaces
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Abstract:

The paper presents a case study in which the parameters of the indoor air were measured
in a sports hall and was determined their influence on the sport performances of the
participants.

Keywords: thermal comfort, air quality, sports performance, sports halls

Rezumat:

Lucrarea prezinta un studiu de caz in care s-au masurat parametrii aerului interior intr-o
sala de sport si s-a determinat influenfa acestora asupra performangelor sportive ale
participantiilor.

Cuvinte cheie: confort termic, calitatea aerului, randament sportivi, sali de sport.

1. Introducere

Majoritatea oamenilor desfagoarda 85-90% din viatd in cladiri, iar mai mult de
60% din forta de munca lucreaza in birouri, care trebuie sa satisfaca cerintelor
obiective si subiective legate de functiile vitale ale ocupantilor. De aceea spatiile
inchise trebuie sa asigure posibilitatea efectudrii cu eficientd maxima atat a muncii
fizice cat si a celei intelectuale, precum si a unor activitafi de recreere §i sport in
condifii optime. Realizarea acestor conditii depinde de foarte multi factori, care
influenteaza hotarator senzatia resimtitd de confort, capacitatea de munca si regenerare
a omului, iar in cazul sportivilor senzatia de confort influenteaza performanta acestora.

2. Descrierea spatiului experimental, sala de cycling, si a echipamentelor
utilizate pentru efectuarea masuratorilor

Studiul de caz s-a desfasurat intr-o sald de cycling din Timisoara, Romania, cu o
capacitate de 30 de biciclete cu lungimea de 11,8 m, latimea de 7,3 m si Tndlfimea de 4,3
m (fig.1). Acestd sald este dotatd cu instalatie de ventilare/climatizare formata dintr-un
Rooftop tip TRANE si tubulatura aferentd de ventilare de introducere si evacuare.
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Fig. 1 Sala de cycling si sondele de mésurare

Perioada de desfasurare a masuratorilor a fost in luna februarie 2018. Pe
parcursul masuratorilor au fost controlate temperatura si debitul aerului introdus, iar cu
ajutorul echipamentelor de masurare au fost inregistrati parametrii aerului interior si la
sfarsitul orei de activitate sportiva s-au inregistrat si rezultatele finale ale sportivilor.

Sondele de masurare a aparametriilor aerului interior au fost amplasate in ”zona
de lucru”, la o indltime de 1,5 m fata de sol, iar cele pentru masurarea temperaturii si
vitezei aerului introdus au fost amplasate in zona tubulaturii de ventilare.
Instrumentele folosite pentru inregistrarea parametrilor aerului interior au fost: Testo
350 XL — testo 454 cu sondele pentru masurarea temperaturii aerului interior (t;),
viteza aerului interior (vi), temperatura globului negru sau temperatura medie de
radiatie (tg=tmr), concentratia de CO: (CO:), umiditatea relativd a aerului interior
(pi);Testo 4051 pentru masurarea temperaturii aerului introdus (tg) si viteza aerului
introdus (ve). Pentru inregistrarea rezultatelor finale ale sportivilor s-a folosit
aparatura tip IC — TKIC7B incorporata in bicicleta tip Tomahawk ICG. Rezultatele
finale ale sportivilor indica valoarea maxima si medie pentru energia metabolica, M, in
Watts si pentru viteza de deplasare, w, in m/s.

3. Determinarea confortului termic folosind metoda de evaluare PMV-PPD

Aceastd metoda de evaluare a confortului este constituita din indici prin care se
poate prevedea senzatia termic resimtitd de un subiect, pentru orice combinatie intre
cel patru parametri microclimatici (ti, tmr, @i, vi) si orice nivel de activitate si
imbracaminte. Senzatia termica previzibild a corpului in ansamblu se evalueaza prin
indicele PMV numai pentru valori cuprinse intre +2 si —2. Gradul de disconfort
(insatisfactie termicd) se evalueaza prin indicele PPD. Pentru evaluarea confortului
termic general intr-o incdpere se recomandd modelul PMV-PPD sau temperatura
operativa, iar verificarea se poate face pentru parametrii confortului termic local:
diferenta de temperatura pe verticala, temperatura suprafetelor considerate si radiatia
asimetricd, ce apare in cazul in care temperatura elementelor de constructie este cu
mult diferitd de temperatura medie de radiatie. In studii recente [3] s-a dezvoltat un
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model de evaluare si verificare a confortului termic in cladiri pe baza Standardului
European CEN 1752. Expresia indicelui PMV stabilita de Fanger este:

PMV:3,155(O,3O3E_0’“4M +0,028)L 1)

unde M este energia metabolica produsa de corpul uman in unitatea de timp; L
este sarcina termica a corpului uman. Indicele PMV are valoarea optima egala cu zero,
dar conform prescriptiillor ISO-7730 se considera ca domeniul de confort termic

corespunde valorilor cuprinse intre —0,5 si +0,5. Procentajul previzibil de insatisfactie
PPD este in functie de marimea PMV si se determina cu relatia [2]:

PPD =100-95 exp(—O,O335PMV4 - 0,2179PMV2) )

8 |
6 | .
5 | |
20 -1.5 -10 05 0 05 10 15 20
» PMV

Fig. 2 Variatia indicelui PPD in functie de PMV

In Fig. 2 este reprezentatd grafic relatia (2) dintre indicii PPD si PMV. Se
observa ca valoarea optima pentru PPD este de 5% si se poate obtine doar cu ajutorul
instalatiilor de climatizare, avand un mare grad de automatizare.

4. Studiu de caz. Rezultatele masuratorilor si interpretarea acestora.

Misuritorile au fost efectuate in doud cazuri distincte. In prima perioada a
masuratorilor s-a controlat temperatura aerului introdus, tg, astfel incat in sala de
cycling temperatura aerului interior, t;, sd fie egala cu 17,5£1°C (caz A). Valorile
parametriilor aerului interior au fost masurate la un interval de 3 minute si au fost
centralizate in tabelul 1.
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Tabel 1 Parametrii aerului, caz A Tabel 2. Rezultate sportivi, caz A
1 e | Wi @i W T/
e e e M [Watt] w [km/h]
16.8 | 19.8 | 0.1 37 MAX | AVG | MAX | AVG
176 [ 19.8 | 0.12 | 39 300 | 220 49 39
1821 19.6 ] 0.11 | 43.2 183 100 39 30
1751192 0.1 45 301 | 221 43 31
1721189 0.14 | 49 93 81 43 29
16.7 [ 18.5 | 0.1 51 441 253 45 35
16.6 | 18.2 | 0.11 | 33 190 98 38 29
173 [ 17.8 | 0.1 | 57.1 283 | 156 38 28
18.2 [ 18.1 | 0.1 51 161 83 43 29
18.4 [ 18.1 | 0.12 | 49.5 231 141 42 33
18.1 ] 18.6 | 0.1 | 549 277 | 145 43 28
179 [ 18.6 | 0.13 | 6l 159 68 48 3
17.9 | 18.6 | 0.11 | 48.9 152 94 38 31
18 | 18.6| 0.1 58

In Tabelul 2 sunt prezentate rezultatele finale ale sportivilor care indica
valoarea maxima si medie pentru energia metabolica, M, iIn Watts, si valoarea vitezei
de deplasare pe bicicleta fixa. Din Tabelul 2 rezultd o valoare medie a intensitatii
M=138,3 W si o valoare maxima a lui M=230,9 W. Aplicand relatiile (1) si (2) asupra
valorilor prezentate in Tabelul 1, au rezultat diferite valori pentru indicii de confort
PMV si PPD, sintetizate in Tabelul 3, considerand rezistenta termica a imbracamingii
Rc=0,6 clo.

Tabel 3
Valori PMV — PPD —caz A
t=17,5+1°C Max met Avg met
Lur [ PMV PPD PMV PPD
19.8 1.95 74.3 33 3
19.8 1.98 75.8 0.35 7.6
19.6 2.05 79.2 0.43 8.8
19.2 1.99 76.5 0.37 79
18.9 1.88 71.3 0.23 6.1
18.5 1.9 72 0.27 6.5
18.2 1.86 69.8 0.22 6
17.8 1.93 33 0.29 6.7
18.1 2 76.8 0.37 7.8
18.1 1.98 75.7 33 7.3
18.6 2.04 78.7 041 8.5
18.6 2 76.5 0.34 7.4
18.6 1.98 75.9 0.35 7.5
18.6 2.05 78.9 0.41 8.5

Se poate observa ca doar in situatia In care consideram o valoare medie a
intensitatii activitatii depuse, obtinem in sala de cycling valori pentru PMV de maxim
0,43, ceea ce asigura starea de confort termic pentru sportivi.
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In celdlalt caz, cind se adoptd valori maximale pentru M (activitate
metabolicd), nu se obtine starea de confort termic, PMV inregistrand valori apropiate
de +2, iar PPD este aproximativ 77%. Aceste valori se pot imbundtdtii doar daca
valoarea lui Rel tinde spre 0,1 si viteza aerului interior creste spre 0,25 m/s. In acest
caz valoarea PMV-ului este 0,67.

In cealalta perioadd a masuritorilor prin controlarea temperaturii aerului
introdus, a rezultat o valoare pentru ti= 23,5+1°C (caz B). S-au realizat aceleasi
masurdtori pentru parametrii aerului interior i pentru rezultatele sportivilor. Aceste
valori au fost centralizate in Tabelul 4, respectiv Tabelul 5.

Tabel 4. Parametrii aerului, caz B Tabel 5. Rezultate sportivi, caz B
i | ) Ve @ M [Watt] w [knv/h]
Fcl | el | fws] | [l
18.3 193 0.1 40 MAX | AVG | MAX | AVG
2471 23.6/0.15 31 316 222 42 31
2451 23.9)0.11 41 186 100 37 25
246 241 0.1 33 164 93 40 25
2471 2421 0.17 | 45 241 102 27 25
246 243 10.12| 51 374 203 41 30
2411 243 0.1 38 153 91 39 27
237 241 0.1 41 240 155 40 24
235 241 0.13 | 43 310 139 37 25
233 239 0.1 42 282 179 37 27
231] 23.6|0.11 48 244 118 42 29
23| 235 0.1 45 400 193 40 25
228 23.410.15 38 247 128 40 28
2221 2261 0.15 30 275 114 39 27

Din Tabelul 5 rezulta o valoare medie a intensitatii M=141,3 W si o valoare
maxima a lui M=264 W.

Aplicand relatiile (1) si (2) asupra valorilor prezentate in Tabelul 4, au rezultat
diferite valori pentru indicii de confort PMV si PPD, sintetizate in Tabelul 6,
considerand rezistenta termica a Tmbracamintii R¢=0,6 clo.

Valorile calculate pentru PMV, respectiv PPD, nu se incadreaza in valorile de
confort de +0,5 si -0,5. O singurd exceptie se inregistreaza la Inceputul perioadei de
masuratori, cand atat t; cat si tmr nu depasesc valoarea de 20°C.
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Tabel 6.
Valori PMV — PPD —caz B
1=23,5t1°C Max met Avg met

Lo [ PMV PPD PMV PPD
193 2.07 797 0.48 99

23.6 2.84 98.2 1.25 37.8
23.9 2.93 98.8 1.35 42.7
241 291 98.6 1.34 425
242 2.96 98.9 1.35 429
243 3.02 99.2 1.43 46.9
24.3 291 98.7 1.3¢ 42.4
24.1 2.88 98.4 1.31 40.6

24 2.84 98.1 1.25 37.7
239 2.84 98.1 1.26 38.3
23.6 2.82 98 1.23 36.9
23.5 2.8 97.8 1.12 31.2
234 2.68 96.5 1.09 30

22.6 2.53 94 0.94 23.6

Deasemenea 1n cele doud cazuri s-au facut masuratori si asupra concentratiei de
CO; din aerul interior pentru a determina calitatea aerului interior. In prima parte a
masuratorilor (caz A) au luat parte 15 sportivi (7 femei si 8 barbati), iar in cea de-a
doua parte (caz B) au fost 19 sportivi (7 femei si 12 barbati). Variatia concentratiei de
CO: este reprezentata 1n figura 3.

DA D g P @ O R 5
A I I 4 LK K P o8 @d"@@@\

>
Timp th]

Figura 3. Variatia concentratiei de CO; din aerul interior

Concentratiei de CO» are o crestere accentuatd in prima partea a orei de cycling,
atingand o valoare maxima de 0,2% (19 sportivi), respectiv 0,18% (15 sportivi), dupa
care valorile oscileaza foarte putin.

5. Concluzii

Din masuratorile prezentate rezulta ca zona de confort termic pentru sportivi se
asigurd doar in cazul A, atunci cand temperatura aerului interior, t;, a fost mentinuta la
valoarea de 17,5+1°C si pentru activitatea metabolicd a fost consideratd o valoare
medie de M=138,3 W. Daca se face o comparatie intre viteza de deplasare a sportivilor
in cele doud cazuri se constata cd in cazul A sportivii au inregistrat o viteza medie de
31,16 km/h, iar in cazul B s-a inregistrat o vitezd medie de 26,7 km/h, ceea ce aratd o
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crestere a vitezei de deplasare cu 14,3% pentru perioada in care sportivii s-au antrenat
in conditii de confort termic.

Calitatea aerului interior nu a fost alterata deoarece concentratia de CO2 nu a
depasit valoarea de 2000 ppm in nici unul din cele doua cazuri prezentate.
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Domestic hot water - cost effective legionella treatment.
Perfect comfort and hygiene
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Abstract:

We use Domestic Hot Water on daily base, for personal and general hygiene. However,
we rarely consider if the DHW is clean enough and if it serves us in a positive way.
Looking forward for energy savings, sometimes we may overlook health aspects while we
are focusing on low running costs and comfort level. Treating DHW is more and more
actual subject, as we apply for low temperature heat sources. The paper is looking to
make a comparison between heat- and chemical treatment of DHW and cost related
issues.

Key words : Energy Savings, Comfort, Domestic Hot Water, Hygiene, Legionella.

Rezumat:

Folosim Apa Calda Menajera in mod constant, zilnic, pentru a asigura nivelul general de
igiena. Cu toate acestea, doar rareori ne preocupd cdt de igienicd este Apa Calda
Menajerd, si dacd ne ajutd realmente. In timp ce cautim solutii de economisire,
asigurarea unui confort ambiental, se mai intdmpla sa ignoram aspectele de sandtate
generala. Igienizarea ACM este un subiect de actualitate avand in vedere tendintele de
utilizare a solutiilor de incalzire cu temperaturi reduse. Lucrarea abordeaza calitatea
ACM prin doud metodologii, dezinfectia termicda si dezinfectia chimica precum si
costurile aferente.

Cuvinte cheie : Economisirea de energie, Comfort, Apd caldd menajerd, Igiend,
Legionella.

1. Introduction

We use the domestic hot water (DHW) on daily base for shower, tooth
brushing, cleaning and washing. We may generally say we use for hygiene
applications, beside of food preparation. Water companies does make huge efforts to
offer us drinking water from different sources. Considering the route of water from
Water Company until the tap for consumer, there is a long journey. Due to public
health regulations, the water we get at the tap as drinking water is always treated
against different bacterias and microorganisms. From this point we can say that water
leaves in perfect conditions the Water Company Treatment Plant. The distribution
network is basicly under pressure, this avoids or at least reduces chances of getting
anything outside in. We always have to be aware the fact that drinking water is not
distillate water, so it does not contain only H>O, but also other substances and also
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microorganisms. As long as water is circulated and used the drinking water quality
remains, but if the water stays for long time, it may start to change its chemical
components and also developing different bacterias cultures.

Norms does allow only certain levels of bacterias and microorganism, as long
as supplying distillate water does not help health of people neither. In EU the water
quality level is set by 98/83/EC — article 5, Annex I.

2. Legionella — part of our life?

Some bacterias are part of the water as said before, so is for example
Legionella, which is harmless in cold water, but is in the water most of the cases. What
does happen, that Legionella in a low quantity in cold water is not going to be harmful
unless the water settle for long period.

Legionella is a bacteria (figure.1), which has been discovered in 1976 in US,
while the Air Conditioning system of a hotel infected over 221 persons, all of them
veteran soldiers. Despite of the Hospital sever treatment and medical contribution, 34
persons died because of this [11.].

Legionella pneumophillas most dangerous version is subfamily Pontiac.

' ._\. y = \

Figure 1 — Legionella culture — microscopic picture

Legionella is an aerob bacteria. It starts growing in steady water of 20-50C,
highest division rate is between 30°C and 45°C (see fig. 2).

The Colony Forming Unit number (CFU) is the number that shows the bacteria
content of the water. CFU number does not have a strict criteria regarding minimum
number, to generate any healt issue or infection on humans. It is highly depending on
the immune system of the peoples getting in contact with them. Legionella will remain
harmless until it is a sever subfamily or it is in a significantly high number.
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Figure 2 — Legionella culture — splitting speed depending on water temperature

In case of temperatures above 50°C Legionella bacteria stops splitting, so no
more growth is recorded, while at temperatures of 60°C it resists only 30 minutes,
after dies. If temperatures rises above 70°C Legionella lasts only 3 minutes.

During the time, some subfamilies of Legionella developed their resistance
against high temperature. In this case, they either hide in biofilm layers on pipe walls
or they uses amoebas to “cover themselves”.

However, temperature definitely reduces number of Legionella, but having that
said, we can not say that water above 70°C does not contain any Legionella Bacteria.

For best results on reducing, eliminating the Legionella we can approach by
new systems, that does not have biofilm layers on pipe walls, and pipes used are high
quality pipe, reducing biofilm forming possibilities (e.g. stainless steel pipes).

Another solution in getting rid of the Legionella and other bacterias is UV
filtering or chemical dosing of water, killing germs and bacterias.

Assuming that water is locally treated, softened (scale reduction) means that
heating system (inside DHW storage tank and distribution pipe does not form).

If we use chemical treatment of water — to kill bacterias and germs, will
consequently reduce or eliminate biofilm forming on pipes internal wall, so we can
reduce to minimum possible Legionella in system.

3. Disinfection of DHW using thermal treatment.

As previously pointed we can reduce or mainly eliminate Legionella by using
heat treatment, which means, that we have to increase DHW storage tank temperature
above 60°C for a period of at least 1 hour. If we consider that Legionella does survive
30 minutes at 60°C, we can say that water with temperature of 60°C£5K will kill the
Legionella.

German norms states in DVGW-W 551 that DHW systems with over 4001
water content must be washed by 60°C water once a day. Same norms does also state,
that all systems of water pipes where volume exceeds 31 must be equipped with
recirculation. In this way the standard maximise the disinfection area of distribution
loop.
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This solution is quite easy, but some important issues pop up as follows:

- Using temperatures above 60°C in the distribution loop creates danger of
injuries, scald. In this term, solution could be the use of protective mixing valves,
which allow reduction of the temperatures. Control of the water leaving temperature at
user interface tap 1s important to be controlled, especially at elderhomes,
kindergardens, and hospitals. However, user water at tap should not exceed maximum
43°C for human use. In this case, the area of nonrecirculated DHW should be less or
equal to 31 volume content.

- Heating up DHW in boiler is quite cost effective. Heating up 10001 water
from 45°C to 60°C means about 17,5kW extra energy above the normal heating.
Biggest challenge comes with renewable energy sources. For example where main
heat energy generator is a Heat Pump solution, they typically works with up to 50-
55°C heating water temperatures. This means, that they can’t rise water temperature in
DHW storage tank over 60°C, consequently needs to have additional heating solution,
like electric resistance gas fired boiler. Nevertheless, the higher the heating water
temperature is, the lower the COP of Heat Pump will be. In this case, we could assist
at higher costs then estimated initially.

Our subject for evaluation will be a centralised DHW system for a smaller hotel
with storage tank. DHW is prepared in several alternatives.

First alternative is classical solution, using gas fired boiler.

DHW production temperature is 80/60°C, Storage tank is 10001, with insulated
shell with external heat exchanger. Water in tank is stored at 60°C. The fresh water is
heated up by a heat exchanger, that has got proper size to heat up 2,1/s flow rate at
desired temperature. This can ensure to rebuild Domestic Hot Water stocks within 15
minutes, while using it.

Each tap in bathrooms is equipped with thermostatic mixing taps, ensuring
proper use of temperature mixture for users. All outlets are equipped with safety
mixing valves if temperature at tap could be over 45C. Peak flow is 2,11/s for hot
water, main distribution pipe is copper pipe 42x1.5mm with insulation shell of 9mm
thickness, EF type insulation. Return pipe for recirculation we will consider a pipe of
28x1 mm overall pipe length is 200m for main distribution + 200m return pipe. Figure
3 is showing a typical schematic of the above described system.

Second alternative is to use Gas fired boiler and to implement a secondary
controller, that is heating up boiler for 65°C during night time, so it ensures extra
energy availability at morning peak time also.

Third alternative will be the use of Heat Pump system combined with electric
heater. In this case, the heating up of Legionella heat treatment is done during night
time.

Solution number 4 and 5 does involve the presence of chemical treatment, so no
Heat treatment is needed. Consequently, it is not needed either the use of the mixing
protective valves, that could cut cost in case of new system.
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Figure 3 — Domestic Hot Water Distribution scheme with recirculation
1 — Domestic Hot Water Storage tank; 2 — DHW production Heat Exchanger; 3 —Circulating Pump; 4
— Non Return Valve; 5 — Closing Valve; 6 — Balancing Valve; CW Pipe — Cold water pipe from main
supply; DHW Pipe — Domestic Hot Water distribution pipe; DHW recirc pipe — Domestic Hot water
recirculation Pipe

Table nr.1 does show the comparison of the systems, and also daily average
water use, and energy demand, as well as the yearly energy consumption. Since
calculation is a theoretical calculation, heat generator systems efficiency has been
considered fixed for full time.

Calculation does reflect only the energy demand for temperature rise,
circulating pumps and recirculation losses are not included.

If we look on the 5 alternatives, we can see, that heat treatment as described
above is effective against Legionella, but best solution could be to use scheduled heat
treatment during night time. If we apply this solution, we can get as result a better
energy consumption per year.

If we have a system where use of gas fired boiler is not possible we can see,
that energy costs by using combined Heat Pump and electric solution will be very
high. An another possibility could be the use of wood fired boiler as sources. Having
that said in all cases the system will get extra investment price. If we plan to use Heat
Pump System, we could also consider if possible the use of Gas Fired Boiler to cover
peaks. In this case, we can overall reduce somehow the yearly consumptions.

Reflecting on a period of 10-15 years might change the point of view, using
combined systems could be better.

We have to be aware anyhow, that using Heat treatment will only kill
Legionella, but other germs and bacterias might still remain in water (like
Pseudomonas).

Another important fact to consider, that in case of Heat Treatment against
Legionella, the Biofilm on the pipe walls will remain. This is a very thin layer, that are
remaining parts of bacterias and germs. If we apply the heat treatment solution for
existing old system, prior chemical treatment could be considered.
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Table 1
Domestic Hot Water system cost calculations — heating and Legionella Treatment
Solution ur.l nr.2 nr.3 ur.4 ur.5
DHW storage
temperature [°C] 63 435 43 45 43
Night time heat up limit
[°C] - 63 65 - -
Time to heat up [min] - 20 20 - -
Gas Gas Heat Gas Heat
Heating system Boiler Boiler pump Boiler pump
Auxiliar heating for Gas
heating up to 63 - | Boiler electric - -
Legionella treatment heating | heating | heating chemucal | chemical
Cold water temp [°C] 10 10 10 10 10
Peak Load [1/s] 2.1 2.1 2.1 2.1 2.1
Energy needed for peak
load 133,98 85.26 8526 85.26 85.26
Energy dem. For 0 48.72 48.72 0 0
Solution ur.l nr.2 nr.3 nr.4 ur.5

Legionella prot.

Gas boiler efficiency 95% 93% 0 95% 0%
Heat pump efficiency

(COP) 0 0 35 0 3.5
Elecinic heater efficiency 0 0 1

Daily av. DHW water

use [m3/day] 3 3 3 3 3
Daily average en. Use

for DHW heat. [KW] 191 4 121.8 121.8 121.8 121.8

Daily av. Energy use for
Legionella heat. tr.
[kW] 0 57.42 3742 0 0

Energyv Consumption gas

Row en. Consumption

gas (applied eff. Factor) 201.47 | 12821 0.00 128.21 0.00
Row en. Cons. For
Legionella heat tr. 0.00 60 44 0.00 0.00 0.00

Energy Consumption electric

Row en. Consumption

gas (applied eff. Factor) 0 0 34.8 0 34.8
Row en. Cons. For
Legionella heat tr. 0 0 3742 0 0
Annual energy consumption
Gas [kWh] 735378 | 68858.2 0.00 46796.84 0,00
Elecinic [kWh] 0.00 0,00 | 336603 0,00 12702,00
Energyv Prices
Gas EUR/MWh 2428
Electircity EUR/KWh 0.1
Annual Costs
Total cost for DHW
heating + Legionella 178550 [ 1671,88 | 3 366,03 1136.23 1270,20
heat. Tr. EUR EUR | EUR EUR EUR
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4. Chemical Treatment

When it comes as alternative to this, chemical treatment could be considered for
Antibacterial treatment.

Most common version is the pure Chlorine use, but this solution it could be also
dangerous for health in case of overdosing.

An another solution that can be considered is using a combination of 2
components, that will result Chlorine Dioxide (ClO2). This is a result of mixing
Sodium Chlorite (NaClO2 — 7,5% concentration) and Hydrocloric Acid (HCI — 9%).
With the combination and reaction of these 2 components we will get as result the
formula of Chlorine Dioxide.

Advantage of this Chlorine Dioxid use is that is effective against most of the
germs and against Biofilm, as well as it does not change the taste of water like in case
of pure Chlorine use and it also looks to be more effective than Hypochlorous acid.
Figure nr.4 shows a comparison chart between the use of these 2 chemical agents for
cleaning.

100 -

60
40 Residual germs with HCIO
Residual

germs
with CIO,

Residual germs [%)]

0.01 002 003 004 005 0.06
Concentration of disinfection [mal]

TMO4 1462 0410

Figure 4 — Hypochlorous Acid effectivenes vs. Chlorine Dioxid

Using similar solutions does allow system cleaning and disinfection of the
entire DHW system. Depending on where it is injected, the Chemical water treatment
could threat only the DHW used row water, or it could be also threat the Cold Water as
well.

According to specific manufacturer (Grundfos) datasheet, Chlorine Dioxide
treatment system can inject the disinfection material of 0,4mg/l directly in the pipe,
where it needs certain length for homogenisation in water, before it enters to consumer
or to heat exchanger.

Using the solution it also eliminates the use of heat treatment of water. Finally
this leads to reduction of energy demand. Cons for using the water treatment is, that
needs extra space for storing and also needs periodic testing of concentration and
water probes.

However, if we reflect on the costs of this system, it is about 9500 EUR
including installation costs, and yearly cost of the Chlorine Dioxide is around 400
EUR including maintenance costs of service specialist.

If considered these costs, Return of investment would be around 4-6 years if we
consider Heat Pump solution, where no extra heating is needed.
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5. Conclusions

Legionella treatment is important for ensuring not only Ambiental Comfort, but
also a full wellbeing, including healthy conditions.

German standard DVGW-W 551 clearly states how to design and build large
DHW storage and distribution systems. It also states that as long as your water content
is less than 31 until tap, it could be used without recirculation. Concluded calculations
shows, that a large amount of energy is needed to treate against Legionella, but a good
treatment algorithm, can also save large amount of energies.

If we consider to use renewable energy systems, our costs of heat treatment
could be fearly high.

While using a chemical treatment against bacterias for example Chlorine
Dioxide, we will face a larger investment (can compensate extra cost for auxiliar
heating system) and in this case our energy consumption will be much lower, while
not only Legionella is killed, but also other bacterias.

Ambiental Comfort not only includes daily cleaning and hygienisation, but also
includes the fact that we are living in a healthy condition, we have comfortable DHW
condtions.

No matter wich solution is used, we need to consider one of the solutions, so we
can ensure healthy conditions.
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Rezumat

Lucrarea are ca obiectiv analiza energetica a unui sistem neconventional de utilizare a
unei surse regenerabile (energia solara) in scopul climatizarii spatiilor unei cladiri in
perioada sezonului cald al anului. Sistemul sursa considerat are o component
neconventionala, reprezentata de instalatia de captare a energie solare si o componenta
clasica reprezentata de o centrala termica, ambele preparand un agent termic
furnizat unei masini frigorifice de preparare a apei reci.

In lucrare se descrie pe scurt procedura de evaluare a puterilor termice furnizate de
sistemul neconventional si de sistemul clasic unei cladiri pentru care se stabileste
necesarul de frig.

Pe studiul de caz concret considerat se prezinta tabelar si grafic atat performantele
energetice ale sistemului cat si gradul de acoperire energetica oferit consumatorului
deservit

Cuvinte cheie: energie solara, chiller cu absorbtie, climatizarea cladirilor

Abstract

The paper aims at the energy analysis of an unconventional system of using a renewable
source (solar energy) in order to air conditioning of a building during the warm season of
the year. The considered source system has an unconventional component, represented by
the solar energy system and a classic component represented by a thermal plant, both
preparing a thermal agent supplied to a chiller with absorbtion.

The paper briefly describes the procedure for assessing the thermal powers provided
by the unconventional system and the classical system to a building for which the demands
cold is established.

On the concrete case study, the table shows both the energy performance of the
system and the degree of energy coverage offered to the serviced customer

Key words: solar energy, absorbtion chiller, building, air conditioning of the building
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1. Introducere

Utilizarea energiei solare in domeniul cladirilor de tip residential sau
nerezidential are o serie de aplicatii dintre care cele mai cunoscute sunt prepararea apei
calde de consum si incalzirea spatiilor. Pentru acestea, reglementarile tehnice privind
dimensionarea si evaluarea performantelor energetice sunt deja puse la punct si o serie
de aplicatii practice functioneaza cu rezultate foarte bune.

Mai putin cunoscute sunt solutii de sisteme utilizand energia solara pentru
incalzirea piscinelor si climatizarea spatiilor cladirilor. In cadrul lucrarii de fata ne vom
referi la ultima dintre aplicatiile mentionate, in care, climatizarea spatiilor se face prin
intermediul unei masini frigorifice cu absorbtie in care se prepara apa rece cu
temperatura de cca 7°C, care reprezinta agentul termic vehiculat in ventiloconvectoarele
instalate in cladirea ce trebuie climatizata.

Prepararea agentului termic se face la vaporizatorul masinii frigorifice cu
absorbtie prin utilizarea la fierbatorul masinii frigorifice a unui agent termic preparat
de instalatia solara in combinatie cu o centrala termica. Nivelul de temperatura al
agentului termic introdus in schimbatorul de caldura al fierbatorului masinii frigorifice
este 90°C.

2. Descrierea sistemului. Stabilirea modelului matematic de lucru.

Sistemul sursa la care ne referim are 2 componente: componenta solara si
componenta clasica. Componenta solara este alcatuita din suprafata solara de captare
cuplata cu un schimbator de caldura. Componenta clasica este alcatuita din centrala
termica si un al doilea schimbator de caldura. Schimbatorul de caldura atasat
suprafetei de captare poate fi considerat schimbatorul de caldura de treapta 1 iar
schimbatorul de caldura al centralei termice poate fi considerat schimbatorul de
caldura de trepta 2, ambele contribuind la prepararea agentului termic cu temperatura de
90°C care intra in schimbatorul de caldura al fierbatorului masinii frigorifice cu
absorbtie. Racirea agentului termic in cadrul acestui schimbator de caldura se face de
regula pana la o temperatura de cca, 80°C, cu care agentul termic revine pe secundarul
schimbatorului de caldura de treapta 1 (vezi fig. 1).
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Fig. 1 — Schema instalatiei

Puterea termica captata de suprafata solara se poate exprima prin :

Peg =S¢ -I-n=Sc 1-Fg [ (a-t)—k¢ By ] (1

Unde

By =-RS—e 2)

Fr="2(1-Ec) G)
C

F' k¢
Ec =exp(-NTU¢ ) =exp| —
¢ =ew(-NTUc) p( a-p-cj )
In continuare se poate exprima temperatura de retur din bucla solara in functie
de temperatura medie a agentului termic din secundarul schimbatorului de caldura

aferent buclei solare si relatiile (1) si (2) 1au formele :

Pcs =Sc-1-n=Sc-I-Fg -[(a-7) k¢ -Bp ] ®)
Unde :
BB:% ©
FBzai(p ®.(1-Ecs)

c (7)
. _Ec (1-Eg)+Eg-(1-Ec)

CS 1-Ec-Eg

unde:
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k S
Eq = exp(—NTUS) = eXp(_a-—pS-c.iJ (8)

Mergand pe aceeasi linie logica s-a exprimat temperatura medie a agentului
termic pe secundarul schimbatorului de caldura solar in functie de temperatura
agentului termic la iesirea din schimbatorul de caldura din fierbatorul masinii frigorifice
cu absorbtie, tg, rezultand :

BC
Pes =Sc-I'n=Sc 1-Fg~ [ (a-1)~ke Bac ] ®)
Unde :
tp —t
Brc = RI : "
o)
pae (1,1 11
— (11)
t.—t
Fy =2- H (tete) (12

SC'kC.(tT_tR)

Puterea termica furnizata de sursa solara reprezinta doar o cota parte din puterea
termica necesara la fierbatorul masinii frigorifice raportul dintre cele doua puteri
termice reprezentand gradul de acoperire energetica oferit de componenta solara. Avand
in vedere nivelul ridicat al temperaturilor agentului termic in schimbatorul de caldura
din fierbatorul masinii frigorifice (80°C...90°C) este de asteptat ca randamentul de
lucru al suprafetei de captare solara sa fie destul de scazut, astfel incat realizarea unui
grad de acoperire energetica acceptabil sa se realizeze cu efortul investitional intr-o
suprafata de captare solara relativ mare.

Centrala termica contribuie doar cu cota de putere termica necesara aducerii
agentului termic din schimbatorul de caldura al fierbatorului masinii frigorifice la
temperatura de 90°C.

3. Studiu de caz. Rezultate analiza energetica

Pentru evaluarea aporturilor de caldura in spatiul interior al cladirii a fost necesar
sa se defineasca cladirea prin factorul de cuplaj termic complex al cladirii H, care
cuprinde in el: suprafata anvelopei termice a cladirii, rezistenta termica medie a
anvelopei cladirii, numarul de schimburi de aer cu mediul exterior si volumul spatiului
climatizat. Pentru evaluarea aporturilor gratuite interioare si exterioare s-a utilizat o
procedura conforma cu metodologia de evaluare a performantelor energetice ale
cladirilor, Mc001. Temperatura exterioara de echilibru, t.., este o temperatura elaborata
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in ipoteza neutilizarii instalatiei de climatizare, concomitent cu realizarea unei
temperaturi interioare normate pe perioada sezonului cald al anului, tiOv. Pentru
intensitatea radiatiei solare utile in evaluarea aporturilor exterioare de caldura in
perioada sezonului cald pe plan vertical (diverse orientari) si pe plan orizontal s-a
utilizat Mc001, iar pentru stabilirea temperaturilor exterioare medii lunare s-a utilizat
SR 4839/1997.

Pentru analiza energetica urmarita s-a considerat un studiu de caz pe o cladire
avand o valoare H = 2288 W/K. Sezonul cald al anului s-a considerat compus din 5
perioade avand un numar de zile mai mare decat 30, impreuna insumand 183 zile., care
au fost denumite : mai, iun, iul, aug, sep. Pentru aceste 5 perioade ale sezonului cald s-
au stabilit temperaturile exterioare, te, si s-au calculat temperaturile exterioare de
echilibru te. O sinteza a necesarului de putere si energie al consumatorului
considerat este prezentata sintetic in tabelul 1.

Tabelul 1
CONSUMATORUL VARA - CLIMATIZARE

zile oC oC kW MWh
Perioada Nz te tee Pclim Eclim
mai 35 16.7 16.582 0.270 0.227
iun 36 20.2 16.438 8.607 7.437
iul 41 22 16.57 12.424 12.225
aug 36 21.2 16.279 11.259 9.728
sep 35 16.9 16.468 0.988 0.830
Total 183 30.447

In fig. 2 si fig. 3 se prezinta grafic rezultatele numerice din tabelul 1 referitoare
la puterile si energiile aferente aporturilor termice care trebuiesc evacuate din spatiul
climatizat.

Puterile aferente aporturilor termice

15,000

10,000
5,000 I
0,000 e _—
iun iul aug

sep

(kW)

mai

Perioada

Fig. 2
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Energiile aferente aporturilor termice

15,000
—= 10,000
=
2 5,000 I
0,000 s— _—
mai iun iul aug sep
Perioada

Fig. 3

Dupa cum se observa din tabelul 1 puterile termice necesare la climatizare in
perioada mai si perioada sep, sunt destul de mici, motiv pentru care nu se va pune
problema climatizarii spatiilor cladirii in aceste 2 perioade. Pentru cele 3 perioade
centrale ale sezonului cald s-au stabilit intensitatile radiatiei solare pe un plan inclinat la
30° fata de planul orizontal avand orientarea sud. Au rezultat valorile medii zilnice
pentru o perioada de 10 ore, valorile inscrise in tabelul 2. Puterea termica captata in
perioada celor 10 ore cu soare a fost in continuare repartizata uniform pe cele 24 de ore
ale zilei pentru a putea fi pusa in balanta cu puterea termica rezultata din aporturi pentru
spatiul climatizat. Mai precis, puterea termica rezultata conform aporturilor interioare si
exterioare a fost transformata in putere termica necesara la nivelul schimbatorului de
caldura al fierbatorului masinii frigorifice prin raportare la eficienta ei (COP = 0,6).
Analiza energetica prezentata in tabelul 2 presupune o suprafata de captare solara de
200 m?, captatoarele solare fiind caracterizate de urmatorii parametrii: F* = 0.9, o =
0,9, 1= 0,8, kC= 3,5 W/m?2.K. Centrala termica care reprezinta sursa de rezerva se
considera ca functioneaza cu un randament de 90%.

Pesc = LElim (13)
COP
Gaes = Pes si  Gaect = 0.9 Pet (14)
csc Pcsc
Tabel 2
SOLAR CONS cT Ga ENERGII
W/m2 oC kw kw kW % % MWh MWh MWh
Perioada | tE RND Pcs Pcsc Pct Gaes Gaect Ecs Ecsc Ect

mai

iun 615 146.71 0.229 11.727 14.346 2.909 81.749 18.251 10.133 12.395 2.514

iul 620 149.54 0.257 13.276 | 20.706 8.256 64.116 | 35.884 13.064 | 20.375 8.124

aug 605 145.66 0.243 12.228 | 18.765 7.263 65.164 | 34.836 10.565 16.213 6.276
sep

Total 33.761 | 48.983 16.913
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In fig. 4 si fig. 5 se prezinta grafic rezultatele numerice din tabelul 2 referitoare
la:

puterile si energiile aferente aporturilor termice,

puterile si energiile termice captate de instalatia solara,

puterile si energiile termice livrate la fierbatorul masinii frigorifice,
puterilor si energiile termice aferente centralei termice;

Diagrama puterilor termice

30,000
W Pclim
o 20,000 W Pcs
=
= M Pcsc
10,000
I I M Pct
0,000 =
iun perithda aug
Fig. 4
Diagrama energiilor termice
25,000
M Ecs
20,000
< 15,000 M Ecss
=
= 10,000
M Ect
5,000 I I
0,000 =
iun iul aug
Perioada
Fig. 5

In fig. 6 se prezinta o diagrama a gradelor de acoperire energetica oferite de catre
instalatia solara avand suprafata de 200 m? oferit utilitatii de climatizare a spatiilor
consumatorului.
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Diagrama gradelor de acoperire energetica

100,000
80,000
M Gaes
__ 60,000
&=
40,000 W Gaect
20,000 I
0,000 .
iun iul aug
Perioada
Fig. 6

Rezulta in final faptul ca pe intreg sezonul cald al anului gradul de acoperire
energetica oferit de instalatia solara este de 69% la o suprafata de captare solara de 200
m? ceea ce inseamna un raport H/(Sc.kc) = 3,27 intre capacitatea de transfer termic a
cladirii si capacitatea de transfer termic a suprafetei de captare.

4. Concluzii

Utilizarea energiei solare pentru climatizarea spatiilor in perioada sezonului
cald al anului poate reprezenta o solutie viabila de utilizare a surselor regenerabile
(energia solara). Dat fiind faptul ca nivelul de temperatura a energiei termice furnizate
de instalatia solara masinii frigorifice cu absorbtie este destul de ridicat 90°C,
randamentul de captare al energiei solare chiar in mijlocul sezonului cald este relativ
scazut 23%...26% in cazul captatoarelor plane cu absorbtie utilizate in studiul de caz
analizat. Rezulta de aici ca este important a se utiliza captatoare solare performante,
caracterizate de corficienti globali de transfer termic de cca .2...2,5 W/m? K.

Gradul de acoperire realizat, in cazul de fata cca. 70%, este in stransa corelatie
cu numarul de captatoare solare si cu performanta energetica a acestora. Cum un anumit
nivel, in ceea ce priveste performantele energetice ale acestor echipamente este strans
legat de costul acestora, rezulta in continuare posibilitatea evaluarii financiare a
oportunitatii implementarii acestei solutii neconventionale.

Existenta unei surse clasice de tip centrala termica este necesara dat fiind faptul
unor posibile perioade de radiatie solara directa indisponibila. Mai mult consumatorul
deservit are cu siguranta ca utilitate si prepararea apei calde consum care poate utiliza
de asemenea un sistem neconventional de tip solar cu centrala termica.

Lista de Notatii
tr - temperatura de intrare a agentului termic in schimbatorul de caldura al

fierbatorului masinii frigorifice, °C;
tr - temperatura de iesire a agentului termic din schimbatorul de caldura al
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fierbatorului masinii frigorifice, °C;

ts - temperatura medie a agentului termic din secundarul schimbatorului de
caldura aferent buclei solare, °C;

trs - temperatura de retur din bucla solara, °C;

te - temperatura exterioara, °C;

tee - temperatura exterioara de echilibru, °C;

tioy - temperatura interioara normata in sezonul cald al anului, °C;

tg - temperatura echivalenta - temperatura maxima realizabila pe placa
absorbanta a captatorilor solari °C;

I - intensitatea radiatiei solare, W/m?;

Sc - suprafata de captare solara, m?;

Ss - suprafata schimbatorului de caldura al buclei solare, m?;

kc - coeficientul global de transfer termic al captatoarelor solare, W/m?.K;

ks - coeficientul global de transfer termic al schimbatorului de caldura al buclei
solare, W/m?.K;

H - factorul de cuplaj termic complex al cladirii (capacitatea de transfer termic a
cladirii), W/K;

a - debitul specific de agent termic in bucla solara, m*/s.m?;

p - densitatea agentului termic, kg/m?;

¢ - caldura specifica masica a agentului termic, J/kg.K;

F’- factorul de corectie al fluxului termic captat, conform tip captator solar, -;

a - coeficientul de absorbtie al radiatiei solare pe placa plana absorbanta a
captatoarelor solare, -;

1T - coeficientul de transparenta al elementului vitrat al captatoarelor solare, -;

Nrtuc - numarul de unitati de transfer termic aferent suprafetei de captare
solara, -;

Nrus - numarul de unitati de transfer termic aferent schimbatorului de caldura al
buclei solare, -;

Ec - modulul termic aferent suprafetei de captare solara, -;

Es - modulul termic aferent schimbatorului de caldura al buclei solare, -;

Ecs - modulul termic aferent buclei solare in ansamblu, -;

Bo - raportul parametrilor termici aferenti suprafetei de captare, care implica
temperatura de retur din bucla solara, m> K/W;

Bg - raportul parametrilor termici aferenti buclei de captare, care implica
temperatura medie a agentului termic din secundarul schimbatorului de caldura aferent
buclei solare, m>. K/W;

Bec - raportul parametrilor termici aferenti sistemului bucla de captare
consumator, care implica temperatura de iesire a agentului termic din schimbatorul de
caldura al fierbatorului masinii frigorifice, m2.K/W;

1, RND - randamentul de captare a energiei solare, -;

Fr - factor de corectie flux termic captat corelat cu o, -;

FgB - factor de corectie flux termic captat corelat cu BB, -;

420



Florin Iordache

FrC - factor de corectie aferent consumatorului, -;

FrBC€ - factor de corectie flux termic captat corelat cu BBC, -;

COP - coeficientul de performanta al masinii frigorifice, -;

Nz - numar zile, zi;

Pclim - puterea termica aferenta aporturilor, W;

Eclim - energia termica aferenta aporturilor, MWh;

Pcs - puterea termica captata de instalatia solara, kW

Pcsc - puterea termica livrata de schimbatorul de caldura la fierbatorul masinii
frigorifice, kW;

Pct - puterea termica livrata de centrala termica, kW;

Ecs - energia termica captata de instalatia solara, MWh;

Ecsc - energia termica livrata de schimbatorul de caldura la fierbatorul masinii
frigorifice. MWh;

Ect - energia termica livrata de centrala termica, MWh;

Gaes - grad de acoperire energetica realizat de catre instalatia solara, -;

Gaect - grad de acoperire energetica realizat de catre centrala termica, -;
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Performanta energetica a unei pompe de caldura aer-apa
alimentata de la un sistem de panouri fotovoltaice de tip
off-grid

The energy performance of an air-to-water heat pump powered by an off-
grid photovoltaic panel system

S.l.dr.ing. Calin SEBARCHIEVICI, Prof.dr.ing.eur.ing. Ioan SARBU

Universitatea Politehnica Timigoara

Abstract:

Energy consumption for domestic hot-water production is particularly important when is
wanted to assess the energy consumption in buildings. The paper presents the results of
the experimental researches in order to determine the performance of an air-water heat
pump, feeded by the electric energy produced by the photovoltaic solar panels in various
scenarios for the preparation of hot water. Using photovoltaic panels leads to a
significant reduction in energy consumption in residential buildings, an important source
of renewable energy, namely the sun. Taking into account the different hot water cooking
temperatures, the heat pump will have different energy performances highlighted by the
exeperimental measurements.

Using photovoltaic panels to heat pump power, it can be said that these solar power
plants have an important contribution to reducing the energy consumption of buildings
and ensuring high comfort.

Keywords: photovoltaic panels, energy

Rezumat:

Energia consumata pentru prepararea apei de consum are o importanta deosebita atunci
cand se doreste evaluarea consumurilor energetice din cladiri. Lucrarea prezintd
rezultatele cercetarilor experimentale in scopul determinarii performantelor pentru o
pompa de caldura aer-apa, alimentatd cu energia electrica produsa de panourile solare
fotovoltaice in diferite scenarii de preparare a apei calde de consum. Utilizarea
panourilor fotovoltaice conduce la o reducere considerabila a consumurilor energetice in
cladirile de locuit o importanta sursa de energie regenerabila si anume soarele. Ludnd in
considerare diferitele temperaturi de preparare a apei calde de consum pompa de
caldurd va avea diferite performate energetice reliefate prin mdsuratori experimentale.
Utilizand panourile fotovoltaice la alimentarea cu energie electrica a pompei de caldura,
se poate afirma cd aceste siteme solare de producere a energiei electrice au un aport
important in reducerea consumurilor energetice ale cladirilor si in asigurarea unui
confort ridicat.

Cuvinte cheie: panouri fotovoltaice , energie
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1. Introducere

Energia necesara pentru prepararea apei calde de consum reprezinta un element
important in evaluarea consumurilor energetice a cladirilor rezidentiale. Daca energia
necesara pentru acoperirea pierderilor de caldura prin anvelopa cladirii trebuie sa fie
asigurata in timpul sezonului de incélzire, cea pentru obtinerea apei calde de consum
trebuie asigurata pe Intreaga perioada a anului [1].

In cazul utilizarii pompelor de caldurd, temperatura apei calde de consum
obtinute este pentru cladirile rezidentiale de aproximativ 40...50 °C. Pentru evitarea
consumurilor de energie ridicate rezultate din functionarea in regim instant a prepararii
apei calde de consum, pompele de caldurd functioneazad in regim de acumulare, fiind
dotate in cu un boiler. Acesta este prevazut cu o serpentind prin intermediul careia
agentul termic ridicd temperatura apei calde la valoarea corespunzdtoare apei de
consum.

Lucrarea prezintd rezultatele cercetarilor experimentale in scopul determinarii
coeficientului de performantd (COP) pentru o pompa de cédldurd aer-apa (AWHP) la
incalzirea apei calde de consum utlilizand energia electricd produsa de panourile
fotovoltaice.

2. Calculul necesarului de caldura pentru prepararea apei calde de consum

Sarcina termicd Qac, Tn W, necesard pentru prepararea a.c.c. necesare zilnic se
determina 1n regim de acumulare cu relatia:

Q,. = NyConpwlw (tac - tar) 1)

o 36001

in care: Ny este numarul persoanelor ce utilizeaza apa calda de consum; C,, —
consumul zilnic normat pentru unitatea de utilizare, in I/om.zi, cu valorile recomandate
in STAS 1478 [2] sau Mc 001;

pw, Cw — densitatea, in kg/m’® si cildura specifica, in J/(kgK) ale apei la
temperatura medie intre intrarea si iesirea din boilerul pompei de caldurs;

tac — temperatura apei calde la iesire din boiler, in °C;

tar — temperatura apei reci la intrare in boiler, in °C;

T — timpul 1n care este Incalzitd apa, in h.

Pentru a calcula sarcina termicd necesara incalzirii in regim ,,instant” se poate
folosi relatia:

Qac = Gacpwcw (tac - tar) (2)

in care G este debitul de apa caldd de consum considerat cu valoarea de 10
1/min.

Conform Mc 001 [3], volumul de apa calda necesara consumului se determina
in functie de destinatia cladirii, de tipul consumatorului si de numarul de utilizatori.

Pentru cladiri noi, volumul de apa caldd de consum V,c, in m?, se calculeazi cu
relatia:
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NUCZH
V,o =—4-Z0 3)
1000
Numarul de persoane Nu aferent cladirilor de locuit se determind ca valoare
medie, In functie de indicele mediu (statistic) de ocupare a suprafetei locuibile a
cladirilor, utilizand urmatoarea procedura de calcul:
— se determina suprafata locuibilad Syc;
- se determind indicele mediu de locuire iroc, In functie de tipul cladirii si de
amplasarea acesteia;
- se determind numarul mediu normat de persoane aferent cladirii, utilizdnd
urmatoarea relatie de calcul:
Ny =Srociroc (4)
Energia consumatd E,, in J, pentru asigurarea sarcinii termice necesare la
prepararea apei calde de consum se determina cu relatia:

n
Eye = z PwCw Vac (tac - tar) (5)

1=l
unde i este indicele de calcul pentru cele n categorii de consumatori.
Prepararea de apa calda de consum presupune alte conditii decat incalzirea,
deoarece prepararea apei calde functioneaza de-a lungul intregului an cu aproximativ
aceleiast solicitari de caldura si cu acelasi nivel de temperatura.

3. Tehnologia panourilor fotovoltaice si radiatia solara

Datorita reactiilor nucleare ce au loc in interiorul nucleului sdu, Soarele
reprezintd o sursa energeticd vitald pentru planeta noastra. Imensa cantitate de energie
radiata sub forma undelor electromagnetice, demonstreaza ca aceasta stea poate sa fie
considerata cu o bund aproximare un corp negru (radiant complet) cu o temperatura
medie a suprafetei de circa 5780 K.

In interiorul Soarelui, prin intermediul fuziunii termonucleare, in fiecare
secundd 600 de milioane de tone de hidrogen se transformd in 595,5 milioane de tone
de heliu, iar cele 4,5 milioane de tone de hidrogen ramase (reprezentand 0,75% din
total), se transforma direct in energie dupa ecuatia lui Einstein: E=mc?.

Energia astfel generatd este de circa 405.000 miliarde de TJ, o cantitate de
energie de neimaginat la nivelul scoartei terestre. Toata aceasta extraordinara putere a
stelei noastre este datorata conversiei in energie a unei parti infime din totalul cantitatii
de materie a Soarelui, cantitate comparabild cu greutatea unui mic lanf muntos de pe
Terra.

Fluxul energiei radiante care atinge o arie unitard perpendiculara la razele din
exteriorul atmosferei terestre se defineste ca fiind constata solara, si are o valoare de
1367 W/m?. Valoarea acestei constante poate fi calculatd plecAnd de la puterea radiatd
de soare, data de formula:
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10773

=3,9-10%°[W] (1)
S

L=4¢R§ﬂf;3340”{9§};1940”
S

Considerand distanta D=1 AU intre Terra si Pamant, unde 1 AU reprezintd o
Unitate Astronomica, aproximativ 150.000.000 km, vom avea ca fluxul de energie
transportata (constanta solard) @ va avea valoarea:

2 2
D = Lzz(&j GTs45 1,366-106(£) { erg2}51371i5[W/m2} (2)
4D D D s-cm

unde:

06=5,67-108 W/m?K* este constanta Stefan-Boltzmann;

D=1 AU este distanta medie Terra-Soare de aproximativ 1,496-10'! m;

L este luminozitatea solard 3,9-10%° W;

R, este razele solare (6,958-10% m);

T este temperatura corpului negru (5780K).

Stiind ca distanta dintre Soare si Terra nu este constanta -datorita faptului ca
miscarea de revolutie a Pamantului este o elipsa ea schimbandu-se cu 3% in decursul
unui an calendaristic - si tindnd seama ca petele solare influenteaza valoarea energiei
transmise de Soare, se poate considera in calcule o valoare medie a energiei solare
primite pe suprafata Terrei (fig.1).

Days (Epoch Jan 0, 1980)

a 2000 4000 6000 B000 10000
I O A P 2
- 1368 > < < 2 =
$ G
i 1%
;]-' 1.1_“]! ik L i
o A
.E a2 dl 1 |';“‘\.I-“ | A
= )
i
g 1384
u
Asorage of minima: 1368477 + D381 Wm
Citerancs of memima o average: +0.059; «0.094; +J.081; -0.231 Wm”
Cycla empiiudes: 0UE25 = 0.019; 0.884 £ D020 0986+ 0017 Wm
1352
75 77 7D Bl 83 85 87 B89 91 93 95 97 99 01 03 05 O7

Year
Fig. 1. Alternanta radiatiei solare in functie de petele solare

Daca se tine seama de faptul ca anual circa 1,51:10'7 kWh ajung pe suprafata
Pamantului si cd necesarul energetic primar mondial anual in 2006 este estimat la
5,39-10"° kWh de petrol, 2,7-10'* kWh de gaz, 3,1-10'3 kWh de carbuni, 8,47-1012
kWh de energie nucleard si 1,65-10'3 pentru valorificarea deseurilor si resurselor
regenerabile, rezultd ca Soarele ne poate oferi de aproximativ 1100 ori mai multa
energie decat avem nevoie.
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Cu toate acestea, cantitatea enorma de energie provenitd de la Soare are un
dezavantaj si anume este pufin concentrata si suferda de putine modificari de-a lungul
drumului ei catre Pamant.

4. Descrierea standului experimental

Standul utilizat pentru cercetdrile si masuratorile efectuate este amplasat in
laboratorul experimental §i are in componenta urmatoarele echipamente (Fig. 2):

— 0 pompa de caldurd aer-apa tip WWK 300 SOL cu puterea termica de 1,65 W

—un boler pentru acumularea apei calde de consum (V=290 litri);

—un lavoar;

— un sistem fotovoltaic tip off-grid de putere 1,5 kWp;

Panou solar |
fotovoltaic |
P, =250W |

clp |

Invertor apil rece
Incarcitor 220V/50Hz
50 A 12V

apil caldil de consum
*

%' Acumulator  Tablou Pompi de caldurd
200Ah de distributie aer-apd pentru
prepararea apei calde
de consum

Fig. 2. Stand experimental — Sistem fotovoltaicc off-grid si pompa de
caldura aer-apa pentru prepararea apei calde de consum

5. Evolutia COP al pompei de caldura in functie de ecartul de temperatura
a apei calde din boiler

Performanta pompei de caldura este influentatd de volumul de apa calda
cosumat instantaneu, acesta conducand si la emisii de CO; mai ridicate.

In Tabelul 2 sunt centralizate valorile medii ale temperaturilor masurate (tum, tim,
tacem), €nergia electricd consumata (Ee), energia termica (E:) utilizatd la prepararea apei
calde de consum, COP al pompei de caldurd, precum si emiisiile de CO2 pentru 6
experimente la diferite ecarturi de temperaturd (At) pentru prepararea apei calde de consum

[4].
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Tabelul 2
Evolutia COP al pompei de caldura in functie de ecartul de temperatura a apei calde din boiler
Nr. At Tom Tim facem Ea E, COP CO:
et | 1 | el | °C] | [kWh] | [kWh] [ke] |
1. 3 33,19 | 2203 19.87 0,185 0,445 2,403
2 5 3921 | 21,55 30,55 0,312 1,112 3.564
3. 10 36,07 | 20.89 27.58 0.790 2,357 2,983 0.00
4. 15 3726 | 2201 27.61 0.987 2,799 2.835 )
5 20 41.24 | 21.87 31.23 1.450 3,198 2.203
6 25 4262 | 2123 32.59 2.101 4.297 2.045

6. Concluzii

Pentru un volum de apa calda consumat instantaneu, performanta pompei de
caldura poate scadea cu pana la 27% cand temperatura apei calde de consum trebuie
ridicatd cu 25 °C. In cazul utilizarii pompei de cildurd numai pentru prepararea apei
calde de consum la diverse temperaturi intre 40 si 60 °C, pentru o familie, COP este in
jur de 2, iar emisiile de CO2 sunt egale cu zero avand in vedere faptul cd avem un
sistem de panouri fotovoltaice care asigura integral energia electricd pentru
functionarea pompei de caldura ce prepara apa calda de consum.
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