JFUTURE

jOINEd For sUsTainability - bUilding climate REsilient
communities in WB and EU

Passive house desig

n for

sustainable structL

Prof. Meri Cvetkovska
Faculty of Civil Engineering, UKIM-S

Date: 18.04.2024
Place: IAUV, Venice

res

Co-funded by the

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or EACEA. Neither the European Union nor the granting authority can be held responsible for them.”

European Union




JFUTURE

Energy efficiency

Why is introduced ? What is achieved ?

- Environmental pollution « Reduced energy consumption
+ Climate changes * Reduced emission of greenhouse
gases

Depletion of fossil reserves . Increased participation in

_ renewable energy sources
uge energy demand and consumption

« Contribution to the set of goals
for sustainable development
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European Union




Energy efficiency

Reason: Environmental pollution (CO, emission)

Human activities contribute to increased
concentration of CO, in the atmosphere

Effect: Climate changes (the greenhouse effect)

( melting of the polar ice)

POLE
°

- Since 1979, more than
“20% of the Polar Ice Cap
- ’has melted away.

ARCTIC SEA
ICE BOUNDARY IN 1979
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Energy efficiency

* Depletion of fossil reserves
* Huge energy demand and consumption

world energy consumption

Renewable energy resources

solar radiation on continents

Natural gas
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outer cube:

renewable energy
quantities per year
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inner cube:
technically renewable energy amounts used in form of electricity,
heat and chemical energy per year
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What is achieved ?

Contribution to set goals for sustainable development

What is sustainable development?

» Sustainable development means meeting today's
needs without compromising the ability of future
generations to meet their own needs "

SUSTAINABILITY, should be the dominant
philosophy which must be respected by every
individual in the global society.

One of the steps — sustainable buildings!

Co-funded by the
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How to design sustainable buildings?

Integrated building design is a comprehensive approach which brings together all
profiles of designers that have to be involved in the design process:

v’ architects,

Sustainable Construction
Methods,

v’ passive solar building designers, Benefits
and Challenge

v’ structural engineers,

v" HVAC system engineers.

W

Energy optimization of the building
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Energy optimization of the building

Urban planning - :
[architectural project 1 Lighting project

INCLUSIVE PROJECT ON
SUSTAINABLE BUILDING

LI . |

Energy
management

Water system
project
Co-funded by the
European Union

HVAC Project

system and its
control
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Energy optimization of the building
QQSULAT'OD Highly efficient
water heating
De5|gn of
envelope

HIGH
E
PERFORMANCE denr:;gnyd SVSteI‘I“
GLAZING controllers

Reduced Highly
HVAC efficient

Reduced lighting .
requirements requirements chillers
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Is the idea for energy efficiency of buildings new and
where it comes from?

NATURE TEACHES US HOW TO BUILD

y efficiency of buildings is combination of a high
| of comfort and low energy consumption -
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§FUTURE
Is the idea for energy efficiency of buildings new?

Historically, man has always thought
about how to build a home that would
be warmer in winter and cooler in
summer. This problem was also
studied by Socrates, a Greek
philosopher 2500 years ago. In the
literature, this research Is known as
"Socrates House" and the basis of
this research was the influence of the
sun ment on the form,
d construction of the

Co-funded by the
European Union



http://www.efikasnost.com/wp-content/uploads/2010/05/EE-kuca.jpg
http://www.efikasnost.com/wp-content/uploads/2010/05/EE-kuca.jpg

JFUTURE

s the idea new?

Thermal comfort

Correct orientation;

Proper dimensioning of the
envelope;

Protection from solar
radiation;

Passive/natural heating
/cooling;

Therm

Traditional house in Ohrid

How to achieve ?

Bioclimatic architectural measures:
* QOrientation;

 Window positioning, shading;
* Thermal mass;

e Choice of materials for walls,
roof, windows, including
insulation;

e Surface and volume ratio;

* Landscaping of the space.
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Architectural measures for designing energy efficient buildings

Micro and macro location

Sun's Path
in the Sky

Co-funded by the
European Union

of the sun and angle at which the sun's rays fall in
summer and winter
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Shape of the building (O/V=min) and
materials used for construction
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JFUTURE

Architectural measures for designing energy efficient buildings

Buildings in a warm climate zone: Buildings in a cold climate zone:

* Proper orientation of the building to .
eliminate the influence of the sun on the .

well insulated walls and windows
protected from the sun with blinds and
shutters

e Reduced surface area in relation to
volume,

e Lighterdinishing colors,

Large windows to receive solar energy
Thermal mass for heat storage
Minimal shading

Insulated walls and windows

Dark finishing of the facade

Well protected north of the building

Co-funded by the
European Union
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REDUCING ENERGY

LOSSES IN BUILDINGS

IS THE FIRST STEP

TOWARDS ALL

FURTHER ENERGY

EFFICIENCY MEASURES
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Categories of energy efficient buildings

* Low Energy House

kWh/(m“a)

e Passive House (Ultra-low Energy House)

<15

* /Zero-energy House

 Autonomous Building

(house with no bills)

 Energy Plus House /

nergy consumption

Co-funded by the
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JFUTURE
PASSIVE HOUSE

The term PASSIVE HOUSE describes a standard and not a
specific construction method

OBIJECTIVES:

* Minimum heat losses

 Maximum heat gains from the sun
and internal sources

e Rationalization of costs for

t sanitary water

Co-funided by the
European Union
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PASSIVE HOUSE
HISTORY:

» FRAM (1893.)
» Expedition to the Arctic

> Constructor: Fridtof Nansen
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§:JTdRE
PASSIVE HOUSE

HISTORY:

FIRST PASSIVE HOUSE:

Darmstad Kranichstein, in 1991.

» Four private investors form "Passive House
Development Society”

» Architects: prof. Bot, Ridder, Westermeyer
~ » 4 apartments with 156 m2 gross area each

. » Built-in precise system for tracking and measuring
achievements

~‘ » All detailed information is publicly available and

Co-funded by the
European Union
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JFUTURE
PASSIVE HOUSE

FACTORS:

Micro and macro location:
» angle of sun rays
» orientation
» shading
» climatic conditions
Design:
» main facade to the south
» utility rooms in the north
» east and west — ineligible
» form factor (=0.7 m1)
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ArJTdRE PASSIVE HOUSE

CRITERIUMS:

Energy
demand for
heating
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ArJTdRE PASSIVE HOUSE
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CRITERIUMS:

Primary Overheating
energy frequency
demand

Recommended < 4%
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AHJTURE PASSIVE HOUSE
HIGH COMFORT:

ASHRAE Class A Comfort Standard

v Constant temperature (0.8 °C)

v Low risk of draft
(<8%, when V, <0.08m/sek)
v ATFLOOR/CEILING <4°C

V' AToor/meap < 2°C (in sitting position)

v ATGLASS/INSIDE <4°C

Co-funded by the
European Union
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JEJTURE PASSIVE HOUSE - CASE STUDY
(Parametric analysis)

REFERENT BUILDING (RB):

Orientation: living rooms on south

Thermal insulation thickness of walls and roof:
d=20 cm

Thermal insulation thickness of floor: d=25 cm

Windows with thermal transmittance:

U=0.8 W/m3K

glass: three-layer low-emission
(4:/14/4/14/:4 Argon 90%)

frame: W Internorm - passiv Fixverglasung

of Macedonia Use of renewable energy: solar panels

Building equipement: A+ class

building around the RB - Co-funded by the
European Union
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REFERENT BUILDING
Wall structure: Roof structure:
Gypsum board on a metal substructure 12.5 mm * Gypsum board on a metal substructure 12.5 mm
Stone wool with A= 0.045 W/(mK) 50 mm * Stone wool with A= 0.045 W/(mK) 50 mm
Gypsum plaster with A= 0.510 W/(mK) 17 mm e RC slab MB30 with A= 2,300 W/(mK) 100 mm

Masonry from ITONG blocks, A= 0.160 W/(mK) 250 mm
Gypsum-lime plaster with A= 0.700 W/(mK) 17 mm

Glue for thermal insulation 5mm
Thermal insulation with A= 0.024 W/(mK) 200 mm
Glue and putty 5mm
Finished abrib 3 mm

30 mm
038 W/(mK) 20 mm
/(mK) 150 mm

e Thermal insulation with A= 0.024 W/(mK) 200 mm
e Cladding from boards, A= 0.024 W/(mK) 22 mm
e Steam barrier 3 mm
* Double wooden framework

* Tiles

Floor structure:

 Thermal insulation, A= 0.038 W/(mK) 250 mm

Hydro insulation A= 1,200 W/(mK) 8 mm
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ORIENTATION INFLUENCE

SPECIFIC ENERGY CONSUMPTION

» for heating
s for cooling

kWh/(m2a)

+300 +60o0 +900 +1200 +1500 +1800
ROTATION OF THE BUILDING

THERMAL ENERGY THAT HAS TO BE APPLIED TO

THE VENTILATION SYSTEM

+1200
ROTATION OF THE BUILDING

+1800
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ORIENTATION INFLUENCE

CO, EMISSION

« | without household appliances
| total

Il

+300 +600 +900 +1200 +1500 +1800

ROTATION OF THE BUILDING

OVERHEATING FREQUENCY

allls.
alll.

+600 +9 +1200 +1500 +1800
ROTATION OF THE BUILDING
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INFLUENCE OF THERMAL INSULATION THICKNESS

OVERHEATING FREQUENCY
10 -
8 - CO, EMISSION WITHOUT HOUSEHOLD APPLIANCES
| 100
se 6
=== 00f
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=B=floor slab
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THERMAL INSULATION THICKNESS
0

without -75% -50% -25% refer. +25% +50% +75% double

THERMAL INSULATION THICKNESS
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Bt GLAZING INFLUENCE

SPECIFIC ENERGY DEMAND FOR HEATING

| g |

30

SPECIFIC ENERGY DEMAND FOR COOLING
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T =A= EAST
E B WEST 15 ~
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2 £ s~ NORTH
5 =10 ws= EAST
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WITHOUT -75% -50% -25% PEO®. +25% +50% +75% DOUBLE o= ALL

WINDOW SURFACE

OVERHEATING FREQUENCY

PE®. +25% +50%  +75% DOUBLE

W SURFACE

= SOUTH
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AFUTURE INFLUENCE OF THE TYPE OF GLAZING

SPECIFIC ENERGY DEMAND FOR HEATING

SINGLE

SPECIFIC ENERGY DEMAND FOR COOLING
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THERMOPANE THERMOPANE ARGON
GLASS LOWE

SINGLE THERMOPANE THERMOPANE ARGON Co-funded by the
GLASS LOWE European Union
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INFLUENCE OF ADDITIONAL SUMMER SHADING

SPECIFIC ENERGY DEMAND FOR COOLING

OVERHEATING FREQUENCY

_ —l Sl —_— mmmecal

-75% -50% -25% +25% +50%

ADDITIONAL SHADING WITH SHUTTERS

WITHOUT -75% -50% -25% +25% +50% +75% DOUBLE
ADDITIONAL SHADING WITH SHUTTERS
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COMPARISON OF DIFFERENT TYPES OF BUILDINGS

Specific energy demand for heating

i

200 - 2331%

250

TB-Thermal bridge

kWh/(m2a)
2

100

I 7Y 1308%

1107% 36%

ol -

Old building Old building New building New building ~ Passive
without TB with TB without TB with TB house Co-funded by the

. European Union
Type of building without TB i




COMPARISON OF DIFFERENT TYPES OF BUILDINGS

[
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kWh/(m2a)

8

Specific energy demand for cooling

TB-Thermal bridge

Old building Old building New building New building ~ Passive
without TB  with TB  without TB  with TB house

Type of building
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COMPARISON OF DIFFERENT TYPES OF BUILDINGS

OVERHEATING FREQUENCY

60

50 - TB-Thermal bridge

40

Old building Old building New building New building  Passive
without TB with TB without TB with TB house | Gosfunded by the

Type Of bUilding W“-_hout TB European Union
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COMPARISON OF DIFFERENT TYPES OF BUILDINGS

CO, EMISSION WITH HOUSEHOLD EQUIPEMENT

TB-Thermal bridge

Old building Old building New building New building  Passive
without TB  with TB without TB with TB house Co-funded by the

Type Of building W]thout TB European Union




SFUTURE
THERMAL BRIDGES

How to solve thermal bridges ?
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THERMAL BRIDGES
How to solve thermal bridges ? WRONG CORRECT
WRONG | CORRECT CORRECT | 20¢C \1 —16°C |[20%c |y —16%
20'C \—_ ~%C
M

A n}

|
|
|
Y,
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Thank you for your attention

Contact info about the presenter: prof. Meri Cvetkovska
Faculty of civil engineering
Ss Cyril and Methodius University in Skopje, N. Macedonia
cvetkovska@gf.ukim.edu.mk
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