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ABSTRACT

This study investigates the methodologies used to estimate domestic hot water energy demand
across European, Italian, Portuguese, and Passive House standards, using a certified Passive
House in Portugal as a case study. The analysis highlights significant discrepancies among these
methodologies, with Passive House proving the most accurate, while the European standard
tends to overestimate energy demand, and the Portuguese standard omits critical factors such
as distribution and storage losses. Differences in assumptions regarding temperature variability,
user behavior, and system efficiency further impact the reliability of these calculations.
Additionally, the study assesses the influence of domestic hot water consumption on the overall
energy classification of buildings, demonstrating its substantial role in determining energy
performance ratings. Lastly, various technological improvements, including solar thermal
integration, drain water heat recovery, and optimized storage solutions, are evaluated for their

potential to enhance energy efficiency and reduce grid dependency.

Keywords: Residential water heating; Domestic hot water technologies; EPBD standard,
Zero Energy Buildings; Building envelope.



RESUMO

Este estudo investiga as metodologias utilizadas para estimar a procura de energia de agua
quente sanitaria de acordo com os padrdes europeus, italianos, portugueses e de Casa Passiva,
utilizando como estudo de caso uma Casa Passiva certificada em Portugal. A analise destaca
discrepancias significativas entre estas metodologias, com a Casa Passiva a revelar-se a mais
precisa, enquanto a norma europeia tende a sobrestimar a procura de energia e a norma
portuguesa omite factores criticos como perdas de distribuicao e armazenamento. As diferencas
nas suposigoes relativas a variabilidade da temperatura, ao comportamento do utilizador e a
eficiéncia do sistema impactam ainda mais a fiabilidade destes célculos. Adicionalmente, o
estudo avalia a influéncia do consumo de dgua quente sanitaria na classificagdo energética
global dos edificios, demonstrando o seu papel substancial na determina¢do das classificagdes
de desempenho energético. Por ultimo, varias melhorias tecnoldgicas, incluindo a integragdo
solar térmica, a recuperacao de calor das dguas de drenagem e as solu¢des de armazenamento
otimizadas, sdo avaliadas pelo seu potencial para melhorar a eficiéncia energética e reduzir a

dependéncia da rede.

Palavras-chave: Aquecimento de aguas residenciais; Tecnologias de agua quente sanitaria;

Norma EPBD, Edificios com Energia Zero; Envelope do edificio.
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1. Introduction

1.1. Context

In order to address a number of challenges related to environment and energy efficiency in the
European Union building sector, the directive on the energy performance of buildings was
approved on 16 December 2002 [1]. The objective was to promote the improvement of the
energy performance of buildings within the Community, taking into account outdoor climatic
and local conditions, as well as indoor climate requirements and cost-effectiveness, laying down

some requirements:

1. The general framework for a methodology of calculation of the integrated energy
performance of buildings;

2. The application of minimum requirements on the energy performance of new buildings;

3. The application of minimum requirements on the energy performance of large existing
buildings that are subject to major renovation;

4. The energy certification of buildings;

5. Regular inspection of boilers and of air-conditioning systems in buildings and in
addition an assessment of the heating installation in which the boilers are more than 15

years old.

[1].

It was then revised in 2010 [2], 2018 [3] and 2024 [4]. Since 2018, an important update of EPB
standards was made and a stronger role of it was assumed: “Member States shall describe their
national calculation methodology following the national annexes of the overarching standards,
namely ISO 52000-1, 52003-1, 52010-1, 52016-1, and 52018-1, developed under mandate
M/480 given to the CEN.” [5].

It also declares that each Member State can thus replace the default choices for the assessment
of the energy performance in the context of their building regulations, and is obligated to
describe the deviations of the national choices from the default ones by means of National

Annexes [6].

In the Figure 1 the relationship between legislation and technical regulations is schematized.
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DIRECTIVE 2002/91/EC on the energy
performance of buildings

CEN
Adoption of a methodology for calculating - European technical

Energy performance regulations
Definition of energy requirements
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Inspection of systems

h 4 Y

European technical
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(UNI, DIN, AFNOR,...)

Figure 1: Relationship between legislation and technical regulations

So the EPBD, basing on a series of European regulations to standardize and harmonize the
calculation of the energy performance of buildings within the European Union, has laid the
foundations for a number of fundamental changes in the building sector and the European

energy landscape.

DHW uses a substantial amount of energy for homes and is important to focus for achieving
the EPBD goals. In two house buildings constructed before 2002, the DHW heat use contributes
24% and 30% to the total energy use in the buildings [7]. According to [8], water heating is the
second largest user of energy in households, accounting for up to 18% of total energy costs. As
a result, focus on the development of more efficient water heaters has increased over the past

decade.

The significance of DHW was highlighted in a study by [9], which reviewed recent research on
hot water consumption patterns across different building types. The study emphasized the need
for an updated review of DHW consumption characteristics that reflect current usage profiles,
as well as a thorough examination of the latest tools and technical data available for generating

DHW profiles to be used in energy performance analysis.

1.2. Goal

This dissertation aims to provide a comprehensive analysis of DHW technologies and energy
calculation methodologies. The study will present an overview of DHW technologies

emphasizing their potential to enhance energy efficiency and performance.
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A certified Passive House in central Portugal will serve as a case study for a comparative
analysis of DHW calculation methodologies, focusing on European, Portuguese, and Italian
standards, as well as the Passive House approach. The objective is to identify key differences,

assess their implications, and propose potential improvements.

This analysis will be based on official documents and methodologies, supported by actual usage
data from the building and real-time monitoring. Additionally, a simulation analysis will
evaluate the impact of DHW on the overall energy classification in Italy, Portugal, and the
Passive House standard. Finally, the study will highlight the most effective technologies for

minimizing the energy impact of hot water consumption.
Two questions were created to steer the research direction:

e How do the calculation methods for domestic hot water, vary between European,
Portuguese, Italian international standards, and Passive House, and what are the
implications of these variations?

e How the impact of DHW influence the global energy demand of a residential house, and

what solutions are recommended for optimizing hot water efficiency?
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2. Literature Review

The purpose of this chapter is to review the existing literature on DHW systems technologies
and assess the state of the art, with the aim of identifying configurations, applications, and

current trends in the field.

As a first step, a search for scientific articles in three databases, Scopus, ResearchGate, IEEE

Xplore and Google Scholar, was conducted.

To carry out this search, DWH standards were used in the search engine of the different

databases.

After gathering these scientific publications, a content analysis of each abstract was carried out

to determine whether articles included material that was pertinent to the research's topic.

2.1. DHW Systems

In general, DHW preparation can be centralized (serving entire building, several apartments)
and decentralized (system usually serving individual apartment/zone in building), as illustrated
in Fig. 2 [10]. The focus will be on decentralized systems, as it is common in single-family

homes and apartments to be supplied through individual systems.

Hea
aad OHW /m /m /r;s\
Heat Domestic distribution L_J u 1 S |

rrrrrr hot water

X

1 £ X X 05 0s (o)

i sl

a Circulation
at ol
\\ "\, P
hanger }/os [ (b))
1 |

Heat supply

Cold water Substation

Figure 2: DHW system configurations (left) Central DHW system; (right) Decentralized DHW; DS is
decentralized substation [10].

The central system DHW is prepared either in central heat exchanger or in central hot water
storage tank. From there DHW is distributed to the draw-off points. In majority of cases, distri
bution system has also circulation to decrease waiting time for hot water. In the decentralized
system, each apartment/zone is equipped with a decentralized substation unit, either heat

exchanger or small storage tank [10].
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A significant portion of energy loss occurs within the distribution system, in some cases even
surpassing the energy consumed at the point of use. Studies analyzing heat loss in distribution
networks across three building typologies: apartment buildings, detached houses, and
commercial buildings, reveal that up to 73% of energy can be lost in the circulation loop. This
is primarily due to the scattered placement of taps and the long distance from the technical room

[10].

Among these typologies, single-family houses experience the lowest distribution losses,
averaging 38% with a circulation loop and only 12.5% without one. Therefore, in single-family
homes, it is recommended to avoid circulation pipes whenever the distance between the

technical room and draw-off points is short, as this can significantly reduce energy loss [10].
Another part of energy loss associated to the DHW is due to its storage in a water tank [10].

A typical residential reference system is presented in Figure 3, which was already validated

against real-world data in previous studies [11].

Water ] T pipe Shower
Bathtub

Tap Adults

| Tank Boiler Pipe

Tap Children

— pipe
Wastewater

l—  pipe _._..TGD Household

i

Washing Machine

cold water
Energy - = hot water
Dishwasher

=3 energy carrier

Toilet

welfilt
i

Kettle Human Intake

Figure 3: Typical reference system [11].

The Water Heating Systems covered will include:

I.  Gas Water Heating Systems: Storage and Tankless;
II.  Heating Oil Water Heaters;
II.  Electric Water Heating Systems: Storage and Tankless;
IV. Standalone Renewable Energy Systems: Solar Water Heaters, Geothermal Water

Heaters and Biomass Water Heaters;
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V.  Hybrid Water Heating Systems: Hybrid Photovoltaic-Thermal, Hybrid Gas-Fired Heat
Pump and Other Hybrid Systems.

The various technologies present in the literature, are analyzed according to four main

parameters: operating mechanism, energy performance, advantages and disadvantages.

Other more general information such as installation and maintenance costs will also be
provided. The Energy Factor and COP will be used to evaluate and compare the energy
performance of various technologies. The COP is typically associated with other efficiency
indicators, such as SCOP and SEER, which are commonly used to represent the average
seasonal efficiency of a system. While SCOP and SEER specifically refer to the performance
of heating and cooling systems, respectively, COP could be used to measures the efficiency of

a heat pump.

I.  Gas Water Heating Systems

This category includes both storage and tankless systems, which are available in non-

condensing, condensing, and heat pump variations.

Natural gas systems are more common in areas with local natural gas utilities, while propane

systems are more prevalent in areas requiring on-site gas storage [8].

Figures 4 illustrates schematics and main components of the gas water heating technologies.

Desorber
Combusted

Evaporator Absorber,
Gas Out * Condenser
R Combusted ‘
Gas Out * Gas -Water
Gas-Water Heat .
Heat Exchanger Hydronic
Exchan A . Heat
9 Combution Exchanger
Area
Combusted
Gas Out *
Combution Combution f ‘
Area
N Area Water Water
Condensate In Out
L= ol Out o
a.Gas Storage b.Condensing Gas Storage c.Gas Tankless d.Gas Heat Pump

Figure 4: Schematics of Gas Water Heaters [8].

Table 1 summarizes the different gas water heating technologies.
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Table 1: Summary of the different gas water heating technologies

System Type Aspect Details Source
Operating Combustion of natural gas or propane to
Mechanism directly heat stored water
gezilinézz%[ions and Heating Rate: 9-23 kW; Tank Volume: 110-
Gas Storage P 370 L; EF: 0.48-0.69; FHR: 185-511 L [8]
. energy performance
(Fig. 4a)
Advantages Inexpensive, reliable with long product life
Disadvantages Non-condensing systems have low EF
& values due to direct heating losses
Operating Cools combusted materials to point of
Mechanism condensation, transferring more heat
gef:?inﬁziions and FHR: 529-583 L; Tank Volume: 227-303 L;
Condensing P EF expected to be > 0.77 [8]
Gas (Fig. 4b) energy performance
' High efficiency, suitable for high water
Advantages
usage
Disadvantages Added complexity, size, and cost; ideal for
& larger households to optimize payback
Operating On-demand heating without storage tank;
Mechanism uses LP with constant flame regulated
Technical Heating Rate: 22—59 kW (non-condensing),
. . 46-58 kW (condensing);
Specifications and . :
eneroy performance EF: 0.82 (non-condensing), [8]:
Gas Tankless EYP 0.91-0.98 (condensing) ’
(Fig. 4c) [12]
Advantages Space-saving, maintains high EF values
Disadvantaces Temperature affected by water flow rate;
& high initial and installation costs
Installation and High installation costs, especially for
Maintenance Costs condensing units
Operating Natural gas combustion drives an absorption
Mechanism heat pump
Technical . .
. . EF: 1.2-1.3 (experimental systems); Heating
Gas Hea}t Specifications and Rate: 2.58 kW: COP: 1.6 8]
Pump (Fig. energy performance
4d) Advantages EF values above 1, lower energy use and
costs
Disadvantages Complex, larger, and costlier than direct-

heated systems
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Installation and Higher installation and maintenance costs
Maintenance Costs due to complexity and size

II.  Heating Oil-Fired units

Oil-fired water heater units (Figure 5) operate in a manner similar to the gas-fired units.

Hot Water In .
e ——s Hot

Water
Out

Pressurized
Nozzle

Ignition . — Hot Water
Transformer Storage tank
; Storage
M_otorlzed Tank
Air Intake fnging
Cold
Water

In

Figure 5: Oil-Fired Water Heater [12].

Table 2: Summary of Oil-Fired Water Heater technology

System Type Aspect Details Source

In storage-type oil water heater, cold water
is supplied to the tank and injected at its

Operating bottom through a dip tube. The denser cold
Mechanism water is heated by oil burner. As the water
heats up, it naturally rises and is drawn off
by a hot-water discharge pipe

Technical
Oil-Fired ei];fmﬁc:rt;g?; :Irll((:ie EF values in the 0.53-0.55 range
Water Heater £7P . , [13]; [8]
(Fig. 5) Less primary energy consumption

compared with EWHs, less contribution to
Advantages environmental pollution compared with
EWHs, due to direct conversion of thermal
energy to heat and reliabilit

High capital cost and relatively low EF
values, high fuel costs, and a shorter
lifespan of 8 years compared to EWHs
with 13 years

Disadvantages
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I1I.

Electric Water Heating Systems

Electric systems can be divided into storage water heaters, which include directly heated and

heat pump options, and tankless models. Figures 6 illustrates schematics of the electric water

heating technologies.

Controller

a.Electric Storage

Evaporator II | Compressor
7_,,— Heating Elements
Heating Elements
- __»Water
Out
Water

In

— Condenser

Controller

c.Electric Heat
Pump

b. Electric Tankless

Figure 6: Schematics of Electric Water Heaters [8].

Table 3 summarizes the different electric water heating technologies.

Table 3: Summary of the different Electric Water Heating Technologies

System Type Aspect Details Source
Operating Heats water using res‘isti\‘/e elements, stores ‘
. heated water, and maintains set temperature via
Mechanism
thermostat
Technical Heating Rate: 7.6-11 kW;
Specifications and | Tank Volume: 110-435 L; EF: 0.86-0.95;
energy Dimensions: Height 0.66-1.8 m, Diameter
Electric performance 0.45.-0.8.m _ [12]: [8]:
Storage (Fig. Var_led sizes, lo_w cqst, and minimal '
6a) Advantages maintenance Wlth high EF values appealing to [13]
energy-conscious Users.
Long life than fuel fired-units, no emissions
Primary EF values (0.27-0.31) don’t meet high-
Disadvantages efficiency criteria.
Possibility of a short circuit with the cables
MI;;?; :12121122 élz)(; s Low due to simple design and few parts
Pumps ambient heat to water tank using
Electric Heat Operating refrigerants (typical R-134a or R410a [8]
Pump (Fig. 6b) Mechanism refrigerant); includes a backup resistance heater
for low temps
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Technical
Specifications and | EF: 2.35-3.0; FHR: 216-289 L; Primary EF:

energy 0.75-0.96; COP: 2-4
performance
Advantages High efficiency, lower energy use than resistive
heaters
High cost and complexity; heat extraction
Disadvantages affects indoor temps, and noise may disturb
occupants

Installation and Higher due to added components and system
Maintenance Costs | complexity

Operating Uses multiple elements to heat water instantly
Mechanism without standby losses
Technical : _ o .
Specifications and Heating Rate: 18-38 kW; sized for single or

whole-home use; high amperage breakers

eneregy needed for larger units
Electric performance
Tankless (Fig. Advantages Eliminates standby losses, flexible sizing for [8]; [12]
6¢) s1ng1¢? or Who%e—home use .
Disadvantages Requires significant electrical capacity; some

homes may need upgrades

Installation and | May involve added costs for dedicated breakers
Maintenance Costs | or upgrades, especially for larger units.

IV.  Standalone Renewable Energy Systems

This category includes Solar water heaters, geothermal water heaters, and biomass water

heaters.
e Solar Water Heater

Solar water heaters absorb thermal energy from the sun and exchange it to water. The water
circulates through the collector system and the tank, in order to continuously maintain the

desired temperature [12].
They are divided into two categories: active and passive.

Active systems use a mechanical system (circulating pump) to circulate the HTF while passive

systems use density gradients (gravitational forces) to circulate the HTF.
There are two types of passive systems:

1. Integrated collector storage or batch systems which use a tank that acts as both the hot-

water storage and the solar collector
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2. thermosyphon systems in which the storage tank and collector are physically separated

and transfer between the two is driven by natural convection [13].

Thermosiphon is a natural phenomenon, whereby higher density cold water displaces less dense

hot water, through natural convection [12].
Active and thermosyphon SWHSs are further classified into two types:

1. Direct or open loop systems in which the water in the tank is itself the HTF and
circulates through the collectors, this type is not appropriate in climates where freezing
temperatures occur,

2. Indirect or closed loop systems in which a pump circulates the HTF through the

collectors and a heat exchanger which transfers heat to the water
[13].

Active systems are more efficient, but passive SWH systems are generally cheaper [12].
Examples of heat transfer fluids include water, glycols, silicone oils, and hydrocarbon oils, with
water being the most advantageous due to its low cost, availability, and high thermal efficiency

[14].

Table 4: Summary of Solar Water Heater aspects

Aspect Details References
In general, the efficiency of solar thermal conversion is
Energy Performance | around 70% and a COP = 2.5-3.7 with the temperature | [14], [13]
between 61 and 25 °C

This method of water heating is beneficial due to the
Advantages fact that the energy used is free, abundant, and | [12]
indefinitely renewable

A fully solar-powered SWH system requires energy
storage, as operating solely on solar energy for 24 hours
is unfeasible. Optimal collector placement, tilt angles,
and an unshaded location are crucial for maximum
energy absorption, which is why rooftop installation is
common

Users typically have to make an initial investment to
purchase and install the SWH system, and the payback | [14]
period is generally four to eight years

Disadvantages [15]

Installation and
Maintenance Costs

The main components of a SWH system include solar collectors, insulated storage tanks, a
supporting stand, and connecting pipes and instrumentation. There are many variations of solar

water heater systems and collector combinations in the current market. Each system has a
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different working principle depending on the type of collector, tank positioning (split or
compact), and system configurations [15]. Most solar water heaters have thermal storage tanks
secured in a position higher than that of the collector itself. This is done so that circulation may

take place naturally through thermosiphon [12].

Four variations of collectors are currently available in solar water heating technologies (Figure
7): the flat plate collector, evacuated tube collector, concentrated solar collectors (parabolic

collectors) and the ISC system [12]. The ISC is not present in the figure because not typically
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- \\ Hot Water = Hot Water Out
Heat Exchange Header Water Flow " 08 YvaNe! = - ok Wk
Direction - Hot Water i oo e

Transfer Fluid
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g N Hot Water

Storage Tank

Tube

Vacuum

Absorber Fins \j l/r

Transfer Fluid Tube

N Circulation Pump
Cold Water In d R Cold Water In

™ Evacuated Tubes Solar Concentrator

Support Stand

a) Evacuated tube collector (ETC). b) Parabolic dish collector (PDC).

/- Hot Water Out
NS

h. Hot Water Storage Tank

Hot Water In—7

Water Flow Direction / '

Hot Water Out
Glazing

Casing

Insulation
Cold Water In

Cold Water In

) Flat plate collector (FPC).

Figure 7: Variations of collectors in Solar Water Heating technologies [12].
Table 5 summarizes the three main collectors types currently used.

Table 5: Summary of the three main collectors types.

Collector Operation _
T Mechani Key Features | Fluid Used | Max T° Source
ype echanism
Solar energy passes
through glazed glass, | Absorbs up to
strikes a black-coated | 96% of \X\J:;:error
Flat Plate | metal plate incident solar . o [16];
Collector | (copper/aluminum), | energy; ideal %g:?i;:zl: Up to 80°C [12].
heating fluid that for moderate rotection)
circulates through climates protectio

tubes in contact
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Solar radiation passes | High
through glass tubes efficiency,
and heats a black- retains heat Fluid with
ETC coated cylindrical well, freeze- antifreeze | Up to 100°C | [12].
collector, with fluid | resistant; ideal | properties
circulating to a heat | for cold
exchanger head regions
Concentrates solar Tracks the
energy onto a X
; sun’s
receiver at the focal R Refricerant
PDC point; uses a tracking hi ’ & Up to 60°C | [12].
igh or water
system to follow the . .
. . efficiency in
sun's path, enhancing | . .
! direct sunlight
efficiency

e Geothermal Water Heating Systems

Geothermal water heating systems may be divided into two types of systems: geothermal hot

spring water extraction and geothermal (ground-source) energy extraction [12]. The main

features are listed in table form (Table 6 e 7).

o Geothermal Hot Spring Water Extraction

Table 6: General information about Geothermal hot spring water extraction

Aspect Details Source
Operating Geothermal energy heats groundwater, which then emerges from the
. crust of the Earth. The heated water at Earth’s surface level forms a hot
Mechanism .
spring
The geothermally heated water occurs naturally and hot spring locations
can be found in many locations across the world. Some locations have
Advantage | hot springs where the water temperature is adequate for bathing. Only
hot springs with water temperatures not exceeding safe bathing limits [12]
may be used as a hot water source
Similarly, most hot springs have unacceptably low thermal levels also
not suitable for bathing purposes. When a hot spring with a suitable
. thermal level is found, the hot water from the spring can be pumped to
Disadvantage

households, as long as these areas are in the vicinity of the hot spring.
The close proximity will minimize heat losses. The water should be
treated or filtered to avoid bacterial infection
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o Geothermal Heat Pump Water Heater (Figure 8)

Table 7: General information about Geothermal Heat Pump Water Heater

Aspect Details Source
Geothermal heat pumps extract thermal energy beneath ground
level. A conventional heat pump system is used, but in this
arrangement, heat is extracted from the ground. The system
Operating consists of a primary and secondary heat exchanger system. The
Mechanism | primary heat exchanger has a transfer fluid flowing within, and
the second has a refrigerant. Part of the primary heat exchanger
is buried underground. The depth at which it may be buried is at
approx. 10 m below the earth’s surface
These systems achieve up to 70% energy savings compared to
Energy EWHs. GSHPs with desuperheaters save 36% of electricity, and
Performance | HPHW-GSHP systems save 53%, making them efficient
alternatives to traditional EWHs
Constant temperature throughout the year, even during winter
months when air temperature fluctuates. This system is
recommended for winter months but can be retrofitted for
standard operation with the air-source evaporator in summer.
Increased complexity compared to conventional heat pump [12]
water heaters
The system has higher initial implementation costs, which
increase proportionally with the depth at which heat exchanger
systems are buried

[12]

[13]

Advantages

Disadvantages

Installation
Costs

— Compressor

= —— Hot Water Out

Circulation \ F_—‘ — Heat Exchanger
Fyme f _—Hot Water
Storage Tank
Heat — i Expansion - gtorgge Tank
Exchangers | asing

Cold Water In

Ground Level

Figure 8: Ground Source Heat Pump Water Heater [12].

Based on the spatial arrangement of GHESs, it can be classified into two major categories (Fig.
9): vertical GCHP system and horizontal GCHP system [17]. The main characteristics of these

systems are summarized in Table 8.
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B Vertical GCHP system [l

Figure 9: Configuration of Vertical and Horizontal GCHP system [17].

Table 8: Main characteristics of Vertical and Horizontal GCHP.

System Type Req?lli)raecrflen ¢ E?Egg:ﬁy Installation Cost Source
Extracts larger
Requires less amount of thermal | High; drilling
Vertical GCHP space for pipe energy per unit accounts for [17]
System il’II)S tallation length; works with | about half of
stable soil installation cost
temperatures
Requires
installation Affected by
Horizontal under large. variation of Less installation (173 113]
GCHP System areas; Provides | ground cost
95% of EWH- | temperature and
level DHW moisture
output

e Biomass Water Heater

Biomass consists of any material of organic origin [12]. Biomass is good option for water
heating in rural areas because it is easily available and having an affordable price. Crop residues
like maize cob, cotton stalk, sesamum stalk, and others are good option to use for generating
hot water [18]. Mainly pellet or wood systems are used [12]. A distinction regarding the use of
pellets or wood systems is presented in Table 9. Different types of pellet and woodpellet boilers
systems are under research. Bottom feed, top feed and horizontal feed burners types research
results revealed that bottom and horizontal feed are preferred against top feed boilers as they

have lower emissions and higher efficiencies [13].

24



Table 9: Distinction between Pellets and Wood systems.

System Operatlp & Advantages Disadvantages Energy Source
Type Mechanism performance
Biomass
supplied to . .
. Direct combustion
furnace via
COz released can produce
pellet feeder; . . .
in burning incomplete Thermal i
pellets burn, . . [12];
Pellets . equals CO» combustion and efficiencies
: heating [19];
Boiler . absorbed poor heat transfer; range from
surrounding . . o [18]
during growth | use without proper 70 to 91%
water. Heated . T
of biomass ventilation impacts
water flows to
health
storage tank for
use (Figure 10)
Wood burned to
heat water. Two Produces
types: direct dangerous fumes
(tank heated by locally; difficult
fire) and indirect water temperature
(heat exchanger | Lower costs, control; lower Thermal
Wood- . .
) transfers heat low net energy content; risk | efficiencies | [13];
Fired Water .
from stove to greenhouse gas | of back drafting; range from | [19]
Heater . . . o
water in tank). emissions air pockets may 75 to 85%
Water circulates block water
through circulation
exchanger with (thermosyphon
thermosyphon or systems)
pump
— g Chimney
o Hot
IIIIIIIII? p o I \ l Wgt ﬁr
e — Hot
? Water
? Storage
g
g Tank
? ___—Storage
? =8 Tank
g Casing
o ’
=  — ngt]:r

Figure 10: Biomass Water Heater [12]

An important note regarding thermal efficiency is provided by [19]: several factors lead to the

efficiency—load relationships. The most important factor is the excess air ratio that is usually

higher under low-load conditions. In addition, low-load conditions cannot generate sufficient

25




turbulence for complete combustion, which leads tolow combustion efficiency and

temperatures. Heat transfer is also reduced during low-load conditions. Thus, it is better for the

boiler to operate at high- or full-load conditions, so thatmaximum thermal efficiency can be

achieved. The use of thermal energy storage enables the boiler to operate for longer periods at

higher loads and, consequently, reduces the number of boiler ignitions and avoids short cycling

during warmer weather.

According with the information collected, a summary table of the techno-comparison of water

heating systems analyzed is provided below.

Table 10: Techno-comparison of water heating systems

Installation &

S%/ste;n Per]:%z)l:rrr?;;lce Advantages Disadvantages Maintenance
yp Costs
Heating Rate: Inexpensive, ?2?;5:1?2321& %V
Gas Storage | 9-23 kW; EF: reliable with long y . Moderate
. EF due to direct
0.48-0.69 product life :
heating losses
) . Added complexity,
Condensing | FHR: 529-583 Hl.%hb?ﬁ}meﬁ.cyﬁ size, and cost; best Hich
Gas L; EF>0.77 sul tar © forhig for larger '8
Water usage households
Heating Rate:
22-59 kW (non-
condensing) Temperature
Gas 46-58 KW ’ Space-saving, affected by water High, especially
Tankless | (condensing): maintains high EF | flow rate; high for condensing
EF: 0 82-0g9é values initial and units
( deioeﬁ diné on installation costs
type)
EF: 1.2-1.3 Complex, larger
Gas Heat (exp;rlmenta'l); EF above 1, lower and more costly Higher due to
Pump Heating Rate: energy use and than direct-heated system complexity
2.58 kW; COP: | costs
1.6 systems
Less primary
Egrelrs%}r]np tion High capital and
Oil-Fired EF: 0.53-0.55 | reliable, lower fuel costs, shorter High
Storage .. lifespan (8 years vs.
emissions

compared to
electric systems

13 for EWHs)
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. Heating Rate: Varied S12es, low | Low primary EF Low due to simple
Electric L. | cost, minimal (0.27-0.31); .
7.6-11 kW; EF: . . design and few
Storage maintenance, long | potential short
0.86-0.95 life, no emissions | circuits parts
) . High cost and
. EF: 2.35-3.0; High efficiency, complexity; noise .
Electric . 916-89 lower energy use d o Higher due to
Heat Pump FHR: ! than resistive and potentia system complexity
L; COP: 2-4 temperature impact
heaters :
on indoor spaces
Illg_egtgnf\xljéte: No standby Significant electrical
Electric requires hi’ h losses, flexible capacity required, May involve costs
Tankless argl erace & sizing for single potential need for for dedicated
breI; ker§ for or whole-home upgrades in some breakers/upgrades
) use homes
large units
Dependent on
Conversion sunlight, requires
Solar Water . Renewable, free appropriate tilt and _r
efficiency Moderate initial
Heater o ) energy, and low | unshaded :
~70%; COP: . . . investment
(SWH) 2537 operational costs | installation; energy
o storage system
recommended
o
gﬁ;o 7ga<(/)in N Consistent
3 6°/gey1ec trici% > | temperature year- | Higher complexity
Geothermal SaVi(;l s with Y round, highly and implementation | High installation
Heat Pump desu gé heaters efficient in costs, particularly costs, especially
(GHP) per ’ | winter; can be with increased due to drillin
53% with . g
HPHW-GSHP retrofitted for burial depth
systems summer use
CO2 neutral due | Incomplete
Biomass Thermal to biomass combustion, Moderate; subject
Pellet Boiler Efficiency: 70- | growth, lower requires proper to pellet prices
91% costs for rural ventilation to avoid and availability
areas health issues
Produces fumes;
Biomass Thermal Lower costs, low Z‘;i:f;oieglzﬁreﬁuirz .| Moderate, though
Wood-Fired | Efficiency: 75- | net greenhouse ENE 1 Wood cost varies
o o lower energy :
Heater 85% gas emissions by region

content than fossil
fuels

V.  Hybrid Water Heating Systems

Hybrid systems combine different energy sources to optimize efficiency and performance in

water heating, there are many combinations of this. Recent research on hybrid water heating

technologies for water heating has focused on sustainable energy to overcome the problems of

27




excessive reliance on fossil fuels. Grid systems, batteries, fuel cells, and diesel systems are
employed as backups for most hybrid systems because RE sources are inconsistent and
unpredictable. As a result, several hybrid configurations have been exploited, and the search for

new developments continues [20].

An example of a fully renewable hybrid system, the Hybrid Photovoltaic-Thermal Water
Heater, and an example associated with fossil fuels, the Hybrid Gas-Fired Heat Pump Water

Heater, are described.
e Hybrid Photovoltaic-Thermal Water Heater

The PV/T collector is the combination of a SWH and a PV cell. A PV cell’s efficiency is highly
dependent on temperature. If the temperature of the cell is too high, the efficiency drops
significantly. This efficiency drop may be mitigated by introducing a solar collector [12]. An
optimum cooling system is one of the keys to having the best overall PV-T performance [15].
The solar collector acts as a heat sink while it uses the thermal energy gained to heat water. Any
PV module may easily and affordably be retrofitted to become a water heater. As said in section
x, the solar systems can be configured as direct (open-loop) systems, such as thermosiphon
systems, in which potable water is heated directly in the PV-T collectors; or indirect (closed-
loop) systems, where potable water is heated through a heat exchanger usually immersed in a

water storage tank, inside which the hot water in the solar closed-loop circuit circulates [21].

A photovoltaic-thermal water heater system is presented in Figure 11. The PV cell is surrounded
by water flow ducts protected by a metal casing. The top and bottom layer of the upper collector
is made up of glass, so that solar radiation can be transferred to the PV panel. The lower
collector is enclosed and forms part of the collector casing. Small circular channel cut-outs form
part of the circulation path and regulates heat distribution [12]. Table 11 summarizes the main

information.
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Figure 11: Photovoltaic-Thermal Water Heater [12].

Table 11: Main informations about Hybrid Photovoltaic-Thermal Water Heater

Aspect Details Source
Cold water is supplied to the collector system and heated, while
Operating thermosiphon assists in the circulation of the water through the entire [12]

Mechanism | system. This ensures continuous heating of the water, so that the water
may be used by the consumer

Providing efficient solar technology, single warranty, space reduction,
cost reduction, and a reduction of project management and planning
required, in comparison to installing a solar PV and a solar thermal
separately

Advantages

The PV module is attached to the thermal absorber with a thermally
conductive adhesive to ensure efficient heat transfer and accommodate
expansion differences. Poor contact can cause a temperature rise,
lowering energy absorption and heat transfer efficiency. The [22]
temperature of a solar thermal collector can reach 220°C, while a PV-T
Disadvantages | absorber may reach 150°C, surpassing the safe range for PV modules.
Silicon cells can tolerate up to 220°C, but temperatures over 135°C can
damage other components. Typical stagnation temperatures are 80°C
for unglazed and 130°C for glazed PV-T collectors. To prevent
overheating and thermal shock, reliable passive or active cooling is
needed

Energy The electrical, thermal and combined efficiencies of different PV/T
Performance | systems obtained by different researchers are presented in Table 12

There are several classifications of Hybrid PV-T collectors depending on different factors: he
collector cover(s), the type of PV technology (amorphous silicon, a-Si, monocrystalline silicon,
c-Si, polycrystalline Silicon, pc-Si, thin-film, multi-junction cells, etc.), cooling method (active
vs. passive), the heat extraction medium (gas, liquid, dual, heat-pipe, thermoelectric) and the

system structure (flatplate, concentrated, building integrated) [21].
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According to the literature, differents types of collector have been studied: older reviews

focussed on air- or liquid-based PV-T collectors, while more recent ones also include

concentrated PV-T collectors, heat-pipe PV-T collectors, phase-change material-based PV-T

collectors, dual air—water PV-T and PV-T collectors with nanofluids. Other reviews analysed

previous studies that discussed the design and cooling considerations aimed at improved

collector performance [21].

Table 12: Efficiency of different PV/T collectors [22]

Type Thermal efficiency Electrical efficiency
PV/T water system 64 12
PV/T with functionality graded material (FGM) None None
PV/T water system 40 10
PV/T water system 79 8.7
PV/T with spiral flow design 64.4 12.13
PV/T water system (Opaque PV) 60 9
PV/T water system (Transparent PV) 63 13.03
PV/T with spiral flow design 61.3 13.03
PV/T water system 54 8.5
PV/T water system (Unglazed) 52 9.7
PV/T water system (Single glazed) 58 8.9
PV/T water system (Double glazed) 58 8.1
PV/T unglazed water system 35.33 12.77
PV/T water system 58 9.7
PV/T with Spiral flow design 50.12 11.98
PV/T water system with diffuse reflectors None 19.2
PV/T system with R134a refrigerant 64 8
PV/T system collector area fully covered with PV 45 10
cells
Dual flow PV/T liquid collector 69 10
Dual flow PV/T liquid collector (Bottom air
. . 66 8.5
insulation)
PV/T collector with ITO layer above PV module 39 6.8
PV/T system (Liquid: c-Si, Air: ¢-Si) None 12
PV/T water system (PV packing factor 85%) 25 11
PV/T system with single pass rectangular tunnel 64 10 to 13
absorber
PV/T collector.wnh single glazed sheet and tube 40 to 50 9
with Propylene Glycol
PV/T collector with corrugated polycarbonate 38 12410135
absorber
PV/T evaporator 53to 64 10.15
PV/T system with flat box Al alloy in natural
. . 45 14.5
circulation mode
PV/T system with flat plate and heat pipe 25.8 9.5
PV/T system with thermosyphon and heat pipe 23.8 14
PV/T system with polycarbonate material '"Twintex' 29 13.8
PV/T with spiral flow absorber 54.6 5
PV/T air collector 22 None
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The lower thermal efficiency of PV/T collectors is attributed to multiple factors, including the
conversion of incident solar energy into electricity, suboptimal optical properties of the glass
layer, reflection losses, low thermal conductivity between the PV module and heat transfer fluid,

and additional thermal resistance from adhesive layers [22].

Geographical location significantly influences system performance. In subtropical and
temperate climates, thermosiphon systems demonstrate superior thermal efficiency compared
to circulation pumps. At lower latitudes, these systems can fully meet DHW demands during
summer, whereas at higher latitudes, they contribute significantly but require supplementary

thermal support [21].
e Hybrid Gas-Fired Heat Pump Water Heater (Figure 12)

This setup uses a conventional heat pump water heater, and gas fired water heater that acts as a

gas booster system [12].

The operating mechanis allows the volume of water with an initial temperature to be heated to

reach the desired temperature in different ways:

e Heat pump only: the water is heated entirely by the heat pump, which operates with a
constant water flow rate in continuous circulation mode between the heat pump and the
tank, until the final temperature is reached.

e (as heater only: the water can be heated exclusively by the gas heater, which operates
with a water flow rate independent of the heat pump.

e (Combined mode (heat pump and gas heater): the heat pump heats the water to an
intermediate temperature, using its cyclic mode to save energy, as it is more efficient
with lower inlet temperatures. Once this intermediate temperature is reached, the heat
pump switches off and the gas heater completes the heating, bringing the water to the
desired temperature. This strategy allows to maximize the efficiency of the heat pump,

reducing the use of the gas heater only for the final part of the process.

Table 13: Advatages and disadvantages of the system

Advantages

This hybrid system offers increased reliability, due to the ability of the two
systems to operate independently if one system should fail [12]. The fuel source
of gas is much cheaper than that of electricity when they make the same heat
delivery under high water inlet temperatures [23]

Disadvantages

Standby losses and inadequate ambient energy will increase gas consumption,
which in turn will increase the operating costs in colder climates [12]
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Figure 12: Schematic diagram of the Hybrid Gas-Fired Heat Pump Water Heater [12].

A system composed of a commercial heat pump with a rated capacity 25 kW, R410A as a
refrigerant and a gas fired water heater for a residential buildings with an area of 120 m? has

been studied by [23]. Two strategies were conducted:

I. the two heating sources (heat pump and gas heater), can be switched and with only two
modes: heat pump mode and gas heater mode;
II. the two heating sources could be handled with the proper arrangement for the loading

share.

In terms of energy performance, control strategy II demonstrates a broader range of hybrid
optimal points compared to control strategy I, achieving a higher overall COP. This
improvement allows for the replacement of gas heater points, enhancing system efficiency and

sustainability.
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e Other Hybrid systems

For the sake of brevity, most of all the current hybrid renewable water technologies

configurations are summarized in Table 14.

Table 14: Summary of literature on Hybrid Renewable Energy Water Heating technologies.

Hybrid Configuration

Sources

Photovoltaic/Ground Source/Heat Pump Water Heater

Photovoltaic/Heat Pump Water Heater

Solar Thermal Collector/Heat Pump Water Heater

Photovoltaic/Solar Thermal Collector

Photovoltaic/Ground Source/Fuel Cell/Battery/Heat Pump Water Heater

Photovoltaic/Solar Thermal Collector/Heat Pump Water Heater

Photovoltaic/Ground Source/Electric Water Heater/Heat Pump Water
Heater

Photovoltaic/Heat Pump Water Heater

Photovoltaic/Solar Thermal Collector/Heat Pump Water Heater

Solar Thermal Collector/Heat Pump Water Heater

Photovoltaic-Wind-Grid-Heat Pump Water Heater

Photovoltaic-Grid-Battery-Heat Pump Water Heater

Solar -Electric Tank Water Heater

Hybrid Ground-coupled heat-pump system

Hybrid-power gas-engine driven heat-pump system

Zeolite/water gas heat pump

[20];
[13]; [24]
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3. Methodology

To address the research questions, the methodological approach is divided into three distinct

stages, each tailored to fulfill the dissertation's objectives.

In the first stage, a comprehensive survey of energy performance assessment methodologies is
conducted to achieve the primary objective: defining the variation of calculation methods for
DHW energy demand used in Europe, Italy, Portugal, and within the Passive House
methodology. To ensure the scientific rigor of this stage, an extensive search is carried out
across the websites of national and european standards bodies, professional and technical
associations, as well as through official documents and guidelines. This investigation identifies
the key approaches, providing a foundation for understanding their theoretical frameworks and

applications.

The second stage focuses on the evaluation and description of the case study. This involves a
thorough survey of energy consumption and environmental conditions. Afterwards calculations
will be performed using real values specific to the case study and reference value to highlight
the differences between DHW calculation methodologies across Italy, Europe, Portugal, and

PHPP.

In the third stage a detailed overview of the various energy certification methods is provided to
analyze how each service (heating, cooling, DHW, ventilation, etc.) contributes to the building's
overall energy classification according to various standards, the goal is to highlight and improve
the influence of DHW on the building's total energy performance. This analysis specifically
addresses the second objective: evaluating the impact of DHW influence on the global energy
demand of a residential house. Advanced simulation tools are employed to enhance the
accuracy and reliability of DHW energy demand estimations. These simulations validate the
proposed optimizations, ensuring their effectiveness in improving energy efficiency. Finally,
the study investigates solutions with a favorable impact on the energy performance of buildings.
Innovative technologies such as high-efficiency water heating systems, and renewable energy

sources are analyzed for their potential to minimize DHW energy consumption.
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3.1. Survey of the Energy performance assesment methodologies

To provide a clear overview of the various calculation methodologies, the following structure

1s used:

wok w

1.

Overview of Relevant Regulations
Calculation of Domestic Water Demand
Calculation of Distribution and Storage Losses
Calculation of Potential Energy Recovery

Final Calculation of Total Domestic Water Demand

3.2. Survey of the Energy performance assesment methodologies:
Europe

Overview of Relevant Regulations:

The CEN is one of three European Standardization Organizations (together with CENELEC

and ETSI) that have been officially recognized by the European Union and by the European

Free Trade Association as being responsible for developing and defining voluntary standards at

European level [25]. As stated on the CEN official website [26], two technical standards exist

for calculating the energy needs of DHW (Table 15).

Table 15: Technical standards for the DWH energy needs calculation according to CEN

offical website.

Standard Description

EN 12831-3:2017

Energy performance of buildings - Method for
calculation of the design heat load - Part 3: Domestic
hot water systems heat load and characterisation of
needs.

EN 15316-3:2017

Energy performance of buildings - Method for
calculation of the design heat load - Part 3: Domestic
hot water systems heat load and characterisation of
needs.

The EN 12831-3:2017 applicability ranges from direct water heaters (no storage volume and a

comparatively large effective heating power) to larger storage systems with a comparatively

small heating power and large storage volumes [27].
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All the informations described in this section are derived from EN 12831-3:2017.
2. Calculation of Domestic Water Demand
There are two types of methods to calculate the DHW requirement:

1. Based on the volume of hot water required;

2. Based on the floor area.

1. The energy need for DHW can be calculated from the water volume drawn

1
QW,day =Vw,day - pw - cw - (Iw; draw — 9w; c) "1000 [kWh/day]

Where:

o  Qwday: Daily energy need for DHW [kWh/day];

[litres/day];

pw: Density of water [kg/m?];

Yw.draw: specified domestic mixed hot water delivery temperature [°C];

Yw:c: Cold water supply temperature [°C],

And

Vw,day = Vw,p,day * np
Or

Vw,day = Vw, f,day * f
Where

e Vepday: litres per person and per day of water [1/d];
e Ve rday: litres per unit and per day of water [I/d];
e 1np: number of persons to be taken into account;

e f: number of units to be taken into account.

cwe: specific heat capacity of water in the storage volume [0.001168 kWh/kgK];

(1

Viw,day: volume of domestic hot water delivered per day at specified temperatures

2

3)
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And

VW,p,day = min (x; y X (An/Np, eq)) 4)

Where:

e Ay Habitable area [m?];

® 1n,,.q: Number of equivalent persons used for calculating the DHW requirements (Table
16);

®  Npcqmax: Maximum number of equivalent persons corresponding to the part of the group
supplied by the same DHW transmitter (Table 17);

e x=40.71 and y = 3.26 (default values).

For single-family dwellings or attached house:

Table 16: Maximum number of equivalent persons (np,eq,max) [27]

Condition Formula
Ap<30m? Np,equm = 1
30 m?< A, <70 m? Npeqme = 1.75 - 0.01875 % (70 - Ap)
Ap>70 m? Np,equme = 0.025 X Ay

Table 17: Total number of equivalent persons (np,eq) [27]

Condition Formula
Npequms < 1.75 Np,eq = Npyeqman
Npeque = 1.75 Np,eq= 1.75 + 0.3 X (Npeque = 1.75)

Or alternatively, it is possible to directly use the number of persons inhabiting a dwelling (np)

in combination with values for Vwpday according to Equation 2 and Table 18 below.

Table 18: Values for calculation of domestic hot water requirements per day [27]

Type of building Viw;t.day [litres DHW per person per day]
Residential buildings (simple housing) 25-60
Residential buildings (luxury housing) 60 - 100
Single family dwellings 40-70
Apartment dwellings 25-30
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Where no national data are available, the default value of 42°C is used for DHW delivery

temperature and 10°C for the cold water temperature at the entry of the building.

2. The DHW requirement (Qw,day) based on the floor area:

Qw,day = Qw,A,day * A xnday [kWh/period] (5)

Where:

e Quwayday: 1s a specific energy need for domestic hot water per day based on a defined
water delivery temperature and a defined cold water supply temperature [k Wh/day/m?]

calculated as follow:

Qw, A, day = pw * cw * (9w_draw — 9w_c) = (1/1000) [kWh/day/m?] (6)

e A: specified floor area (m?);

e Nday: number of days considered.

3. Calculation of Distribution and Storage Losses
Thermal losses of the storage and distribution systems are considered and have to be:

e Heat losses of the storage tank (Qw;sto)

Yw; sto; max — 9a 1
45 1440

QW,sto = qsb; sto - -60-24 [kWh/day] (7

Where:

e (sb;sto: Standby loss of the hot water tank per day (specified by manufacturer) [kWh/day];

e Jw;stomax: maximum temperature of the water stored in the hot water tank [°C];

Ja: ambient temperature of the hot water tank [°C];

1440: Number of minuts in a day;

60: Number of minutes in an hour;

24: Number of hours in a day.

Where no national data are available, the default values of Table 19 are used.
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Table 19: Standby Losses value [27]

Gross storage volume in litres Standby losses qb,s in kWh/d

5 and less 0.35
30 0.60

50 0.78

80 0.98
100 1.10
120 1.20
150 1.35
200 1.56
300 1.91
400 2.20
500 2.46
600 2.69
800 3.11

1 000 3.48
1250 3.89
1500 4.26

2 000 4.92

e Distribution heat losses

The heat losses of the distribution system (Qw,.dis) can be calculated from parameters given in

EN 15316-3 or using the simplified method given below:

QW,dis = q'dis - ldis - 0.024 [kWh/day] (8)

Where:

e qudis: Specific power loss of the distribution per length of pipe [W/m];
o lais: Length of distribution pipe [m].

Values for q’4is can be given on a national basis. In the absence of national data, default values

for q'dis are given in Table 20.

Table 20: Specific heat loss of the distribution [27]

Thickness of Insulation s
and Temperature q'as [W/m]
Difference (9 - 3,)
s=d;
Om-9)=35K
s=d;
Om-9)=50K

Range of Pipe Diameter d
[mm]

10-150

10-150 11
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Where:
9m: mean inner water temperature of the pipe section (°C) (default value of 50°C)
J.: ambient temperature for the pipe section (°C)

4. Calculation of Potential Energy Recovery
No recoverable energy from the tank are provided.

The recoverable thermal loss of distribution systems is defined in EN 15316-3. However, it
does not apply exclusively to DHW but considers the sum of losses for space heating, space

cooling, and DHW.

However is it possible to calculate the effective reheat power by subtracting the thermal losses

due to storage and distribution from the nominal power output of the heat generator:

Peff = ON — dw, Sto — dw, dis )]

Where:

o O effective power for water heating [kW];
e On: nominal power of the heat generator [kW];
o  Owso: storage heat loss [kW];

o  ®Dw.qgis: distribution heat loss [kW].

The energy supplied during reheating is so calculated:

Qeff = ®Peff -t [kWh/day] (10)

Where:

Qerr: effective energy for water heating during reheat [kWh/day];

@.f: effective power for water heating [kW];

t: time [24h].

5. Final Calculation of Total Domestic Water Demand

The total energy requirement (Qwgot) required for generation is given by the sum of the

computed terms:
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Qw,tot = QW,nd + QW;sto;t + Qw;dis — Qeff [kWh/day] (11)

3.3. Survey of the Energy performance assesment methodologies:
Italy
1. Overview of Relevant Regulations

According to [28] which was then revised in 2020 [29], the energy performance of buildings
is determined in compliance with the UNI and CTI technical regulations, aligned with the

standards prepared by CEN;

The official website of UNI provides the same technical standards for calculating DHW energy
needs that are used across Europe, as outlined in Table 15. Additionally, it includes the standard
UNI/TS 11300:2019, titled "Energy performance of buildings - Determination of primary
energy demand and efficiencies for winter heating, domestic hot water, ventilation, and
lighting". This standard focuses on defining the methodologies for calculating the primary

energy demand and efficiencies associated with these building systems [30].

According to [31], revisited in the 2010 [32] and that transposed the Directive no. 2002/91/EC:
for the calculation methodologies of the energy performance of buildings, the national technical

standard UNI TS 11300 is adopted.

The standard is structured into six distinct parts (UNI/TS 11300-1 to 6), each addressing a

specific aspect of energy performance analysis.

All the informations described in this section are derived from Part 2 of the UNI/TS 11300
standard [33].

Two types of buildings for the application are presented:

e Homogeneous buildings (new building projects or global renovations or energy
diagnosis of the entire building) which refers to Table 21;
e Partially renovated buildings and/or in cases of expansion of existing buildings, which

refers to Table 22. In this case the energy assessment becomes mixed.
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Table 21: Classification of energy assessment types for homogeneous applications throughout

the building [33].

Evaluation Type Use Data Building Data Climate Data
Al )
Design Rating Standard Standard Project
A2
Standard Standard Standard Real
(Asset Rating)
A3
Adapted to the user Based on purpose Real
(Tailored Rating)

Where:

e Project Assessment (A1): Calculations are based on project data, assuming standardized

occupancy and usage patterns for the building and system.

e Assessment Standards (A2): Calculations consider as-built data of the building and

system, maintaining conventional reference values for occupancy and usage.

e Assessment in Actual Conditions (A3): Calculations incorporate as-built data while

accounting for real operational values of occupancy and usage patterns.

Table 22: Classification of energy assessment types and related applications [33].

Building
Climatic
Conditions
and User Project Real Mixed
Behavior
-Building permit request (new | -Energy certification of _Pe;;l:;lfs%:iest for
construction) the building s
Standard . . . . -Energy certification
-Energy certification of the | -Energy qualification of .
. . 1 of the project
project (new construction) the building (restructuring)
-Energy diagnosis
(existing building
. T analysis) . .
Real -Project optimization (new Validation of -Project optimization

construction)

calculation models
(comparison with real
consumption)

(restructuring)
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The energy assessment on the project (A1) or standard (A2) allows to determine a conventional
requirement, useful to compare buildings independently of their real use. The assessment

adapted to the user (A3) can allow a realistic estimate of energy consumption.

The useful thermal energy demand for DHW production is calculated based on water flow rates
for different uses and the temperature difference between the supply temperature and the

incoming cold water temperature, using reference data provided.
2. Calculation of Domestic Water Demand

The thermal energy required (Qw) to meet the DHW demand of a building is calculated based
on the volume of water needed and the temperature difference between the supply temperature

and the incoming cold water temperature:

Qw = pw X cw X Xi[Vw,i(8er,i — 60)] G [kWh/day] (12)

Where:
e pw: Water density, assumed to be 1000 kg/m?;
e cw: Specific heat capacity of water, 1.162x107° [kWh/(kg x K)];
e Vi Daily volume of hot water for the i-th activity or service [m*/day];
e Oeri: Supply temperature for the i-th activity or service [°C];
e 0o: Temperature of incoming cold water [°C];
e G: Number of days in the calculation period.

For residential buildings, the daily volume of hot water (V) is calculated based solely on

domestic services.

For A1 and A2 type assessments, the following reference values are considered:
e Vy: depending on the building's use, converted from liters/day to m*/day;
o 0O 40 °C;

e 0o: Annual average of monthly outdoor air temperatures, derived from climatic data

collected in the standard UNI 10349:2016 (Appendix A) [34].

For residential buildings the required water volume Vy is calculated as:
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Vw = ax Su + b|[l/day] (13)

Where:

e a: parameter in [I/m? day] obtainable from Table 23;
e b: parameter in [l/day] obtainable from Table 24;

e Sy: usable surface area of the house [m?].

Table 23: Values of a e b parameters [33]

Useful Surface (Su) [m?] Su<35 [35<Su<50 |50<Su<200 |[Su>200
Parameter a [liters/(m? x day)] | 0 2.667 1.067 0
Parameter b [liters/day] 50 43.33 36.67 250

For the domestic hot water temperatures, for A1 and A2 type assessments, the following

reference values is considered:

Table 24: Water temperatures in the domestic hot water distribution network [33]

Description Temperature
Reference temperature at supply 40 °C
Distribution network to users 48 °C
Recirculation network 48 °C
Final distribution network 48 °C

The temperatures indicated in this table is considered as the average water temperatures for the

calculation of thermal needs, excluding those required for disinfection.

As regards the accumulation tanks and the connection circuits between the generator and the
tank (primary circuit), in the absence of design data in the case of flame generators powered by

fossil fuels, the following default values are assumed:

Table 25: Water temperature in the domestic hot water distribution network default values

[33]
Description Temperature
Storage tank 60 °C
Primary circuit (storage/generator, average o
70 °C
temperature)
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3. Calculation of Distribution and Storage Losses

For the distribution losses: in the most general case, the overall losses of the domestic hot water
distribution subsystem are given by the sum of the losses relating to the three parts into which

the distribution can be divided and therefore include:

e The losses of the distribution sections to the users (du);
e The losses of the recirculation loop (d;);

e The losses of the generator-tank connection circuit (dp).

In autonomous systems with a dedicated water heater or with a combined heat generator, only

distribution losses to users are counted and the formula is the following:

QLW,du = (QW + QLW,er) x fLLW,d [kWh/day] (14)

Where:

e Quw: Represents the thermal energy requirement for the production of domestic hot water
[kWh];
e Quwer is the energy losses from erogation system [kWh];

e fiwais the loss factor of the distribution network imputed according to Table 26.

Table 26: Loss and recovery factors from the DHW distribution network [33]

Loss Factor Recovery Factor
System Type (fiw) (B
Systems installed before the enactment of Law 0.12 0.5
373/76 ) '
Systems installed after the enactment of Law 373/76
with a distribution network only partially located in a 0.08 0.5

climate-controlled environment

Systems installed after the enactment of Law 373/76
with a distribution network fully located in a climate- 0.08 0.9
controlled environment

Qu,wer is calculated with the following formula:

1—nW,er

= X
QL W,er = QW oW, er

[kWh/day] (15)
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Where:

e nwer: s the hot water supply efficiency. A delivery efficiency equal to 1 is considered
for type Al and A2 assessments, while for type A3 assessments it is possible to assume

a different delivery efficiency to take into account flow regulation devices.

Regarding the storage losses: the tank can be inside the generator or placed outside. In the first
case, the storage losses are included in the generator production losses. In the second case, the

tank is connected to the heat generator by pipes and a circulation pump and there are:

e Tank losses Ql ws;
e Losses in the primary circuit connecting the generator to the tank;

e Any thermal energy recovery from other services.

If the tank is installed outside the air-conditioned environment, all losses are considered non-
recoverable. If the accumulator is installed in a heated environment, all losses are considered
recovered during the heating period. However, all losses are considered non-recoverable during

the period in which the heating is inactive (summer period).

The thermal energy losses of the storage tank Q1w is calculated as follows:

QLW,s = (Ss/ds) (Bavg,w,s — Ba)t (1s/1000) G [kWh/day] (16)

Where:

e S;is the external surface of the accumulation [m?];

e ds is the thickness of the insulating layer [m];

e Asis the conductivity of the insulating layer [W/(m x K)];

e tis the duration of the period considered [h];

e Oagws1s the average temperature of the water in the storage tank. In the absence of
design data or measurements, the average temperature for domestic hot water tanks is
conventionally set at 60 [°C];

e 0, is the ambient temperature of the storage installation room [°C];

G: Cooling days for summer period.
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4. Calculation of Potential Energy Recovery

The recovered thermal losses are given by:

Qrhl,W,du = QL W,er X frh,W,d [kWh/day] (17)

Where:

o fmnwais the recovery factor of losses from the distribution network imputed according

to Table 26.

5. Final Calculation of Total Domestic Water Demand

The total energy requirement (Qwgot) required for generation is given by the sum of the

computed terms:

Qw,tot = Qw + QL W,du — Qrhl,W,du+ QL W,s,day [kWh/day] (18)

3.4. Survey of the Energy performance assesment methodologies:
Portugal
1. Overview of Relevant Regulations

The Directive no. 2002/91/EC was transposed into the national legal system through Decree-
Law no. 78/2006 , of April 4, which approved the National Energy Certification System and
Indoor Air Quality in Buildings, of Decree-Law No. 79/2006, of April 4, which approved the
SCE and of Decree-Law No. 80/2006, of April 4, which approved the RCCTE [35].

According to [35], the REH and RECS replaced the RCCTE and were introduced as integral
components of the SCE. These regulations established new requirements for the design and
renovation of buildings, aiming to enhance energy performance and promote the use of

renewable energy sources.

The Decreto-Lei n.° 101-D/2020, of December 7 [36], has further updated the regulations
relating to the energy performance of buildings, implementing the most recent European
directives and consolidating previous provisions. According to that, the SCE Manual is

approved by order of the director general of the Directorate-General for Energy and Geology
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and contains the set of rules and guidelines for the instruction, conduct and conclusion of
building energy performance assessment processes, taking into account the specificities of the
buildings covered, which describes the national options and integrates the annexes of the

general ISO/EN standards relevant to its application.
2. Calculation of Domestic Water Demand

The calculation of the DHW requirement in liters/day is mainly found in the REH [37], and all
the informations described in this section are derived from it. According to that the DHW

requirements for a residence are based on a fixed daily consumption of 40 liters per occupant.

The daily DHW consumption (M,Qs) is determined as:

M,Qs = 40 X n X fen[l/person/day] (19)

Where:

e n: Number of occupants;
e fu: Water efficiency factor, based on the certification and labeling of water-saving
shower systems. fo, = 0.90 for systems with water efficiency certification rated as Label

A or higher, for all other cases, the water efficiency factor is 1.00.

For DHW preparation, a temperature increase (AT) of 35°C is considered, representing the

difference between the network water temperature and the desired DHW temperature.

The annual energy requirement (Q.) for DHW is calculated as:

Qa = (M,Qs X cw X AT X n,) /3600000 [kWh/year] (20)

Where:

e AT: Reference temperature increase, 35°C;

e n,: Number of days per year, 365 for residential buildings;
e  M,Qs: Average daily water consumption in liters;

e cy: Specific heat of water [J/(kg°C)];

e 3600000: factor to convert from Joule to kWh.

48



3. Calculation of Distribution and Storage Losses

The thermal losses in the distribution pipes and in the storage tank are not considered in this

methodology.

3.5. Survey of the Energy performance assesment methodologies:

Passive House Institute

1. Overview of Relevant Regulations

The PHI is an independent research organization established in 1996 in Darmstadt, Germany,
by Dr. Wolfgang Feist. Its primary mission is to promote and advance the Passive House
concept as a standard for highly energy-efficient, sustainable, and comfortable building

practices, applicable to both new constructions and renovations.
The institute's formation was not formalized through any specific decree.

The PHI uses the PHPP as its primary tool for evaluating and certifying Passive House
buildings. The PHPP, an Excel-based software package, integrates advanced calculation
methodologies to assess energy efficiency and indoor comfort, ensuring full compliance with
the Passive House standard. Significant updates to the tool include PHPP 9.6, introduced in
2017, and PHPP 10, released in 2021 [38]. The EN 13790 standard is used for the DHW energy
needs [39]. EN 13790 was replaced by ISO 52016 in 2017 [40], but PHPP continues to be based
on EN 13790 [38].

According to the PHPP 9.6, the DHW demand of 25 litres per person per day at 60 °C is the
standard value used for residential buildings meeting the Passive House standard. The hot water
demand for washing machines and dishwashers connected to the hot water distribution system

1s also explicitly provided [38].
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2. Calculation of Domestic Water Demand

The actual demand for DHW (Vpuw) is determined as:

VDHW = Vshower + Vother [l/person/day] (21)

Where:

®  Vinower: Shower water demand (standard value of 16 1/person/day in residential
building);
o Vomer: Water demand for other uses (standard value of 9 1/person/day in residential

building).

The annual energy requirement (Qpuw) for DHW is calculated as:

QDHW =VDHW x (60 — Tcold) X cw X fyear X Npersons [kWh/year] (22)

Where:

e Vpuw: Actual hot water demand [l/person/day];
o Tcoa: Temperature of cold water inlet [°C];

®  Npersons: Number of people using the system;

e cy: Specific heat of water [kWh/(1-°C)];

¢ fyear: Number of days in a year.

3. Calculation of Distribution and Storage Losses

For the losses, the thermal losses (Qwi) in the distribution pipes and from the storage are

considered.

For the distribution losses, the formula is the following:

Qwl = qindividual - ntap - np [kWh/year] (23)
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Where:

® (individual: heat loss per single tap opening [kWh/opening];
® Tp: number of tap openings per year;

e np: number of people.
For the tank storage losses, two possible formulas can be used:

1. Using the manual temperature (Tmanual):

Qsto,l = H - (Tmanual — Troom) - Conversion factor [kWh/year]

2. Using the Standby Heat Loss:

Qsto,l = Standby Heat Loss - Conversion factor [kWh/year]

Where:

e  Trom: Temperature of the room of the storage [°C];
®  Tmanua: Manually entered temperature [°C];

e H: Heat loss rate;

24

(25)

e Conversion factor: 8.76 that transforms heat loss rates into annual energy consumption

in kilowatt-hours per year.

4. Calculation of Potential Energy Recovery

There is no potential energy recovery considered.

5. Final Calculation of Total Domestic Water Demand

The total energy requirement (Qwgot) required for generation is given by the sum of the

computed terms:

Qw,tot = QDHW + Qwl + Qsto,l [kWh/year]

[38].

(26)
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4. Case Study

4.1. Introduction

The Passive House is a building designed to be comfortable, affordable, environmentally
friendly, and highly energy efficient. This concept was developed in Germany by Dr. Wolfgang
Feist in collaboration with Professor Bo Adamson. The first Passive House was constructed in

1991 in Darmstadt, Germany [41].
The exact definition is as follows:

“A Passive House is a building, for which thermal comfort can be achieved solely by post-
heating or post-cooling of the fresh air mass, which is required to achieve sufficient indoor air

quality conditions — without the need for additional recirculation of air.” [41].
For a building to be considered a Passive House, it must meet the following criteria:

e Heating demand must not exceed 15 kWh/m? per year or 10 W/m? peak demand. In
climates requiring cooling, energy demand should align with heating requirements, with
additional allowances for dehumidification.

e The total energy consumption for heating, hot water, and domestic electricity must
remain below 60 kWh/m? per year for Passive House Classic.

e Maximum of 0.6 air changes per hour at 50 Pascals, verified through an onsite pressure
test in both pressurized and depressurized states.

e Indoor temperatures must be maintained within comfortable limits year-round, with no

more than 10% of annual hours exceeding 25°C.
[38].

4.2. Description of the case study: Casa da Palmeira

Homegrid, an flhavo-based company collaborating on this project, provided detailed insights
into Casa da Palmeira, a recently renovated Passive House. Located in ilhavo (Figure 13 and
14), this two-family residence features a treated floor area of 142 m? and a total height of 6.2
m. It is the first rehabilitation project in Portugal to achieve Passive House Certification.
Renovation work began in November 2021 and was completed in 2023, with a total

construction cost of €983.47/m? plus 6% VAT. This passive house has a very low total energy
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requirement. For each dwelling, the total electricity consumption is less than 1700 kWh/year,

equivalent to an expense of less than €1 per day or less than €30 per month.

It is situated in a transition zone between an Oceanic and Mediterranean climate, with an
average exterior temperature of 14.34°C. Seasonal variations include an average of 19°C in

summer and 11°C in winter.
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Figure 14 : Left: Before works; Right: After works.

Both units are organized in the same way. The ground floor comprises a bathroom, a bedroom,
and a living area with an integrated kitchen. On the first floor, there is a bedroom, a bathroom,
an open study area, and access to a small terrace. The building entrances faces southeast, and
the windows are fitted with double glazing. It is designed for an occupancy of four people, with
an interior temperature set as 25°C during summer and 20°C during winter, a clear room height

of 2,5 m and an effective air volume is of 356 m°.

The measured air change rate at 50 Pa for the dwelling is 0.50 h".
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The house is fully monitored by smart devices, and Homegrid offers an online platform

viewing real-time building data (Figure 15).

for

h o m e Text. (°C) 13,38 Data da Ultima atualizagdo: 07/02/2025 22:39:04
H ext. (%) 71,12
e = Totais desde oinicio da monitorizagédo 18/01/23
._—‘_lﬁ Consumo total de energia 3543 kwh
ihstantineo Tint. (°C) 22,78 Consumode energiaaquec. &arref. )\ 1o o %
Poténciatotal o466 H int. (%) 61,07 Consumo de energia AQS bomba caior 0365 KWh2643 9
Poténcia aquec. & arref. 5574 Ez int. (Fipm) ?4i3 A Consumo de energia ventilag&o comrc 2853 KWhsg,052 %
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Poténcia ventilagdowmre g o1 | Aas:depssito 300L + bomba de calor 2,24 Consimio de energia placas fomo NEsE sy, 15,50 %
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Balango -0,466 KW Geragéio: painéis fotovoltaicos 0, 76k Balango de energia didrio 1,911 kKWhid

Figure 15: Real-time building monitoring platform

The building plans, along with the house's orientation and its correlation with the shading

elements and the thermal bridges properties are presented in Appendix B.

The U-values of the main building elements, as well as the W-values and g-Values of the

windows, are summarized in Table 27,

where:

U-value: Represents the amount of heat transferred per unit of time through one square
meter of a building element, given a constant temperature difference of one degree

Kelvin. Lower U-values indicate better thermal insulation.

Y-value (glass edge): Refers to the linear thermal transmittance at the connection
between the window frame and the glass, specifically along the perimeter of the

window. Lower W-values reduce heat loss through the window edges.

g-Value (solar factor): Indicates the percentage of solar energy that enters a space
through the window as heat. This includes both direct transmission through the glass
and the heat absorbed and re-emitted inward. Higher g-Values are advantageous for

passive solar gains, while lower g-Values help to limit overheating in warmer climates.
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Table 27: U-values of main building elements and W-values, g-Value of windows

Component Insulation U-Value Glazing Edge %I;Zr?;lr? dicular
2
(mm) (W/m?K) ¥ (W/mK) Radiation)

Tile Roof 200 0.216 - -
Exterior Walls | 80 +45 0.256 - -
Floor 60 0.349 - -
Facades 1.10 (Glazing),
windows i 1.01 (Frames) 0.041 0.62
Roof windows 1.04 (Glazing),

i 1.35 (Frames) 0.050 0.46

4.3. Description of the case study: DHW production

To produce DHW, the house is equipped with a Daikin ECH2O 300L heat pump located in the

bedroom of the ground floor, illustrated in Figure 16. The Daikin pump consists of two units: a

heat pump outdoor unit equipped with inverter technology and a hot water storage tank.

=/
Indoor Unit
Hot water Tank

Heat Pump Unit
Outdoor Unit

Figure 16: Daikin ECH,O heat bomb 300L

The characteristics of the device are presented in Table 28.

Table 28: Characteristics of Daikin ECH>O 300L heat pump

Indoor Unit EKHHP300AA2V3
Dimensions (mm) 1,750x615x615
Weight (kg) 70

Tank Water Volume (L) 294

Maximum Water Temperature (°C) 85

Operation Range Water Side (°C) 5-55

Refrigerant Type R-410A
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Coating material

Polypropylene

Insulation

Polyurethane with a thickness of 6.5

Efficiency Data of indoor unit

Power Input Domestic Hot Water (kW) 0.004

COP 4.08

Water Heating Efficiency (%) 119

Water Heating Energy Class A

Outdoor Unit ERWQO02AAV3
Dimensions (mm) 550x765x285
Weight (kg) 35

Compressor Type Hermetically sealed swing compressor
Refrigerant Type R-410A

Charge (kg) 2.2

Nominal Heating Capacity (kW) 2.2

Nominal power (kW) 2.2

In order to produce energy for the house, two solar units collector with a deviation from the

north of 227 © and inclinated by 27,3° from horizontal, are installed.

The main characteristics of the panel are as listed in Table 29:

Table 29: Solar panel specifications

Specification Details

Model AU380-30V-MH

Peak Power (Pmax) 380 W

Module Efficiency 20.85%

Dimensions 1755 x 1038 x 30 mm
Weight 19.50 kg

Cell Type Monocrystalline 166 x 83 mm
Number of Cells 120 (12 x 10)

Maximum System Voltage 1500 V

The technical drawing of the DHW system is provided in Appendix C.
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4.4. Description of the case study: Consumptions and Generation

The main equipment units are the following:

e Dishwasher: SMV41DI10EU — Energy class A++, energy consumption: 258 kWh/year.

e Washing machine: WDU28540EU — Energy class A, energy consumption: 1,364
kWh/year for 200 cycles.

e Mechanical ventilation machine: Zehnder ComfoAir 180HRV — with an heat recovery

efficiency of 80% and specific efficiency of 0.27 Wh/m?.

e Air conditioning system: Panasonic KIT-FZ25-WKE heat pump - wall-mounted air

conditioning system, inverter technology, uses R32 refrigerant, 2.5 kW of cooling and
3.15 kW of heating. It has a SEER of 6.2 and a SCOP of 2.65. The dimensions are 779
x 290 x 209 mm and weight 8 kg.

Table 30 provides the total yearly consumption of energy from the grid of the building for all

the service and Table 31 provides the total yearly generation from PV system. It is not possible

to separate heating and cooling consumption since the same appliance performs both functions.

Table 30: Global total yearly energy consumption from the grid

Energy Consumption

Energy Consumption

Type of consumption (kWh/year) (kWh/year)
Real (monitoring) Estimated (PHPP)
Heating and Cooling 210 866 (heatlp g) * 56
(cooling)
DHW 893 681
Ventilation 273 426
Refrigerator 401 442
Plate and oven 528 458
Dishwasher and clothes 376
washer
—— 1076
Lighting, consumers 539
electronics
Total 3381 3838

Table 31: Total yearly energy generation from PV system

Energy generated (kWh/year) Ene(:li%}\]/hg/;zzrr?ted
System Real (monitoring) Estimated (PHPP)
2 PV panels (0,76 kW) 1008 980
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According to the official Homegrid report, the discrepancy between estimated and actual results
can be attributed to several factors. Weather conditions differ, as PHPP relies on 30-year climate
averages, whereas real-time monitoring reflects current conditions; for instance, 2023 and 2024
have been anomalously warm. Comfort standards in PHPP assume fixed indoor temperature
ranges (20°C in winter, 25°C in summer), but actual building operation may deviate from these
limits. Building usage patterns and hot water consumption also vary, with measured water usage
exceeding PHPP assumptions (38L vs. 25L per person per day at 60°C). Lastly, ventilation
scheduling and user behavior introduce further discrepancies, influencing energy performance

[42].
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5. DHW calculation and results

The standard values for DHW calculation, as outlined in Section 3.2 for Europe, Section 3.3 for
Italy, Section 3.4 for Portugal, and Section 3.5 for PHPP, along with the actual values derived

from the case study in Section 4, are listed in Appendix D.

For Europe standard, both calculation methods were applied: one based on the required hot

water volume (Equation 1) and the other based on the floor area (Equation 5).

The other results were according to Equation 12 for Italy, Equation 20 for Portugal and Equation
22 for PHPP, (Table 32 and 33):

Table 32: DHW calculation results

Standard DHW Energy Needs (kWh/year)
Europe 5159 1; 4857 @
Italy 2375
Portugal 2377
PHPP 2831

(D Refers to DHW demand based on the required hot water volume.
@ Refers to DHW demand based on the floor area.

Table 33: DHW calculation results (part 2)

Standard Distribution losses Storage losses Recovery energy
(kWh/year) (kWh/year) (kWh/year)
Europe 2330 619 369 (0
[taly 164 163 0®
Portugal - - -
PHPP 318 736 _

() Only from tank losses
@ Only from distribution losses

The final demand of DHW is listed in the following Table 34, and it is calculated considering
the efficiency of the heat pump for the DHW.

Table 34: DHW calculation results considering the efficiency of the system

Real DHW Energy Needs from monitoring
Standard | DHW Energy Needs (kWh/year) (kWh/year)
Europe 1264 V; 1190 @
Italy 582
Portugal 582 682
PHPP 694

(D Refers to DHW demand based on the required hot water volume.
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@ Refers to DHW demand based on the floor area.

5.1. Discussion of the results

As demonstrated in Table 34, the PHPP calculation standard is the most precise, achieving an
accuracy of 98%, followed by the Italian and Portuguese standards at 85%, while the European

standard ranks lowest with an accuracy of 50%.

The European standard employs a simplified approach to DHW demand calculation, offering
two primary methods: one based on water volume per person and another determined by
habitable floor area. The methodologies depend on default values for daily consumption, which
do not fully capture variations due to regional climate, user habits, or appliance efficiency. The
assumption of a fixed DHW delivery temperature of 42°C and a cold-water inlet temperature
of 10°C fails to incorporate seasonal variations or regional climatic differences. Consequently,
the reliance on fixed consumption values and the absence of demand-reduction measures lead
to an overestimation of energy requirements for DHW heating. This is evident in the European
standard’s estimated DHW energy demand of 2330 kWh/year per person, which is significantly
higher than the 1759 kWh/year calculated using PHPP. Despite this, the methodology based on
the floor area is quite precise, with a value of 1920 kWh/year.

Similarly, the Italian standard calculates DHW demand using an empirical formula that links
water consumption to the usable surface area of a dwelling. While this approach introduces a
degree of standardization, it lacks adaptability to real household consumption patterns and
occupancy variations. The methodology does not explicitly account for behavioral differences
among users, making it less flexible for diverse real-world applications. Although it considers
temperature variations based on climatic data from UNI 10349:2016, it assumes a fixed DHW
supply temperature of 40°C without accounting for specific user needs or appliance efficiency.
Seasonal fluctuations in cold-water temperatures are also not explicitly factored into the energy
demand estimation beyond annual averages. Additionally, the formula used to determine DHW
volume may not accurately reflect variations in household size, particularly in larger residences.
Despite these limitations, the estimated DHW energy demand of 2048 kWh/year remains
relatively close to that of the European standard, suggesting that the discrepancies primarily
result from differences in calculation methodologies rather than fundamental variations in water

consumption.
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The Portuguese standard adopts an even more rigid approach, assuming a fixed daily water
demand of 40 liters per occupant per day across all household types. This assumption disregards
variations due to household characteristics, regional climate, or efficiency measures, which may
lead to inaccuracies. Although the methodology introduces a water efficiency factor (fu) to
account for high-efficiency fixtures, it applies this factor in a binary manner: 0.90 for certified
efficient systems and 1.00 for all others, failing to capture a more nuanced range of efficiency
levels. Unlike PHPP, which differentiates between specific fixture types and behavioral water
use patterns, the Portuguese standard does not distinguish between different household
activities or consumption behaviors. As a result, the estimated DHW energy demand of 2377
kWh/year is higher than that calculated for both Italy and PHPP, suggesting a potential
overestimation due to the assumption of fixed daily consumption without adjustments for

seasonal variations or improvements in water efficiency.

By contrast, the PHPP standard provides a more refined and accurate calculation of DHW
demand by differentiating between various types of water use, such as showers and other
household activities, resulting in a more precise representation of actual consumption patterns.
Furthermore, PHPP explicitly considers the number of occupants and their behavior, making it
more adaptable to real-world household conditions. Another key advantage of PHPP is its
integration of temperature variability, allowing for fluctuations in cold-water inlet temperature
rather than relying on fixed values, as seen in the European and Italian methodologies. This
flexibility enables more precise estimations of energy demand for DHW heating. The resulting
DHW energy demand calculated using PHPP (1759 kWh/year) is not only the lowest among
the methodologies examined but also likely the most realistic, reflecting actual user behaviors

and the impact of efficiency measures.

Beyond variations in DHW demand calculation, a major issue across all methodologies lies in
the estimation of heat losses from the distribution network and storage systems as highlighted
in Table 33. This is particularly evident when analyzing DHW demand excluding losses, where
the estimates remain relatively close: 2048 kWh/year for Italy, 2377 kWh/year for Portugal,
2330 kWh/year for Europe (based on water volume per person), 1920 kWh/year for Europe
(based on area), and 1759 kWh/year for PHPP.

The European standard tends to overestimate distribution losses due to its simplified calculation
approach, which relies solely on the length of the piping and a specific loss per meter. This

approach does not account for actual hot water usage patterns, such as the frequency of use or
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the type of consumption. Consequently, estimated losses are significantly higher than those
obtained through PHPP, which integrates real consumption patterns into its calculations.
Furthermore, the European standard employs a basic model for assessing storage losses, relying
exclusively on standby loss values provided by the manufacturer and the ambient temperature
surrounding the storage tank. It does not incorporate more detailed parameters, such as the
thickness and thermal conductivity of the insulation layer, both of which are crucial for a more
accurate evaluation of heat retention. In contrast, the PHPP methodology enables a more precise

calculation by incorporating the physical characteristics of the storage system.

Additionally, the European standard assumes a recoverable thermal energy amounting to 369
kWh per year from distribution losses. In well-insulated buildings, these losses may not be fully
recoverable, or their contribution to space heating may be negligible, thereby making the

assumed recovery less realistic.

Conversely, the Italian standard appears to underestimate distribution losses. The estimated
value of 164 kWh per year is relatively low, likely because the methodology relies on fixed loss
factors derived from predefined tables rather than considering the actual operational conditions
of the system. Critical factors such as the number of DHW uses, pipe length, insulation quality,
and real flow conditions are not explicitly accounted for in the calculation. Similarly, the Italian
standard employs a simplified model for estimating storage losses. While it considers physical
parameters such as the external surface area, insulation thickness, and thermal conductivity of
the storage tank, its calculation is limited to losses occurring during cooling days. This
restrictive approach results in an underestimation of total storage losses, as it does not account

for heat dissipation throughout the entire operational period of the system.

Another significant limitation of the Italian standard is its ineffective consideration of energy
recovery. Although the methodology theoretically includes the potential for thermal recovery
from distribution losses, this recovery is ultimately reduced to zero due to the assumption that
the hot water supply efficiency (nW,er) is equal to 1 for Al and A2 evaluations. As a result,
losses associated with the delivery subsystem are effectively nullified, preventing any

meaningful assessment of recoverable heat.

The Portuguese standard presents an even more significant issue, as it entirely omits the
consideration of both distribution and storage losses from its calculations. This absence of loss
estimation results in an incomplete assessment of DHW energy demand, further contributing to

potential inaccuracies in its overall methodology.
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5.2. Sensitivity analysis

There are numerous parameters that influence the estimation of DHW energy demand, ranging
from household consumption patterns to system efficiency measures. For the sake of brevity
and since most standards either do not incorporate the water efficiency factor or apply it in a
simplified manner, examining its influence on overall energy demand could provide valuable

insights into the potential benefits of efficiency measures.

The water efficiency factor applies to showers or shower systems with water efficiency
certification and labelling, according to a water efficiency certification system under the
responsibility of an independent body recognised by the building installation sector. This

system refers to Table 35.

Table 35: Water efficiency labelling [43]

Flovy Rate (Q) Showerhead Shower
(1/min) Systems
Q<5 A+ A+
50<Q<72 A A
72<Q<9.0 B B
9.0<Q<15.0 C C
15.0<Q<30.0 D D
30.0<Q E E

Where for Label A or higher feh is equal to 0.90 while for other cases feh is 1.00 [43].

One of the primary issues with the current classification is the lack of gradual differentiation
between efficiency classes. At present, the methodology applies a binary distinction, where only
Class A+ showers (with a flow rate of Q < 5 1/min) receive an fen of 0.90, while all other
categories, including much less efficient systems such as Class E, maintain a uniform value of
1.00. This approach oversimplifies efficiency differences and fails to capture the actual

variations in water consumption across different shower types.

The efficiency reduction assigned to high-performance showers is insufficient relative to their
actual water-saving potential. A Class A+ system, which operates at or below 5 I/min, is
assigned an fen of 0.90, representing only a 10% reduction in DHW demand. However, this
adjustment does not adequately account for the substantial reduction in water consumption
when compared to less efficient showers. Conversely, showers classified as Class E, with flow

rates exceeding 30 I/min, consume up to six times more water than a Class B system (7.2-9.0
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/min), yet they are assigned the same efficiency factor of 1.00. This lack of differentiation
results in an overestimation of DHW demand for more efficient showers and an underestimation

for highly inefficient ones.

To address these inconsistencies, a progressive scale for fen would provide a more accurate
representation of water savings across different flow rate categories. The proposed adjustments,
as outlined in Table 36, introduce gradual differentiation between efficiency classes by
increasing the correction factor for highly inefficient showers while offering greater reductions

for water-saving systems.

Table 36: Proposed adjustments

Flow Rate (Q) (I/min) Current fen Proposed fen
Q<5(A+) 0.90 0.70
50<Q<72(A) 0.90 '
7.2<Q<9.0(B) 1.00 0.75
9.0<Q<15.0(C) 1.00 0.80
15.0<Q <30.0 (D) 1.00 0.90
30.0<Q (E) 1.00 1.00

The proposed formula using linear interpolation is the following:

Qmax — Q

feh = feh,max — (Qmax ~ Qmin

X (feh,max — feh, min)) (27)

Where:

e fenminis the lowest efficiency factor for the most efficient class;
e fonmax 1S the highest efficiency factor for the least efficient class;
®  Qumin is the lowest flow rate in the classification;

®  Qumax is the highest flow rate in the classification;

e Q is the midpoint of each flow rate range.

In this refined approach, Class A+ showers receive a lower correction factor of 0.70, reflecting
their significant water efficiency. Assuming a shower efficiency corresponding to class B for
our case study, the DHW demand would have been 1,780 kWh/year according to the Portuguese
standard. This value is much closer to the PHPP estimate of 1,759 kWh/year compared to the
previously considered 2,377 kWh/year.

64



6. Energy classification criteria

To assess the impact of DHW consumption on the overall energy performance and classification
of the building according to the differents standards, it is essential to first understand the
guidelines set by each of these frameworks. For both italian and portuguese criteria, a reference
building is set: a building that is identical in terms of geometry (shape, volumes, floor area,
surfaces of construction elements and components), orientation, territorial location, intended
use and surrounding situation and has predetermined thermal characteristics and energy
parameters. The reference building is considered to be equipped with the same energy
production systems as the real building. For all input data and parameters not defined, the values

of the real building are used.

6.1. Energy classification criteria for Italy

The current calculation methodology for energy certification criteria is contained in the series
of Interministerial Decrees 06/26/2015 divided into three interministerial decrees containing
the implementing provisions set out in Law 90/2013 [44]. All informations in this section are

derived from it.

The energy class of the building is determined on the basis of the non-renewable global energy
performance index of the building EPginren, by means of comparison with a scale of pre-
established classes, each of which represents a defined energy performance range. The energy
class is marked by an alphabetical indicator in which the letter G represents the class
characterised by the highest performance index (highest energy consumption), while the letter
A represents the class with the best performance index (lowest energy consumption). A numeric
indicator, next to the letter A, identify the energy performance levels in ascending order starting
from 1 (representing the lowest energy performance level of class A). A special space, if crossed
out, indicate that it is a "Nearly Zero Energy Building" of the minimum requirements decree

[45]. Figure 17 shows a graphic representation of the scale described above.
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Figure 17: Energy performance classification scale for buildings [46].

The class scale is defined starting from the value of the non-renewable global energy
performance index of the reference building (EPglnren rifstandard (2019/21)), calculated according to
the minimum requirements decree, assuming that standard building elements and systems of
the reference building are installed in it, equipped with the minimum legal requirements in

force.

The energy performance index EPglnren, expresses the annual quantity of non-renewable primary
energy necessary to satisfy the various needs connected to a standard use of the building,

divided by the useful surface area of the building and expressed in kWh/m? per year.

This index takes into account the non-renewable primary energy requirement for winter and
summer air conditioning (EPynren and EPcren), for the production of domestic hot water
(EPw,ren), for ventilation (EPvuren) and, in the case of the non-residential sector, for artificial
lighting (EPL nen) and the transport of people or goods (EPtnen). Therefore, the global EP (EPyg)

is determined as the sum of the individual energy services provided in the building in question:

EPgl = EPH + EPW + EPV + EPC + EPL + EPT [kWh/m?year] (28)

And

Ei, ll
EPi = Z (%) - Fp,i [kWh/m?year] (29)

i

Where:
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e EP;: Non renewable primary energy performance index for service i;
e Eiuseful : useful energy requirement for service i (heating, cooling, DHW, etc.);
® Tg: average global yield = NMemission X TMNregolation X Tdistribution X Tgeneration;

e F,;i: conversion factor into primary energy for the energy vector used.

Where:

¢  Fpuren: conversion factor into non-renewable primary energy;

e Fpren: conversion factor into renewable primary energy.

The conversion factor into total primary energy Fp: is equal to:

FPtot = FP,nren + FP,ren

Table 37: Primary energy conversion factors of energy vectors [46]

(30)

For the purposes of classifying buildings, the calculation of non-renewable primary energy is
carried out by applying the relevant conversion factors into non-renewable primary energy

FP nren listed in Table 37.

Energy Carrier Fp nren Fp ren Fptot
Natural Gas 1.05 0 1.05
LPG 1.05 0 1.05
Diesel and Fuel Oil 1.07 0 1.07
Coal 1.10 0 1.10
Solid Biomass 0.20 0.80 1.00
Liquid gnd Gaseous 0.40 0.60 1.00
Biomass
Electricity from 1.95 0.47 2.4
Grid
District Heating 1.5 0 1.5
Municipal Solid
Waste 0.2 0.2 0.4
District Cooling 0.5 0 0.5
Thermal Energy
from Solar 0 1.00 1.00
Collectors
Electricity from
Photovoltaic, Mini-
wind, and Mini- 0 1.00 1.00
hydraulic
Thermal Energy 0 1.00 1.00

from External
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Environment — Free
Cooling

Thermal Energy
from External
Environment —

Heat Pump

0 1.00 1.00

For determining the overall energy class of the building for the preparation of the energy

certification, is necessary to:

a) determine the value of EPgjnren rifstandard 201921), for the reference building equipping it with

the standard technologies reported in Table 38, using standard building parameters.

Table 38: Standard technologies of the reference building [46]

Service

Description

Winter Heating

Gas-fired generator (natural gas) complying with the
requirements in Table 39

Summer Cooling

Vapor compression refrigeration unit powered by an
electric motor, complying with the requirements in
Table 39

Ventilation

Single-flow mechanical ventilation for extraction with
the requirements in Table 40

Domestic Hot Water

Gas-fired generator (natural gas) complying with the
requirements in Table 39

Lighting

Compliance with the requirements in the Ministerial
Decree minimum requirements according to UNI EN
15193 (not considered)

Transport of People or Goods

Compliance with the requirements in the Ministerial
Decree minimum requirements (not considered)

Table 39: Average efficiencies ngn of the generation subsystems of the reference building for

the production of thermal energy for the services of H (heating), C (cooling), W (water) and

for the production of electrical energy on site [46]

Thermal Thermal On-site
Generation Enzr Thermal Energy Energy Electrical
Subsystems &y Production (C) Production Energy
Production (H) (W) Production
Liquid fuel
generator ) 0.80 )
Gaseous fuel
generator ) 0.85 )
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Solid fuel

0.72 - 0.70 -
generator
Solid biomass
senerator 0.72 - 0.65 -
Liquid biomass
senerator 0.82 - 0.75 -
Heat pump For heat pumps
with vapor 3.00 with cooling, the 750 i
compression ' same efficiency as '
(electric motor) chillers is used
Refrigeration
unit with vapor i 750 i i
compression
(electric motor)
For heat pumps
Absorption 190 with cooling, the 1.10 i
heat pump ' same efficiency as ’
chillers is used
0.60 x Ngn
Indirect flame The system's
refrigeration - actual average - -
unit efficiency is
considered.
Direct flame
refrigeration - 0.60 - -
unit
Heat pump
with
endothermic 1.15 1.00 1.05 -
motor
Cogenerator 0.55 - 0.55 0.25
Electric
resistance 1.00 - - -
heating
District heating 0.97 - - -
District cooling - 0.97 - -
Solar thermal 0.3 - 0.3 -
Photovoltaic i i i 01
solar )
The system's
Mini wind and actual
mini - - - average
hydroelectric efficiency is
considered
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Table 40: Specific electrical energy requirement per m* of air moved [46]

Type of System Value [Wh/m?]
Mechanical ventilation with single-flow 025
extraction )
Mechanical ventilation with single-flow
! 0.30

supply and filtration
Mechanical ventilation with double-flow

. 0.35
without heat recovery
Mechanical ventilation with double-flow

. 0.50
with heat recovery

b) calculate the value of EPguren for the property subject to the certification and identify the

energy class to be attributed based on Table 41.

Table 41: Classification scale of buildings based on the non-renewable global energy

performance index EPginren [46]

EPgl,nren Energy EPgl,nren
EPgl,nren,rif,standard (2019/21) | Class | EPgl,nren,rif,standard (2019/21)
- Css <0.40
Class
0.40 < A3 <0.60
Class
0.60 < A2 <0.80
Class
0.80 < Al <1.00
1.00 < Class B <1.20
1.20 < Class C <1.50
1.50 < Class D <2.00
2.00 < Class E <2.60
2.60 < Class F <3.50
3.50< Class G -

[46], [47].

6.2. Energy classification criteria for Portugal

The calculation methodology for energy certification criteria is collected in the Manual Técnico

para a Avaliagao do Desempenho Energético dos Edificios [48]. All informations in this section

are derived from that document.
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In residential buildings, the energy class is determined according to the energy class ratio (RNt),
which results from the relationship between the predicted and reference nominal primary energy
needs, according to Equation 31. The energy class is obtained by matching the value of RNt

and the intervals presented in Table 42.

Ntc
RNt = — 31
N (1)

Where:

e N:— Energy class ratio in residential buildings;
e  Nic— Nominal annual primary energy needs [kKWhEP/(m?.year)];

e N:—Nominal annual reference primary energy needs [k WhEP/(m?. year)].

Table 42: Value ranges of Rn: for residential buildings [48]

Energy Class Rt
A+ Ry 0,25
A 0,25 <Rnt<0,50
B 0,50 < Rn¢ < 0,75
B- 0,75 <Rnt<1,00

1,00 <Rnt < 1,50

1,50 <Rni<2,00

2,00 <Rnt <2,50
Rnie > 2,50

gslleslivil@!

The N is calculated according to the following formula:

J

fi,k - Nic ] ] fv,k-Nvc
Ntc = Z (Z ——) - 6i- Fpu,j + (Z —) v
K nk K nk

J

k- 0a/A
Fpu,j+ (z fan—ka/p)  Fpu,j (32)
k

J

4 Z Wvm,j 7 ] z Eren,p
. ap  TPHITL Ap
J j

- Fpu,p [kWhep/m? year]

Where:
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Ntc: Nominal annual primary energy needs [k WhEP/(m?. year)];

Nic: Nominal annual useful energy needs for heating [k Wh/(m?. year)];

fix: Portion of useful energy needs for heating supplied by system k for energy source
J

Nve: Nominal annual useful energy needs for cooling [kWh/(m?. year)];

fv k: Portion of useful energy needs for cooling supplied by system k for energy source
J

Qa: Nominal annual useful energy needs for DHW preparation [kWh/year];

fak: Portion of useful energy needs for DHW preparation supplied by system k for
energy source J;

nk: Efficiency of system k for energy source j, for cogeneration, trigeneration, and
renewable energy systems (excluding solid biomass);

Woum,j: Electrical energy consumption j of fan operation [kWh/year];

Erenp: Energy produced from renewable sources p intended for self-consumption in the
building’s regulated uses [kWh/year];

Ap: Useful internal floor area [m?];

i: Energy consumption cancellation factor for heating;

O0v — Energy consumption cancellation factor for cooling;

fpuj: Final energy to primary energy conversion factor for energy source j, including
renewable [k WhEP/kWh];

fpup: Conversion factor from final energy to primary energy for the renewable energy

source (Table 43) [kKkWhEP/kWh].

Table 43: Final energy to primary energy conversion factors [48]

Type of Energy Fpu [KkWhEP/kWh]
Electricity, regardless of source 25
(renewable or non-renewable) ]
Non-renewable solid, liquid, or gaseous 1.0
fuels ]
Thermal energy from renewable sources 1.0
Energy from the urban heating and
cooling network of Climaespago, Parque 1.06
das Nagdes, Lisbon
Energy from cogeneration systems in the 1.86
reference building ]
Energy from trigeneration systems in the 1.70
reference building '
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The Nt is calculated as follow:

Ntc = Z fi,k - Ni Fow i+ fv,k-Nv Fow i
c= _ ( nref’k) pU, j ( — ) - Fpu,j
J

(33)

fa,k-Qa/Ap

— ) - Fpu,j [KkWhEP/m? year]

Where:

e Ni: Nominal annual reference primary energy needs [k WhEP/(m?. year)];

e Ni: Nominal annual useful energy needs for reference heating [k Wh/(m?. year)];

o fix: Portion of the useful energy needs for heating supplied by the reference system k
for the energy source j;

e Nyu: Nominal annual useful energy needs for reference cooling [kWh/(m?. year)];

o fuk: Portion of the useful energy needs for cooling supplied by the reference system k
for the energy source j;

e Quarer: Nominal annual useful energy needs for reference DHW preparation [kWh/year];

e fak: Portion of useful energy needs for DHW preparation supplied by reference system
k for energy source j;

e nrerk: Reference efficiency of system k, obtained from Table 44;

e Ap: Useful internal floor area [m?];

e Fpuj: Final energy to primary energy conversion factor for energy source j, excluding

renewable (Table 43) [kWhEP/kWh].

Table 44: Reference efficiency of systems in residential buildings [48]

Regulated . o Efficiency considered in
Use System in the Proposed Building the Reference Building
System using fuel combustion 0.89
Split, multisplit, and VRF with air-source
. 3.40
Heating heat exchange
Compact units with air-source heat
3.20
exchange
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Split, multisplit, and VRF with water-source

heat exchange 3.70
Compact units with water-source heat
4.40
exchange
Rooftop with air-source heat exchange 3.20
Rooftop with water-source heat exchange 4.40
Chiller heat pump with air-source heat 3.00
exchange '
Chiller heat pump with water-source heat 415
exchange '
Cogeneration or trigeneration 1.00
Other systems using electricity 1.00
Default system 1.00
Split, multisplit and VRF external air 3.00
exchange '
Compact outdoor air exchange units 2.80
Split, multisplit and VRF external water 330
exchange )
Compact units for external water exchange 4.10
Rooftop with external air exchange 2.80
Cooling Rooftop with water-source heat exchange 4.10
Chiller heat pump with air-source heat
2.90
exchange
Chiller heat pump with water-source heat 465
exchange )
Cogeneration or trigeneration 1.00
Other systems using electricity 3.00
Default system 3.00
System using fuel combustion 0.89
Heat pump 2.80
DHW Cogeneration or trigeneration 1.00
Other systems using electricity 0.95
Default system (with gas supply) 0.89
Default system (without gas supply) 0.95

6.3. Energy classification criteria for PHPP

Passive Houses are classified as Classic, Plus or Premium depending on their PER demand and

generation (Table 45) [39].

Table 45: Passive House criteria [39]

Criteria Unit AlFematlve
Criteria
Heatin Heating demand <15 kWh/(m?a) -
g Heating load - W/m? <10
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Cooling

Cooling +
dehumidification

<15 + variable
allowance

demand

kWh/(m?a)

Pressurization test

Airtightness result (n50)

<0.6

1/h

PER demand
(Classic) -

kWh/(m?a)

PER demand (Plus)

kWh/(m?a)

PER demand
(Premium)

kWh/(m?a)

+15 kWh/(m?a)
deviation from
criteria

PER Renewa}ble energy i
generation (Classic)

Renewable energy
generation (Plus)

kWh/(m?a)

Renewable energy
generation
(Premium)

kWh/(m?a)

with
compensation
by different
amount of
generation

The PER is calculated as follows:

Q

PER = 2=~ fPER [kWh]

Where:

o fper: PER factor specific for each energy carrier (Table 46);

e Q: Energy need of the service (heating, cooling, ecc.) [kWh/year];

e A: Total area [m?];

e n: efficiency of the system (heating, cooling, ecc.).

(34)

Table 46: List of PER factors specific for each energy carrier [39]

Energy carrier frER
Heat pump (heating) 1.10
Wood and other biomass 1.10
Natural Gas 1.75
Heating oil 2.30
Grid electricity 1.65
Auxiliary electricity (heating, winter time
o 1.10
ventilation)

Heat pump (cooling) 1.30
Auxiliary electricity (cooling, summer time 1.30

ventilation) :
Heat pump (DHW) 1.25
Electricity (household or non residential 1.5

lightning, etc.)
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The PER demand is calculated based on the treated floor area, whereas the PER generation is
calculated using the projected building footprint, which represents the horizontal area occupied

by the building on the ground.

7. Energy classification calculation

Three different official simulation tools (Excel Worksheets) were used for energy performance

classification calculations, following the standards of Portugal, Italy, and PHPP.

The simulation tools follow a similar pattern across all three methodologies, as illustrated in
Figure 18. While this figure is specifically based on the PHPP standard, its structure is

applicable to the other methodologies as well.

?
Auxiliary calculation, possibly necessary if internal heat gain is not standard

bl Verification |q— Verification

Heating Cooling Primary Energy
Climate data |
DHW +
Distribution
:
Solar DHW

Compact
Ventilation
(target) PE value
7]
. Combined HP
Annual HeatingH Heating |’| Heating Load|
_g Boiler
NO g'
) District Heat
Heating PE demand -
criteria met? criteria met?

Electricity

YES NO

_<
'm
LA

NO -
Entry required Entry passibly required |(blank) No entry required Passive House / EnerPHit

Figure 18: PHPP simulation process (Excel Worksheets 2017) [41].

Typically the user starts by introducing building location and geometry and material
characteristics. The next step is to define the building as residential or non-residential. Finally
the user defines the mechanical equipment as well as different systems for heating, domestic
hot water production and ventilation. After introducing all data, the heating demand and all the

other verification results, as well as the energy class, are calculated.
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7.1. Energy classification calculation for Italy

The location chosen for the calculations for Italy is Genoa (Italian climate zone D), as the
climatic situation is most similar to [lhavo with an average outside air temperature of 16.5 °C.

Figure 19 shows the position of Genova in relation to {lhavo.

7 :
* Genova

Q

ilhavo

b
/
%

Figure 19: Genova and {lhavo locations

According to the methodology outlined in section 6.1, the energy class is determined by the
ratio of the actual global EP index (EPginen) to the EP standard (EPginren rif;standard (2019/21)). The
calculation involves the parameters listed in Table 48 e 49. As simulation results, the calculation

for EPginren were performed using the values described in the following Table 47.

Table 47: Key values on the case study

Service Total Energy Needs (kWh) Efficiency
Heating 2025 2.65
Cooling 1084 6.20
DHW 2948 4.08
Ventilation 426 0.80
Area (m?) ‘ 142

For the EPg nren,rif standard (2019/21) calculation, the constructions properties were used according to

climatic zone D.

The following measure has been assumed in reference to UNI/TS 11300-3 [49] and UNI/TS
11300-4 [50]: Memission, Mregolation and Mdiswibution are not necessary because the values are

equivalent in both EP indexes and ngeneration €qual to the efficiency of the systems.
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Table 48: Parameters involved in calculation for EPgjnren

Service Total Energy Conversion Factor | Generation Efficiency
Needs (kWh/m?) (Table 37) (Men)
Heating 14.2 1.95 2.65
Cooling 7.60 1.95 6.20
DHW 20.8 1.95 4.08
Ventilation 3.00 1.95 0.80

Table 49: Parameters involved in calculation for EPgynren rif standard (2019/21)

Service Total Energy Conversion Factor | Generation Efficiency
Needs (kWh/m?) (Table 37) (Mgn)
Heating 19.8 1.95 3.00 (Table 39)
Cooling 7.30 1.95 2.50 (Table 39)
DHW 20.8 1.95 2.50 (Table 39)
Ventilation 3.00 1.95 0.50 (Table 40)

According to Equation 28,

the calculated EPginren 1is

30.9 kWh/m?,

while

the

EP gl nren,rif standard(2019/21) 1S 46.49 kWh/m?. As shown in Table 41, the ratio between these values

(0.66) corresponds to A2 Energy Class.

7.2. Energy classification calculation for Portugal

According to the methodology outlined in section 6.2, the energy class is determined by the
ratio of Nic on M. The calculation involves the parameters listed in Table 51 e 52. As simulation
results, the calculation for Ny were performed using the values described in the following Table

50.

Table 50: Key values on the case study

Service Total Energy Needs (kWh) Efficiency
Heating 3315 2.65
Cooling 459 6.20
DHW 2374 4.08
Area (m?) 142
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Table 51: Parameters involved in calculation for N

Conversion Conversion
Service Total Energy Factor Factor not Efficiency of the
Needs (kWh/m?) renewable renewable system (M)
(Table 43) (Table 43)
Heating 23.32 1.00 2.50 2.65
Cooling 3.23 1.00 2.50 6.20
DHW 16.72 1.00 2.50 4.08
Table 52: Parameters involved in calculation for N¢
Total Energy Conversion
Service ) Factor Efficiency of the system (1)
Needs (kWh/m?) (Table 43)
Heating 16.29 2.50 3.40 (Table 44)
Cooling 2.83 2.50 3.00 (Table 44)
DHW 5.97 2.50 2.80 (Table 44)

According to Equation 32, the calculated Ntc is 10.70 kWh/m? year, while the Nt (Equation 33)
is 62.74 kWh/m? year. As shown in Table 42, the ratio between these values (Ry) is 0.17 that

corresponds to A+ Energy Class.

7.3. Energy classification calculation for PHPP

According to the methodology outlined in section 6.3, the energy class is determined by the
PER demand and PER generation. The calculation is based on the parameters listed in Tables

53 and 54, which are the results of the simulation.

Table 53: Parameters involved in PER demand

Service ]?E\e{,%)//yr;i;l frER Efficiency
Heating 2297 1.10 2.65
Heating auxilary electricity
tot. (winter time 156 1.10 -
ventilation)
Cooling 238 1.30 6.20
Cooling auxilary electricity
tot. (summer time ~290 1.30 -
ventilation)
DHW 2813 1.25 4.08
Household electricity 1803 1.25 -
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Treated floor Area (m?) | 142

Table 54: Parameters involved in PER generation

Energy generation
System (lig\ifﬁ Jyear) frER
PV electricity 980 1

Projected building footprint

(m?) 121

According to Equation 34, the results for PER for the energy demand and energy generation

of the house are listed in Tables 55 and 56.

Table 55: PER values for the energy demand

Energy demand PER specific value (kWh/m?arrr)
Heating 7.90
Cooling 3.00
DHW 6.00
Household electricity 15.9
Total | 32.8
Table 56: PER values for the energy generation
Energy generation PER specific value (kWh/m?aprojected)
PV electricity 8.10

The building's values for heating, cooling, and airtightness compared to the standard criteria are

listed in Table 57.

Table 57: Building results compared to standard criteria

Heating Cooling
Annual Heat | Load g(s)zﬁll Load Airtichtness
Requirement | Demand (W/m?) & (W/m?) &
, . Energy . (ns0) (1/h)
(kWh/m?a) | (alternative (alternative
o (kWh/m?a) o
criteria) criteria)
Passive
House
Premium
Passive <15 <10 <16 <11 <0.60
House Plus
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Passive
House

Classic
Current
Building 16 10 2 2 0.5
Classification

According to the criteria outlined in Section 6.3, the final classification of the house, based on
the ratio of PER generated to PER demand, is Passive House Classic, as highlighted in Figure
20.

200
— 180
&
% 160
& 140
E Premium
g 120
=100
5
ﬁ 80
£ 60
=)
o 40
w
& 20
o X
0 15 30 45 60 75 90 105
PER demand [KWh/(m®z,*a)]
—ea— Passive House Premium Passive House Plus
Passive House Classic —a—PHI Low Energy Building

® Current building
Figure 20: Final classification

The building, while efficient, does not produce enough renewable energy to be classified as

Plus or Premium.
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8. DHW influence on energy classification

The impact of DHW consumption, using the data presented in the previous section, on the total

energy demand of the house for the three different standard is illustreted in Figure 21.

Portugal PHPP

= Heating Household electricity
= Cooling
= DHW

= Ventilation

Figure 21: Total energy needs according to the standard

Each methodology considers different parameters in the overall energy classification. For
instance, the Italian standard explicitly accounts for ventilation (6%), which is missing in the
Portuguese methodology and included in heating and cooling in PHPP methodology. On the
other hand, PHPP uniquely includes household electricity (49%), which neither Italy nor
Portugal consider in their assessments. This broader scope in PHPP results in a lower relative
share for DHW compared to the other standards, even if the absolute energy use for water

heating might be similar.

These differences highlight the impact of methodological choices on energy classification.
While Italy and Portugal focus mainly on thermal energy needs, PHPP provides a more holistic

evaluation, integrating both thermal and electrical energy demand.
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8.1. Possible improvements

Currently, the Daikin ECH>O 300L heat pump, with a heating efficiency of 4.08, fully meets

the DHW energy demand and, according to real monitoring data, approximately 890 kWh/year

is drawn from the electrical grid.

To enhance energy efficiency and reduce grid dependency, differents alternative solutions have

been evaluated and listed in Table 58. The improvements have been implemented using the

PHPP simulation tool.
Table 58: Improvements results
Technology Characteristics Number of units Results
Flat plate collector.
BAXI STS 300 -
Collector area of . 902 kWh/year of
Solar thermal Two units
4.80 m? . Zero-loss energy produced
system )
efficiency of 0.73
ZYPHO Slim 50
. Efficiency of the
DW - Drain water . . 91,2 kWh/year of
drain water recovery | Two units

heat recovery

system

of 33%

electrical savings

Hot water ring
distribution
(forward + return

flow)

The DHW distribution system includes a

58-meter insulated forward and return

circuit, with individual supply pipes

totaling 2 meters (20 cm per fixture).

37,3 kWh/year of

electrical savings

More efficient

storage tank

Storage tank with a heat loss rate of 1,1

W/K, instead of 2,4 W/K

97,79 kWh/year of

electrical savings

Total

1128 kWh/year

DHW energy need monitored to cover

893 kWh/year
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9. Conclusion

This study has examined the methodologies used for calculating DHW energy demand across
European, Italian, Portuguese, and Passive House standards, assessing their accuracy and
implications through a case study of a certified Passive House in Portugal. The findings reveal

significant discrepancies in DHW demand estimations.

Among the methodologies analyzed, the PHPP demonstrated the highest accuracy, with a
deviation of only 2% from real monitoring data. In contrast, the European standard exhibited
the largest overestimation, with an accuracy of approximately 50%, while the Italian and
Portuguese standards performed moderately well, reaching an accuracy of 85%. The observed
variations stem primarily from differing approaches to defining DHW consumption, system

losses, and efficiency considerations.

The European standard adopts a broad, simplified approach, providing calculation methods
based on both habitable floor area and water volume per person. However, its reliance on fixed
consumption values and static assumptions about water temperature does not account for real-
world variations. This results in an overestimation of energy demand when using the water
volume per person methodology, whereas the habitable floor area methodology offers a more
accurate estimation. The Italian methodology refines the approach by incorporating empirical
formulas linked to dwelling size, yet it still lacks flexibility in accounting for user behavior and
real-time variations in water usage. Similarly, the Portuguese standard adopts a rigid
framework, assuming a constant per capita DHW demand, which does not reflect efficiency
improvements or seasonal fluctuations. By contrast, the PHPP methodology integrates detailed
consumption patterns, user-specific variables, and temperature variations, ensuring a more

precise assessment of DHW energy needs.

A crucial limitation across all standards is the estimation of distribution and storage losses,
which significantly affect final energy demand calculations. The European methodology tends
to overestimate these losses due to its reliance on generic distribution pipe lengths and static
power loss coefficients, failing to consider actual operational conditions. Conversely, the Italian
approach appears to underestimate distribution losses, as it applies predefined loss factors
without incorporating real consumption patterns. The Portuguese standard entirely omits both

distribution and storage losses from its calculation, further reducing its accuracy. In contrast,
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the PHPP methodology offers a more nuanced analysis by integrating both theoretical and

empirical data, allowing for a more precise estimation of system inefficiencies.

The implications of these discrepancies extend beyond individual energy calculations,
influencing the overall classification of buildings under different regulatory frameworks. The
comparison of energy classification methodologies in Italy, Portugal, and PHPP demonstrated
that DHW demand significantly impacts the final rating, particularly in standards where thermal
energy services constitute the primary assessment criterion. In the Italian classification system,
DHW accounts for approximately 20% of total energy demand, while in the Portuguese
framework, it represents around 15%. In the PHPP methodology, where household electricity

and auxiliary energy consumption are also considered, the relative impact of DHW is lower.

In response to these findings, potential improvements were explored to enhance DHW
efficiency and minimize energy losses. The integration of solar thermal systems, drain water
heat recovery technologies, and optimized hot water distribution networks emerged as effective
solutions for reducing primary energy consumption. Simulations within the PHPP framework
indicated that the addition of solar thermal collectors could fullfill the DHW-related energy
demand while a drain water heat recovery system and a better hot water storage could achieve

notable efficiency gains.

The results of this study emphasize the need for continuous refinement of DHW calculation
methodologies. As highlighted in the sensitivity analysis, certain parameters, such as the water
efficiency factor, require reassessment to more accurately reflect their impact on overall energy
demand. Regulatory frameworks should integrate dynamic variables, including seasonal water
temperature fluctuations and advancements in water-saving fixtures, to improve the reliability

of energy performance assessments.
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Appendix A

Prospetto VI — Valori medi mensili della temperatura media giornaliera dell'aria esterna

Ne Sigla Localita Altitudine| GEN. FEB. MAR. APR. MAG. GlU. LUG. AGO. SET. OTT. NOV. DIC.
Provincia m °c °C °C °C °C °C °C °C °C °C °C L+

1 AG Agrigento 230 10,4 10,8 127 15,6 194 241 269 265 24,0 19.9 15,9 12,2
2 AL Alessandria 95 0.0 28 8.1 131 173 22,0 247 236 19,9 131 69 1.9
3 AN Ancona 16 6.3 T | 9,8 134 17,0 218 244 241 21,3 16,5 121 78
4 AO Aosta 583 =03 286 8,7 11,0 147 18,7 205 194 15,9 10.3 48 0.8
5 AP Ascoli Piceno 154 55 6,6 95 13,3 17.2 21,7 244 243 21,1 15,8 10,9 7,0
6 AQ L'Aquila 714 2,0 36 71 1.4 15,0 191 220 218 18,6 13,1 8,2 38
7 AR Arezzo 246 5.1 59 9.2 12,6 164 209 24,0 234 20,3 15,0 10,2 6.1
8 AT Asti 123 -04 27 7.9 13,0 17,0 216 242 229 18,9 12,7 6,1 1.3
9 AV | Avellino 348 5.5 6,5 88 12,4 16,0 20,3 23,1 226 19,6 14,8 10,4 6.8

10 BA Bari 5 8,6 9,2 14 142 18,0 223 247 24,5 22,0 17,9 14,0 10,2

1 BG Bergamo 249 31 49 89 133 17.0 21,3 23,7 23,2 19,9 14,2 8,6 45

12 BL Belluno 383 01 23 68 1.2 149 18,9 21,2 208 17,7 12,4 6.5 1.7

13 BN Benevento 135 6.8 7.7 10,3 13,7 175 221 248 243 21,4 16,5 121 8,0

14 BO Bologna 54 21 46 94 14,2 182 229 254 249 21,2 14,9 8,7 4,0

15 BR Brindisi 15 93 96 14 14,2 18,0 22,0 245 245 221 18,3 14,4 10,9

16 BS Brescia 149 15 42 93 13,6 17.7 22,0 244 23,7 19,9 14,0 7.8 3.5

17 BZ Bolzano 262 1,2 42 9.0 13,4 169 21,0 22,7 22,0 18,8 129 6.7 2.2

18 cA Cagliari 4 103 10,8 12,8 15,1 18,4 229 255 255 233 19,4 155 1,7

19 cB Campobasso 701 3.7 48 73 11 148 19,6 225 22,2 18,9 135 9.0 5.0

20 CE Caserta 68 87 94 12,0 153 19,1 235 ; 26,2 26,1 23,0 18,2 13,9 10,3

21 CH Chieti 330 58 68 96 135 17,2 22,0 24,7 243 21,2 15,9 11,3 7.2

22 CL Caltanissetta 568 7.2 78 9.9 131 173 225 25,7 25,2 22,1 173 12,8 8.9

23 CN Cuneo 534 1.1 29 6.9 1,3 14,8 194 21.9 21,0 17,7 n7 6.2 25

24 co Como 201 29 5,0 88 127 16,7 211 238 231 19,6 13,7 84 4.4

25 CR Cremona 45 07 33 84 13,3 17,4 21,9 243 23,4 19.7 13.4 7.2 25

26 CS | Cosenza 238 8,1 88 11,3 14,4 18,1 231 26,0 258 2277 17.8 134 9.4

27 CT Catania 7 10,7 1,2 12,9 155 191 23,5 26,5 26,5 241 19,9 159 12,3

28 CZ | Catanzaro 320 83 8,7 10,4 13,4 17,0 21,7 24,4 248 223 17.9 13,7 10,1

29 EN Enna 931 45 51 71 10,7 14,9 20,6 23,9 232 19,9 14,5 9.8 6,4

30 FE Ferrara 9 14 33 78 128 173 216 23,9 235 20.1 14,0 8,2 3,2

31 FG Foggia 76 64 7.3 10,0 13,8 17.9 23,2 26,0 25,5 221 16,9 122 7.9

32 Fi Firenze 40 83 6.5 99 138 178 222 25,0 243 209 153 10,2 63

33 FO Forli 34 30 486 9.0 13,7 178 22,6 253 248 211 16,1 93 44

34 FR Frosinone 291 58 6,2 8,0 11,0 15,2 18,5 215 20,9 18,8 134 9.2 50

35 GE Genova 19 7.9 8.9 11,6 14,7 17,8 21,9 245 24,6 223 171 12,8 93

36 GO Gorizia 84 47 5.6 8,2 11,9 16,7 19,9 22,0 222 18,6 13.2 9.2 47

37 GR Grosseto 10 6.8 8,1 10,3 13,2 171 21,2 241 23,9 213 16,4 1.7 8.1

(segue prospetto)
(seguito del prospetio V1)
Ne Sigla Localita Altitudine| GEN. FEB. MAR. APR. MAG. GlU. LUG. AGO. SET. OoTT NOV. DIC.
Provincia m °C °C °C °C °C °C °C °C °C °C °Cc °C

38 M Imperia 10 86 9.4 1186 147 17,9 21,7 245 241 21,8 174 12,7 9.5

39 18 Isernia 423 55 57 86 11,2 15,5 20,1 231 228 19,7 14,7 10,3 89

40 KR | Crotone 8 95 9.8 15 14.7 18,4 229 26,2 26,0 235 19,3 15,1 1.2

41 Lc Lecco 214 39 57 8.6 133 16.0 20,1 226 221 18,2 143 92 53

42 LD Lodi 87 08 3,3 886 13,5 17.8 225 245 23,4 18,6 13,4 73 25

43 LE | Lecce 49 9.0 9.3 14 147 18,9 234 26,1 259 23,0 18,5 143 10,7

44 u Livorno 3 75 82 11 13,9 17,3 218 244 24,1 215 17,1 12,7 9,0

45 LT | Latina 21 83 8,0 109 135 16,9 209 23,7 238 215 17,3 12,9 95

48 LU | Lucca 19 8,1 7.2 10,1 133 171 21,2 238 23,6 209 15,8 10,9 7.3

47 MC Macerata 315 38 53 83 124 183 20,7 235 232 19,9 14,4 9,5 57

48 ME Messina 3 1,7 12,0 13,2 15,7 19,2 235 264 26,5 242 20,3 16,6 133

49 M Milano 122 1.7 4.2 92 14,0 179 225 251 241 20,4 14,0 7.9 3.1

50 MN Mantova 19 1.0 3.3 84 133 17,4 220 243 23,6 20,0 14,0 8,0 29

51 MO Modena 34 14 3,5 86 133 17,2 218 243 238 20,1 14,0 8,1 31

52 MS Massa-Carrara 65 6.8 7.4 10,3 13,2 16,9 212 23,7 233 206 15,9 1.3 79

53 MT Matera 200 7.7 8.4 10,5 14,2 18,5 236 26,7 26,2 229 18,0 133 9.3

54 NA Napoli 17 105 10.6 13.2 16,0 19,5 241 26,7 26,5 238 19.6 15,5 121

55 NO Novara 159 09 3.3 8.4 131 17.4 21,8 243 233 19,2 129 71 24

56 NU Nuoro 546 6.2 6.7 9.5 124 15,7 21,1 243 241 209 15,7 1,2 76

57 OR Oristano ) 9,6 10,2 123 145 17,4 214 235 241 226 18,7 14,4 108

58 PA Palermo 14 114 11.6 181 155 188 22.7 25.6 25.4 236 19.8 16.0 126

59 PC Piacenza 61 0.1 24 77 122 16,3 20,7 23,2 223 18.9 128 68 20

50 PD Padova 12 1.9 4.0 84 13,0 171 213 | 236 23.1 19.7 13.8 8.2 3.6

61 PE Pescara a 72 B.4 109 142 18,5 227 254 25.0 220 174 12,5 8.7

62 PG Perugia 493 4,0 5.0 8.1 115 15,4 201 231 22,7 19,6 141 9.4 55

63 Pl Pisa 4 6,7 7.7 10,6 13,6 17,2 211 235 235 20,9 16,3 1,7 7.8

64 PN Pordenone 24 23 4.4 8.1 121 16,7 18,4 215 21,2 183 12,9 7.4 38

65 PO Prato 61 56 6.9 104 143 18,0 223 25,0 247 216 16,1 109 6.8

66 PR Parma 57 09 35 89 13,7 17,6 222 247 240 20,2 141 8.0 28

67 PS Pesaro e Urbino 1 386 4.7 84 123 16,2 20,6 232 22,7 19,7 147 9.9 54

68 PT Pistoia 67 53 6,5 8,9 134 17,2 213 24,1 236 209 153 10,4 6.3

69 PV Pavia ” 05 3,2 84 129 174 213 235 22,7 193 133 71 23

70 PZ Potenza 819 36 4,3 68 10,6 14,7 19.1 219 21.9 18,9 13,7 9.3 52

n RA Ravenna 4 19 3.4 81 124 16,4 209 234 229 19,7 143 8.9 3.8

72 RC Reggio di Calabria 15 11 11,5 128 153 18,7 23,0 257 26,1 238 20,0 16.5 12,7

73 RE Reggio nell'Emilia 58 11 3.2 8.2 12,7 16,9 21,2 238 229 19,6 133 T2 28

74 RG Ragusa 502 86 9,2 1,2 14,1 18,5 236 266 26,4 232 18,4 143 10,1

(segue prospelio)
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(seguito del prospetto VI)

Ne Sigla Localith Altitudine| GEN. | FEB. | MAR. | APR. | MAG. GIU. LUG. | AGO. SET. OTT. NOV. DIC.
Provincia m *C °C °c °C °C °c °C °C " °C °C °C
75 RI Rieti 405 37 49 8,1 11,6 152 18,8 21,8 21,7 18,9 135 8,7 51
76 RM | Roma 20 76 8,7 11,4 147 18,5 229 25,7 253 224 17,4 12,6 89
77 RN | Rimini 5 3,1 49 85 12,4 16.5 20,8 234 227 19,9 15,0 9.6 53
78 RO | Rovigo 7 13 a6 85 13,4 17.6 22,0 245 238 20,1 14,0 8,1 ay
79 SA | Salerno 4 104 1,3 135 16,5 201 239 26,5 26,6 24,1 19,9 157 12,2
80 sl Siena 322 48 5.7 9.1 124 16.3 21,0 240 237 202 14,6 9.8 6,0
81 SO | Sondrio 307 05 33 82 12,6 16,0 20,0 223 21,4 18,1 124 6,6 17
82 SP | La Spezia 3 6.7 73 10,1 13.4 187 209 238 237 21,2 16,4 119 83
83 SR | Siracusa 17 13 1,5 13,1 15,4 18,7 230 26,2 26,4 239 20,1 164 12,9
84 SS | Sassari 225 87 9,1 113 14,0 16,8 21,4 240 245 221 17,5 13,5 9.9
85 SV | Savona 4 6,6 85 14 14,6 18,1 222 249 246 21,9 169 1.9 82
86 TA Taranto 15 9,2 97 13 145 185 23,0 259 258 23,0 18,7 14,4 10,9
87 TE | Teramo 265 51 59 9.0 12,8 16,8 214 240 236 204 15,1 104 66
88 TN | Trento 194 43 73 18 16,5 20,0 240 263 255 223 18,4 10,2 57
89 TO | Torino 239 04 32 8.2 12,7 16,7 211 233 226 188 12,6 68 20
90 TP | Trapani 3 1.0 15 132 15,8 19.2 233 258 26,2 24,0 19,9 158 124
91 TR | Terni 130 6.7 76 10,7 13,6 176 223 247 243 211 18,4 13 68
92 TS | Trieste 2 49 6,2 9.4 13,5 17,7 21,9 242 24,0 20,7 15,5 106 6.9
93 TV | Treviso 15 28 44 B4 13,2 171 21,6 238 232 19,8 14,0 82 43
94 UD | Udine 13 3.5 50 86 13,3 173 211 233 23,1 198 14,2 87 a8
95 VA | Varese 382 1.2 19 6,0 10,4 14,0 17,7 205 19,6 16,4 11,2 53 19
96 VB | Verbania 187 29 46 85 12,6 16,6 20,8 233 226 19,3 13,5 8.1 42
97 VC | Vercelli 130 02 29 T 12,5 17,2 217 238 228 18,7 12,7 85 18
98 VE | Venezia 1 33 48 86 13,2 173 213 236 234 20,4 14,9 95 50
99 vi Vicenza 39 24 42 85 129 17,0 213 236 23,0 19,6 13,9 8.5 41
100 VR | Verona 59 24 49 93 13,7 174 21,7 238 238 20.2 14,7 8.5 43
101 VT | Viterbo 326 57 6.6 9.4 12,7 16,9 218 24,8 24,0 20,7 15,9 1,3 75

91



Appendix B

Shading
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Quan/ Deviation fam Angle of Addition al LAdditional reduction | Reduction factor z
tity Description Nesth inclination from | Orientation | Glazing width | Glazing height | Glazing area | reduction factor factor summer | for temporary sun
the horizontal wirer shading shading protection
[Dagree] [Degres] wgm] he [m] Agln] Tt %] Tethers (%] 204
1 |W_oi 13z a0 East 0,56 1.86 1.1 28% AT 0%
1 |W_ 02 312 20 West 0,56 1,86 1.1 5% T5% 10%:
1 |W_02 (front door) 228 80 West 0,77 217 1.7 BA% BA% 505
1 |W_04 (front door) 228 20 West 0,78 217 1.7 B4% 2% 500
1 |W_05 nz a0 West 0,61 123 0.8 73% T5% 0%
1 |W_06 228 80 West 0,67 117 0.8 BI% B84% 50%
1 |W 07 228 a0 West 0,67 117 0.8 BE%: B3% 509
1 |w_ o8 228 80 West 0,67 117 0.8 BEW 81% 50%
1 |W 08 nz a0 West 0,46 103 0.5 T4%: TE% 10%:
1 |w_ 10 132 80 East 0,46 1.03 0.5 26% A% 10%
1 W1 132 a0 East 0,46 103 0.5 28% 3I5% 10%
1 [W_12 (courtyard dog 49 80 East 0,66 173 1.2 33% 3%
1 |W_13 (courtyard dog 49 a0 East 0,66 173 1.2 3% 1k
1 |W_14 jroof window) 49 80 East 0,37 0,78 0.3 B G2% 10%:
1 |W_15 (roof window) 132 28 Horizontal 0,37 07e 0,3 3% 94% 0%
1 |W_16 [roof window) 227 27 Horzontal 0,60 0,78 0.5 86 7% 10%:
1 |W_17 (roof window) 227 27 Horizontal 0,60 078 0,5 BE% 7% 10%:
1 |W_18 [roof window) 49 80 East 0,96 0,98 0.9 86 BE% 10%:
1 |W_19 (roof window) 132 28 Horizontal 0,96 0,98 0.9 §T% 7% 10%
Pormenor construtivo (PTL) ($) W/im Wit W/(m.OC) Wer W/(M.OC)
PTL1 - Ligacgéo entre ~fact?a'da e parede 0.770 0,008 0,003
em contacto com frag&o vizinha
PTLS ngaqag entre fachada e 12,261 0,057 0,100
cobertura exterior plana
?TL?O ngal.@o eptre fachada e perfil 11,91 0,002 0,074
inferior de caixilharia
PTL1? ngan19 en‘tre fachada e perfil 12,028 0.106 0,088
superior de caixilharia
PTL13 ngaggo gntrg fachada e 11,620 0,040 0,039
cobertura exterior inclinada
PTL14 ngagao.enFre parede diviséria 7.320 0,037 0,009
e cobertura exterior inclinada
PTL‘1 6. Ligagdo entre duas garedes 17.677 0.103 0,158
verticais em contacto com o exterior
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L} 1 *7
I 1 3
I
L frac8o vizinha exterior
I
e M e ~ 9 1
2 exterior s
3
exterior -2 10
= -4
4
5
interior 4
6 interior
— 7
L1 - Ligagéo entre f; e parede em PTL5 - Ligagdo entre fachada e cobertura exterior plana
com frag#o vizinha
16 exterior
15
A 4
/
-5
4 s 16
14 ioletor. 15
-8 4
7
PTL13 - Ligag#o entre fachada e cobertura exterior PTL14 - Ligagdo entre parede divisoria e cobertura
inalinada exterior inclinada
5
4
13 g
7
12
1 exterior
1
4 g 12
4 interior interior
5 13
PTL10 - Ligagéo entre fachada e perfil inferior de PTL11 — Ligag#o entre fachada e perfil superior de
caixilharia caixilharia

wn s o~

=l

PTL16 - Ligagdo entre duas paredes verticais em contacto com o exterior
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Appendix C

Drawing of the DHW system h om e@g ri d |
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Appendix D

Standard data
Standard | Parameter Value Unit
Italy Water density 1000 kg/m3
Specific heat capacity of water | 0.001162 kWh/(kgxK)
Temperature of incoming cold | 14.34 °C
water
Portugal | Temperature increase 35 °C
Specific heat of water 4180 J/(kg°C)
Europe | Density of water 1000 kg/m3
Specific heat capacity of water | 0.00116 kWh/kgK
in storage
Specified domestic mixed hot | 42 °C
water temperature
Cold water supply temperature | 10 °C
PHPP Specific heat of water 0.00116 kWh/(1-°C)
Case study data
Standard Parameter Value Unit
All Treated floor area 142 m?
Standards Number of occupants ! 4 persons
Time period considered 1 year year
Nominal Power 2.2 kW
Length of distribution pipe 38 m
Italy a 1.067 1/m? x day
b 36.67 1 x day
Distribution | Hot water supply efficiency 1 -
losses Loss factor 0.08 -
Recovery factor 0.9 -
Tank losses | External surface of the accumulation 3.98 m?
Thickness of the insulating layer 0.65 m
Conductivity of the insulating layer 0.02 W/(m x K)
Duration of the period considered 24 h
Ambient temperature of the hot water 20 °C
tank
Maximum temperature of water stored 60 °C
in the tank
Cooling days (summer period) 139 day
Water efficiency factor 1 -
Europe X 40.71 -
Y 3.26 -
Number of equivalent persons used for | 2.29 -
calculating the DHW requirements

99



Maximum Number of equivalent 3.55 -
persons used for calculating the DHW
requirements
Distribution | Ambient temperature for the pipe 20 °C
losses section
(Equation x) | Mean inner water temperature of the 60 °C
pipe section
Specific power loss of the distribution 7 W/m
per length of pipe
Tank losses | Standby loss of the hot water tank per 1.91 kWh/d
(Equation x) | day
Maximum temperature of the water 60 °C
stored in the hot water tank
Ambient temperature of the hot water 20 °C
tank
PHPP Actual hot water demand 25 1/person/day
Demand for showers 16.0 I/person/day
Demand for other uses 9.0 1/person/day
Efficiency of heat recovery for shower 0 %
Temperature of cold water inlet 15.3 °C
Heat for non-electric appliances 0 kWh/year
Number of people using the system 3.7 persons
Distribution | Annual heat losses from circulation 0 kWh/year
losses lines
Heat loss per single tap opening 0.0391 kWh/opening
Number of tap openings per year 2190 openings/year
Tank losses | Temperature of the room 20 °C
Manually entered temperature 55 °C
Heat loss rate 24 W/K
Average Standby Heat Losses of storage | 84 W

tank

(D' For PHPP, the occupation value is set as 3.7 because it is counted for treated floor area.
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