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MOUNTAINS (31%) POPULATION

- 22 mil. inhabitants
- 73% live in urban
areas

- another 8 mil
Romanians live
abroad




Co-funded by the +
B v Erasmus+ Programme e
e of the European Union ._-‘ *

S ¥ AR T oy

o\




Co-funded by the ok
Erasmus+ Programme " AFU=58,

of the European Union ~_‘«—

TUIASI

" .f’ 1 eti le :
Y '! ’ a(, , ] RZ,
0 _‘Nf) rgmA\ oy RS

-
.

'*(:'7.‘."0\ , Ii%kass;z

lasi In ROl



e Co-funded by the N
N Crasmus+ Programme M ATSEE
! of the European Union ™ -‘ *

L

' "; :03 T u TRy “-f ‘ ", ". ii 'il '“.i,,i; E
*.l_iu_!n 'u( i i, uu,,n'u' M A A -mm =t
‘.}- — l” , " " " ll "'

‘.\-.\ 3’“ *

. XL T Sl Pafdreof Cultu re e
{73088 > .
Palace of Culture is home 0] gv‘ A @ : @ "-:., \, I

fo%musevpms < "’-f’ . ‘ L- / B e ‘ :‘, ,., . % e ’E;:
PRVAY seUm B . ) ‘;.‘-! ‘ . l‘ £y Fo e

* The H|story Museum.gf Moldova, P e o W R
» Musélm of Ethncag?;aphy, . | X T e e S

0 Museum of Science an& TechnologySStefan Protoplu 3 7 § o e L/’
R e o

I "‘i Ve ey Histandid



e Co-funded by the +
SR Crasmus+ Programme  ATIEER
! of the European Union -‘ *

.....

[M"'ll"‘" g

‘i.‘—

¥
uu ¥
¥

| i 47 l“‘- (
v l“‘i‘l ll.ﬁ.ld *"-i~""



s |
L ¥

(¥8 = [ =










| Corp CFDP

iCorp CMC“ )ﬂ .‘ »

R F % o

oA Corp BMTO




Civil Engineeg




pomt b

-

=

-k
-
N W,
ARt N
o »

4

s = TS p ol B

-+
:
—
'
- . Sl
- -
»







——







wWind tunnel

| ANNEENEEN

Y

[

il L R e = D]







e Co-funded by the
= Erasmus+ Programme PSS
i of the European Union L

I'Nnci

— Foundation of the'De




-
_‘__,_-———‘“‘.'

e

— : .‘ =y
IV AN T
= ~ .. -ww\\\a\ Mﬁw

L e
# | Y 7 o A v 2 A ¢
5 BX 7 /A \VE. Y-

B o B
7 ' 1.<I,q.s_. f—f—

~ xR et e

j.‘

P

’ \‘

ratory,.

=i
T

- I '

——




11

R

i
-l
1

H-.
"e
Ree
—re e T
- ——
A
e=n
vo=|

Iﬁ-.

D

|

g A=




immmlll\m!\'







| EemEmssEEe 4
SEEEEENEED
-ll-=lq.4

EEsETaNsESd
HESENSEESA
EFSENIRRNG
ERNFEREENE
HESERNEER AN
HERSEEEHER
NEESEEEEEN
HENEERFEONN
ENSEANERSH
LEELS ETE T













— mnggn—&—“—-d_q

oy T— &




(AN




EDITIA a XXVII-a

ASOCIATIA INGINERILOR DE INSTALATII DIN ROMANIA
FILIALA MOLDOVA
Universitatea Tehnica ,Gheorghe ASACHI” din Iasi
Facultatea de Constructii si Instalatii — Departamentul de Ingineria Instalatiilor

AN Y
7 O
s

CONFERINTA

TEHNICO-STIINTIFICA
CU PARTICIPARE INTERNATIONALA

INSTALATII PENTRU
CONSTRUCTII
SI
ECONOMIA DE ENERGIE

Deschiderea oficiald a lucrarilor: Joi, 6 iulie, ora 9%
AULA Universitatii Tehnice ,GHEORGHE ASACHI"” din Iasi,
B-dul Carol I, Corp A

6-7 iulie 2017
IASI
ROMANIA




e Co-funded by the o
B v Erasmus+ Programme e
e of the European Union .—‘ *

Introduction to the nZEB concept
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Pollution from burning
fossil fuels leads to an
increase in greenhouse
gases, acid rain, and
the degradation of
public health.
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CO2 Emissions in 1990 and 2012
l‘gotal emissions, GT Per cap]i-tgl emissions, T/p
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Making the Change to Renewable Energy

e Solar
* Geothermal
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Why Sustainable Energy Matters

Detrimental environmental impacts
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Energy efficiency policy—main instruments

Energy Efficiency Directive

Ecodesign Directive

Energy Labelling Directive

Energy Performance of Buildings Directive

Energy Star programme for office equipment
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Energy Efficiency Directive

Public House- Sectoral Energy
sector holds measures supply
Indicative General
national EED promotional
EE targets measures
Monitoring

& Reporting
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Main elements of the EED

Increased role of the public sector

Energy efficiency obligation schemes or alternative
approaches to be set by MS

Accurate and frequent individual metering / billing

Mandatory energy audits for large companies and
promotion of audits for households and SMEs

Heat and cooling demand plans
Strong obligations for CHP

Energy efficiency to be taken into account
in setting network tariffs and regulations
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. 2020

»w

1800 1=~ " 2020 target
1700 1570 :
1500
1400 % increase in
1 300 energy
1200 efficiency by
1083 - e —m 2020, equalling
1100 e _—" 1483 Mtoe of
1 000 primary energy
900 T T T T T T T T T T T T T T T T T T T consumption or
O T oN OO ¥ 1B © I~ 00 O 9O T N O S W © M~ 0 O O - N ™ = W vV o 1 086 Mtoe of
D O OO O DD H O O 0O O 0 O 0 0 0O 8 ¢ - v v ©— @ ©— N
D O O O O O & O » 6 O O O © O O © O O O O O O O O O o final energy
-~ — — = e — — = ~— - o™ o™ o o (9] o™ o o™ o™ o™ o ™ (3] o™ o™ o™ o™
consumption
= Primary energy consumption ® Target (primary energy consumption)

—Fijnal energy consumption @ Target (final energy consumption)
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~ 2020

2020 target

20

% reduction in
greenhouse gas

emissions by
2020

Note: Total emissions, including international aviation and indirect CO;, but excluding emissions from land use, land use change and forestry (LULUCF).
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The EU 20-20-20 targets by 2020

20% - 20%

16.0%

15% -

11.0%
10% 4 10.4%

9.5%

5% -

0% T T |
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

mmmm RES-Share —e— |ndicative RED trajectory —e— Anticipated NREAP trajectory RES - total
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Share of enengy from renewable sources | Target for share of energy from renewable

in gross final consumption of enengy, sources. in pross fnal consumption af
2005 [33054) enengy, Z0MF (5 3530)

Belpium 2.2% 13 %

Bubparia D4 W 16 %

Czech Republic 6.1 % 13 %

Drenmark 17,0 % 30 M

Germany 5.8% 18 %

Eszomia 18,0 % 25 %

Ireland 3.1 % 16 %

Greece 5,9 % 18 %

e The EU 20-20-20

France 10,3 % 23 %

Italy 5.2% 17 %

o targets by 2020

Latwia i 6 % 40 %

Lithuania 15,00 % 23 %

Luxembourg 0.9 % 11 %

Hungary 4.5 % 13%

Walia 00 % 10 %

Metherlands 2 4% 14 %

Ausstria 233 % 4%

Poland 7.2% 15%

Pormugal 0.5 % Il %

Romania 17.8 % 24 %

Slovenia 16,0 % 25 %

Slowak Republic 6.7 % 14 %

Finland 218.5 % IE%R

Sweden I9.8 % 49 %

Unired Kingdom 1.3 % 15%
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Final Energy Consumption in the EU28 in 2015

based on Oko-Institute proxies, statistical transferts and mult. counting excluded in Mtoe

/ming and

cooling
92 Mtoe

renewables

Wi r

electricity
78 Mtoe

transport
15 Mtoe
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Heating and Cooling
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= Biomass (solid)

mm Biomass (liquid)
Biogas

mm Heat pumps

== Geothermal

~ Solar thermal

mm All other renewables

(renewable waste)
-o—-NREAP trajectory
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

sswWind offshore

msm Wind onshore
Concentrated solar power
Solar photovoltaics

s Hydro small scale (<= 10 MW)

mmm Hydro large scale (= 10 MW)

:Biogas

wzzz Biomass (liquid)

=== Biomass (solid)

mmm Geothermal

mmm All other renewables (renewable
waste)

Marine / Ocean

—e—NREAP trajectory
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Energy & Climate Strategy 2030
» EE — 30%

» RES - 27%

» GHG - 40%

] fJ (1 48
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Energy policy beyond 2020

"Energy Roadmap 2050"

75%

50%

25%

0%

¢

75%

2030

50%

|

25%

~

%

2050

i_<>
=

SRE

0%
Gaze Nuclear Petrol Comb. solizi

< 2005

SRE

Gaze Nuclear Petrol Comb. solizi

Published in December 2011

Reducing greenhouse gas emissions to
80-95% below 1990 levels by 2050

Explore EU decarbonisation objective
while ensuring security of supply and
competitiveness

Give more certainty to governments and
Investors

Energy efficiency is a ‘no-regrets’ option
Well-functioning energy markets are key
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Despite untapped savings potentials across all major

sectors
100

Remaining saving
potential to be
80 addressed with
new measures
11%

60

Savings expected
to be achieved
with already
existing measures

16%
2%

5%

Economic potential [Mtoe]

Industry Commercial Residential Transport

Sectors covered by EED
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Ecodesign Directive Product Estimated
savings (annual
by 2020)

e Exam ple§ of some _ Sandby pp——
adopted Implementlng Simple set-top boxes 6 TWh
measures: Street & Office lighting 38 TWh

External power supplies 9 TWh

e Total (3 33 TWh) > Domestic lighting 37 TWh
savi ngs corres pond Electric motors 135 TWh
approx. to the electricity Circulators 23 TWh
consumption of the UK Freezers/refrigerators 6 TWh

Televisions 43 TWh
Total 333 TWh
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EU
total
EU-Buildings Energy Performance of
buildings

Energy CO,-emmissions
use
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EPBD recast "ZEB

Article 2.2
'nearly zero-energy building’ means a building that has a very high
energy performance, [...]. The nearly zero or very low amount of energy
required should be covered to a very significant extent by energy from >>

renewable sources, including energy from renewable sources produced on-

_ energy
site or nearby performances
Article 2.4
‘energy performance of a building’ means the calculated or measured
amount of energy needed to meet the energy demand associated with a
typical use of the building, which includes, energy used for heating,---z_e _____________________________
cooling, ventilation, hot water and lighting energy
Article 2.14 needs

‘cost-optimal level’ means the energy performance level which leads to

the lowest cost during the estimated economic lifecycle [...] o~ o
=10070

Article 4.1
""""""" of energy-needs-----------
Member States shall take the necessary measures to ensure that gy
minimum energy performance requirements for buildings or building renewable

units are set with a view to achieving cost-optimal levels. [...]. energy

EPBD recast introduced
the nZEB and cost-optimal concepts
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Balance between the renewable
energy produced on-site and the
building’s energy uses
(LOAD/GENERATION balance)

Balance between the incomes
due to renewable energy
production and the building’s
energy costs

Co-funded by the
Erasmus+ Programme
of the European Union

n74=B

Zero Energy

Which
“energy”?

MARUEEB,

<« SITE Energy

Energy COST 4
cnergy EMISSIONS —

Balance between the renewable
energy produced/bought and
the building’s energy uses
(IMPORT/EXPORT balance)

Balance between the emissions
credits gained by producing
renewable (zero emissions)
energy and the CO, emissions
related the building’s energy
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The road to Nearly Zero-
Energy Buildings

Why "Passive House”

» clear concept and standard
The concept vs the standard
» universal principles

The living comfort

» new approach
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Policy contest
EPBD2002/91/EC,EPBDRecast2010/31/EU,EED2012/27/EU,RED2009/28/EC

Commission Commission Commission EU target.
reporton reporton reporton -20% energy consumption
evaluation of evaluation of gvaluationof -20% greenhouse cases
national NZEB national NZEB national NZEB 20% RES
plans plans plans
MS: Intermediate
MS: National targets for Energy MS: all new MS: all new
EPBD recast application of Performance of public buildings jbuildings are
publication Article 9 (NZEB) new buildings are NZEB NZEB

Source:
ttp://www.ep

L4 1 1l

2010 20117 2012 2013 2014 2015 2016 2017 2018 2019 §2020 2021 J cacujthemes/

nearly-zero-
Resecmn energy

Certer
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EU buildings by 2050: one aim,  Nearly climate neutral!
two big challenges! Nearly zero-energy!

Reaching for zero!

~25%

"~ 75%

2012-2050 Al A. A. ‘-

a 4 RAAARA

Building stock 2050 building stock
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NnZEB: One EU requirement national implementation rules

‘nearly zero-energy building’[...] has a very high energy performance. The
nearly zero or very low amount of energy required (for HVAC, DHW, aux.
equip. and lighting) should be covered to a very significant extent by energy
from renewable sources, including on-site or nearby RES. (EPBD)

recast EPBD: Nearly Zero-Energy Buildings
* by 31 December 2020, all new buildings
e after 31 December 2018, new buildings occupied
and owned by public authorities

* National definition for nZEB

* National plans for nZEB (including public
buildings retrofit towards nZEB levels)

e Support measures & overcoming barriers
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Main arguments around NZEBs to be establised

PR A, energy - ', [ \ T
generatio = e, , / \ J
T -, , F;

e— N — Period of
e y ne | Balance type Physical balance - | |
Dadygeneration \,

- N\ boundary level . N J

'\.\ P
(o], \ %
p

", Connection to

— .| Renewable
: su .
i infrastructure

[oftsre || options

[ventiation }- | Typeof
_~| energyuse , Metricof |
Manufacture/maintenance [~ /7 Primary |~ balance —
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Some gquys already started: Roadmap towards nZEB

The Netherlands

16
14}

1,2}

1.0F
08F
0,6

04F
02F

Norway

O 1 1 L L L
1990 1995 2000 2005 2010 2015 2020 2025

Existing buildings

i

Energy consumption, KWh/m?a

207

/

TEKS7

/
/

/

TEKOT

/ TEK2012
/ TEK2017
/

/' TEK2022

!
/ TEK202]

Source: REHVA

1897 2007 2012 2017 2022 2027

400

kWh/m?

300

200

100

Denmark

Target values of
energy consumption

1961 1979 1895 2006 2010 2015 2020

Building stock average

Belgium
3% 120
= H
g 100 B | E.
2 ]
g 80 "l:';
& ke OO
60 | =
m Flanders m Brussels = Vallonia ;
401w Equivalent thermal insulation requirements :
mmn | egal EPB-requirements :
20 [ === Policy intentions

U L L L L L L
\Q@' '\Q?-*% \Qq'?. A&QE’ PL‘GQ'% qfdﬁb‘ qfd“% q_%"‘]" 1‘0\% rLQ:LQ'

100%

8oy

60

40t

20f

Primary energy demand - heating, kWhim*a

United Kingdom

-50
1980 1985

Carbon emission
relative to 2002 Revision |
o =t owr o = o = w f==] g
S 8 8 8 58 58 5 5 & &8
(2} o (2} o (2] o od o o (2}

Germany
Development of Energy-saving Construction

Minimum requirerﬁents
(WSVOIEnEV)

Solar housesr |
Building practise =SS
I

Low-é'hergY buildings: ‘se—
et

LOCIET

) Three-liter houses
| Zero-heating energy buildings

1990 1995 2000 2005 2010 2015




Co-funded by the

T c N AR
MARUEEB "
IA I Erasmus+ Programme »
of the European Union 77 ._-‘ w

Mediterranean [Oceanic Continental Nordic
NZEB IEUEI Zone 1: Catania Zone 4: Paris Zone 3: Budapest [Zone 5: Stockholm
ﬂ'f Energy (others: Athens, (others: (others: Bratislava, |[Helsinki, Riga,
Larnaca, Luga, Amsterdam, Ljubljana, Milan, |Stockholm, Gdansk,
PE rfD rmance Seville, Palermo) Berlin, Brussels, |Vienna) Tovarene)
Copenhagen,

Dublin, London,

Macon, Nancy,

Prague,
Warszawa)
Offices kWh/[m2/y)
net primary energy 20-30 40-55 40-55 55-70
primary energy use 80-90 85-100 85-100 85-100
on-site RES sources 60 45 45 30
New single family house kWh/(m2/y)

net primary energy 0-15 15-30 20-40 40-65
primary energy use 50-65 50-65 50-70 65-90

on-site RES sources 50 35 30 25
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l .
| | 4 Delivered energy
[ Total energy use on site
l Of the building Expor‘ted energy
. |
i System boundary of energy use
[
L == e L] = — ro— = R il Lt  o— = fe— T R} — =
Building site = system boundary of delivered and exported energy on site
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E — forQou+fpc@pc+Li f FuelQ fuel+ fel'Wei
Anet

E the total energy use of the building weighted by coefficients calculated for purchased
energy in buildings of its net heated area per year, [(KWh/(m:za));

Qonthe total annually consumed district heating energy, (kWh/a);

Qpocthe total annually consumed district cooling, (kWh/a);

Qruerthe total annually consumed energy in the form of fuels, (kWh/a);

Weithe annual electricity consumption, which takes into account the reduced
consumption due to ’free energy’ from on-site renewables as long as it is used for
standardized electricity use within the building. (kWh/a);

fouthe primary energy form factor for district heating;

focthe primary energy form factor for district cooling;

f ruetthe primary energy form factor of a given fuel type;

ferthe primary energy form factor for electricity;

Anetthe net heated area of the building, (m2).
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| I |
| ON SITE RENEWABLE . 1
ENERGY WIO FUELS RE generators |
I cl e
o] o] >
I o o] ©
I N -% _g = | DELIVERED
- Mo, ol o] @ ENERGY
= T~ =1 O] W
| . S | ONSITE
™ i Electricity
I - - ENERGY\ District heat
| Solar gains/ USE .
loads | BUILDING ENERGY NEED < District cooling
I | = Heating energy | BUILDING Eitel
| NEEDS » uels
| H Heating i TECHNICAL (renewable and
o Cooling Cooling energy SYSTEMS non-renewable)
| transmission . e R I
A ~, | Ventilation Electricity for o EXPORTED
5 ﬁ 1 DHW <& Energy use ENERGY
| N Lighting lighting and production ! Sk BITE
liances i ;
I Energy need SB P and conversuonzis g Heating en. .
||
|
| Energy use SB
L ‘— — C— — — — —  — —  — — — —  — — —  v—; L] — — — I

uilding site boundary = system boundary of delivered and exported energy on site
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System boundary of delivered System boundary of delivered DELIVERED AND EXPORTED
and exported energy on site and exported energy nearby ENERGY NEARBY

Delivered energy flows

I

I Deliveredfener Delivered ener,

| flows N:arbv flows
production

| Exported energy plant Exported energy

| flows flows

I

I Exported energy flows

Nearby 'j Distant
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5 On site renewables
photovoltaic, solar thermal, free cooling

4 Energy supply
district heating & cooling, heat pumps

3 Efficient technical systems
ventilation, AC, heating, lighting, controls

2 Facade design
thermal, light transmission, shading

1 Mass & form
orientation, shape & fabric
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Houses, in which we live

external wall _lintel glazing _spacer external wall edge
S 15.5 -\11 1116.1 | /i//> 8
cupboard
5.0 \ ' ‘
Yuik' ;\- ‘-
~ g
Sockel ~
'50/ 200 @ Passive House Instituli]

T° of critical surfaces - about 9°C

Critical areas around furniture, windows, corners
To avoid mold - relative indoor humidity < 38%
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behind
cupboard

o

Emphasis on

comfort

but not just

energy

) .

Passive Houses

Co-funded by the
Erasmus+ Programme
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 MARUEEB,

external wall lintel glazin spacer
19.5 ‘\16 17.7 113
, \ external
“.: / wall edge
I[16.7

© Passive House Instit

TO of critical surfaces - > 16°C
No risk for mold even behind furniture

To avoid mold - relative indoor humidity < 62%
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Basic advantages
of Passive Houses

» Building with a healthy lifestyle
comfort

» Building with the lowest cost of
energy

» Building with easy operation and
maintenance

» Building without a separate heating
system
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THE PASSIVE HOUSE CONCEPT

Design and construction principles

1. Optimal solar gains

2. Superinsulation

Physical 3. High quality windows and doors
characteristics
of buildings 4. High air tightness

5. Minimal thermal bridges

6. Ventilation with heat recovery
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4 N

Territorial

planning THE PASSIVE HOUSE CONCEPT
Architectural

1. Optimal solar gains
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4 &

Architectural

and structural | THE PASSIVE HOUSE CONCEPT

design
Finishing works

2. Superinsulation
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/Architectural\
design

Quality of THE PASSIVE HOUSE CONCEPT

components and
\_ assembling 3. High quality windows and doors
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A .
wimel]
1>
l / \ where: .
i Solar Radiation Uw the whole window U-value, (W/m2K);
Ug the U-value of the glazing, (W/m2K);
Ut the U-value of the frame, (W/m2K);
Ag the area of the glazing, (m2);
At the area of the frame, (m2);
lg the length of the glazing perimeter, (m);
linst the length of the installed frame perimeter, (m);
Uw(inst) 1S the installed window U-value when the
ol <o Conduction additional term (| inst - Winst) is included, (W/m2K);
Yg the additional two-dimensional heat flow or linear

Convection

ol ) = Thermal Radiation  thermal bridge occurring between the glazing edge and
4 s the frame, (W/(m K);

. ’ Yinst not a material-specific parameter but depends on
‘-ﬁ Air Infiltration the way the window

Is installed at the junction with the wall. Since the head,
cell and jam psi- values can all be different (depending on
the specific window installation and profile), Yinst is
taken to be the average value.
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/Architectural\
design

Quality of THE PASSIVE HOUSE CONCEPT

construction
\ work 4. High air tightness
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/Architectural\
and structural

design THE PASSIVE HOUSE CONCEPT
Construction
e works 5. Minimal thermal bridges
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WIC: wall internal corner
RR WEC: wall external corner
WP: wall to party wall
RG DRR

RGP RGC: roof gable ceiling (verge)

RG: roof gable

o
}
J R

o

o 1 — /\ RE: roof eaves
E D RGP: roof to party wall
- RR: roof ridge
- DRE: dormer roof eaves
WEC IF (WIC); - DRG: dormer roof gable
ezt : [ WH DRR: dormer roof ridge
: wWa o W WH/DH: window/door to wall at head
: we - WJ/DJ: window/door to wall at jamb
:' i — WC: window to wall at cill
E I v e DT: door threshold
= P s (GFP) B IF: intermediate floor to wall
=’ B GF: ground floor to wall

B GFP: ground floor to party wall
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~ ™
HVAC design
Quality of THE PASSIVE HOUSE CONCEPT
assembling
6. Ventilation with heat recovery

\

Fresh air Exhoust air

Used air 4 ‘ v Outdoor air
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)
R THE PASSIVE HOUSE CONCEPT

importance of the

design and the _ _
quality of Design and construction

construction
work need special | I Optimal solar gains

care
2. Superinsulation

Physical 3. High quality windows and doors
characteristics
of building 4. High air tightness

5. Minimal thermal bridges

6. Ventilation with heat recovery
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ADDITIONAL
REQUIREMENTS TO NZEB

7. Cost optimality (effectiveness)

Societal and
political
requirements

8. Prevailing use of RES

9. Minimal CO, emissions

EPBD
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IREEFRLES ADDITIONAL
gesigh REQUIREMENTS TO nZEB

7. Cost-effectiveness

SOUTHM VIEW 3D
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Architectural

hanld . | ADDITIONAL
FECNOIoEICal \ REQUIREMENTS TO nZEB

design
8. Prevailing use of RES

uy
e ’ ,i‘l
tandard

th RE

assve
{15 KWh/m2.a) with RES
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Integrated

~

ADDITIONAL

design E REQUIREMENTS TO nZEB
\

9. Minimal CO, emissions

“"Solar” buildings (80-ies)
"3-liter” buildings (90-ies)
“"Carbon-free” buildings (United Kingdom)

“"Green” building - with a minimal
environmental footprint
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NEARLY ZERO-ENERGY
BUILDING CONCEPT

1. Optimal solar gains

2. Superinsulation

F’h‘,{SI'(.:Eﬂ 3. High quality windows and doors
characteristics L
- 4. High air tightness
of buildings

5. Minimal thermal bridges

6. Ventilation with heat recovery

Societal and
political
requirements
to buildings

7. Cost effectiveness

8. Prevailing use of RES

9. Minimal CO, emissions
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Structure of the study and methodological approach
Study case : Romania

Actual practice in Economic situation || Existing policy
construction Technology costs framework

v v v

Simulation of technical solutions for improving the energy
performance of new buildings as comparing to actual practice:
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To analyse the impact of different nZEB
options, three reference buildings have been
defined, based on current construction
practices in Romania:

 Detached single-family houses (SFH)
e Multi-family houses (MFH)

e Office buildings
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Reference buildings for new constructions

/7/\
e LS
i

Ll-rosof 035 WK
U-floor 052 WK
U-windows, frama fraction 1.30 Wit K] 3096
window fraction [wind cw.wall-ratio; 1% (mo windows on Morth faada)
Shading Mo
Alr tighiness Modarabe
Thermal bridges Vs
Haatng sysam Gas boller (sat point: 2070, Heating effickncy: 0.9
DHW systam Sama as for heating, DHW effickency- 0.9
Vantilstion systom Ka bural rwirdow wertilation (0.5 1.4
Cooling sysiam Split systam (sat point: 2670, SEER=- 2.75
Intemal gaines™ W’
Instaled lighting powar~ 18Wm’

Automatic lighting conirol Ko
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Reference buildings for new constructions
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U-floor
L windiowes_ frzme Fraction
Window fraction fwindiow fealrabic

Shading
Al Eightness
Tharmal bridges

Haating system
CHHW systam

wantikation system
Cooding systeem

Intermal gaire®

Instaliod ighting power=
&utomatic lighting control

2 BTOm*

LIIm

L6 WY K]

024 Wiem'K]

L0 Wi K]

1.30 Wi K], 305
3%

Mo

Moderabe

¥izs

Gas boilar (set point: 2070, Heating affickncy: 1.9
Sams as for haating, DHW affidency: 0.0

ki bural Saired o emdilation (005 155

Sgiit systam (sat point: 26°C), SEER: 2.75

5 Wiem

18Wsm’

Mo
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Reference buildings for new constructions
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Roizm hafight
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Shading
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Thesmal brid ges

Hoabing sysiom
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NnZEB solutions for single-family house (SFH)

Lweall: D Es Wim' K

U-Roof: 035 Wm'K 13Wm K

UFloor- 052 Wom K

Ll 15 wWm'K

U-Roof: .12 Wem'K 1.0%Wm K = [ .‘:I-I'I:Iiﬂdhl.ﬂ'gﬂ'ﬂl
UFloor: 0.3 Wrm K

Ll 15 wWm'K

U-Roof: .12 Wem'K 1.0%Wm K = as -I-!-:-hlr Bod gﬂ'ﬂl
UFloor: 0.3 Wrm K

Ul 15 wWm'K Improved bullding shell
U-Roof: 12 W'm K T.0%Wm K BIFs. [ + mmedh wentibbon with
U-Floor 0.3 Wm’ K hmtrnmwr
el 12 Wim' K

U-Roof: 10Wm° K CS0 WM K s [ Passhis hiouse standaed™
U-Floor 0.3 Wom’ K

el 12 Wim' K | faed
U-Roof: 10Wm° K CS0 WM K s as

U-Floor 036 Wim K + solar colactors
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nZEB solutions for multi-family house (MFH)

L-wiall: Ds0 wim' K

-Roof: 024 wW/m'K 13Wm’K

U-Floor: 060 Wim™ K

-l 020 Wom K improved bullding shell
L-Apof: 015 Wm' K 1.0Wm K = Mz

L-Floor: 0.8 'Wim K

L-wiall: Ds0 wim' K M wentibtion with
U-Rpof: 134 Wm' K 13'WmK B Mz hml:rnmw:r
U-Floor: S0 'wWim’ K

Wl 020 Wim' K Improved bullding shell
U-Rpof: 115 Wm' K 10'Wrm K B o 1 + medh. wentibbon with
L-Floor: 080 Wi m™ K heat recovery

il 020 Wim 'K improved bullding shwell
I-Roof: 115 W'm K . + mad ventibtion with
I-Floor- 080 Wm K e * e heat ecovery

+ solar colactors
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final energy demand for SFH, MFH and offices by building services

N Spec. heating demand (kWh/myr) N Spec. DHW demand (KWh/myr) Spec. cooling demand (KWh/mdyr)
] Spec. ventilation demand (KWh/miyr) H Spec. lighting demand [k'."nfhfmlyr:-. Spec. aux. E demand (KWh./myr)
A: Single-family home

180 &
\.ﬁ‘h
160 .
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final energy demand for SFH, MFH and offices by building services

N Spec. heating demand (kWh/myr) N Spec. DHW demand (KWh/myr) Spec. cooling demand (KWh/mdyr)
B spec. ventilation demand (kwh/miyr) B Spec lighting demand (kWh/m?yr) B Spec. aux E. demand (kWh/m?yr)

B: Multi-family home
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final energy demand for SFH, MFH and offices by building services

N Spec. heating demand (kWh/myr) N Spec. DHW demand (KWh/myr) Spec. cooling demand (KWh/mdyr)
B spec. ventilation demand (kwh/miyr) B Spec lighting demand (kWh/m?yr) B Spec. aux E. demand (kWh/m?yr)
C: Office building
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primary energy demand for SFH, MFH and offices

B Basesystem (kwWh/m?yr) [ Base system + PV (KWh/m?yr)

A: Single-family home
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primary energy demand for SFH, MFH and offices

B Basesystem (kwWh/m?yr) [ Base system + PV (KWh/m?yr)

B: Multi-family home
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primary energy demand for SFH, MFH and offices

B Basesystem (kwWh/m?yr) [ Base system + PV (KWh/m?yr)

C: Office building
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Associated CO.emissions for SFH, MFH and offices

B EBase system B EBase system + PV
A: Single-family home
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Associated CO.emissions for SFH, MFH and offices
B EBase system ] Base system + PV

B: Multi-family home
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Associated CO.emissions for SFH, MFH and offices

B EBase system B EBase system + PV

C: Office building
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Renewable energy share for SFH, MFH and offices

B Basesystem (kWh/m?yr) I Base system + PV (kWh/m?yr)

A: Single-family home
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Renewable energy share for SFH, MFH and offices

B Basesystem (kWh/myr) I Base system + PV (KWh/myr)
B: Multi-family home
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Renewable energy share for SFH, MFH and offices

B Basesystem (kWh/m?yr) I Base system + PV (kWh/m?yr)

C: Office building
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Financial analysis of the nZEB solutions

Basic assumptions

_ TSR T U EEEE B CE LV LR - Additional costs triple glazing £/m? glazing
average 20110 2020 2021 to 2040 Additional costs PH windows 187 - - £/m? glazing

Gas [€/kwh] 6.0 % 1.5% Additional costs automatic external - - 65 €/m? shading
Conventional electricity [€/kWh] 0.154 5.5% 15% shading

Feed-in electricity [€/kWh] 0.154 55% 15% Additional costs heat recovery 21 26 - €/(mé/h)
District heat (50% RES) [€/kWh] 0.023 6.0% 15% Additional costs improved heat recovery 315 - 11 £/(m?/h)
Wood pellets [€/kWh] 0.054 15% 15% Additional costs air tight construction 289 537 537 €

- R ) ) )
Assumed energy prices for offices/industry (average 2011-2040) I S T T = 00

Additional costs floor heating 11 11 - £/m?
Energy price |Yearly priceincrease| Yearly price increase = i .
average 2011 to 2020 2021 to 2040 Additional costs 1 cm roof insulation 0.51 0.51 0.51 &/m?

Gas [E/KWh] 0.046 6.0% 15% Additional costs 1 cm wall insulation 0.47 0.47 0.47 &/m?
Conventional electricity [€/kWh] 0.198 550 15% Additional costs 1 cm floor insulation 1513 1.13 113 &/m?

. . Additional costs high efficient cooling - - 909 £/kW
Feed-in electricity [€/kWh] 0.198 5.5 % 1.5% system
District heat (50% RES) [€/kWh] 0.023 6.0% 15% Spec. costs PV system 2400 1700 1700 €/kWp
Wood pellets [€/kWh] 0.054 1.5% 15% Spec. costs solar hot water system 1098 735 - €/m’ collector
Heat pump SYStEI'ﬂ £1850 [prices €] (80...130 kW) (100...170 kW)

Gas boiler [£] 3510 6970-16690 13 750 — 20 000

Solar thermal Sy’StEITI €13%0 Air heat pump [€] 4280 -7 360 53810-90150 67420-115700
Wood pellet boiler £1390 Brine heat pump [€] 8090-13920 61940-103770 77610-133180

Pellet boiler [€] 9280 19100 -37 000 34930-53070
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Annualised costs of nZEB solutions without CO.compensation
L] Energy costs for the base system (E/miyr)

B Investment costs for the base systemn (€/miyr)

B Ru nning costs for the basa system (E/m?yr) — Total cost-base system (€/m?yr))
A: Single-family home
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Annualised costs of nZEB solutions without CO.compensation
B Investment costs for the base systemn (€/miyr) [] Energy costs for the base system (E/miyr)

unning costs for the base system m“yr — lotal cost-base system M-yr
B Runni for the b (€/myr) Total cost-b (€/miyr))
B: Multi-family home
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Annualised costs of nZEB solutions without CO.compensation
L] Energy costs for the base system (E/miyr)

B Investment costs for the base systemn (€/miyr)
— Total cost-base system (€/myr))

B Ru nning costs for the basa system (E/m?yr)
C: Office building
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Annualised costs of nZEB solutions with CO.compensation

B Investment costs for the base systern (£/myr) | Energy costs for the base system (£/m?yr)
H Running costs for the base systermn (€/myr) Adition costs for PV [€/mdyr)
Adition costs for PV Benefit from PV [E£/m?yr) — Total cost base system + PV comp.

a: Single-family home

30

25

20

(€/m?yr)
o w o n

|
w



e Co-funded by the +
AN Erasmus+ Programme A S5
Rt of the European Union 7'_:-‘ *

Annualised costs of nZEB solutions with CO.compensation

B Investment costs for the base systern (£/myr) | Energy costs for the base system (£/m?yr)
H Running costs for the base systermn (€/myr) Adition costs for PV [€/mdyr)

Adition costs for PV Benefit from PV [E£/m?yr) — Total cost base system + PV comp.

b: Multi-family home
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Annualised costs of nZEB solutions with CO.compensation

B Investment costs for the base systern (£/myr) | Energy costs for the base system (£/m?yr)
H Running costs for the base systermn (€/myr) Adition costs for PV [€/mdyr)
Adition costs for PV Benefit from PV [E£/m?yr) — Total cost base system + PV comp.

¢: Office building
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Overview of the results for the single-family building

Varlarts

V0 - Refarence

W1 - Air heatpump
V1 - Brine heatpump
V1 - Bio boiler

V1 - Gas boiler

V2 - Air heatpump
V2 - Brine heatpump
V2 - Bio boiler

V2 - Gas boiler

V3 - Air heatpump
V3 - Brine heatpump
V3 - Bio boiler

V3 - Gas boiler

Vid - Air heatpump
V4 - Brine heatpump
V4 - Bio boiler

V4 - Gas boiler

V5 - Air heatpump
V5 - Brine heatpump
V5 - Bio boiler

V5 - Gas boiler

With CO, compensation

Without CO, compensation (by additional PV)
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Overview of the results for the multi-family building

With C0, compensation
{by additional PV)

Without CO, compensation
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Vi-Arheotpump  [ESSNEN 408 | 51 s
V1 - rine heatpump | I T
V1 - Bio boiler . 623 18 7
V1 - Gas boiler - 622 713 ooz
W1 - District heating 55.7 43
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V2 - Air heatpump

A
o

V2 - Brine heatpump
V2 - Bio boiler

V2 - Gas boiler

W2 - District heating
VW3 - Air heatpump
VW3 - Brine heatpump
V3 - Bio boiler

V3 - Gas boiler

W3 - District heating
V4 - Air heatpump
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V4 - Brine heatpump
V4 - Bio boiler
V4 - Gas boilar
W4 - District heating 433
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Varlants

Vi - Reference

V1 - Air heatpump
V1 - Brine heatpump
V1 - Bio boiler

V1 - Gas boiler

W1 - District heating
W2 - Air heatpump
V2 - Brine heatpump
V2 - Bio boiler

V2 - Gas boiler

V2 - District heating
V3 - Air heatpump
V3 - Brine heatpump
V2 - Bio boiler

V3 - Gas boiler

V3 - District heating
V4 - Air heatpump
V4 - Brine heatpump
V4 - Bio boiler

V4 - Gas boiler

V4 - District heating
V5 - Air heatpump
V5 - Brine heatpump
V5 - Bio boiler

V5 - Gas boiler

V5 - District heating

Co-funded by the
Erasmus+ Programme
of the European Union

MARUEEB,

With CO, compensation

Without CO, compensation (by additional PV)
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Proposed nZEB definitions for Romania

Duidngtrpe [Mimomrsquremnts | e
Primary energy [kWh/m?/yr]
E:?E:mly Renewable share [%)] =20 =40
(0, emissions [kgCO._/m/yr] <10 <3-7
- Primary energy [kWh/m?/yr] 70 30-50
:L:m":h Renewable share [%] =20 =40
CO, emissions [kgCO_/m?/yr] <10 <3-7
- Primary energy [kWh/m?/yr] 100 40-60
huilil?ngs Ranewabla share [%4] =20 =40
0, emissions [kgCO,/md/fyr] <13 <58
; Primary energy [kWh/m2/yr] 100 40-60
FHI_II'F L Renewable share [%)] =20 =50
buildings

C0, emissions [kgCO./m/yr] <13 <5
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S.l. dr. ing. Marius-Costel Balan
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Constructii si Instalatii, Departament Ingineria Instalatiilor
Str. Prof. dr. doc,Dimitrie Mangeron nr. 13
Tel : 0232 701 350
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