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ABSTRACT

The distribution of heat and cold from renewable sources via district heating and cooling is of
significantenvironmental importance. Furthermore, this technology is capable of utilising waste
heat, thereby ensuring optimal performance. This is due to the scaling effect, which guarantees
lower emissions, and the fact that the companies responsible for itsiapetamonstrate a

superior level of management and maintenance.

This paper will analyse an existing district heating and cooling system in order to compare some
possible solutions to be implemented for the end user. In particular starting from the summer and
winter thermal energy needs, some types of plant will begdediand then analysed both from
technical and economical point of view, in order to give a broad view of the solutions and their
relative pros and cons. Alongside this, a remote meter reading and data analysis system was also
implemented, so as to haveiecise description of the losses from the power station to the end
user. In this way, it will be easier to understand where the system can be improved.

Through this analysis, advantages can be gained both for the plant operator, who can sample and
analyse energy consumption and flows in the network in real time, and for the end user, who can

decide which of the solutions is the most convenient.






INDEX

1. INTRODUCTION. ...t er et emr e eenr e eees 1
1.1 PUrpose Of the theSIS..........uuiiiiiiiiie e 1
1.2 Forgreen spa benefit company..............coo i 2
1.3 Structure of the theSIS.......cooo i 3

2. DISTRICT HEATING AND COOLING: PRINCIPLES AND TECHNQLOGIES.5

2.1 Historical overview of district heating, principleogieration, main concepts and

POSSIDIE ISSUBS......uueiiiiii e ettt e et e ettt ettt e e e e e e e e e e e e e e e e e ettt ettt e e e e eeeeeeeeeesanrnaennnnnees 5
2.2 Case study: the TELEZIP district heating and cooling plant...................... 11
2.2.1 Pumping and expansion SYStEM..............cooiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeaeees 14
2.2.2 COQENEratioN SYSTEIML.....cii ittt e e e e e ee s 15
2.2.3 BOIIEIS...coiiieiie e 19
2.2.4 ADSOIDEL ... 20
2.2.5 HEAL SINK...ooiiiiiiiie e 22
2.2.6 CNHIEI. ... a e e 23
2.2.7 Current operating MOGE..........couuiiiiiiiiiiiiieiee e e 24

2.3 Advantages and disadvantages of district heating and cooling systems....25

2.4 Environmental and social sustainability aspects of using a district heating and

COONING NEIWOTK. ... .o e e e e 26
2.5 Regulations and standards OVEIrVIEW. .........cooeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 28
2.6 Structure of the TELEABtrict heating distribution network........................ 29
2.7 Current metering system Configuration................ceeeveeeinniiiniiiiiiiieeeeee e 31
3. COMMUNICATION NETWORKS FOR REMOTE METER READING............ 33
3.1 Requirements for the implementation of remote meter reading................. 33
3.2 Communication protocols and standards USed............ccccvvvveveuiiiiiiiienneenn, 34



3.3 Bmeters devices: features and fUNCLQNS. ... .. conveneeneee e 36

3.3.1 HydroSpIHVI3 - BMELEIS......uuuuiiiiiiiiiiiei i e ee e e e e e e e e e e e e e e e e e 36
3.3.2 Electronic pulse output eVICE...........eeeviiiiiiiiiiiiieieeeee e 37
3.3 .3 REP AL ... i 37
32314 RECEIVEL ...ttt e e e e e e e e e e e e e e 37
3.3.5 CONCENITALOL. ...t 38
3.4 Technology infrastructure for remote reading..............coovvvvvvviveveiiiiivininnnnnn. 38
3.5 Integration of Bmeters devices into the system............cccccvevviiiiininiciinnee, 41
3.6 Costhenefit analysis of the implementation of remote meter reading........: 42
4. TECHNICAECONOMIC SOLUTIONS FOR END USERS.........ccovviiiiiicieeeannn 45
4.1 Analysis of nononnected users: types and characteristics........................ 45
4.1.1 Heating demand.............uuuuiiiiiiiies e 47
79 2 @do Yo 1 4 To o [T 1 =T g o F5 PP 55
4.2 Other possible types Of USEr..........ooiiiiiiiiiiiiiieieeeeeeee e d L
4.2.1 OffiCE USEL......viiiiiiiiiiii ettt snene e e L
4.2.2 WATENOUSE USEI.....cciiiiiiiiiiiiiiitee ettt e e s e e e e e 74
4.2.3 Synthesis of main results for thermal energy demand......................... 76

4.3 Terminal options for connection to the district heating system and criteria for

selecting the most suitable SOIUtIONS............cooviiiiiii e, 76
4.4 Technical evaluation of different terminal solutions..............ccccccceeeeennnnn. 78
4.4.1 Air heaters and fa0oil............cccuviiiiiiiiii 78
4.4.2 Air Handling Unit (AHU) .......ooiiiiiiiee e 88
4.4.3 Other POSSIDIlIIES. .......eviiiiieiiiiii e 100
4.5 Overview of the proposed SOIULIONS.........uuuuueiiiiiiiieie e 101



5. CONCLUSIONS. ... .ot 103

5.1 Summary of thesiS reSUILS.............evviiiiiiiii e 103
5.2 Limitations of the Study.............uueiiiiiiiie e 105
5.3 Suggestions for future implementations.............cccccevvvvvvveeiiiiviieriiii, 105
APPENDIX ..ttt nr e e e e e e e e e e e e e e e e e a e 107
AP P EN DD X A e e 107
APPENDIX B ... 108
N e e = N1 7 G 110
REFERENGCES...... ..ottt e 111



Vi



SYMBOLS AND ABBREVIATIONS

Sy mb Description Uni t
A area m?

C specific heat JKg K
C shading coef -

D di ameter m

E energy demal k Wh
f factor -

G flow rate m¥ h
h height m

I maxi mum inciden KkKWhtn
L | ength m

M thermal capa kgfm
m mas s kg
n air change ht

p peri meter m

P el ectric po w

q heat f Il ux W

Q t her mal ene| W

R thermal resi (AK) /)
S thickness m

U transmittan W (CK)
v vel ocity m/ s
\Y vol ume m?

U overall heat tr W (k)
d temperature K

= conductivit W (m
I volumetric n kgfm
Y l'inear thermal W (m

Vil



PEDIX

Pedi Descript
a attenual
ad,j adj acen
amb ambi ent
cal cal cul a
des design
ext externa
f frame
fl floor
g gl ass
gr a gradien
i i-t h
i g i nternal
i nf infiltr.
i nt i nter na
i mm i nl et

occl occupi e
op opaque
ppl peopl e
req require
ret return
S € external
S i internal
s ol sol ar
s p speci fi
sum summer
sup Supply
sur sur face
T transmhioss
t ot over al |
u upper

\Y ventil a:
w wi ndow
wat wat er
Wi n Wi nter
wil wal I

APEX

ApeDescr i
* aver e
# corre

viii



11 NTRODUCTI ON

I n recent y eau st, aitrhaebitloiptiyc hoafs become very in
politically. Especially after the COVID pande

have become increasingly prominent. Wi thin thi
cmmer ci al and industri al environments fits in.
Prior to the problem of air treat ment , whi ch
quality, i n or dseavitnag aohailesv ei teniesr gyecessary t

i nsulation so that the heat and xweist ht oi tb ealcsoonp
demand.

Broadening the perspective to the energy sector the EU, through the Energy Performance of
Buildings Directive (EPBD) approveid May 2024, gave the path to achieve the energetic and

climatic targets by progressively reducing greenhouse gas emissions and energy consumption in

the building sector by 2030 and achieving climatic neutrality in 2050.

Along the way to achieve these challenging goals, the use of district heating and cooling plays an
important role. In fact, district heating usually uses renewable technologies to produce both
heating and cooling such as geothermal heat pump or absarbiiien.

1.1 Purpose of the thesis

The main purpose of this master thesis is to analyse a district heating and cooling system in Padova
and find some solutions for the uside air conditioning. In particular, in a district heating
network such that of Padova, which has more than 3 knipgkes in the heat distribution section
are not negligible. The aim is therefore to exploit the heat reaching the end user in the best possible

way.

In this thesis, some possibilities for the end user will be examined with their pros and cons. The

goal is to present at the customer possible solutions in terms of costs and benefits.

Concurrently, a network wild.l be established
facilitating the acquisition of a comprehensive and dynamic consumption profile. Then, through

the analysis of this trend it will be possible to understand where amdnlich losses are related



to the customer6s actual consumption. This provi de
in turn enables the identification of potential avenues for loss reduction and the optimisation of

efficiency.
1.2 Forgreen spa benefit company

Forgreen Spa is a company headquartered in Verona
in the field of renewabl e energy and devel opment
energetic operator 100% r ene waobd eel st of oprr oenmmotteerrp roifs ec

peopl e.

In 2019 it became a benefit company based on environmental and social sustainability, ethic, and
responsibility in doing business. The main goal is to develop energy communities in such a way

to create responsible consumption patterns. The paradigm afthe i et y i LCivit he one of
Economp : it consi dééeing astalkk@nerstdna ane tte dineetibnl of the economic
action[1].

The vision of the company is to develop business model based on the review of the value at stake:
Sustainability

1
T Sharing
T Ethic

1

l nnovation

The mission of the company can be resumed in the following sentence:

iThe energy i s t heinndvatisntandudevelopment new susiainablet h ,

l'ifestyl eo

Forgreen spa itself is not defined as energetic operator but a developer and promotor of models
for enterprises and people, where the energy is a vehicle for starting a sustainability path. The
energetic communities of Forgreen are made up of people amghoces that wish to consume

clean energy they know where it comes from.

The main fields in which the company works are:
T Supply and withdrawing energy produced by shar

T Spread in the I talian mar ket i nnovative e rene



T Devel op the best solution of photovoltaic
of the model foll owing also the technic
efficiency at high standard

Although Forgreen is involved photovoltaic energy, it also manages a district heating and cooling
plant in Padova. This plant produces both heating in winter and cooling in summer and through a
cogeneration engine it also produces electricity. This plastbeenlesigned aahigh-efficiency

plant with the aim of reducing emissions to the environment serving hundreds of users.

The district heating management is not so simple because of several reasons that will be treated in
the following part of this thesis.

The future perspectives of Forgreen are:

T Energepirodagct @ on

T Give the possibilities to produce energy
T Reach an organization model wi t h:

o Exponenti al growth

o Agility and adaptability

o Il nnovation

o Efficiency

O Attraction of talents

1.3 Structure of the thesis

The first section of the thesis will present the overarching concept of district heating and cooling.
Subsequently, the Padova plant will be explained in comprehensive detail weithta grasping

the operational principle and the critical issues.

The second part of the thesis is devoted to an examination of the metering system. In particular,
the present metering system and its potential implementation will be examined in order to obtain

an accurate and intell i gerdidne remote reading

Subsequently, the thermal energy demand of a typicalcapnected user is estimated and
potential solutions for final users are presented. Each type of plant is studied in detail to gain a

comprehensive understanding of their characteristics and limigatio

f
a

o 1



Finally, the advantages of remote reading are outlined, and an overview of the advantages and

disadvantages of the different types of systems is provided.



2. DI STRI CT HEATI NG AND COOLI NG: PRI NCI PLE

This chapter presents a general historical overview of district heating and its developments with
an analysis of the advantages and disadvantages. Subsequently, the particulars of the Padova plant
(named TELEZIP) will be elucidated, accompanied by an esgilen of each component, the
configuration, and the current mode of operation and consumption reading.

Then, a brief overview of European and Italian regulations will be provided.

2.1 Historical overview of district heating, principle of operation, main

concepts and possible issues

District heating (DH) can be defined as a system whereby heat is generated in a central location
and then distributed to residences, businesses and industries in the surrounding area. District
heating offers a substantial opportunity for the efficienti-effective and flexible largscale
utilisation of lowcarbon energy for heating and cooling purpg2gs

A district heating and cooling system is a networked and locaisgdm thaihcludes many users

and provides both heating and cooling, usually through the exploitation of renewables sources

and/or waste heat. As a public system, it requires political action to facilitate its implementation.

The application of district heating technology has undergone a transformation in terms of both the
heat transfer fluid employed and the temperature at which is utilised.
In particular the historical development can be summarised in five geneif&fions
1 I°"generatiinomMew Yor k and 'Paawd se diredtywabadi etshe TI
heat carrier fluid was steam at high tempe
technol ogy was aimed to replacégeponét ati ong
was characterized by steam | eakages, huge
1 2°%generatiinonURSS bet ween 206s and 7006s. The
econpmggr amme j t wasdriiPreondou ctteicoomol ogy. The
by oversized pipes with no ther mal i nsul at
water (>100AC)
1 3%9eneratiinonScandi navi an countries between

promote efficiency and energy geduwreintdy @onr



the pipeisnsmelret gegd.e The heat carrier fluid used
(90/ 60 AC)

1 4'generatiinonScandi navi an countries, from 1006s t
fluid was reduced to address the reduction in
technol ogies. The temperature was set at 70/ 40
dr i veeghwol ati on was empl oyed

1 5Yeneratiinorwestern Eur ope!fyfernom .1 0Adss o pianr atlhliesl ct
objective was the reduction of the temperatur e
The salient features of the plant in question
pumps, t he possibiting ahd scmoltageaocansd heae f
temperaturfed]in the | oop

GEN WHERE WH'Y FLUI D CHARACTERI S
Repl ace St elaema k age
New Yo )

18t _ coal boi Steanm Huge heat

Par i s ) ) )
cities Corrosion
Superh Oversized pi
2nd URSS Pl anned water t her mal i n:¢
(>100/ AProdydct vem

g ¢ Scandi 1 Efficier Hot wse Priensul at ed

countr energy s (90/6C ADemamdven
_ Heat de I ncreased s
Scandi | ~ Hot we
4t h reduct i renewabl e
countr (707 4cC _
Renewab ADemamdven
Decentralizec
Low
Heat de pumps
West el temper .
5th reduct i Simultaneous
Europ wa t(er50 _
Renewahb cooling po

Table 2.11 Resume of the history of the district heating



Nowadays the district heating has become a p
EuropeAmd&lorta and in Japan. I'n | t2A%yof dibBeri ot
heat demand.

I n general district heating represents an alte
solution to produce domespace hbéatwartgrf orDHWg
commerci al buil di ngs. District heating is a s
pl ant and then distributed to a neighbourhood
is facilithted pypasnehwough which hot water
this type of plant is only justifiable where

the ther mal energy produced can kreefloseri bktede¢

be inexpensive

POWER PLANT

COLD
WATER

Figure 2.1 General scheme of the plgbi{

The heat is generated at the power plant.

The distribution network is responsible for the transportation of the fluid to the substation, where
the heat exchanger facilitates the transfer of heat from the primary circuit (from the power centre)
to the secondary circuit (serving the user). The tinquits are separated, with one fluid allocated

to each to prevent mixing. After the heat exchanger, the water in the primary circuit returns to the
power centre to be brought back to the desired temperature.

The cycle then restarts.

The district heating network eliminates the need for the user to utilise methane, substituting the

traditional boiler with the thermal substation, which only allows water to flow.



I n this way, the customerds |l ogic shifts from the
maintenance, management and assistance.

Very often, in order for district heating to fulbxploit its energy advantages, it is necessary to

utilise a combined system that generates electricity and heat simultaneously. This technology is

referred to as cogeneration.

Furthermore, the district heating service can be enhanced by the provision of a summer cooling
service. Thi s s yrgenerative isystedd e saisg niatt eids acaipabl e of pr
distinct forms of energy: heating, cooling and electricity. This configuration permits the

cogeneration plant to be employed for the majority of the year, as the heat generated by the engine

during the summer is utded to feed the absorption chiller, thereby preventing its dissipation.

Furthermore, the economic aspéx optimised since a vapour compression cycle with a high

electricity requirement is not employed to produce the cool.

The energy assessment is conducted through the implementation of inspections and the
consideration of specific parameters that ascertain the required thermal power. These parameters
are typically:

a)climatic characteristics of the area

b)surface area served

c)type of buildings

d)state of the buildings

It is responsibility of the district heating operator to guarantee the service and save energy when

the demand is |l ow by ensuring that the pressure
pressur e dinffdr eacheustbnmen | ( pp
One of the main parameters employed in the economi

' i near hédi dehsney as the ratio between the hee

transmission pipes:

Q — (1)

The following table presents a series of illustrative examples of linear heat density, with the

objective of providing an order of magnitude for the existing plant in Italian cities.



Energy delivered to Overall network _
Linear heat density

City the buildings length
[MWh/m]
[MWh] [km]

Asiago 9711 13.47 0.72
Brescia DH 981194 379.8 2.58
Brescia DC 32122 7.91 4.06

Ferrara 134816 82.58 1.63

Forni di sopra 1614 3.08 0.52

Telezip 1565 3.50 0.45

Torino 1790025 598.66 2.99

Verona 260395 80.63 3.23

Vicenza 38967 23.15 1.68

Table 2.2 Linear heat density of some lItalian cities

It is of the fundament al i mportance that an e
t hathetahe t ari ff (a/ MWh) for the final user i s
i ndividual heat supply solutions (e.g. gas boi
the utility be | ess than that of domestic userl

I n order to determine the appropriate diamet
subsequent procedu3l should be foll owed
l1.Estimate the target heat demand and peak |
i kW)
2. Usmomigiall e.g. 30K) to find corresponding m

3.Calcul ate diameter with either constant vV e

The distribution network may be constructed from steel or PE and HDPE. The two alternatives

present a series of advantages and disadvantages, which are summarised in the following table.



Mat er i Pros/ c Description

Hi gh strength

Good flexibili.i

Advant Can be joined by
Wi dely avail abl e

STEEL Familiar mamoe rkifalr c

Rel atively higt
Hi hl suscepti bl

Di sadva J Y P
Skilled | abour forc

S|l ower install

Low weight
Very flexible
Advant Can be fusion w
Avail abl et o nl.sG zre
Leak free and ful
PE AND Lower stresghhBtghtt

thus | arge diar

_ Hi gher pressure
Di sadva ) )

Larger di awmelkt@irsgfmwms

be of Il imited a\

Co$tuctuates wi'tt

Table 2.3 Advantages and disadvantages of two materials for the distribution pipes

The configuration of the distribution line may vary in accordance with the design selected by the

engineer:

Flgure 2.2 POSS|bIeconf|gurat|on of the dlstrlbutlon Ilne
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2.2 Case study: the TELEZIP district heating and cooling plant

The plant was built in the early years of thé'2é&ntury with the aim of redeveloping the area of

t he f or mer Officine MeccaficheStanoga,y ,| dicCarsoeSthti Uniti3 Padova.

The primary objective was to ensure compliance with the requirements of sustainable development
in economic, environmental and social terms. The specific location within the Veneto region has
rendered it an increasingly optimal destination for the estabést of advanced manufacturing,
logistics and service activities, which have attracted both Italian and international business
operators to the city.

Mg, Padova
Aq Ovest &
&

& Padova Sud
A

Figure 2.3i Location of the plant

The system consists of an industrial district heating and cooling plant.
The main functions of the plant are as follows:
T The system provides district heating in wi

and distributes heat transfer fluid via an

i ndustri.al buil di ngs

I n the winter mode, the system produces ho
condensing boil er s; in the summer mo d e, t
through electric chillers and/or abgorptio

cogenerators

T The system is -ef§bippedcwi pbwéighgeneration
LV/ MV el evation in the power station, with

11



The complete floor plan can be founddppendix A

The plant is constituted dfireeprincipal subsysten$]:
1.Central heating plant

The centr al heating plant encompasses all ma ¢ h
the generation of ther mal and cooling energy,
of electrical energy. This sectiors iamdl udes: k
absorber. The entire control system of the pla

towers and the heat sink of the cogenerators

pl aced on the roof

2.Distribution Iline
The distribution |Iine is completely insulated
ground |l evel. The pipes are made of steel for

branches
3.Substations
The distribution substations are situated in c
made entirely of steel and housed in dedicated
a heat exchange process occursmbéeheepowehe he:
plant (primary) and that of the customer 6s air
pl ate heat exchanger

The system comprises two principal manifolds for the collection of the heat transfer medium
(water):
p One that feeds the supply network and from whi

p One that receives the water returning from the

The network is of the branched type. This solution is the most straightforward to implement,
offering the shortest route and consequently the lowest costs. It does not provide absolute
assurance of reliability, as a disruption along a main branch cahiresgtisis for all downstream

users.

12



The plant has been properly oversized to guarantee the service required by the users in every
situation. The overall efficiency of the system is not affected by this oversizing, as each component
is modulating and controlled by a PLC. The primary objecifthe control system is to facilitate

the implementation of all necessary adjustments for the optimal and efficient operation of the

plant, in response to fluctuations in load over time.

=) ’ EVAPORATIVE TOWERS |

N— DISSIPATOR Q

CHILLER
OO0 0O o] QO

| COGENERATOR CHIMNEYS BOILER CHIMNEYS |

DISTRIBUTION
NETWORK

SWITCHBOARD
TRANSFORMER CONTROL SYSTEM

PUMPING ‘ .I
UNIT .

COGENERATOR 1
COGENERATOR 2
ABSORBER

Figure 2.4i Block scheme of the district heating plant of Padova

The central station that serves thstrict heating and cooling network in TELEZIP is constituted

of the following elements:

T 2 meth-Aoel ad cogenerators
met h-fnel ad boil ers
compressor refrigeration unit

absorption refrigeration unit

evaporative tower serving the absorbe

= =4 4 4 A -

2

1

1

1 plate heat exchanger for recovering t
1

1 eroyol er for possible dissipation of
c

ogenerator

13



The following section provides a concise overview of these components.

2.2.1 Pumping and expansion system

The mean supply pressure to the district heating
is 0,8 bar.
The expansion system of the network itswoconnected
closed expansion vessels of membr ane type and a
characteristics:
p Useful volume of each expansion vessel: 1000 |
p Prreharge pressure of expansion vessel: 3,5 bar
p Maxi mum operating pressure of expansion vessel
p Safety valpregssadr dr ad,i®nbar
This system is designed to maintain a constant su
The networkés water flow is assured by a pump uni
the return manifold and adjusts its speed to main

and return mani fol ds

- o

Figurikeuznpb ng system

To guarantee the optimal flexibility and efficienc
i nvecrotnetrr ol | ed pumps were installed in the specifi
the potential failurehefoaesahyl Bupompodaéstiyobfat
under typical operational conditions, only one pul

event of pump failure, the remaining units are au]

14



2.2.2 Cogeneration system

The plant is equipped with two cogenerators, a
option in the event of an increase in demand.
The gener al configuration of the cogenerator i
Q1
Q1e
:
-

FiguricGehe6 al scheme of the floWwb6df energy

This system consists in the simultaneous conyv
el ectrical energy and wuseful ther m&li gamer Ry 6w
illTustheacesnfi gurati on of irtehper essyesritesm,t haweh eereginn e
el ectri ¢ eaviher gyssdhcetmiadn s®d the bottoming sect

thermal energy Q. 1t is evidenti)tihattt hesivasime
useful thermal energy.

The generation of electricity is achieved usi
generator is then connveocltteadg @ ndipsatrrail b uetli ano ntehte
On the other hand, the thermal energy is reco\

15



The main characteristics of the motor are
POWER AND EMI SSI ON
Engine MTU/ MDE 3014
Fuel Natur al (
LHV 10—
Cycle Otto
Hot water t 100/ 80 A
El ectric 323 kW
Ther mal p 485 kW
Electric e 35, 6%
Ther mal ef 53 %
Overall ef 88, 6%
nl et tot e 907 kW
NQat the di < 548690
CO adiskéa < 360
Tabl eP@2welr and emi ssion data of <co
| generhael ,cogeneration system can operate in
p El ectri:c tphrei aurniitty f ol |l ows an el ectric po
t her mal power produced is dissipated by
entirely by the wusers. I't is not typica
than 50% of the rated power of the machi
p Ther mal: ptriheoruniyt foll ows a set ther mal
consumer s) . Consequently, the system
is no excess of ther mal power to dissi

16
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I n the case of TELEZI P, both cogenerators op
thermal tracking has a minimum of 60% of the I
| ow, only one cogenerator opesabdses, twi tbvehet
demand.
The heat recovery system allows to obtain hot
and conveyed by the water cooling circuit insi
During the winter operational period, t he wat
subsequently transferred to a heat exchanger,
heating distribution networ k.
I n the summer operating cycle, the hot water
absorber, thereby producing cold water for di ¢
I n both cases, the water must be returned to t
temperature exceeding 80AC, it is imperative
restore the preset temperature.
I n order to evaluate the performance of a cog:¢
par ameter s, which are outlined bel ow:
i Fuel utilization index
- = = 0.89 (2)
where: -0is the electric power produced
-0is the ther mal power produced
-0is the power of the fuel

This indicates that the cogeneration syste

design conditions.
ii . Energy savingcalnlded RrdiRBagr wlBmergy Saving

00"y P — P — P == WY (3)

17



wher€is the electrical efficiency of the se

-—“is the ther mal efficiency of the separ
-—is the electrical efficiency of the co
-—is the ther mal efficiency of the combi

The production of the s ecpoaurnattrey pilna ngtu eisst icoonn thieni
as a reference point.

The iwadsexcal cul ated i n ptlhaenndielslt gst rpahtaesse tolfatt ht
production of the good entailed a 38% reduct:i
manufactured together, that is to say, wi t h co

production of the good.

A pl ant is deemEdcitendy @odcdmer ati ve pl ant i f
criteria:

p PES > (0 fe< A MW

p PES > 1IiO0% PR MW

I n order to be eligible for white certificates

are negotiable securities that certify the ach

One certificate is equivaluenwntalteamtt {d0E£avi Mor ef

the designation of a cogeneration plant entail
1 Dispatching priority

T Rel ease of guarantee origin (GO)

T Reduction of the tax burden on natur al gas
iEl ectrical i ndex
O M tnpb (4)
This index indicates the proportion of electri
energy.

| O monly heat ©Ospepmloyueleae¢ctiiifci ty is produced

18



2.2.3 Boilers

There are two boilers i nstthalrldedonwei.t h the possi
The boilers are condensing heat generators eq
degree of oversizing is such that the failure

supplying sufficient heat to the users.

The heat generatorfiixedft the wiotrh ztomrn ead efefma ct

fl ame and wet Rhemismi amsl. | Bwr tNlDer mor e, the ge
condensation coil and a condensate water drail
The following table presents the principal c h:
BOI LER
Mo d el I CI TNOX 2
Power 2500 kW
Max operatin 110AC
El ectric ¢ 7,3 kVA
Efficiency ( 107 %

Tabl eM2i.® characteristics of the sing

Il 2014, the boiler burner was replaced with a

power modul ati on.

I f the temperature in the grid return manif ol
(i .e. when the heat output produced by the coc
grid), a control |l oop wmbdubetiontobhttede @Opeas
of the first boil er, with the objective of ac|
that i s epgoiaht tvak he. s&hce the | oad percentage

a preidreecertmhreshol d, typically between 85% and

initiates a regulation | oop analogous to the :
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b, L S <
i guricceheT al scheme of[ 7dn absorption chil

reni s the heat provided by the cogenerato
-Qis the useful effect
-Qon khrdaQ e the heat rejected in order to

ber is of the Lithium Bromide type and e
ber, which is supplied with hot water at
7 AC, which i s wused Itno ofredeedr tthoe pdriosdiurciectc
ete the absorber circuit, it is necessar
ted heat is dissipated into the external

tttye ilcatltlegyr empl oyed as it enables the ex
ejection of heat at | ow temperatures. Th
ginates from the condensetrs thever ¢edhle &ie
ess both vaporises and rejects the | atent
from the top of the tower at a constant
speed of fans.

ne is modulating and due to the substant:i

ty. I f the requirements exceed the maxim
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the electric chiller is activated to meet the
of an absorber shutdown.
The operational l ogic of the 6col dbd producti ol

absorber, which is continuously operational d

ABSOREHRRACTERI STI C¢

Mo d e | TSAG6LJI42
Refrigeratin 1319 kW
Nomi nal operat 13AC [ 1
Cooling water 29AC /| 3

Feed water te 98 AC |/

El ectric ca 7,3 kW
Tabl eM2ichar acteristics of absorber

The cold water production circuit comprises o0

returned from the users at 13AC, and the othe
7AC.

The cold water generator s, comprising absorpt
parallel to the aforementioned tanks/ coll ectol
In reférgooue Rod4dthis point, the section of thi
outlined.

The remaining parts,n whiechf gwildolwi bhep cdaedsedd i dore dt h
buil di ng.
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2.2.5 Heat si nk

The apparattbtsrecempirli aeed afi nned coil, which serve
of the heat exchange process.

ey | R

Figuriddeat8 sink of Telezip plant

HEAT SI NK

Capacit 1500 + 1

Number of 14

Finned c¢c Copper [ /

Il nternal (o 282 |
Tabl eM&2i.w characteristics of heat sink

I n the event that the cogenerator is in operation
for ther mal power, it may be necessary to dissipat
the temperature of the oveas emotendxaceéeed 8 MAC ctogears
operation. I f the water returning from the heat e:
of heat to the fluid directed to the wuser, or if
temperat thrighelri dhtalny 80AC, the water is directed t
mot or fans. This is because the exchange area of
reducing the water temperature t oe 8wWatCer Itno tthe e
returned to the cogenerators is significantly hig
activated to enhance the dissipation with the sur
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2.2.6 Chiller

The chiller was replaced in 2022 and the char:
CHI LLER
Mo d el RHOSE&EPE210(
Absorbed pov 267 kW
Nomi nal refrig 892 kW
Nominal air t 35AC
Nomi n atl e mpesrrat 7/ 12AC
Refrigerant R134A ( GWP
Refrigerant tem 22/ +130
Refrigerant <c¢h 55 kg
Refrigerant <ch 57 kg
Tabl eM&2i. 8 characteristics of chille

Any cooling enem@pyt dnermarmds tthlreatabasrog ber are fu

which consists of a compression refrigeration

As ment seatedanmr2.aX®s4orber is always in operati
the event that the cooling capacity required

the absorption system, the compressi om ¢hiel | er
storage tank, which is maintained at a temper
chiller is controlled by a sensor that acts a
storage tank at 13ACurkttosdpbdéésibfeomothaheot

of the absorber, with the objective of achi evi
absorber and the compression refrigerator. The
t h®&nk at 7 AC, after which it is then conveyed
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2.2.7 Current operating mode

The district heating and cooling plant I's current
outlined bel ow.

I't is important to note that despite the existenc:
and the customer, not al |l customers within the bui
utilise the service. IThtehetiernamwn shyasvtee nosp,t evdh itcoh ian
aut horised. Another issue pertains to the alterat]
subopti mal customer comfort due to the erection o
front mifnalhe, ttemereby impairing the operational e
routine maintenance, which is the responsibility
resulting in continued deficiencies in the equipm
The aforementioned factors collectively resulted
the project feasibility study. This has significal
the use of cogenerators im@mptaeachincalb!lfsomnbpohnan &
of annual operating hours and, in particular, the
be insufficient Anot hjeurstfi dgt oirhet hatuskesaes acfontri but
cogeneration is the cessation of the mi*hi mum guar

January 2023 for energy fed into the grid by coge:

In Ilight of the aforementioned considerations, it
p In winter, boiler (usvually only one) is used t
Il n summer, only the electric chiller is used a
absence of cogenerators in the summer mont hs
absorption cycle, given the unavailability of
These factors have had a deleterious i mpact on
cogenerators and the benefit from advantageous in
efficiency of the plant has declined.

Despite these factors affecting the power pl ant ¢

emi ssions persists due to the scaling factor.
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2.3 Advantages and disadvantages of district heating and cooling systems

trict heati nsguiitse dp atrot itchuel alrd ayt iwnegl lof dense
antages-utsert héadi tcionemi bute to the high ad
availabl e. Compared rtioctc chrevaenitnigo nparlo vh edaetsi ns

bothusbéde andizkea@a community.

advantages for the user in gendgr84dl are mul
Absolute safety: the replacement of gas W
eliminates the risk of fire due to the abs
Alilncl usive tariffs: the companies providi

ordinary and extraordinary maintenance of

Continuity and reliability of the service:
hi gher than that of a traditional boiler, \
service or breakdown for usersar@o nnyepcitcead |
equi pped with remote contr ol and remote ma
time detection of malfunctions and the pro
I n the case of Telezip, this instrument wi
Simplicityfardi vesakss: the plant necessar

considerably more straightforward than th

essentially only of a heat exchanger
Lower cost for the heat than traditional f
is linked to the cost of natural gas estab

the price of district heatthengprsieceiacfe gas
Maxi mum wusability of the service: the util
buil dings. The rooms housing the substati ol
Exemption f rroem e&vheeb loes esionufrtchees case of new |
n.199 of 8 November 2021 established that

must be met by[®knewable sources

Air pollution can be significantly reduced
from the wutilisation of energy recovery an
pl ants in comparison to the mul toi taudhetafbl e
decline in the overal/l energy expenditure
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T Reduction of poll utant substances released i nt
central pl ant may be selected on the Dbasis of
waste heat from a multitude of iIimduwstidiiasledpr oc
for this pudpesgnedndiastwreil dt heating system,
environment al i mpact than that of the chimneys

1T Possibility of implementing a rational policy

Despite the considerable advantages of di strict
di sadvh®lges

X The high installation and maintenance costs as
option only in areas of high population densit"
X In the case of natural gas power plants, there
particularly nitrogen oxides in the vicinity o

2.4 Environmental and social sustainability aspects of using a district heating

and cooling network

The necessity for air conditioning in the world is increasing in line with global population growth,
urbanisation and rising prosperity. The IPCC (Intergovernmental Panel on Climate Change)
anticipates a rise in cooling demand from 300TWh in 2000 to 4000IMVR050, which will have

an impact on C@emissions and climate chandd]. Moreover, the climate change observed in
recent years has resulted in longer periods with more severe temperatures throughout the year.
This therefore requires the implementation of robust and sustainable solutions to ensure the
maintenance of an adegeaandoor thermal environment, particularly during the summer months.
The utilisation of the district heating network for cooling purposes during the summer months
represents a further advantage of the system, as it allows for the comprehensive coverage of the
buil dingbdés annual ther mal r e opgiailatios of éwo distinctvi t hout t h
types of terminals for the two thermal seasons.

It is recommended that the use of district heating networks be encouraged wherever feasible for
several reasons. It is of great importance to disseminate information regarding the benefits and
advantages that the use of district heating and cooling wthenunity.

It is beyond doubt that the implementation of a district heating solution will result in a reduction

of atmospheric emissions associated with the use of domestic air conditioning. At the Italian level,
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the PNIEC Piano Nazionale Integrato per Energia e Clithas assigned an important role to
district heating, with the objective of extending the network.

It is also important to consider the enhanced enefjgiency that can be achieved through
alternative production methods, which often surpass the efficiency of individual domestic systems.
One must consider of the absorption cycle, which can produce cold through the utilisation of the
Afreeod h énthe cogenerater.s-aertthermore, during the summer season, this source is
classified as green and sustainable, as the cycle utilises pure water as a refrigerant, thereby
resulting in a Global Warming Potential (GWP) of zero.

The role of district heating in the energy transition is of significant importance. Its compatibility
with renewable sources renders it an advantageous solution for both the user and the producer. As
the level of demand from users increases, the lossegd®tthe central plant and the users
decrease. This is a tangible reality, as evidenced by the current system that has been in use for
over 15 years.

Moreover, the deployment of district heating services facilitates compliance with legal obligations
concerning the minimum percentage of renewable energy sources to be utilised in domestic
applications. In particular, new buildings or buildings underganstantial renovation must
comply with the requirement that 60% of their energy consumption for air conditioning and hot

water production must be covered by renewable energy sources.

From the perspective of the producer, a crucial element influencing the operation of district heating
is the capacity to measure individual consumption on an hourly basis. This allows for the
monitoring of consumption trends and peak demand, which inetuaibles the optimisation of

production planning. The utilisation of such data can enhance the efficiency of production

planning.

Furthermore, the government has introduced economic incentives to encourage the adoption of
district heating, thereby facilitating a more profitable investment from an economic standpoint.
These incentives are designed to encourage the connection mfsuttlithe network.

The price of the service may be determined in three ways throughout its utilisation:
T Avoi ded cost
1T Gaadependent <cost

f Operating costs
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The pricing structure of the district heating system under examination in this thesis is based on the
cost of gas. However, in contrast to the electricity and natural gas sectors, there is no unified
market due to the lack of physical interconnection betweetworks. The costs associated with

each network are contingent upon the energy source used for thermal energy production and the
overall efficiency of the systefi2].

The centralisation of heat production has the additional benefits of enhancing energy security and
reducing the risk of domestic accidents caused by boiler failure. Furthermore, the district heating
and cooling network design and operation facilitate tieation of local jobs by fostering the
development of technical skills in the energy sector and promoting the green economy.

2.5 Regulations and standards overview

It is imperative that legal considerations concerning the district heating service do not deviate from
the normative definition set forth in Legislative Decree n.28 of 3 March @D1hs. 28/201)1
In particular, according to article 2, paragraph 1, letter g, district heating or cooling is defined as
follows:
fiThe distribution of thermal energy in the form of steam, hot water or cooling liquids
from one or more production sources to a plurality of buildings or sites through a network

is a process whereby heat is transferred from the source to the buildingesoimsdrder

to heat or cool spaces, facilitate processing

In accordance with legislative mandate, all district heating networks are required to undergo

a

inscription in the registerof tfe Aut or i t © di Regol azi one( ARERA)ner gi a

The objective of implementing thermal energy transport networks on public land is to facilitate
the connection of interested parties to the network for the supply of thermal energy for space
heating or cooling, for processing and for covering domestievatar needs, in accordance with
the extent of the network and the relevant regulations.
T he c o neffeipnt distoidt hedting or cooling systéem was first defined by
2012/27/EC, which was subsequently transposed into Italian law by Legislative Decree 102/14.
This is a system that uses, alternatively, at least:
50% energy from renewabl e sources

Y

p 50% waste heat

p 75% of cogenerated heat
Y

50% of a combination of the preceding

28
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I n the European context the efficientCleathi st ri

c

Energy for all Europeans Package whi ch defines European energ

2030. The package stipulates, for instance, that:

T Efficient di strict heating can be wused

t o

obligations in buildisgscdlElUedi RED)X Il Ve AROtL.

T The right of di sconnection of inefficient
2018/izZ2@0kalled RED 11, Art. 24, paragraph
T I'n the compul sory annual energy savings
byfficient district heating and cooling

4
2

n

Cc a

DI RECTI VE 2018/ 2002, modiitpl hgd DEE®ctriecas?

paragraph 4)

With regard to | Piand Nazionale deRjgresd eaResiliedma, ( PPNNRER) A h a s

earmarked an allocation of 200 million euros for the construction, transformation and extension
of efficient district heating and cooling networks within Mission 2, Component 3, Investment 3.1.
The conservation of incentives subsequent tactimpletion of these interventions, financed by
the PNRR, is contingent upon the fulfilment of efficient district heating conditions for a minimum

of one year within the twgear period following the conclusion of construction activities.
2.6 Structure of the TELEZIP district heating distribution network

The hot and chilled water produced in the central plant is distributed to the customers via an

insulated underground pipe network. The exchange of heat between the heating network and the

air conditioning systems of the individual building units occurdddicated substations.

I n this context, the term Adistribution | inebod

heat transfer fluid, connecting the central heating system to the substations. The substation is

comprised of a plate heat exchanger. In substations, exedange occurs between the heat

transfer fluid from the ther mal power sour ce

conditioning system (secondary side). It is thus imperative that the pipes be thermally insulated to
minimise the exchange of hdmdtween the heat carrier fluid and the external environment as much

as possible.

29



The distribution substations are located within the building units in technical rooms or in dedicated
external containers. The compartmentalisation of the system renders the occurrence of breakages
or faults due to accidental impacts or actions by undedlfersonnel highly improbable.

The distribution line is fully insulated and buried between 1,7 m and 0,5 m deep, with a length of
approximately 3,5 km. The pipes are made of steel for the main sections and plastic for the final
branches. Given the considerable length of the distribugbwork, the loss of thermal energy is
nonnegligible.

POWER PLANT DISTRIBUTION LINE

Figure 2.91 Scheme of the plant from the power plant to the users

The substations are multiple and have different capacities depending on the type of utility. The
fluid temperatures in both the primary and secondary circuits are almost identical for each
substation, although the size of the heat exchanger differs. |naelifflerent flow rate of heat

transfer fluid will be circulated depending on the user.
The characteristics common to all substations are shown folkbwing table.

SUBSTATI ON DATA
Maand min temperatu 110AC

Max pressure (pri 16 ba

Max pressure (sec 10 ba
Winter inlet/outlet 80AC |/

Summer inlet/outlet -~ 7AC |/
Wi nteret/ outlet tempe S0AC /
Summer inlet/outlet t 15AC |/

Table 2.9 Common data for the substations
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Figure 2.10i Scheme of typical substation of TELEZIP

It is evident that the inldemperature from the primary side of the heat exchanger cannot exceed
110°C, as this is the limit permitted for substations. However, for the pipe network, the maximum

permissible temperature is 85°C.
2.7 Current metering system configuration

The meters that have been installed for the purpose of recording thermal consumption, regardless
of whether the customer is currently utilising the district heating service or not, are as follows:

p N. 16 Bireytderrosspl it M3

p N. 11 CloET ef#383

p N. 13 SileHbBObs2 CI-ET 06

p N.1 Sort™MIx0O-®EBO 12

At the present time, the meters are read one by one monthly by an operator whose role is to visit
the site and read and record the data in a dedicated register.
Since the Coster, Siemens and Sontex meters were installed over 7 years ago, it is necessary that

they be replaced.

Conversely, data pertaining to the power centre, including electricity and gas consumption,
thermal energy production, and other relevant parameters, are collected by a remotely manageable

PLC that can be managed remotely through an hourly reading.
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3. COMMUNI CATI ON NETWORKS FOR REMOTE METER

This section will set out the requirements for the implementation of remote meter reading, as well
as the requisitéevices that are necessary to accomplish this task. It will also present the entire
communication infrastructure, including an examination of the communication protocols and

standards employed.

3.1 Requirements for the implementation of remote metereading

The implementation of a remote metering system requires the establishment of an infrastructure
capable of managing the software that enables the signal to be conveyed from the meter to the
control centre and subsequently transmitted to the pertinent datdbarder to achieve this, it is
necessary to install a repeater and signal receiver in addition to the software.

The selection of devices to be wutilised is de
recently been installed and are compatible with remote reading.

To utilise the fiBmeterso software, the foll owi
- Windows 7/8/ 10/ 11
- CPU: dual core x86/x64 bit 1,5 GHz
- RAM 4 GB
- HDD: 150 MB
-1 GB for database and readings
- 2 USB ports

For the repeater to be configured correctly, the following requirements must be met:
p From windows XP SP3 to Windows 10

p CPU: x6&86b,i5% GHz
p RAM: 1 GB
p HDD: 3 MB
p Microsoft . NET Framework 4.0
The receiverb6s technical specifications are a:¢
p From wi ndow&i nXdPo wesP 31 @ o
p CPU: x68b GHz
p HDD: 10 MB
p RAM: 512 MB
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The computer characteristics present in the central plant that manages the PLC are in accordance

with the requirements for remote reading devices.
3.2 Communication protocols and standards used

The communication protocol employed is that of tm&kaWan systenloRaVNAN is a Low

Power Wide Area Network (LPWAN) radio technology that enables-tange transmission for

objects with modest power consumption. LEREN operates within the free subigahertz band,

which exhibits favourable propagation characteristics, thereby enabling the coverage of longer
distances than those achievable at higher frequencies, such as those used by 2.4 GHoof Wi
Bluetooth. The netork structure needs the presence of a minimum of one\M#Ragateway,

capable of spanning a wide geographical area, to oversee the management of a considerable
number of end points. This involves the collection of data from these end points and its subsequent

upload to theloud.

—y

- . |
| === o=
B NETWORK 2 EaES
\/ > SERVER > =S

HYDROSPLIT-M3 T
Split energy meter E S
Gateways

LoRa
communication WEB application
devices

Figure 3.1i example of.oRaWarsystem

The standard employed for meter reading is thBWS standard.

MeterBus or MBus is a European Standard (EN 13757) dedicated to the remote reading of water,
gas and electricity meters. The system developed with the specific objective of creating a system
for remote meter reading. In fact, it was designed to meetpheific requirements of battery
powered or remote systems. Upon interrogation, the meters are required to provide data to a central
AMastero, such as a | aptop, which requests the da-
The data transfer speeds are relatively low, allowing for-thisgnce communication. The typical

speeds range is between 300 bps and 2400 bps.
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The architectural scheme employed is the MaStave configuration. MBus belongs to the
fieldbus family, consisting of information transmission systems based on a common transmission

medium to which devices capable of receiving and transmitting infamate connected.

As M-Bus is an open system, with the technical specifications and communication protocol freely
available, it is possible to connect devices from different manufacturers in order to exchange
information. The communication is overseen by a single devicest@v)awhich periodically
queries other devices (Slaves) to collect information. A Slave is not able to assume the role of
initiator in the communication process; rather, it must wait for the query issued by the Master. In
addition to its function as a datoncentrator, the Master generally offers additional functions

such as data storage (data logger) and remote control via a communication irffte3face.

!..1

i M
M-Bus

Figure 3.2i Master/Slave architecture

The M-BUS system was developed with the specific purpose of centralising consumption data and
meter operating parameters. It offers a number of important technical advantages:
p High security in data transmission
Low cabling costs

p

p |t supports | ong distances

p Hi gh number of centralise devices
p

Automatic recognition of connected devices

In addition to the technical standards, remote meter reading is also a matter of European
legislation, as set forth in the EU Directive 2018/20D4.

Article 9c of this Directive states the obligation of remote reading, as follows:
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il. For the purposes of Articles 9a and 9b,
subsequent to 350ctober 2020 shall be deemed to be remotely readable devices. The
conditions of technical feasibility and ceeffectiveness set out in Article 9b(1) shall

continue to apply.

2. Meters and heat cost allocators which are not remotely readable but that have already
been installed shall be rendered remotedgdable or replaced with remotely readable

devices by 1 January 2027, unless the Member State in question demonstrates that this is
notcostef f i ci ent . 0o

3.3 Bmeters devices: features and functions

3.3.1 HM@Bmspkrs

This thermal energy meter is designated for use with external flowmeters that are equipped with
pul se output. I't can be installed on sites where

limited due to presence of obstacles. In such cases, thgcbhreat meter is not a viable option.
Main characteristics:

p Hot/ cold combined

p 2 pulse inputs + 2 pulse outputs integrated
p MBUS ENRIB5Dutput integrated
p Wirel-B9S ENM3 OU% put version
Par ameter Val ues
Temperature measuri.l 5 86 180
Temperature differe 3 8 150
Temperature measuri.l 2 0 24
Calibration temper 36 20 K
Max measur abVa&]fl 2.000
Il nput pul se ra 0,0, -252,15@ 5 05 (
Battery 1ife 10

Table 3.1i main characteristics of thermal energy meter
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This meter must therefore be furnished with cables for the purpose of connecting the measuring
probes. Subsequently, the device must thetobeected to a flow meter and synchronised to the
same number of pulses. An external controller then responds to the thermal energy demand from

the secondary side.

3.3.2 Electronic pulse output device

The meter described section 3.3.1s equipped with a pulse emitter device.

The mechanical core of the meter is the mjaltiturbine, the number of revolutions of which is

directly proportional to the circulating flow rate. The putseitter is furnished with a connecting

cabl e, which enables the transmission of the t
through a rotating magnet, converts the mechanical movement into an electromagnetic contact
(reed contact), which emitdectrical impulses with a frequency proportional to the number of

turbine revolutions and thus to the circulating water flow rate. The dedicated electronics then
acquire these signals together with those originating from two temperature probes lod¢hted on
systembébs supply and return pipes. Subsequent |

consumed is calculated.

3.3.3 Repeater

The wireless signal repeater-BussRFM RPT3, is a device that enables the replication and
expansion of the radio signal transmitted by the radio modules installed on heat meters in
accordance with the WMBUS standard. The device is programmable with aadtilities

window, within which it performs the repetition of WMBUS telegrams in accordance with the
EN13757 standard. Subsequently, the device repeats the signals transmitted by the measuring
devices excluding those that have already been repeatedrdarfdose other repeating devices.

The same device can be configured to enable the establishment of up to 3 levels repeating chains.

In conditions of optimal signal propagation, the range of each individual device is 300 meters.

3.3.4 Receiver

The RFMRX2 wireless MBUS receiver is a USB device that is used for the configuration and
collection of the reading data that is transmitted by the radio modules that have been installed on
heat meters in accordance with the WMBUS standard. The recsifemished with a SMA
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connector, facilitating the expedient removal and replacement of the 360° orientable antenna. This

device can cover distances up to 300 meters.

3.3.5 Concentrator

The RFMC3 is a gateway/data concentrator that collects data sent from WirelBss Nevices

and transmits them via GPRS signal or via an Ethernet/LANMMietwork. In the case of

TELEZIP a mobile phone SIM card is used. The data and information pegatoi the

consumption of energy, as transmitted by the Bmeters devices equipped with a wir®ass M

are collected by the RF@3 concentrator and in general subsequently transmitted-miaile

and/or FTP by utilising the GPRS network or, alternatively,irternet connection via an
Ethernet/LAN/WiFi network. The email contains the file of the acquired telegrams in either
fi.txto and/ or fi.csvo format, with the option of
configuration of the device is perfoed via a PC connected to the concentrator via a LAN cable,

utilising the ethernet port.
3.4 Technology infrastructure for remote reading

The remote reading systems facilitate the collection of the data recorded by the meter, thereby
eliminating the necessity for manual operation.

The aforementioned features collectively facilitate the follovjirk]:

Time saving in reading procedure
Attempted fraud detection

Water | eak detection

Error free data reading

T T T T T

More privacy for the users

p Data are directly stored into a PC thus

The floor plan of the buildings that TELEZIP reaches is preseéntddpendix A
The total extension of the area to be served is approximately 12 hectares, which equates to

approximately 120.000 square meters.
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RFM-C3 RFM-RPT3
ata collector Signal repeater

HYDROSPLIT-M3
Split energy metar

Figure 331 scheme of the infrastructure from the meter to the concen{rEipr

Given that the power centre is not in a barycentric position, it is imperative thafréstructure

be arranged with the highest degree of precision and care.

It is of the greatest importance that the repeaters be situated in the most optimal locations, to ensure
the minimum number of installations while simultaneously preventing any potential
communication issues. In consideration of the data sheet of theterepshich indicates a
coverage range of 300 meters, the selection of the location will incorporate a safety margin of 100
meters, given that not all meters are within the line of sight of the receiver. It is therefore proposed
that a maximum distance ofpjproximately 200 meters from the meter to the repeater be
considered.

The location of the repeaters is determined with the objective of providing a connection for all the
units that are eligible for service via district heating network. In fact, as statbdprter 2.2.7it

should be noted that at present not all the units are connected to the district heating network.

The following section of the thesis will analyse two time horizons:

p In the short term, the replacement of met €
have an old meter is the proposal under <co
p I n considetremm ¢ bendroing, it Iis necessary t
projections and to establish a hypothetica

be served.
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In order to satisfy the aforementioned requirements, the network was configured in the following

manner based on the results of a series of measurements:

Figure 341 Arrangement of Bmeters devices

Where:
p The red dots indicate the position of the mete
operational in the future
The yell ow dot represents the concentrator, wh
The green dots represent the repeaters. They
concentrator, which is situated in the power c
p The orange dots indicate the |l ocation of meter
p The blue dots represent the | ocation of the me
p The black Iine represents the Iink between the

For the sake of simplicity, the representation does not include the lines connecting the meters
directly to the power centre and the lines connecting the repeaters to the receiver. Moreover, in
some units, the sutounters have been omitted from the repnéstion in order to prevent
unnecessarily complex visualisation. As illustratefiigare 34, only the sukcounters in the upper
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right section are displayed, as they have already been replaced (orange dots), whereas the

corresponding general meter still requires replacement (blue dots).
3.5 Integration of Bmeters devices into the system

The shortterm intervention involves the replacement of users whose apparatus has reached the
end of its operational lifespan:

N. 6 Hydrosplit M3 with probes

fl ow meters

repeaters

receiver

= =4 4 A4 A -2
Z Z2 Z2 Z2 Z

6
2
1 concentrator
1
1

sof tware | icense.

The longterm intervention concerns the replacement of all potential customers, with the exception
of those who have already been replaced in the-gdont scenario:
T N2&#Hydrosplit M3 with probes

T N28 1 ow meter s

The software interface provides comprehensive information for parameter configuration, thereby
facilitating the generation of valuable insights into user and network behaviour.
Once the configuration of all the devices had been completed in accordance with the instructions

provided by the manufacturer, the data could be accessed remotely.
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1667,234 Kwh READ |

20500,00 |t READ |
0,000 kw [ READ |
0,000 m3h READ |
Actual Temperatures
1249 =¢ | READ
54,1 =C
708
Pulse inputs
0,000 m3 | READ
0000 m3 | ReD |
Pulse inputs
1 v [\pulse READ
1A -
1234
Enable 9 Disable
10 + [lpulse @
1A -
446510
@ Enable Disable
Billing date
01 giugno : [ READ J

Figure 351 Main output data readable
3.6 Costbenefit analysis of the implementation of remote meter reading

The implementation of remote meter reading offers many significant advantages. At the present

time, the meter reading is conducted at the end of each month by an operator responsible for

reading and reporting the consumption of the meter users. The pysefnuman error in the

reading or transcription of values is considerable. Furthermore, the company was required to pay

a fixed monthly fee for the techniciands services.

is approximatelgpatl»"@® per amominmuaé cost of Ga1.800

Two distinct economic analyses will be conducted: the first focusing on the short term and the

second on the long term.
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In the context of a shaterm analysis, the cost estimate is presented in comprehensive detalil,
given that the replacement is imminent due to the fact that customers are actively utilising the
district heating service.
_ _ Hydrosplit M3 Pulse _
Unit Diameter Installation Overall costs
+ probes launcher

ca7 DN100 G 261 a4 498 0 65¢C a 1. 4

A34 DN100 a 261 0 498 u 65¢C a 1. 4
C17 DN40 G 261 0 307 u 40C¢C a 96
C15 DN40 a 261 40 307 a 40¢C (968,40
069 DNG65 a 261 40 365 04 50C¢C a 1.1
A38 DN100 O 261 0 498 a4 65¢C a 1. 4
Total a 7.2

Table 3.21 costs for the implementation of the new measurement system

The term Ainstal |l at iagsotiatedavithctie mtfisatos e sonsurhables,c 0 st s
fittings, flanges, and working hours.

The financial outlay required for the implementation of a remote reading infrastructure can be
itemised as follows:

I t em Pric Quan Cost

Repl acement - 6 a 7.2
Recei V&RX2R a 18 1 a 18
Repeat RPTRBF 0 21 2 a 42
Concentr a ua 42 1 uas4 2 0,
Software | a 21 1 a 21
Tot al a 8.5

Table 3.3 initial costs for the infrastructure

The implementation of a new remote reading system has resulted in a notable decrease in the
occurrence of human error. The introduction of an automated reading step has enabled for more
precise measurement of consumption. This, in turn, results in a moratac@presentation of

the demand trend and peaks, which allows for more effective scheduling and more accurate billing.

In consideration of the lonatgrm analysis, an estimate was derived by taking the average cost for

potential future connections. It is not possible to make an accurate estimate in this case, due to the
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inherent variability of material prices and the variable unit occupancy. This estimate is limited to
substations, as the possibility of further subdivision cannot be foreseen at this time. Furthermore,
a considerable number of customers are not undemdystgntract, rendering the replacement of

meters on those units an inefficient use of resources.

Hydrosplit M3 +

Diameter Pulse launcher Installation Quantity Overall costs
probes

DN40 261. 00 307.40 400. C 9 a 7

DN50 261. 00 337.40 450. C 4 a 4.

DN65 261.00 365. 50 500.C 7 a . 8

DN100 261.00 498.30650.C 8 a 11

Total a 32.

Table 3.4i overall costs for thinfrastructure in long term

The costbenefit analysis shows that remote reading offers advantages in the medium to long term
due to following factors:

T Reduction of operational costs
T I mproving the data management
1T Better monitoring

T Opti mi zcaadn solnmpotfi on

T More privacy for the wusers

T Attempted fraud detection

1T Water | eak detection

Nevertheless, the full extent of the benefits that this measurement system can provide can only be

evaluated after one thermal year, as a comparison with the previous thermal year can be made.
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4. TECHMNEICOANIOMI C SOLUTI ONS FOR END USERS

This chapter presents an analysis of the unconnected users of buildingfiguigeé.2 on the
right-hand sidgwith the objective of calculating the winter and summer thermal energy demand.
Subsequently, a technieatonomic evaluation is conducted to analyse the potential for
connecting terminals to the district heating and cooling network, with the objective of defining the

criteria for selecting the most suitable solution.

4.1 Analysis of nonconnected users: types and characteristics

The users served by the district heating and cooling netwogkedeminantly wholesale stores,
the size of which can vary considerably: from 470 to 5.000 square meters.

The unserved buildings in hall C are almost all users divided into three zones:
T Offices
T War ehouse

T Shop (display area)

Warehouse

Offices

Figure 4.1- Arrangement of the neconnected users in hall C. All the quotas in meters.

Orange arrow indicates North direction

The quotas represented in figure 4.1correspond to the internal dimensions.
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The floor plan is divided into the following sections:
p 152°fmr the display area
p 133Ffmr the offices
p 300 mr the warehouse

This equates to a total area of 585 m
The structure is 6 meters in height.

The plant i s Centmwdngresso Ciwa tdhiisnt rtihcea fi n Padova.
the majority of users are of Chinese nationality. In traditional Chinese culture, the practice of
leaving the doors of a store open is not merely a practical indication that the store is open; it may
also be peceived as a gesture associated with the ancient Chinese philosophical and spatial
di sci pl i ne?l bhisresultsenragreasehloss af heat to the external environment than

would occur in a store with closed doors.

In this paper, thelants analysed will be based on this type of user, and thus the aforementioned
factors should be properly taken into account during the evaluation of energy needs.

The energy performance of the building will be evaluated in accordance with the standard EN ISO
13790:

i Me t h o d-steadgstai@ snethods, calculating the heat balance over a sufficiently
long time (typically one month or a whole season), which enables one to take dynamic effects

into account by an empirically determined gain and/or loss utilization factor

In general air conditioning systems are defined as systems capable of achieving, maintaining and
controlling, within the rooms they serve, predefined conditions of temperature, humidity, air
quality and movement. It is of the highest importance that {heeseneters be taken into account

when studying and implementing the plants.

t

to

an

ar

!Ancient Taoist geomantic art of China, auxiliary
into consideration aspects of the psyche and astrology.
support the assumpfi2dhs on which it is based
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4.1.1 Heating demand

The evaluation of the heating demand is conducted in accordance with the methodology delineated
in the standard UNI ENI28312017.

A steadystate calculation is employed for the evaluation of winter heat loads.

The calculation method presented below is based on the following fundamental assumptions:
p Uni form temperature distribution
p Heat | osses calculated under permanent <con
temperature values and characteristics of
p Heated r ooms

p Identical air temperature and operative te

The application of the calculation method is based on the determination of the heat losses to the
outside, which are determined by the following terms:
p Thermal conduction through the surrounding

p Design heat | osses due to ventilation or i

The following section presents the procedd@ for defining the winter heat load in a step-

step manner:

Step 1: Definition of sw)e external design
The buildings are located in Padova. To assess the winter energy demanatasigary to employ
the design outdoor temperature and the degree day of the city in question, in accordance with the
standard UNI 10349.

Locaq DD‘Zon‘ dies,

Pado‘238‘ E ‘-5 A

Table 4.1 Characteristics of the location: UNI 10349

Zone Eencompasses climates with degrees day range of 2101 to 3000.

The concept of climatic zones is defined in DPR n.412 of 26 August 1993. In particular, the
national territory has been subdivided into six climatic zones according to Degreetiayis

to say, according to the average climate of the municipality regardless of geographical location.

The Degree Day is an index of the climate, whereby a higher Degree Day value correlates with a
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colder temperature. Zone E is associated with the permitted system-ewipamniod, which runs

from 15 October to 15 April, with a maximum of 14 hours per day.

Step 2: Identification of heated zones
In consideration of the illustration depictedigure 4.1 it can be ascertained that tifee rooms
are heated. It is assumed that the adjacent rooms on the east and west sides of the buildings are

unheated for reasons pertaining to safety margins.

Step 3: definition of the space and the building envelope
The buildings under investigation are industrial structures erected in the early 2000s. In the
absence of precise stratigraphic data regarding the walls and roof, several hypotheses have been
formulated based on databases from that period. It seemsthkelhe materials employed were
those described in the document of 2011 producéd®yp mi t at o Ter md#.dheni co |t al i
document presents a series of potential options, applicable to both residential and industrial
contexts. In consideration of the prefabricated sheds, one of the options exhibiting a low degree
of insulation was determined to be the most suitablengilie low energy class of the structure.
The table below provides a detailed overview of the wall and roof stratigraphy, accompanied by

the respective surface resistance values:

WALL

Layer > > g R & o e
m]  WImK)] [kg/m’] [(M?KYW] [J(kg K)] [MI(M*K)]  [kg/nT]

Ree 0.040
Precast concrete 0.06 0.58 1400 0.103 1000 1.40 84.0
Polystyrene 0.08 0.16 30 0.500 670 0.02 2.4
Precast concrete 0.06 0.58 1400 0.103 1000 1.40 84.0

Rsi 0.125

Table 4.2i Characteristics of the wall

where: Y - (5)

a B zj (6)

The same considerations that were made for the walls also apply to the roof.
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The stratigraphy of the roof is presented in detail in the table below:

ROOF
S o J R Cp Cv Mep
Layer
[m] [W/(mK)] [kg/m?] [(M*K)W] [J(kg K)] [MI/(m*K)] [kg/nT]
Rse 0.040
Bituminous WPR
0.01 0.17 1200 0.059 1000 1.2 12
membrane
Concrete screed 0.12 1.06 2000 0.113 1000 2.0 240
Mortar 0.02 1.40 2000 0.014 1000 2.0 40
Reinforced concrete 0.04 1.60 2400 0.025 1000 2.4 96
Slab 0.18 0.55 900 0.327 1000 0.9 162
Rsi 0.100

Table 4.3 Characteristics of the roof

The boundary condition considered for the internal and external surfaces was the one%f the 3
type: fixed heat transfer coefficient and temperature of the boundary fluid (Neumann condition).
This allowed the evaluation of the thermal resistance of the inner and outer surfaces, which
contribute to the heat flux:

Yo — (7)

h

The term U is used to denote the gl obal heat
convective and radiative components. The UNI EN ISO 6946 standard defines different values
depending on whether the surface in question is horizontal or verdodl, furthermore,
distinguishes between upward and downward flow.

In the case under consideration, the coefficients employed are summarised in the following table:

Unt u;xt

Sur face . .

wlfa v wfa v

Wall (vertical 8 25
Rodfhori zont al sur"’ 10 25

Table 4.4i global heat transfer coefficient for inner and outer surfaces
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In addition to the lack of detailed information on the stratigraphy of the walls and roof, there is
also a paucity of data regarding the materials used to fabricate the windows and doors. A visual
analysis suggests that the windows are likely to-bedddouble glazing, without any treatment
and without the use of any gas in the cavity. In order to calculate the transmittance of the window
(comprising the glass and frame), the procedure set out in EN ISO 10077 is followed.
The dimensions of the windows in question are identical for the entire structure. For safety margin,
doors are also to be considered as windows.
The dimensions of the doors and windows are provided in the following table:

Leng Hei g

El ement
[ m] [ m]

Gl ass 1. 4 1.7

Shop doc¢ 2.3 2.5

Ot her do 2.3 0.9

Table 4.5 Dimensions of the glazed elements
The characteristics of the glazed elements are evaluated in the following section.

GLAZED ELEMENTS

S As Ug® Ay Yg Pg Uw
[m] M’ WInPK)] [m?7  [-]  [m] [W/(nPK)]
0.06 0.30 3.30 2.08 0.06 5.8 3.04

Table 4.6i Characteristics of the glazed elements

where:

Y% (8)

The overall transmittance of the glazed elements, comprising both the frame and glass, is

3.04—.

2https:// bi b-b-u e ti meodci ai-vietd/agsusi odeami s si vi /
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Theoverall transmittance of the walls, roof and windows is summarised in the following table:

Resi st a Transmi't
El e me ) )

[ ("K) /[ W] [ WEK) ]
Wal | s 0.872 1.147
Roof 0.679 1. 474
Gl aze 0.329 3.038

Table 4.7 Resume of thigeansmittances of the building envelope

As illustrated infigure 4.1all unconnected buildings are representative of the aforementioned

layout. The glazed elements within the building envelope are arranged as follows:

Room Wi ndo Door

Shop 6 1
of fic 3 1
War eho 5 1

Table 4.8 Distribution of glazed elements in the building

In accordance with the standard UNI 7357, if a room to be heated bordersheated room,
specificcoefficients must be employed, taking into account the particular circumstances of each
case. In this report, however multiple buildings are considered. The first and the last buildings
(figure A.2) are situated in proximity to the external environment, whereas the remaining
structures are positioned in proximity to other buildings. In order to ensure consistency in the

calculations, it will be assumed that all the walls facing eastestl are adjacent to ndreated
spaces.

0 Y
Room Arloor h \ Aw [m] [m"2]
m3] [m] [Mm9] [m outdoor  Unheated .- unheated
space space
SHOP 152 6 912 20.0 8 19 28.0 114.0
OFFICE 133 6 798 9.2 7 19 32.8 114.0
WAREHOUSE 300 6 1800 14.0 15 40 76.0 240.0

Table 4.9 Geometric parameters of the typical roonnected users
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As previously stated, some walls are situated in proximity to the external environment, while
others are adjacent to unheated rooms. Accordingly, the two surfaces are distinguiabéa in

4.9, as they will be treated separately in the dispersion calculation.

Step 4: evaluation of the required peak power for heating and the corresponding energy
demand.
Prior to start the calculation, it is of the utmost importance to stipulate that all the prodedures
the heating demandave been conducted with the assumption of neglecting heat gain due to
human activity, electrical equipment, and lighting. This is done in order to ensure the inclusion of
a further safety margin.
The overall design heat loss is calculated as the sum of the transmission and ventilation losses, as
specified in the standard UNI EN ISO 12831

n n N )
In order to evaluate the twierms,it is necessary to find out the transmissié@ X and the

ventilation {O ) coefficients respectively.

Abouttransmission losses, the following procedure is recommended:
n 02—y — i (10)
and: O Y 20 Y 20 Yz0 zZw (12)

To calculate the transmission coefficient, it is also necessary to consider the impact of thermal
bridges, which are represented by the coeffigentin the field of building science, a thermal
bridge is defined as a part of a building envelope where the otherwise uniform thermal resistance
is significantly altered. There are two main scenarios in which thermal bridges may occur:
T Discontinuities in the composition of the buil
f Variations in the thickness of the building fa
In accordance with UNI 7357, a preliminary approximatiorceosider the effect of thermal
br i dg erefabricated Goncrete industrial buildings r equi res an increase of
coefficient of transmission losses for opaque surfaces. In order to ensure a sufficient safety margin,
the overall coefficient of transmission of the wall is considered.
As previously stated, the transmission coeffici@dt)(must then be further corrected for surfaces

bordering unheated rooms. In accordance with UNI 7357, the transmission coefficient for those
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walls must be weighted with the valce. The case consi der erdomi n t hi

with at least 2 external walls and windaws i n Owh.6.ch

The second term for the evaluation of the winter peak power calculation concerns ventilation heat
losses.

Given that the height of the buildings in question exceeds 4 meters, ventilation heat losses are
affected. This is accounted for by the coefficients derived from the standard UNI EN 12831

_ Di fference b
Al r temper a

Heat emi ssi operative t
— [ K/ m] .
V= [ K]
Warm air hea
. ) 1,00 0
additional d
Warm air he
0, 35 0

additional d
Table 4.10° Coefficients for buildings higher thanmeters for the ventilation heat losses

In the context of the winter evaluation, the internal design temperature employed is set at 20°C.
Nevertheless, in view of the fact that the height in question exceeds 4 meters, it is imperative to

consider the parameters set outaible 4.10nvhen evaluating the ventilation losses:

Ly —5 = z -0 Y— ¢mpz - ¢ ¢¢dl (12

The corrected internal design temperature is set at 22 °C.

For what concern the transmission losseg (ke temperature is considered 20°C.

Considering the requisite safety margin, the possibility of additional destratification devices was
excluded from the hypothesis. However, in the actual case study, some of the plants will be
presented in the following sections with the inclusion of destratifiers.

To calculate the ventilation coefficient:
n oz Iy — K (13)

where: O (14)
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and: 0 ¢ zw (15)

For the evaluation of peak power in winter the air change rate to consider fsa3.5tated in the
standard UNI 10339.

Room Hr n Hy n  On n Py Ps
W/K] W] [W/K] W] [m¥%h]  [kwW] [W/n] [Winf]

ext 412.0 10299.9

SHOP Unheatec 324.2 48624 153.1 4132.7 456.0 193 21.2 126.9

ext 340.1 8501.4

OFFICE unheatec 276.7 41503 133.9 3616.1 399.0 16.3 204 1223

. ext 743.3 17094.8
WAREHOUSE Unheatec 592.6 77043 302.1 7552.5 900.0 323 18.0 107.8

TOTAL 67.9

Table 4.11i Evaluation of peak power for heating demand

Regardingthe calculation of energy requirements, the standard UNI 10339 is again the primary
reference point for the determination of air change rate coefficients. In consideration of the
intended use of the local context, the coefficient 6.3 lemployed for the evaluation@f

in accordance witformula (15)

The following formula is used to calculate the energy demand:

. Qe Qi, 0

z

() (16)

Given that the two walls in the same room have disparate he#tdnsshission coefficientdd ),
it is deemed prudent to consider the higher value, that of the wall bordering the external
environment, in the calculation to ensure an adequate margin of safety.

Specific energy

O ; Energy demanc
Room demand
[m3/h] [KWh]
[KWh/(n? y)]

SHOP 273.6 28815.4 189.6
OFFICE 239.4 24044.3 180.8
WAREHOUSE 540.0 52874.7 176.2
TOTAL 105734.4 180.7

Table 4.12 Heating demand calculations
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4.1.2 Cooling demand

In contrast with the winter case, tegaluation of cooling demand needs the consideration of
extreme temporal variability in heat flows (heat gains), predominantly due to the substantial and
rapid fluctuations in solar radiation throughout the day. The instantaneous heat flow that penetrates
a room is not transformed immediately into a cooling load due to the differing level of thermal
inertia exhibited by structures. It is of the utmost importance to consider this factor in order to

prevent errors in the estimation of the potential of theegys

The internal design temperature for the summer season is set at 26 °C in the office and shop, and
28°C for the warehouse, in accordance with the standard UNI EN 16798.

There are several methods for the evaluation of the cooling loads. In this discussion the Carrier
method is employed. This method allows for the obtaining of an hourly profile of the loads,
whereby the cooling load is defined as the sum of six terms:

n n N N n n 1 N (17)
The following section provides a detailed explanation of the terms included exuiagon (17)
accompanied by the relevant calculations.
For the sake of simplicity, the results of only one of the three rooms are presented; the procedure

for the other rooms is identical, with only the numbers differing.

The main results are presentedippendix B

In contrast to the winter evaluation, which is static, the Carrier method requires the definition of a
time profile for the outside temperature. The external air design temperature in summer is
calculated according to the following formula:

—h  — &R NtzY—y (18)

The standard UNI 10349 is employed, which in the case of Padova, yielded the following

parameters:
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dair, sum

Cair extymax | P irext | P(t) rC) Hour
0.98 21.26 6
0.93 2191 7
0.84 23.08 8
0.71 24.77 9

0.56 26.72 10
0.39 28.93 11
0.23 31.01 12
0.11 32.57 13
0.03 33.61 14
0.00 34.00 15
0.03 33.61 16
0.1 32.7 17
0.21 31.27 18
0.34 29.58 19
0.47 27.89 20
0.58 26.46 21
0.68 25.16 22
0.76 24.12 23
082 2334 24
0.87 22.69
0.92 22.04
0.96 21.52
0.99 21.13
1.00 21.00

34 13

g | W N|

Table 4.13 Summer design temperature for Padova
The characteristics of the building can be found out ircktagter 4.1.1

The six terms that appear in tbguation 17are analysed and explained in detail below.
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1%'termi 1 : convective heat flow due to the incoming and outgoing air rates in the room
n O zw? | / (19)

This contribution is only considered in the presencmethanical ventilation. Indeed, the mass
flow rate, specific heat, and the inlet temperature are all referenced to the inlet air. In this initial
approximation this term is disregarded since it does not take into account any mechanical
ventilation system.

Qv
Term Reason

[W]

o Because there is not considt
Ventilation o
any ventilation system

Table 4.14 Ventilationgainsfor shop
2"termi f; : infiltration gains
n 0 2Oz — — (20)

The parameters that contribute to the infiltration and ventilation gains are, for the most part,
similar. The sole distinction |Iies in the od.

evaluation, the value must be calculatechnhourly basis.

The air flow rate is determined by the calculation presentedjuation 15which assessdhe
peak power required for the heating. The od i s
(table 4.13 and the internal setpoint chosen: 26°C during the summer season for shop and offices,

and 28°C for the warehouse.
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Term Hour dn
W]
6 -725.52
7 -626.03
8 -446.95
9 -188.27
10 110.21
11 448.48
12 766.85
13 1005.63
14 1164.82
15 122451
16 1164.82
Infiltration il 102553
18 806.65
19 547.97
20 289.29
21 70.41
22 -128.57
23 -287.76
24 -407.15
1 -506.64
2 -606.13
3 -685.73
4 -745.42
5 -765.32

Table 4.15 Infiltration gainsfor shop

In thetable 4.15here are some negative values. It means that for some hours during the day the
heat flow is reversed because the indoor temperature overcome the outdoor one. The highest
recorded value is observed at 3 p.m. when the difference between the internatesndl ex

temperatures is at its maximum value.
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3“termi i : conduction heat flow through the glazing element
n BTz'vz — (21)
In the evaluation of summer heat loads, as in winter, doors are considered as windows to have a

safety margin. In thequation 21U, and & are referred to the windows and doors of the room

considered.
- Glazed area -
[m?]
6 -288.42
7 -248.87
8 -177.67
9 -74.84
10 43.81
11 178.28
12 304.84
13 399.77
14 463.05
15 486.78
16  463.05
Windows 20.03 17  407.68
18 320.66
19 217.83
20 115.00
21 27.99
22 -51.11
23  -114.39
24 -161.85
1 -201.40
2 -240.95
3 -272.60
4 -296.33
5 -304.24

Table 4.16 Conduction through windows for shop
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Windows and doors are considered to have no thermal capacity: no thermal inertia.
As observed intable 4.16 which is analogous tdable 4.15 some values are negative.
Additionally, the highest value is still recorded at 3 p.m. which coincides with the maximum

difference between indoor and outdoor temperatures.
4"termi 1| : conduction heat flow through the opaque wall
A BTYZYZVYY (22)

The opaque elements have a capacity that, as a consequence of the effect of inertia, results in a
delay in the peak load over time. Moreover, the cooling load becomes smoother throughout the

day.

In order to guarantee a safety margin when evaluating the summer peak power, the building is
treated as if it were isolated. Consequently, all surfaces (north, south, west and east) are included
into the calculation. In this analysis the heat flux throtighfloor is not considered, given that it

is lower, and furthermore, the calculation of this flux is more challenging.

The transfer of heat through opaque external walls and the roof is attributable to two primary
factors: solar radiation absorbed by external surfaces and to the temperature differential between
external and internal environments. Consequently, the améungad transferred is contingent

upon a number of factors, including latitude, the specific period of the year, the time of the day,

the degree of solar exposure, the mass and composition of the wall and roof materials.

In order to facilitate the calculations, the concept ofasol r  t e m pue/)risantraduced. Thel

term is defined as the temperature of the outside air that, in the absence of any solar radiation,
would result in the same heat flux as observed in reality. This is due to incident solar radiation,
exchanges by radiation with the skyd surrounding surfaces, and convective exchanges with the
outside air. To obtain this value, complex formulae may be employed, but they can be simplified
by utilising tabulated values from manuals. In the literature, tabulated values are provided for
specific orientations, masses and the wall types (UNI EN ISO 52016). The corresponding values

of the specific mass are derived frtable 4.2andtable 4.3espectively for the walls and the roof.

In equation 22the transmittance (Jand the surface (Sare referred to the specific element

considered. It is necessary to analyse the wall on abyesase basis, as the valueXs¥  is
dependent on the specific orientation.
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Wa.” S I (o] b I (o] 3" I (o] (o]
T S o PTg  Gop( P Gop( 3 PIg Gop( Y| Gop

name [m?] (b MW (s W (y [W] W]

6 [-08 -257 0.8 1046 6.9 1545.6|1624.5
3 w 114 7 (-19 -609 02 261 6.4 1433.6|1398.8
% OR 152 8 [-25 -80.2 -03 -39.2 5.8 1299.2|1179.7

9 [-19 -609 -03 -39.2 5.8 1299.2|1199.0
10 | -14 -449 -03 -39.2 6.4 1433.6| 13494
11 | 3.6 1155 0.8 1046 6.9 1545.6| 1765.6
12 | 64 2053 19 2484 85 1903.9| 2357.7
13 |10.8 3465 3.6 470.7 119 2665.5| 3482.7
14 | 13.1 420.2 5.3 693.0 14.1 3158.3| 4271.5
15 | 13.6 436.3 10.2 1333.6 15.2 3404.7| 5174.6
16 | 14.1 452.3 14.1 1843.6 17.5 3919.9| 6215.8
Opaque 17 | 125 401.0 18.6 24319 19.2 4300.7| 7133.6
surface 18 | 10.8 346.5 21.9 2863.4 20.3 4547.1| 7757.0
19 | 81 259.8 225 29419 20.3 4547.1| 7748.8
20 | 6.4 2053 19.7 2575.8 19.2 4300.7| 7081.8
21 | 53 170.0 152 19874 18.6 4166.3| 6323.7
22 | 42 1347 85 11114 18.6 4166.3| 5412.4
23| 3 96.2 53 693.0 17.5 3919.9| 4709.1
24 119 60.9 3 392.2 16.4 3673.5| 4126.7
08 257 25 3269 147 3292.7| 3645.2
0.2 6.4 19 2484 125 2799.9| 3054.8
0.2 6.4 1.3 170.0 10.8 2419.1| 2595.5
-0.3 -96 1.3 170.0 9.7 2172.7| 2333.1
-0.8 -257 0.8 1046 7.4 1657.6|1736.5

g bl W N|

Table 4.17 Conduction heat flow through the wall for the shop

The values ofp Eqtakenfrom the tables are the one that correspond at specific mass of 360 kg/m

for the walls (at the specific orientation) and 400 Kgion the roof.
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It is evident that the proportionality of the contributions of the three opaque surfaces to the
exchange surface area results in greater losses for the roof than for the side walls. In contrast to

the preceding terms, the highest value is observed tdrsliifte at 6p.m.
5"termi ] : solar radiation
N B Y2020 28 (23)

In contrast to the winter case, the solar radiation assumes a central role in the summer evaluation.

The solar radiation transmitted through the glazing components is dependent on the orientation:

p G maxi mum i ncident solar radiation. |t is t
calcul ati on, the value of July is considered.
p Oy attenuation factor. It depends on the orie

t her mal capackyt.y Tohfe tlhaet tredoom a(nM be evaluated tF

o 2T 8B W (24)

The thermal inertia of theth generic wall facing outside has to be considered as whole,
while the kth internal wall is counted for half of the thermal capacity because the other
half is considered in the adjacent room. Also in this case the value at¢émuation factor
can be found tabulated in literature. In this case study the attenuation factor taken from
tabulated values is that which corresponds to 490 fgineach orientation.
p Of shading coefficient. |t is calcul ated as

analysed glass and the solar factor of a refer

&

(25)

f
It depends on the shading el ements and on the
case study <considered t hdeoulbdiel dcilpegatrh agtl equ inmp ¢

correspomddx to
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So, with all this information the solar radiation for the single room caraloelated:

Term Window Orientation S & X Hour fa *
name m7 [ W]
b S 20.03 0.77 276 6 0.07 | 297.97
7 0.06 | 255.41
8 0.12| 510.81
9 0.2 | 851.36
10 0.3 | 1277.03
11 0.39 | 1660.14
12 0.48 | 2043.25
13 0.54 | 2298.66
14 0.58 | 2468.93
15 0.57 | 2426.36
16 0.53 | 2256.09
Solar 17 0.45| 1915.55
radiation 18 0.37 | 1575.01
19 0.31] 1319.60
20 0.27 | 1149.33
21 0.23| 979.06
22 0.2 | 851.36
23 0.18 | 766.22
24  0.16| 681.08
1 0.14 | 595.95
2 0.12 | 510.81
3 0.11 | 468.25
4 0.1 | 425.68
5 0.08 | 340.54

Table 4.18 Solar heat gain for the shop
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It is evident that as the quality of the glass improves, the dispersion to the exterior decreases. In
this case the maximuoontribution is observed at 2 p.m. The maximum value for the other rooms

is contingent upon the attenuation factor, which is in turn dependant upon the orientation.

6™ termi 1} :internal gains due to electric appliances, people and lighting
n Nai Ni Nhs s (26)

In calculating the summer peak demand, it is imperative not to neglect the internal gains from

lighting, people and electrical appliances. Such heat loads must be subtracted.

The first contribution to be calculated is that pertaining to the lighting system.
N & n r 27Q (27)

The data pertaining to the evaluation of the internal gains resulting from the illumination are
presented itable 4.2(J18]. In this case, the assumption is that fluorescent lamps are present, and
the installed power is calculated in accordance withstaadard UNI EN 12464, taking into

account the different levels of illumination required in each room.

The second term refers to the presence of persons on the site. In this case, the occupancy rate is
determined in accordance with the intended use of the room, with reference to the standard UNI
EN 16798.

The internal contribution provided by individuals is determined by the specific activity they are

engaged in within the designated area, as illustrated in the subsequent table.

Occupan Fl oor N. of Gai n
Room
[ppd/m [ [ppl ] [ W pg
Shop 0.10 152 19 65
Oof f i 0.12 133 16 65
War e h 0.05 300 15 70

Table 4.19 Presence of people in the rooms

The third term concerns the electrical appliances that are employed.

In the context of this analysis, the focus is on computers and printers in the offices.
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In the context of the warehouse and shop, the lighting system represents the sole aspect that is

subject to consideration.

El ectric power | Other el ect
Room
[ WAm [ WAm
Shop 20 -
of fic 20 5
War ehoa 10 -

Table 4.20" Internal gain due to electric appliances

It can be observed that the contribution of the lighting system varies depending on the specific
room in question, as the lighting requirements are contingent upon the intended use, in accordance
with the UNI EN 12646 standard.

The accumulation factor is derived from the standard UNI EN 15193 with consideration given to

the utilisation of fluorescent lamps.
In all the three rooms, the presence of people is considered between the 7a.m. and 8p.m.

Table 4.21presents the hourly contribution provided by the internal gains.
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Stoor Electric power 1 n i n
Term Hour  facc light
[m?] [Wi/n] W] [W] [W]
152 6 0.00 20 0.0 0.0 0.0
7 0.58 20 11.6 1235 2998.2
8 0.85 20 17.0 1235 | 3819.0
9 0.88 20 17.6 1235 | 3910.2
10 0.88 20 17.6 1235 | 3910.2
11 0.9 20 18.0 1235 | 3971.0
12 0.92 20 184 1235 | 4031.8
13 0.93 20 18.6 1235 | 4062.2
14 0.94 20 18.8 1235 | 4092.6
15 0.94 20 18.8 1235 | 4092.6
16 0.94 20 18.8 1235 | 4092.6
Internal 17  0.95 20 19.0 1235 | 4123.0
gains 18 0.95 20 19.0 1235 | 4123.0
19 0.95 20 19.0 1235 | 4123.0
20 0.48 20 9.6 1235 2694.2
21  0.00 20 0.0 0.0 0.0
22 0 20 0 0 0
23 0 20 0 0 0
24 0 20 0 0 0
1 0 20 0 0 0
2 0 20 0 0 0
3 0 20 0 0 0
4 0 20 0 0 0
5 0 20 0 0 0

Table 4.21 Internal gain for the shop

At this point, it is possible to resume all the contributions in a single table, thus affording a more
wide-ranging overview of the room. lorder to facilitate a more comprehensive understanding,

the hourly plot is presented.
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Peak power
qv qu qw QOp Qig QS Qtot

Hour for cooling
A\ W] W] \ W] [W]
[W]
6 0.0 -7255 -288.4 16245 0.0 298.0 908.5
7 0.0 -626.0 -248.9 1398.8 2998.2 2554 37775
8 0.0 -446.9 -177.7 1179.7 3819.0 510.8 4884.9
9 0.0 -188.3 -74.8 1199.0 3910.2 8514 5697.4
10 | 0.0 110.2 43.8 1349.4 3910.2 1277.0 6690.7
11 | 0.0 448.5 178.3 1765.6 3971.0 1660.1 8023.5
12 | 0.0 766.9 304.8 2357.7 4031.8 2043.3 95044
13 | 0.0 1005.6 399.8 3482.7 4062.2 2298.7 11248.9
14 | 0.0 1164.8 463.0 4271.5 4092.6 2468.9 12460.9
15 | 0.0 12245 486.8 5174.6 4092.6 2426.4 13404.9
16 | 0.0 1164.8 463.0 6215.8 4092.6 2256.1 14192.3
17 | 0.0 1025.5 407.7 7133.6 4123.0 19155 14605.4 14605.4

18 | 0.0 806.6 320.7 7757.0 4123.0 1575.0 14582.3

19 | 0.0 548.0 217.8 7748.8 4123.0 1319.6 13957.2

20 | 0.0 2893 115.0 7081.8 2694.2 1149.3 11329.6

21 | 0.0 70.4 28.0 6323.7 0.0 979.1 7401.2

22 | 0.0 -128.6 -51.1 5412.4 0.0 851.4 6084.1

23 | 0.0 -287.8 -114.4 4709.1 0.0 766.2 5073.2

24 | 0.0 -407.2 -161.9 4126.7 0.0 681.1 4238.8

0.0 -506.6 -201.4 3645.2 0.0 595.9 3533.2

0.0 -606.1 -241.0 3054.8 0.0 510.8 27185

0.0 -685.7 -272.6 2595.5 0.0 468.2 21054

0.0 -7454 -296.3 2333.1 0.0 425.7 1717.0

g | W N P

0.0 -765.3 -304.2 1736.5 0.0 340.5 1007.5

Table 4.22° Resume of the main results for the shop. In green the hour at which the maximum

occurs

The results for each room greesented imppendix Bwith a detailed account of the contribution

of each term.
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The peak power for the cooling is determined as the maximum value calculated over the course

of the entire day for each room. With regard to the shop, the maximum value is recorded at 5 p.m.

Cooling shop

16000.0

14000.0

12000.0
-% 10000.0
S — 8000.0
§ 2 6000.0
- 4000.0

2000.0 ﬁ ;

0.0 =
-2000.0
6 7 8 9 101112131415161718192021222324 1 2 3 4 5
Hour of the day
=—(_vent (_inf e====q_windows====(_opaque g_int_gain g_solar g_tot
W] W] (W] (W] [W] (W] (W]

Figure 4.2i Plot of the results of the shop

The detailed chart for each room is in #ppendix C

As illustrated in the chart above, the cooling load calculation exhibits an hourly profile that is not
constant and also varies from room to room.

For what concern the shop, the most significant contributions are attributable to internal gains and
through opaque walls. The influence of solar radiation and glazed elements is relatively
insignificant, given that the glazed surface is modest in conguavigth the total wall and roof
surface area of the buildings. It is evident that the impact of each term within the room is
contingent upon the utilisation of the room itself, the orientation and the presence of glazed
components.

Figure 4.3presents the contribution of each room during the day.
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Cooling trend of each room
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e OFFICE WAREHQOUSE === SHOP

Figure 4.3i Contribution of each room during the day

As demonstrated in the graph, the warehouse is the primary contributor to the cooling load. Despite
having a setpoint temperature 2°C higher than that of the shop and offices, the large opaque surface
area of the warehouse results in a significantly higiggrersion term than that of the other rooms.

The contribution of the shop and the offices is not significantly disparate, given that they are of
comparable dimensions and similarly exposed. The distinction between the two lies in the greater
solar radiation in the shop, which can be attributabl&éddrger glazed area. The influence of
electrical appliances in the office is relatively limited, given that a low occupancy rate was
assumed: 6.5 workstations per 100 m

For each room, the cooling load is reported for each hour as the sum of all contributing
components. Subsequently, the sum of all the rooms is calculated for each hour. To determine the
peak load power for cooling, the maximum value must be taken.

To gain a more comprehensive understanding of the contributions made, the main results can be

summarised in a single table, which will facilitate a more detailed overview.
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Ctot
(W]

Qtot,sum qpeak,sum

[W]

Hour SHOP OFFICES WAREHOUSE

6 908.5 569.8 617.0 2095.3
7 3777.5 3484.6 3436.2 10698.3
8 4884.9 4625.3 4386.2 13896.4
9 5697.4 6947.3 6741.9 19386.7
10 6690.7 8373.2 8454.2 23518.0
11 8023.5 9335.9 9794.0 27153.4
12 9504.4 10334.3 11492.7 31331.4
13 112489 10547.4 13034.5 34830.8
14 12460.9 10917.9 14412.1 37790.8
15 134049 11119.6 15752.8 40277.3
16 14192.3 11371.4 17214.0 42777.8
17 14605.4 11450.1 18418.7 44474.2
18 14582.3 11289.9 18888.7 44760.8
19 13957.2 10721.0 18275.7 42953.9
20 11329.6 8450.5 15308.3 35088.4
21  7401.2 5254.2 11227.8 23883.2
22 6084.1 4867.4 9668.3 20619.8
23 5073.2 42313 8112.4 17416.9
24  4238.8 3549.6 6701.0 14489.4
3533.2 2939.1 5458.4 11930.7
2718.5 22495 4034.5 9002.5
2105.4 1644.7 2811.4 6561.5
1717.0 1327.6 2137.2 5181.8
1007.5 721.6 870.8 2599.8

44760.8

gl | W N

Table 4.23 Resume of the building room by room. Green l@gresentshe hour at which the

maximumnmoccurs
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Overall q_tot
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Figure 4.4i Sum of thehree rooms of the case study

The case study considered presents the maximum at 6 p.m. This indicates that at this hour, the
sum of the contributions of all the rooms is the maximum of the day. Therefore, despite the
maximum external temperature occurring at 3 p.m. as indicatéabia 4.13 the maximum

cooling load is shifted forward by 3 hours.

4.2 Other possible types of user

As previously stated, the most probable type of user that can be expected in building C is the one
described irchapter 4.1Nevertheless, in order to conduct a more comprehensive and expansive
examination of the issue, a preliminary i nve
undertaken in this section. This is done on the assumption that the building is soksdyl diditi

office or warehouse purposes. This approach will provide a spectrum of potential energy
consumption patterns within the hall, which can then be compared to the aforementioned probable

user profile.

4.2.1 Office user

If all 585 n? area were to be utilised as offices, without consideration of potential issues arising
from an inadequate lighting due to the limited window area, the heat demand would not differ

significantly from the standard case previously outlined. The distinéésiin the fact that in this
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instance, the entire building is maintained at a setpoint temperature of 20°C, which results in a

12% increase in peak power.
The calculation procedure is identical to that describethapter 4.1

This yields a peak power output of 76,2 kW.

Sva H
Room Avioor h \% Aw [mzl]l [VV/-|I-(] Hy Opeak Edemand

M1 [m] [m3 [m] [WIK]  [kW]  [kwh]

out unheat out unheat

Office 585 6 3510.0 39.5 140.5 468.0 1486.3 1184.8 589.1 76.2 105217.0

Table 4.24 heat demand office user only

The most significant distinction is the summer load. Given that the entire room is utilised as an

office, the presence of electrical equipment exerts a considerable impacbwartikload, which

mu st be taken into account when assessi

ng

16798) that an average room occupancy rate of 10.8W#rassumed, which corresponds to 8.5

workstations per 100 it is evident that the summer heat load is considerably higher in this

instance.

The second factor contributing to the observed increase in peak power for cooling load is the

maintenance of a constant temperature of 26°C. The section of the warehouse previously

designated with a higher setpoint is no longer subject to that designation.

Cooling offices user
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Figure 4.5i cooling profile of offices user
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It is evident that the influence of internal heat gains is the most significant in this instance. To

facilitate an understanding of the relative magnitude of each contribution, the following table is

provided.
Peak powel
Hour Qv Clinf Cw Qop Cig Os Otot ¢ i
Wl W] W] W] W] W] W] or [%8]0 ng
6 |0.0 -2792.3 -569.2 5921.2 0.0 563.5 3123.2
7 | 0.0 -2409.4 -491.1 5329.1 11336.0 634.8 14399.4
8 |0.0 -1720.2 -350.6 4673.6 20813.0 1127.9 24543.7
9 |0.0 -7246 -147.7 7841.2 21164.0 1736.0 29868.9
10 (0.0 4241 86.5 97725 21164.0 2478.5 33925.6
11 | 0.0 1726.0 351.8 10725.4 21398.0 3144.1 37345.4
12 | 0.0 29514 601.6 12491.0 30243.2 3803.3 50090.5
13 | 0.0 38704 789.0 14394.4 30453.8 4251.3 53758.8
14 | 0.0 4483.0 913.8 16323.6 30664.4 4558.6 56943.5
15 | 0.0 47128 960.7 18691.2 30664.4 4501.1 59530.1
16 | 0.0 4483.0 913.8 21716.6 30664.4 4238.9 62016.7
17 [ 0.0 39469 804.6 24660.8 30875.0 3682.3 63969.6 64286.1
18 (0.0 31045 632.8 26683.3 30875.0 2990.5 64286.1
19 (0.0 2109.0 4299 26588.1 30875.0 2510.2 62512.2
20 | 0.0 11134 227.0 24700.8 14658.8 2183.6 42883.5
21 |0.0 271.0 55.2 22593.1 0.0 1857.0 24776.4
22 | 0.0 -494.8 -100.9 20523.0 0.0 1613.7 21541.0
23 | 0.0 -11075 -225.8 18266.2 0.0 1453.6 18386.6
24 |1 0.0 -1567.0 -319.4 16106.7 0.0 1300.0 15520.2
1 | 0.0 -1949.9 -397.5 14246.3 0.0 1133.4 13032.3
2 |00 -2332.8 -475.5 11927.5 0.0 979.8  10099.0
3 |00 -2639.1 -538.0 9914.7 0.0 890.1 7627.7
4 |00 -2868.9 -584.8 8921.1 0.0 806.8 6274.3
5 | 0.0 -29455 -600.4 6577.5 0.0 646.8 3678.3

Table 4.25 cooling demand office user only

It is evident that despite alterations in utilisation, the peak remains at the same time, as the structure

remains unaltered.

The cooling peak load is thus found to be around 40% higher than in the standard case.
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4. 2.2 Warehouse wuser

In this case, the entire 585 mrea is designated for warehouse. Once more, the discrepancy in
winter peak power remains relatively low. The 8% divergency can be attributed to the temperature
setpoint, which is established at 18°C.

Syall Hr
Aﬂoor h V AW [mz] [W/K] HV Qpeak Edemand

M7 [m] [m] [m] [WIKT  [kW]  [kWh]

Room

out unheat out unheat

Wareh 585 6 3510.0 39.5 140.5 468.0 1486.3 1184.8 589.1 63.1 105217.0

Table 4.26 heat demand office user only

Similarly, the summer load is netgnificantly divergent from the standard case. The primary
factor contributing to this discrepancy is the higher temperature setpoint, which is established at
28°C.

Cooling warehouse user
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Figure 4.6i cooling profile for warehouse user

The primary contribution is made by the opaque wall. In this instance, the space is to be regarded

as a storage room, and thus only internal gains associated with people and light are considered.

The following table illustrates the numerical contribution of each term, expressed in hourly terms.

74



Peak powel
Hour Qv Clinf Cw Qop Cig Os Otot ‘ i
Wl W] W] W] W] W] W] or [‘\3/333 ng
6 |00 -3970.5 -809.4 5921.2 0.0 563.5 1704.8
7 |0.0 -3587.6 -731.3 5329.1 68295 634.8 8474.5
8 |0.0 -2898.3 -590.8 4673.6 9198.8 1127.9 11511.1
9 |0.0 -1902.8 -387.9 7841.2 9462.0 1736.0 16748.6
10 [0.0 -754.0 -153.7 97725 9462.0 2478.5 20805.2
11 (0.0 547.9 111.7 10725.4 9637.5 3144.1 24166.5
12 (0.0 1773.2 3615 12491.0 9813.0 3803.3 28241.9
13 | 0.0 2692.2 548.8 14394.4 9900.8 4251.3 31787.4
14 | 0.0 3304.8 673.7 16323.6 9988.5 4558.6 34849.2
15 | 0.0 3534.6 7205 18691.2 9988.5 4501.1 37435.8
16 | 0.0 3304.8 673.7 21716.6 9988.5 4238.9 39922.5
17 | 0.0 2768.7 564.4 24660.8 10076.3 3682.3 41752.5 420690
18 | 0.0 1926.3 392.7 26683.3 10076.3 2990.5 42069.0
19 (0.0 930.8 189.7 26588.1 10076.3 2510.2 40295.1
20 | 0.0 -64.8 -13.2  24700.8 5952.0 2183.6 32758.4
21 | 0.0 -907.2 -1849 22593.1 1740.0 1857.0 25098.0
22 | 0.0 -1673.0 -341.0 20523.0 1740.0 1613.7 21862.6
23 | 0.0 -2285.7 -465.9 18266.2 1740.0 1453.6 18708.2
24 | 0.0 -2745.2 -559.6 16106.7 1740.0 1300.0 15841.8
1 |0.0 -3128.1 -637.7 14246.3 1740.0 1133.4 13354.0
2 0.0 -3511.0 -715.7 119275 1740.0 979.8 10420.6
3 |00 -3817.3 -778.1 9914.7 1740.0 890.1 7949.3
4 |00 -4047.1 -825.0 8921.1 1740.0 806.8 6595.9
5 |00 -4123.7 -840.6 6577.5 1740.0 646.8 4000.0

Table 4.27 cooling demand warehouse user only

As observed in previous instances, the peak occurs at 6 p.m.
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4. 2.3 Synthesitshoedfmalai @anercrgy!| demd od

The aforementioned considerations regarding the requisite peak power in both summer and winter

are presented in tabular form below:

Heat pea Cool pea
Case
[ kW] [ kW]
Standa 67.9 44 .8
Only of 76. 2 64. 3
Onlwwr eh 63.1 42.1

Table 4.28 resume of the peak power

In any case, the most probable user profile is that described in the layout presehsgdan4.1
Accordingly, all calculations pertaining to the sizing and choice of plant terminals are based on

this configuration.

4.3 Terminal options for connection to the district heating system and criteria

for selecting the most suitable solutions

In order to identify potential solutions for connecting terminals to the district heating and cooling
network, it is necessary to focus the search on viteed devices. It is therefore evident that
solutions utilising refrigerants, such as heat pumpsnat viable options within the context of

this discussion.

A review of the solutions employed by other users of district heating and cooling in the
neighbourhood, coupled with an examination of potential avenues in the existing literature, has
led to theidentification of the following systems as viable options:
p Air heaters and coolers, and hydronic fan coil
p Air Handling Unit (AHU)

The implementation of the aforementioned solutions is contingent upon the prior transfer of heat
to (or from) the technologies in question, with the heat transfer fluid originating from the central
plant. Accordingly, the initial step is to determine tihmehsions of the plate heat exchanger that

will receive the fluid from the power plant on one side and the fluid from the user on the other.
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The substation will remain identical regardless of the selected terminal, given that the thermal

power to be delivered is the same in all cases.

The c onrmipeanowaven was sel ected for the plate heat
factors: firstly, the high quality of its products; and secondly, the transparency of the data.
Furthermore, the company has a documented history of supplying Telezip with heat exchangers

in other buildings that have already been served.

I n particular, tthermolineEECOewWas selectd ig wrder ® dyuariintee a

compact technology with minimal requirements for maintenance. As indicated in the product data
sheet, this heat exchanger is suitable for district heating and district cooling applications. The
capacity of the plate la¢ exchanger in question ranges between 10 and 1.000 kW. This is due to

the modular solution, which allows for a wide range of operational flexibility.

As a rough estimate, the cost of a substati ol
previous quotations for the materials and 01. (

Furthermore, the installation of an air curtain over the entrance door of the shop is essential to
divide the internal space from the external environment as much as possible. To illustrate, one
mi ght consider the pr oducdu rotfaFiorthéeconomic@mtr di | | a

of view the estimated cost is approximately 0:

It is thus evident that, in the case of both the systems presented subsequently, consideration must
be given to the fact that 012.500 is to be al
the substation.

In order to select the optimal system, it is essential to consider multiple criteria, including those
pertaining to occupantsdéd comfort, process hea
can be evaluated through the following paramdte

Temperatur e

Humi di ty

1

1

T Air moti on

T Air/ water velocity
1

Il ndoor air quality

Shttps:// www. ttemmewavepeéo/aws/ 2024/ 04/t her mowave_ther mol
‘thttps://www. fricarmnati heshdcipmentéachsd aust omi sed/ cor di
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1T ACH

1T Acoustics and vibration

f Mol d and mildew prevention

T Capacities (existing, proposed, and future exp
T Spati al requirements (present and future)
T Environment al health and safety design

T I'nitial cost

T Energy consumption costs

T Operator | abour costs

T Serviceability

T Reliability

T Controllability

T LCA

The choice of terminal typology will be determined by a comprehensive assessment of all
relevant technical and economic factors, employing a systematic approach to ensure the

optimal decisiormaking process.

The energy demand calculation and all other assessments in the technical area were based on

the assumption that the entire building would be heated. Accordingly, even in the event of

future alterations to the buitlbdconmegvdy ai nt ended U
commercial establishment, the system must be capable of meeting the new energy
requirements. It is thus imperative to subdivide each category of plant into a minimum of three

distinct zones: shop, office and warehouse.
4.4 Technical evaluation of different terminal solutions
This section presents a detailed examination of the two potential solutions for the terminals.

4. 4.1 Air lcewdtler s and f an

They are heating bodies that emit heat through forced convection. They esseortisitjof:
p Finned heat exchange coil
p Helical f an

p Containment <casing
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Based on the direction of their air jets, unit heaters can be divided into two categories:

T Hori zont al projection
Water inlet
—
G.:a‘
Fan motor
_._dr._ | }ﬂ"ﬁ_
Helical
=
fan Q
Water outlet

Figure 4.71 horizontal projection typ§0]

T Vertical projection

Water inlet : Fan motor

\\ T “:?K Helical fan
Water outlet : —_———

Figure 4.8i vertical projection typg20]

The fan coils are similar, with a slightly different configuration, which can be schematised as

follows:
o
%
7 Grill outfet
7 . - _~ Casing
f// : 3 | Fin coil
7#

@ ﬁ +—— Fan

Drip tray

Filter

Figure 4.91 general scheme of fan coll
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Theappropriate selection of these devices necessitates the consideration of the following factors:
p Type and |l ocation of the terminals
p Air outlet temperature
p Sound | evel

It is essential to select the type and location of these terminals in such a way as to avoid the

formation of areas with either excessively low or high temperatures.

To achieve this objective, it is recommended that the following general guidelines be followed:

T I'nstal/l at | east t wo unit heaters in each

room

T Check that the sum of the fansd hourly capacit

the room to be heated

T Avoid interference of the air jets with col umn

The temperature of the air leaving the devices should be between:
p 40AC and 45ACefminhbsi zont al
p 38@Gnd 45AC for vertical type

These values represent a good compromise between two different requirements:

T Preventing air currents, generated by t
di scomf ort
T Preventing the fsarmatiifdrc adfi osmt rong air
The temperature of the air |l eaving the wunit

technical specifications.

The noise emitted by terminals must not exceed the permissible sound level in the room, as
indicated in the technical specifications. The value in question is contingent upon the intended use
of the room and can be selected on the basis of values recoeuhriartdchnical literature (UNI

8199).

For shops and offices, the limit value is around 40 + 45 dB (A).

It is recommended that the following operations and checks be carried out to maintain this type of

terminal in optimal condition:

80

he

heat



p Clean the heat exchanger coi l with a brusc
particularly where there are grease deposi
soap and water, taking care not to evet t he
operations depends on the degree of cl eanl:i

p Check the tightness of the nuts securing t
irregular noises and vibrations are felt d

p Check the power consumption if the motor p

In consideration of the functionality and aesthetic appeal of the rooms, the selected heating system
comprises unit heaters in the warehouse, while fan coils are employed in the shop and office. In
order to guarantee uniformity in the installation of teertinals, the same manufacturer will be

selected for both locations.

The Riello catalogues will be utilised for the purpose of selecting the terminals.

Il n particubPdarunitthenemA@UFRB, as specified in the
for use in industrial, commercial and sports environments for the purposes of heating and cooling.

The terminals consist of 2 or 3 rows of copper coils, depending on the spegiitatin.

With regard to fan coils in office and ®hop, t
allows for continuous operation within the range between 0% and 100%. This feature enables a
corresponding adjustment of the heating and cooling capacity, which is a notable advantage. This
product facilitates the rapid heating and cooling of any enwieam, thereby providing a solution

for a variety of applications. Two distinct mapping configurations are available. The
Aperformanced mapping approach is designed fo
high efficiency and effectiveness are ofgraount importance. This particular option will be taken

into consideration when formulating the project specifications that follow.

It is of the highest importance to take both winter and summer demand into account when
undertaking sizing calculations. The selection of the terminal will then be based on the least
favourable configuration. The following calculation procedure will fietermine the appropriate

size for the fan coils in both summer and winter conditions, and then apply the same process to

Shttps://www. riello.it/catalogo/condizionamento?act
c9b9dOb64bf 739d462fFf0chlfbl6éb3af
https://www.riello.it/catalogo/condizionamento?act

2762319f5f41c547117fee7ad4a849d0a
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the fan coils. The final stage will entail making the terminal and numbering choices in each room
based on the most unfavourable configuration, i.e. the one that requires the highest number of
units.

In regard to the selection of unit heaters, the manufacturer presents 3 potential water temperature
ranges for heating efficiency: 90°T0°C, 85°G70°C and 50°€40°C. Given that the water
temperature leaves the central plant at approximately 70°C durangvithter season, the
temperature range of 50°4D°C was selected for the design calculations.

In consideration of the summer season, the manufacturer presents two distinct temperature ranges:
7°C-12°C and 11°€15°C. Given that the water temperature at the central plant is approximately

at 7°C, the temperature range of 14P&C was employed as thesign value. Furthermore, the
manufacturer provides specifications for disparate air temperatures. Among the various options,

the intake temperature of 30°C was selected for the summer season and 20°C for the winter season.

Mo d e | Riell o ACUF
Heatin Cool in

I nl et air t 20AC 30AC
Outl et air 34AC 19. 6AC
Il nl ett emap eerre 50AC 11AC
Outl et water 40AC 15AC
Potenti al 9.1 kW 8.5 kW
Air flow 1908 hm 1908 hm
Water fl ov 794 |/ 1823 |
Cost 486 0/ termin

Table 4.29 characteristic of air heater1]
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Once chosen the model, the number of units can be evaluated:

S — (28)

So, the overall power available is:

0 €20 (29)

¢

From the catalogue the gienetration values in the room can be taken:

3000 mm

L

Figure 4.10i air penetration of air heaterf1]

For model ACUF 33, L = 17 m with fins inclined at 70°.
In consideration of the dimensions of the warehouse, specifically 19 x 15 meters, it can be

concluded that the aforementioned model can be installed on the longdigsiae4.1).

With regard to the shop and office, the selected fan coil units are resumed in the following table:
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Mo d el Riell o Design

Heatin Cool in
I nl et air t 20AC 30AC
I nl et water 50AC 7AC
Potenti al 5.9 kW 4.56 k'
Air flow 78 7% Im 78 7% Im
Water f1l ov 784 |/ 784 |/
Cost 66@W/ ter mi nal

Table 4.30° characteristic of fan coil§22]

As with unit heaters, the manufacturer provides a range of water temperatures for fan coils, which
are designated to accommodate varymeguirements. In the process of dimensioning the
terminals, the temperature range 58RCC is taken into consideration. With regard to the cooling
performance, only the data for a water temperature of12%C is available. In this case, the
temperature fathe intake air is assumed to be 27°C during the summer months and 20°C during

the winter.

Based on an initial calculations, the most unfavourable season is winter. Accordingly, the number

of terminals will be selected in accordance with the specific requirements of the latter.
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The subdivision of the units in the rooms are as follow:

Load

Re al p o Wwe .
Al r Roo1l
R N t I i
oom Wnli i ree¢vo
Wi nt Summ "' Wi nt Summe ﬁhcv u[1/
h
[ KW] [ kW] [ kW [kW][ [
Shop 19. 14. 4 23. 18. 2314 912 3.«
Of f i 16. 11.: 3 17. 13.7236 798 3. (
Wareh 32. 18. . 4 36. 34.(C760 180 4. :
TOTAI 67. 44, 77. 65. 6592 351 - -

Table 4.31 the most disadvantage configuration is the winter one

It is evident that, given the number ®rminals required during the winter season (11), the

potential available in the summer case is that of the 11 units.

Intable 431 the term Areal p o wepreserd a scenario in which allu nder
terminals are operating under nominal conditions. It is evident that, particularly during the summer
months, the peak power demand is significantly higher than the required level, resulting in the

terminals functioning uret partial load conditions.

In consideration of the ACR in question, it can be observed that the value in each room falls

between 3 and 4, thus satisfying the constraints initially outlined in the paragraph.

The scheme of the possible configuration of the plant is reported in the figure below:
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Warehouse

Figure 4.117 possible location of the units in the building

The current discussion does not provide a detailed description of the proposed methodology for
connecting the substation to the terminals. In general terms, the following section presents some
of the potential system solutions.

From the substation, the heat transfer fluid could be conveyed to the supply manifold, which then
feeds onéby -one the single terminals. It is possible that each terminal be supplied and returned
via a dedicated pipework and manifold.

An alternatively approach would be to implement the Tichelmann loop scheme.

In any case the 3 zones of the building must be divided in order to facilitate independent control
of each zone. The user is thus empowered to determine the specific areas of the building to which
water is to be distributed.

In either case, since the water flow rate of the individual terminal is provided by the manufacturer,
once the diameter has been selected, the water velocity must be calculated. The optimal velocity
is that which falls between 0.5 m/s and 1.5 m/s, reptiespa compromise between efficient heat
transfer and the avoidance of distribution problems or the generation of noise. A higher velocity
would result in an increased the pressure drop and a decreased the life of the system due to

increased stress in tkemponents.

As previously stated, in order to derive the greatest benefit from this solution, it is essential to
integrate the system with destratifiers. Such devices facilitate the recovery of ambient heat during
the winter months, when this heat tends to move upsvdrdrthermore, this enhances the

efficiency of the system. The fan directs the heat to the floor, thereby reducing heat loss and
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preventing the heat transfer of heat from the ceiling to the outside. This results in a more efficient
heating of the building, which in turn leads to a reduction in energy consumption.

I n this case the destratification units are si
online softwardg23]. The software requires the dimensions of the room and the height at which

the destratifier would be installed as inputs
available solutions. The number of units proposed is one per room in barycentricnpdsie

manufacturer guarantees savings of approximately 20% for the user.

Figure 4.127 Black parameters represent the input data required by the software.
Red parameter is an output parameter to set the fins.

Mo d el ROBURI r t e
Fan 3 veloci
El ectric 280

Air fl owh] 52082Q0 |

U [ A] 45
Sound | ev: 65.7 | 8
Tuaf AC] 60
Wei ght | 13.9

Table 4.32 characteristics of destratifier
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In order to gain insight into the economic implications of this technology, it is essential to have an
estimation of the order of magnitude of the cost. This will enable a comprehensive understanding

of the economic implications of this type of installation.

Acuf 33 Design in

Mo d e | . )

(4 uni- (7 unit
Materi al 486, 00 24 664, 00 U
Ther mohydr au 773,80 654,01 U

Tot al eaclt 1. 259, 8¢C 1.318, 01

Labour co a 1.800
Destratif ul. 50900 (each o
Substatic 411.500
Air curte a4 1.000
TOTAL ua 30.065, 27

Table 4.33 overall costs of air heaters and fawils

The costs of materials were derived directly from the Riello catalogue for the plant terminals and
from the ROBUR catalogue for the destratifier.

The costs associated to thermohydraulic materials and labour costs were taken from the Veneto
price list[24].

4. 4.2 Air Handling Unit (AHU)

A full -air system consists of an air handling unit, which is responsible for supplying controlled air
to the rooms via a network of ducts. Such systems can be classified into two principal categories:

those that utilise full outdoor air and those that eyjpécirculation.
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The heat load of the room can be balanced by supplying air at a temperature that is higher than
that of the room during the winter season and lower during the summer. As the same system
controls the temperature in both winter and summer, the design cosditie determined by the

most severe conditions, that is to say, those with the highest load. In full air systems, all parameters

(temperature, relative humidity and air quality) are typically regulated by the AHU.

In order to guarantee the most effective treatment of the total air flow, it is essential to select the
most appropriate parameters and to ensure that all the components, including fans, filters,
preheating and reheating coils, humidification section,itgadnd dehumidification coils, are
accurately sized.

The main sections that permit the intake of air at a specific temperature and humidity are as
follows:
p Preheatimdarae¢migl the winter mont htshe iexst eprrnar
air. These are manufactured with copper tu
p Cooling and de:hudnrdiidfng ctahe onmnummer mont hs, t
the removal of both senké bt echead aind. | How

be noted that not all the air that passes t
efficiency of the <coil i s introduced, witdh
used in the constterrucetsi oins oufs uta d sye clogpper f
finning (which must be tinned in a wet ba
batterybés wet nature, resulting from the c¢

p Humi di f i caitti oins sreecsspooms:i bl e for supplying t
to maintain the desired relative humidity
application, this section can be construct

p Reheatitcoiisl :empl oyed for the purpose of a
ensuring that the input temperature is mai

cooling mode

The main advantages of this type of system are as follows:
V The air handling unit containing the equ
and therefore there is the possibility of
operations with ease

V Control the propagation of vibrations anc
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V With these systceanwsr,y iotuti sacpcousrsaitbel ef itlot r ati on
the room

V Simultaneous control of temperature and humi

V Possibility of heat recovery from the exhaust

VIintake of air with special care to avoid pos:

V. Do not create problems of furnishing nor wuse
On the other hand, there are also some disadvantages:

X High costs of installations

X Need of regular maintenance

Xx High footprint of distribution circuits can

x Criticality in balancing and calibration of

The sizing procedure for an AHU starts with the analysis of the loads required in summer and

winter and the flow rate to maintain a certain degree of air quality. The heating and cooling

requirements are already calculatedable 4.11andtable 4.23 For what concern the indoor

environmental quality, the choice for this building was based on the specifications outlined in
standard UNI 10339 and standard UNI/TS 11300, with the assumption of a number of occupants

per room equivalent to that utilisedtime assessment of the internal gains in the carrier method in

chapter 4.1.2

Room Gpp fopi A n.people
[(m*h)/ppl]  [ppl/m?]  [m?] [pp!]
SHOP 42 0.10 152 19
OFFICE 42 0.12 133 16
WAREHOUSE 33 0.05 300 15

Table 4.34 room occupancy rate

So,the air flow rate to fulfil the IAQ requirements is:

0 0 z'Q

29

(30)

The following relationship can be used to facilitate the conversion of the heating and cooling load

into air flow rate:
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In light of the established values for peak power associated with heating and cooling, the
remaining variable for determination is that of the air flow r&e (). This can be calculated by
inverting the equation 31. In this case, the air flow rdde  does not necessarily refer to fresh
air, but it could be partially recirculated. This process results in a reduction in energy consumption,
as the external air is combined with the air within the room.
droom dsupply q)d
Season e o o
[°'Cl [°C] [°C]
WINTER (shop and office 20 35 15
WINTER (warehouse) 18 35 17

SUMMER (shop and office 26 16 10
SUMMER (warehouse) 28 16 12

Table 4.35 boundary conditions

In order to maintain the desired temperature within the design mebith) is set at 20°C during

the winter months and 26°C during the summer months (with the exception of the warehouse,
where the temperature is set at 18°C during the winter and 28°C during the summer), it is assumed
that the air supply to the room will I85°C during the winter and 16°C during the summer. This

is done in order to avoid any potential issues of local discomfort.

The air flow associated with the heat load required can be resumed in the following table:

Gheating Gcooling GIAQ

Room [m¥/h] [m¥/h] [m¥h]
SHOP 3780 4292 638.4
OFFICE 3187 3365 670.32

WAREHOUSE 5593 4511 495

Table 4.36 air flow rate for different purposes

Subsequently, the maximum of the three calculated air flow rates must be considered in the design

phase:
O i A@O no no (32)
The minimum air requirement for the air quality is calculated usingdbation (33)To simplify

the sizing process, the maximumvlue was assumed for all the environments. This approach

entailed utilising the room with the highest percentage of fresh air as the reference point for all

other rooms.
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In regard to equations, the following can be stated:

6 i (33)
5 & 6 b (34)

Resuming in a table all the calculations described above:

Room Gdes Gdes_tot Bj Btot
[m®h] m*h] | [ []
SHOP 4292 0.15
OFFICE 3365 13250 | 0.20 0.20
WAREHOUSE 5593 0.09

Table 4.37 evaluation of theninimum share of fresh air

This indicates that the proportion of fresh air in the total supply must be a minimum of 20%.
In light of these constraints, the calculation of the fresh and recirculation air used in the design

phase can be evaluated as follows:

Fresh air Recirc air Supply air

ROOM —vdh]  [m¥h]  [mh]
SHOP 855 3437 4292
OFFICE 670 2695 3365
WAREHOUSE 1114 4479 5593
TOTAL 2639 10610 13250

Table 4.38 main results for each room with 20% of fresh air

Given the design flow rates, it isow possible to assume a potential system structure for
distribution within the building.
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Warehouse

Figure 4.13i sketch of the air distribution system

Caption:

p Red :Il isueply (S)
Green Iriemeé rcul ation (R)
Pur pl:e elxihnaeust ( E)
MD main duct

Y
Y
Y
p SDsecondary duct
p s shop

p w. warehouse

p

0; of fice

For the sake of simplicity, the curves are represented in the figure as 90° curves. However, in
practice, itis preferable to have a path that is as straight as possible in order to avoid a high pressure
drop. Additionally, the phenomenon of obstructioratttarises when pipes cross was not
considered.

The most crucial aspect of determining the optimal location for the AHU is the fact that the pipe
connections originating from the central plant and passing through the network are situated in this
precise position. Therefore, no further work is requiteddnnect the substation to the network.

Moreover figure 4.13llustrates the strategic positioning of the air handling unit, which is situated

in a central | ocation within the building. Thi
barycentric area, which serves to minimise the operational constrachenaure minimal noise

disruption.
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To size the entire system, it is necessary to consider the entire volume of the building as single
entity. It is evident that the exhaust and recirculation lines do not reach all the rooms. This is due
to the fact that the exhaust air is extracted fromctirgaminated room (shop and office), while

the recirculation air-r is taken from the room

Given that the supply and exhaust are located in the same rooms, it was deemed prudent to

establish a suitable distance between them in order to mitigate the risk efishottflow.

The dimensions of the branches were selected in accordance with the velocity cofis&iimts

table 4.39 The choice of an appropriate air speed for the ducts represents a compromise between
two main considerations. On one hand, there is the necessity to prevent the entrainment of
condensed water droplets on the surface of the coil. On the other hands theneeed to ensure

that the pressure drops do not exceed the levels that are responsible for the power absorbed by the

fans.

The following table presents the optimal velocities that must be maintained for each component

of the plant:
Vimax Viimit
[
Main ducts 8 6
Secondary 6 5
Air inlet 4 3
Air outlet 3 2

Table 4.39 velocity constraints

The maximum air velocities prescribed by the standard are indicated on the left. The velocities
illustrated on the right have been selected to guarantee a safety margin. Conversely, the velocity

must be sufficiently high to enable the air to flow out from the terminal units.

The size of the tubes is selected on the basis of the closest commercially available diameter
currently on the market.

In order to evaluate the diameters, the following procedure was employed.

The preliminary stage of the process entails the calculation of the flow area and the corresponding

diameter:
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(35)

(0] (36)
Subsequently, the nearest commercial diameter is chosen, and the actual area and velocity can be
calculated.

This procedure was then applied to all branches.

At this point, the todlwas employed for the assessment of the continuous and localised pressure
drop for each segment. The tool is only capable of sizing the secondary ducts and final branches;
for the main ducts, only the continuous pressure losses were considered to ramptidity. In

essence, the tool is able to assess the continuous and localised pressure losses through the

following relations:

T Continuous @dguesstwakBl dradpsractions

My &

z - (37)

Where the friction factor (f) depends on the Reynadsnber, duct diameter and

roughness.
CONTINUOUS PRESSURE DROP
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Figure 4.14i pressure drop as a function of the flow rate and diameter

"TExcel tool provided by prof M. D20 2X4A.r 1'i during t
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The material assumed for the tubes is aluminium sheet.

T Localised mphennewrea drlopws meets discontinuity
M,z (38)
The localised pressure drop coefficientié dependent upon the specific obstacle present
within the circuit. The pipe elements that induce localised pressure losses have been taken
into account in accordance with the representation depicftegline 4.13 The values are
presented in a tabular format in accordance with the standard for the most common circuit
elements.
The data necessary for utilisation of the aforementioned tool are listed here:
p Number of secondary branches
p Number of final branches for each secondary
p Material of the tubes
p Commerci al di ameter of each section
p Length of each section
p FIl ow rate of the final Dbranches
p Components that introduce pressure drop in

In addition to the calculated continuous and localised pressure drops, the tool considers by default

420 Pa of pressure losses due to the components present in AHU that interact with the air path

including filters, dampers, heat exchangers, and so forth.

A summary of the principal outcomes obtained from the three circuits is presented in the tables

below. The sections under consideration are identified in accordance with the illustrégarein

4.13
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SUPPLY CIRCUIT

Gair A Dcalc Dcomm Areal Vreal Cp Bc Cp Ebnt L Cp Ebnt,tot Cp Qt
[m¥h] [m’ [m] [mm] [m’] [m/s] [Pa] [Pa/m] [m] [Pa] [Pa]
S MD 13250 0.61 0.88 800 050 7.3 000 040 0.20 0.08 0.08

Section

S _SD_1.1 5600 0.31 0.63 630 0.31 499 1944 0.29 5.00 145 2089
S o1l 1400 0.13 041 400 0.13 3.09 13.23 040 2.00 0.80 1403
S o2 1400 0.13 041 400 0.13 3.09 13.23 040 2.00 0.80 14.8

S SD_1.2 2800 0.16 0.45 630 031 25 0.00 0.08 1200 096 0.96
S 0.3 1400 0.13 041 400 0.13 3.09 1380 040 2.00 0.80 14.60
S o4 1400 0.13 041 400 0.13 309 805 040 200 080 885

S SD 21 3850 0.21 052 500 0.20 545 2063 040 500 200 2263
Sw1i1l 1250 0.12 038 400 0.13 276 9.72 0.08 050 0.04 976
S SD 22 2600 0.14 043 400 0.13 575 347 057 500 285 6.3
Sw?2 1300 0.12 039 400 0.13 287 9.72 008 050 0.04 976
S Sb 2.3 1300 0.07 030 400 0.13 287 000 0.16 500 080 0.8
Sw3 1300 0.12 039 400 0.13 287 1026 0.08 050 0.04 100

S SD 3.1 3800 0.21 052 500 0.20 538 2257 044 900 396 2653
S s 1 950 0.09 0.33 400 0.13 210 6.09 019 200 0.38 647
S s 2 950 0.09 0.33 400 0.13 210 6.09 019 200 0.38 647

S SD 3.2 1900 0.11 037 400 0.13 420 212 036 1200 432 6.4
S s_3 950 0.09 0.33 400 0.13 210 636 019 200 038 6.74
S s 4 950 0.09 033 400 0.13 210 636 019 200 0.38 6.74

Table 4.40° main results of supply circuit

RECIRCULATION CIRCUIT

Gair A Dcalc Dcomm Areal Vreal Cp Bc Cp Q)nt L Cp ﬂ)nt.tot Cp Bt
[m%h] [m?7 [m] [mm] [m? [m/s] [Pa] [Pa/m] [m] [Pa] [Pa]
R_MD 10610 049 0.79 800 050 586 0.00 0.29 200 0.58 058

Section

Rw1 3500 049 079 800 050 19 517 0.02 0.5 0.01 5.18

R SD 1 7110 0.40 0.72 800 050 393 0.00 0.13 500 0.65 0.65
Rw?2 3510 049 079 800 050 19 517 002 05 0.01 518

R SD 2 3600 0.20 050 800 050 199 296 0.04 500 0.20 3.16
R w3 3600 050 080 800 050 199 228 002 05 0.01 2.29

Table 4.4177 main results of recirculation circuit
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EXHAUST CIRCUIT

Sec tion Gair A Dcalc Dcomm Areal Vreal Cp [ac Cp Ebnt L Cp Eantot Cp Bt
[m%h] [m? [m] [mm] [m? [m/s] [Pa] [Pa/m] [m] [Pa] [Pa]

E _MD 2639 0.12 0.39 400 0.13 58 000 05 020 0.10 0.10
E SD o 1319 0.07 031 400 0.13 292 596 0.16 1000 1.60 756
Eol 659 0.09 034 400 0.13 146 275 0.09 200 0.18 2.93
E o2 660 0.09 0.34 400 0.13 146 275 0.09 200 0.18 2.93
E SD s 1320 0.07 0.31 400 0.13 22 6.07 0.16 1800 2.88 8.95
Es1 660 0.09 0.34 400 0.13 146 275 0.09 200 0.18 2.93
Es?2 660 0.09 0.34 400 0.13 146 285 0.09 200 0.18 3.3

Table 4.42 main results of exhaust circuit

The selection of these diameters thus ensures compliance with the speed constraints. It is notable
that the main duct of the supply circuit is the only component that exceeds the safety margin;
however, it remains considerably below the limit specifiethéntechnical guide.

It should be noted that this description is merely an outline of the system, and that the actual

calculation will have to be carried out on a chgecase basis.

The data regarding the pressure drop of three circuits, when combined with the pressure drop in
the air handling unit, allows for the selection of the optimal fans to provide, extract and recirculate
the air within the building.

8. Serranda di
regolazione

7. Recuperatore

5. Filtro di calore

10. Ventilatore

IMMISSIONE !;- ‘ RIPRESA
ARIA ’ 1 ARIA 10. Ventilatore
ESTERNA ; AMBIENTE
e =
ESPULSIONE B
Arin - < ’AMABI%TVTE
1 ![ L
11. Camera di 5. Filtro
miscela
1. Batteria di 1. Batteria di

pre-riscaldamento

2. Batteria di riscald. /
raffresc.

Figure 4.15/ typical scheme of AH[25]
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A detailed examination of the climatic conditions of both winter and summer reveals the
transformations that occur in the external air as it passes from the outdoor to the indoor
environment.

Subsequently, an evaluation of the capabilities of the heat exchangers can be conducted.

The air handling unit plant is fed by a district heating and cooling plant. This implies that the
availability of hot water is confined to the winter months, while the availability of cold water is
limited to the summer months. In order to maintain therobover the relative humidity and

temperature, it is necessary to implement certain measures during both seasons.

Starting from the summer operation, the first solution is to modify tkpalsg factor of the cooling

and dehumidification coil in order to align the inlet conditions of the air with the load line of the
rooms. The load line is defined as the ratio betwkersensible load contribution and the overall

load. The range within which the bypass factor can vary is typically between 3% and 30%. This
indicates that a certain percentage of the air passing through the coil is not subject to any treatment.
Despite he costeffectiveness of this solution, it necessitates meticulous and challenging design.
Furthermore, a continuous adjustment of the operating conditions is necessary to compensate for

sensible and latent loads.

The second option for the cooling mode is to provide-pesting with electric resistances after
the cooling and dehumidification coil. The objective of the heating process is to raise the
temperature of the air to the point of entry. This approach cftgysrior control of the conditions

and fast response within the rooms; howeveesitiltsin increased operational costs for the system

and noroptimal efficiency from an energetic point of view.

The third option concerns the utilisation of fileeating through the incorporation of external air.

In this instance, a heat recovery unit is employed to facilitate the transfer of heat from the external
air to the air introduced into the room. The prigneonstraint of this system is the variability of
external conditions. Although this approach is undoubtedly-eftsttive, it does not offer the

precision in air control that some may desire.

With regard to the winter season, the issue can be attributed to the humidification system. In
general, humidification can be classified as isothermal or adiabatic.
The most straightforward and efficacious method is through the atomisation of water supplied

from the central plant, which serves to increase the relative humidity of the air.
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In this discussion, the precise structure of the air handling unit has not been addressed in detail, as
there are multiplesolutions,and the optimal choice depends on the specific requirements of the
customer. The aim of this thesis is to provide an order of magnitude estimation of the costs and

benefits associated with the individual systems.

In terms of costg24], it should be noted that the installation is not the only expense to be

considered.

Description Price

AHU wur¢g Material a 21.0°

12.58@ Thermohydra G 30. 4(

Labour cc a 1. 8¢C

Substati a 11.5

Air curt a 1.0¢C

TOTAL U 65. 7¢

Table 4.43 costs of AHU and plasterboard
4. 4. 3p®s hiebi | i ties

This thesis considers only fan coil and UTA as potential feasible installations. Other potential

solutions were not investigated further due to technical and economic limitations.

One potential solution is the utilisation of radiant panels, which can be employed throughout the
year. This solution, however, presents certain critical issues, which are outlined below.

Firstly, it would be prohibitively expensive to demolish and rebuild the entire floor in order to
accommaodate the installation of radiant panels, given that the buildings are already constructed.
Secondly, the plant provides heat at a high temperature (approximately 65°C), whereas the
technology in question functions optimally at around 40°C.

The third critical issue pertains to the technical aspects of the proposed solution. The design of a
system that can operate effectively in both summer and winter is a challenging undertaking. The
differing potentialities of these two seasons of the systenid likely necessitate the integration

of fan coils to ensure optimal performance.

A fourth issue is the necessity to address the problem of dehumidification in the context of summer

cooling.
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Conversely, a system of this nature offers the advantage of continuous operation due to its thermal

inertia. Consequently, even during the night, the heat from the central plant can be exploited by

this solution.
4.5 Overview of the proposed solutions

This section will provide a summary of the costs associated with the installatidmenance,

average lifetime, air quality and comfort of both the solutions presented.

Al r he Air Ha

HAT K ET and -cfoa Uni t
I nstall a Medi ur Very [
Mai nt ena Low Medi u

Average 15 ye 1820 vye

Aigual i Low Very |
Fl exi bi Good Good
Space Low Hi gh
Comfort Medi ur Very

Table 4.44 resume of the pros and cons of the plant analysed
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5. CONCLUSI ONS

The main objectives of this thesis dveofold. The first aim is to implement a remote reading
system for customersd meters. The second aim
connect to the district heating and cooling network, including an analysis of the costs and benefits

asseiated with each option.

5.1 Summary of thesis results

The first section of the thesis investigated the-bestefit implications of the implementation of

remote meter reading technology, and the substitution of existing obsolete meters currently in
operation. At the time of writing, 6 customers who are ctiyarsing the district heating and

cooling network have been identified as requiring replacement. From an economic point of view,

it is evident that the associated initial costs are not negligible, but the operational costs for the
company are reduced. lack d , thus far, the reading of <cust
manually on a month basis through a site visit by a worker. This cost equates to an approximate
annual cost of 01.800 per year. The i mpl emen
curent ly active, obsolete meters ha-#rmescehadad al es
was analysed, which consider the replacement of all the meters that could use the network. In this
case the total <costs wo aladvantage ofdedndte MeteOreadingesy e r t |
not economical, but rather technical and practical. By establishing a reading at a chosen interval,

it is possible to gain a comprehensive understanding of consumption trends, which in turn allows

for more effectiveheat production planning. The availability of data at hourly or daily intervals

permits the construction of demand curves that can be employed to modulate the production in

real time. Moreover, this technology facilitates the prompt and precise detection faults or
inappropriate use of substations.

In addition to the technical considerations, the implementation of the remote meter reading
infrastructure allows the plant to comply with the timeframe specified by European Directive
2018/2002, which mandates the remote reading of thermal mete¥slaguary2027.

The second part of the thesis examined the potential for integrating plants into the district heating
and cooling network from the perspective of the end user. As the substation and secondary plant

are not present in building C, the analysis was conductdtiese units. Firstly, the intended use
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and zoning of the shed were assumed on the basis of the other users in the served area. Once the
material of the building envelope had been defined, an evaluation of the winter and summer heat
demand was conducted. Then, bdasdden thehnwost critical o f the pl
conditions. In order to gain insight into the potential range of requirements for the building, two
additional scenarios were considered. This was done to account for the possibility that the
substation and system may, with a Ipmbability, also be required to serve other types of user.

It is essential that the solutions under consideration must be capable of being employed for both
heating and cooling purposes, thereby ensuring the utilisation of a single terminal throughout the
overall thermal year. In considering potential plant sohgj only the watebased were deemed
feasible, given the necessity for coupling with district heating and cooling network.

Two types of systems were identified as potential solutions: unit heaters with fan coils and air
handling unit. Theoretically, alternative plant solutions could be considered, such as radiant floor
system. However, technical and economic constraints ntagehypothesis uncompetitive in
comparison to the other two.

With regard to the solution that employs the use of unit heaters and fan coils, it should be noted
that based on technical and practical evaluation, the unit heaters are intended to be used in the
warehouse, while the fan coils are intended for use irstiop and offices. It is of the utmost

i mportance to select the appropriate |l ocation f ol
layout, as this will have a significant impact on the functionality and performance of the system.
From the economic pointf @iew the overall costs associated with installation and maintenance
are relatively low. On the other hand, the quality of the air and, consequently the level of comfort

it guarantees are not optimal.

In consideration of the fulir system, the design phase presents a more complex set of
considerations than the previous solution. To ensure optimal functionality, it is essential to address
a number of challenges, including those related to indoor alitgjand velocity constraints in the

duct network. From the economic point of view, the initial costs are considerable, as are the
subsequent maintenance costs. The main advantages of this solution are the high level of air
quality and comfort it provides

Thus, the first solution is more advantageous from an economic standpoint, although the level of
comfort is not optimal. In contrast, the second solution requires a higher economic investment, but
it guarantees significantly enhanced comfort and air qudlittimately, the optimal choice

between the two solutions will be determined by the specific needs of the customer.
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The results presented in this thesis are beneficial for both Forgreen and users.

From the companyds standpoint, the results off
benefits that remote meter reading can provide during normal operation of the plant.

From the customer6s perspective, the analysi s

overview of the technical, economical and environmental aspects.
5.2 Limitations of the study

At the moment, it is not possible to provide an accurate estimation of the number of users that will
be connected to the district heating and cooling network in the future and, consequently,
consumption of thermal energy, cannot be precisely quantifiegteTdre, the real benefits of
meter reading cannot be precisely estimated. However, a more precise estimation could be
achieved after one thermal year, given that a comparison could be made with the previous thermal

year.

The calculation of heating and cooling needs was conducted on building C. It should be noted that
not all the units in the district zone are identical, and therefore the results may not be representative
of the entire district. In fact, it is notable thhere is a considerable degree of variation in terms

of floor area, height, and usage between the units. It seems reasonable to assume that the types of

installations remain the same in the other units, with the difference of installed power.
5.3 Suggestions for future implementations

It would be imperative to install a meter on the supply line at the outset of the distribution network
in order to gain a comprehensive understanding of the precise amount of energy that leaves the
power station and how much reaches the substations. $steimswould facilitate the accurate

determination of the precise share of losses along the distribution network.

Anot her beneficial strategy would be to i mpl e

control system, thereby establishing a reliable infrastructure for monitoring and control.

In order to enhance control over water consumption, it is recommended that a water meter be
installed at the entrance to the power station, with remote accessibility to facilitateneeal

monitoring of water consumption due to reintegration resulting fpotential network leaks.
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APPENDI X

APPENDIX A

Figure A.1i plan view of the area served by Telezip

T -

Figure A.2i identification of the name of

U

the buildings in the area served by Telezip
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APPENDIX B

OFFICES
Hour CIvent quiltration QWindows QOpaque qmt_gain QSoIar Qtot
W] W] W] W] W] W] W]
6 0 -634.83  -132.62 1837.93 0.00 137.01 | 1207.50
7 0 -547.78  -114.43 1667.80 2968.® 117.44 | 4091.53
8 0 -391.08 -81.70 1400.84  3866.25 234.88 | 5029.19
9 0 -164.74 -34.41 1422.37 396600 391.46 | 5580.68
10 0 96.43 20.14 1459.12 396600 587.19 | 6128.89
11 0 392.42 81.98 1854.90 4032.2 763.35 | 7125.14
12 0 670.99 140.17 2476.53 409902  939.51 | 8326.20
13 0 879.93 183.82 3625.41  4132.25 1056.95| 9878.35
14 0 1019.21 21291 4481.07  4165.3 1135.24| 11013.94
15 0 1071.45  223.83 5034.71 4165.%% 1115.67| 11611.15
16 0 1019.21 21291 5406.20 4165.8 1037.37| 11841.21
17 0 897.34 187.45 5676.06 4198.75 880.79 | 11840.39
18 0 705.82 147.45 5663.56  4198.75 724.20 | 11439.78
19 0 479.47 100.16 5342.08 4198.75 606.77 | 10727.24
20 0 253.13 52.88 4956.75  2636.00 528.47 | 8427.23
21 0 61.61 12.87 4765.93 0.00 450.18 | 5290.59
22 0 -112.50 -23.50 4503.53 0.00 391.46 | 4758.99
23 0 -251.79 -52.60 4161.29 0.00 352.32 | 4209.22
24 0 -356.26 -74.42 3841.61 0.00 313.17 | 3724.10
1 0 -443.31 -92.61 3445.78 0.00 274.02 | 3183.89
2 0 -530.37  -110.79 3009.51 0.00 234.88 | 2603.22
3 0 -600.01  -125.34 2685.21 0.00 215.30 | 2175.16
4 0 -652.24  -136.25 2384.29 0.00 195.73 | 1791.52
5 0 -669.66  -139.89 2158.64 0.00 156.58 | 1505.68

Figure B.1i main results of Carrier method for offices
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WAREHOUSE

Hour qvent qinfiltration qwindows QOpaque qmt_gain QSoIar Qtot
Wl W W] W] W] W] W]
6 |0.00 -2036.15 -286.03 3686.50 0.00 54.43 | 1418.74
7 |0.00 -1839.79 -258.45 3323.34 2790.00 163.29| 4178.39
8 |0.00 -1486.33 -208.80 2702.10 3600.00 217.72| 4824.69
9 |0.00 -975.78 -137.08 2791.87 3690.00 252.36| 5621.37
10 |0.00 -386.69 -54.32 2909.09 3690.00 282.05| 6440.13
11 |0.00 280.95 39.47 3656.52 3750.00 306.79| 8033.73
12 | 0.00 909.32 127.74 4884.33 3810.00 326.58| 10057.97
13 | 0.00 1380.60 193.94 6823.35 3840.00 346.37| 12584.26
14 | 0.00 1694.78 238.08 8365.48 3870.00 366.16| 14534.51
15 | 0.00 1812.60 254.63 9410.95 3870.00 376.06| 15724.24
16 | 0.00 1694.78 238.08 10370.22 3870.00 390.91| 16563.99
17 | 0.00 1419.87 199.46 11101.19 3900.00 395.85| 17016.38
18 |0.00 987.87 138.77 11299.58 3900.00 296.89| 16623.11
19 |0.00 477.32 67.05 11073.73 3900.00 252.36| 15770.46
20 |0.00 -33.23 -4.67 10768.71 2490.00 217.72| 13438.53
21 | 0.00 -465.23 -65.35 10702.98 0.00 183.08| 10355.48
22 | 0.00 -857.96 -120.52 10080.63 0.00 158.34| 9260.49
23 | 0.00 -1172.15 -164.66 9398.33 0.00 143.50| 8205.02
24 | 0.00 -1407.79 -197.76 8584.97 0.00 133.60| 7113.02
1 |0.00 -1604.15 -225.35 7591.88 0.00 113.81| 5876.19
2 |0.00 -1800.52 -252.93 6507.52 0.00 103.91| 4557.99
3 ]0.00 -1957.61 -275.00 5721.52 0.00 89.07 | 3577.98
4 10.00 -2075.43 -291.55 4987.82 0.00 79.17 | 2700.01
5 |0.00 -2114.70 -297.07 4304.19 0.00 64.33 | 1956.75

Figure B.2i main results of Carrier method for warehouse
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APPENDIX C

Cooling office
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Figure C.1i cooling profile of the office

Cooling warehouse
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Figure C.2i cooling profile of the warehouse
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