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INTRODUCTION
Czech Technical University in Prague

Faculty of Civil Engineering University Centre for Energy Efficient Buildings



University Centre for Energy Efficient Buildings

Dept. Architecture and the Environment
Sustainable Building Lab

= Developing methods and tools for evaluation of environmental
impacts of structures and buildings using life cycle approach

Dr. Julie Zelezna

Methodology for comparison of products by environmental footprint
Dr. Jifi Tencar

Development and operation of SBToolCZ

Dr. Martin Volf

Design and verification of environmentally friendly building design
Marie Nehasilova

Interconnection of tools for construction budgeting and LCA

Dr. Antonin Lupisek

Carbon footprint of buildings

Prof. Petr Hajek

Sustainability of concrete structures



BOTTOM UP AND TOP-DOWN APPROACHES
TO GHG ASSESSMENT IN CZECH BUILDINGS

= Bottom-up approach:

Actual certification scheme SBToolCZ

= Top-down approach:
Benchmarks for GHG in residential

buildings under development



SBTOOLCZ

NATIONAL SUSTAINABILITY
ASSESSMENT METHOD



HISTORY

= 2005 — 2010 Czech localization of international GBTool
= 2010 First scheme for multifamily residential buildings

= 2011 National Platform SBToolCZ founded

Scheme for office buildings

= 2013 Updated scheme for residential blocks

Simplified version for single family houses
= 2017 Scheme for schools launched

= 2018 Scheme for kindergartens launched



STRUCTURE

R ... SBToolCZ for residential Buildings 2013

O ... SBToolCZ for Offices 2011
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HOW IT WORKS:
CRITERIUM GLOBAL
WARMING
POTENTIAL IN
SBTOOLCZ

5BToolCE - 2010 manual hodnoceni

|:Zémér hodnoceni j

SniZeni mnodstvi emisnich ekvivalentd oxidu whlifitého wvzniklych jak v pribéhu
provozu budovy, tak jako disledek vystavby. Jedna se tedy o redukci emisi C0; .,
vznikhych w souvislosti 5 energii spotfebovanou b&hem celoroéniho provozu budowy
a sniZeni mnodstvi svézané produkce emisi COg ., v pouditpch konstrukénich
mataridlech.

(indikator )

Rofni emisni ekvivalenty CO; v kg vztaZeng na 1 m* ynitfni uZitné podlahove
plochy.

G{{l ntext :]

Kjatsky protokol je dokumentem k Ramcové ambuvé OSSN o klimatickych aménach.
Promyslové zemé se v ném zavazaly sniZit emise sklenikowjch plynd o 52 %.
Profokol vstoupd v platnost 16. 2. 2005 po ratifikaci 55 staty, kieré zaroven svymi
celkovymi emisemi sklenikovych phynd pokrivaji 55% celkowich emisi sklenikovych
plynd vEech ekonomicky wyspéhych statd dle stavue v roce 1990, Kjdtsky profokal
sleduje oxid uhligity COs, oxid dusny MNz0, metan CH, fluorid sirowy 5SFe,
hydroflucrokarbony HFC, a perfluorckarbony PFC.

Emise CO: pochazejici z emergetiky (véstnd wyroby energie a jeji spotfeby
pramyslem, domacnostmi, dopravou a dalSimi) predstavuji zdaleka nejddleZitéjsi
fakior odpovadny za sklenikovy efekt [z primyslowich zemi pochazi asi B0% t&chto
emisi). Proto je energetika jedmo z nejddleditéjgich odvati, na kieré by se mély
zaméfit mistni samospravy.

Mmodstvi emisi CO; v provozu budovy béZné posuzuje metodika snsrgatického
auditu provadéndho dle vyhilasky €. 2132001 Sb. Msetodika pouze vyiishje celkove
emise C0; a neporovnavs je s Zadnou referencni hladinow. MNavic pro wvydisleni
potencidle globalniho oteplovani je vhodné uiivat ekvivalentni emise CO; a ne
prosté emise GO Tyto ekvivalentni emise zahmuji totiZ v sobé Fadu dalSich
emisnich plynd, kizré maji dopad na globalni oteplovani (napf. metan, oxid dusny,
freony, aj.). Navic je vhodné pfi hodnoceni, a to v souladu s2 Smémici Rady
SEM61/EC o integrovang prevenci 8 omezovani znecisténi, zahmout emise CO; .,
vzniklg v celém procesnim fetézci plisluingé technologie wroby tepla a enengie.

W soutasné dobé, kdy je snaha snifowat spotfebu provozni (primarni) ensrgis a
obecné | emise Ekodiqich plynd, vystupuji stéle vice do popfedi hodnoty spotfeby
energie a produkce emisi svazané s wlasini existenci budowy (jeji wystavbou,
vietnd wyroby stavebnich materidld a konstrukci, ddrzbou, rekonstrukcemi,
damolici) - tzv. swazand spotfeba energie (nékdy téZ S=d&, nebo zabudovana
energi=) a svazane produkce emisi.

bytowé stavby

faze navrhu

E. Zivotni prostiedi

E.01 Potencial
globalniho oteplovani
1GWP)

E.0Z Polencial
akysalovini prosifed
{AF)

E.03 Polencil
aulrofizace prosifedi
{EF)

E.D4 Palencidl niceni
azonawd wrabvy (ODP)
E.05 Palencidl tvorby
pfiremniha azonu
{POCPF)

E.D6 Vyuditi ralené na
pozermku

E.OT7 Wyuliti ralené na
sifechdch a lasadach
E.08 Spolieba pilne
wady

E.09 Spoffeba peirndmi
energie X
neabnasitelrpch 2draji
E.10 Paukili
konsbrukenich
malerill pfi vwstavbé
E.11 Wyuliti pldy

E.12 Padil dedfove
wady zachycend na
poEernku

3. Socidiné-kulburni
ablast

C. Ekenomilca a
A gemenl

L. Lokalta
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SniZzeni mnoZstvi emisnich ekvivalentd oxidu uvhliEtého vzniklych jak v probéhu
provozu budovy, tak jako disledek vystavby. Jedna se tedy o redukci emisi CO; ..
vznikhych v souvislosti 5 ensrgii spotfebovanou béhem celoroéniho provozu budowy
a sniZeni mnodstvi svazané produkce emisi COy ., v pouZitych konstrukénich
matearialach.

(indikator )

Rofni amisni ekvivalenty C0; v kg vztazend na 1 m® wnitini uZitné podlahowg
plochy.

(;{EIHIEIT -J

Kjotsky protokol je dokumentem k Ramcove dmibuvdé OSSN o klimatickych zménach.
Promyslové zemé se v ném zavazaly sniZit emise sklenikovych plynd o 52 %.
Profokal wstoupd v platnost 16. 2. 2005 po ratifikaci 55 siaty, kieré zaroven syymi
celkovymi emisemi sklenikovych phynd pokrypvaji 55% celkowvych emisi sklenikowych
plynd vEech ekonomicky wyspélpch statd dle stavu v roce 1980, Kjoisky protokol
sleduje oxid uhligity CO., oxid dusny MO, metan CHi, fluorid sirowy SFs,
hydroflucrokarbony HFC, a perfluorckarbony PFC.

Intent

Reduction of GHG emissions
(embodied and operational)

Indicator

Annualized amounts of CO, ., in
kg per 1 m? of net floor area

Context

Kyoto protocol and international
efforts
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Do vypoltu svizand spotfeby energii se zahmujl nasledujic konstrukce:

« ZAkladové konstrukce,
+« hydroizolace,

: z::::f:\:'l:l{;s:pvﬁdnmmé konstrukce, vietnd konstrukei pfedsazenych, Ca I C u I at i o n m Et h 0 d

» nosnd konstrukes stfedniho plads,
« sifedni plast,

»  konstrukce schodidté,

«  wnithni délici konstrukce (pfitky),

+  nenosné obvodové plasts,

«  wndjii povrchowvd dpravy,

+  otverové viping v sbvedovyeh konstrukeich, ( Process’ a Igo rith m ...)

» tepelné a akustické izolace.

Mezapolitdvajl se zejména tyto konstrukce: nd&lapné vrstvy podlah, findini wnitfni
povrchowd Gpravy, wnitfni vypiné otvord, drobné klempifské prvky, systémy TZB.

Vypolet ma nasledujicl strukturu (pFiklad):

jednotkova

cnertont | | e | oo | i Result: Indicator value
material " kg m:“h_]_] [kg CO; ]
S . Example:

hydrolzeladnl folie kg

27.6 kg CO,../(m?.a)

nosnd swisld konsirukce
Hb. sténa - baton kg
b, sténa -
armovani kg
nasad voedoravnd konstrukee
komplatadnl konstrukce

Pro stanoveni roénich emisi je tfeba hodnoty pfewést na jednotku jednoho roku, a
to tak, #e se poudiji pfedpokladdané Xvotnosti diltich konstrukel. Metodicky se
uvaXuje délka Hvotniho cyklu budovy 50 let (redlnd je sice vyEEil, ale vzhledem
k nejistotam ve scéndfich obnovy, vyvoji energonositeld a spotfeb energil je zvolen
interval kratsi).

Metodika doporutuje pouiti Fvotnosti uvedend v pliloze P.03. Koneéné Hvotnosti
ale stanovl finalné auditor dle konkrétniho stavu a volbu zdivodni. Pokud je
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(Kriten's'llnirneze )

Benchmarks

Do kriteridlnich mezi vstupuji celkoveé méme rocni emise COz g, v kg.l’l[rnz.a).

mérné rocni emise CO;q,,

kg/(m”.a)

z 65

(Process, algorithm...)

25 @

20

SEEEAN I

<15

=
Emclumm#-mm—m‘g_

27.6 kg CO;,eq/(mZ.a) |

+ 27.6 kg CO2,eq/(m?2.a)

> Result: Normalized score

N

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
kg/im®”.a)

7.5

Mezilehlé hodnoty se linearné interpoluji a normalizované body se zaokrouhluji na
jedno desetinné misto.



WEIGHTS IN SBTOOLCZ

50 % 35 % 15 %



WEIGHTS IN SBTOOLCZ
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APPLICATION OF WEIGHTING IN SBTOOLCZ



APPLICATION OF WEIGHTING IN SBTOOLCZ

27.6 kg CO2,eq/(m2.a)
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PRESENTATION OF RESULTS - SBTOOLCZ
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ORIGIN OF LCA-BASED
ENVIRONMENTAL
BENCHMARKS



LCA-BASED INDICATORS

Simplified LCA approach for:
* Global warming potential
* Non-renewable primary energy
« Acidification potential
= Eutrophication potential
= Ozone depletion potential

* Photochemical ozone creation potential



SIMPLIFIED LCA

- Only for A1-A3, B4, B6
= Study period 50 years
- Benchmarks for annualized env. impacts

= Benchmarks derived from case studies



SIMPLIFIED LCA

Included:

= Foundation, compacted fill, backfill
material

= Waterproofing layers

= Vertical and horizontal construction
elements

= Roof construction
= Roof deck

= Staircases

= Railings

= Internal partitions

= Non-bearing claddings
= Finishes

= Final floor covering

= Windows and doors

= Thermal and acoustic insulation.

Excluded:

= Small finishing elements (laths, metal
elements, handles, and others)

= Building services, HVAC systems



GWP BENCHMARKS



Best =

GWP BENCHMARKS - OFFICES

Total specific annual CO, ., emissions production

[kg/(m2.a)]

48,8
43,2
37,6
< 32,0
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GWP BENCHMARKS

Total specific annual CO, ., emissions production
[kg/(m?.a)]

M% <32

Multifamily residential buildings 2013 <20
Schools 2017 68 < 27

Single family houses 2013 (excl. embodied) 48 <12

24



TOP-DOWN APPROACH




TOP-DOWN APPROACH TO GWP

= |n several diploma theses we tried to design climate requirements
compliant residential buildings.

= Benchmark per person GHG:
= Took total global GHG goals from Emissions Gap Report
= Divided by world population
= Multiplied by share of residential bldgs in national GHG
= Multiplied by number of occupants

= Calculation (example for ERG 2016 1.5 °C goal):
= EGR 2030 goal: 39 Gt CO, ., /year
= Global population 7.418 B
= 2030 target emissions per person: 5,257 kg CO, ., /year
= Residential buildings 23 %
= National personal budget for housing: 1,209 kg CO, ., /year




CASE 1:
SINGLE FAMILY HOUSE

DIPLOMA THESIS BY BARBORA DVORAKOVA
2017



CASE 1:
SINGLE FAMILY HOUSE o ]
DIPLOMA THESIS BY BARBORA DVORAKOVA

2 °C goal 2050 by EGR 2015: 23 Gt COZ2el/year
- 702 kg CO2e person/year
House for 4 occupants: 2,808 kg CO2el/year

Obrazek 5: Realizace rodinného domu KUBIS 631, prevzato z [16]

Net floor area 98.3 m? - benchmark ~ 28.6 kg CO2e/m? /year

28



CASE 1:
SINGLE FAMILY HOUSE o ]
DIPLOMA THESIS BY BARBORA DVORAKOVA

Original state
= Prefab timber structure
= U values: wall 0.147, roof 0.18, floor 0.27 W/m2K
= Heat source: heat pump
= Energy consumption 8,586 kWh/year
= Embodied GHG: 19,093 kg CO2e; 598 kg CO2el/year
= QOperational: 2,577 kg CO2¢l/year
= Total: 3,173 kg CO2el/year > 2,808 kg CO2el/year

. heating
operational

embodied

aux.

DHW
lighting



CASE 1:
SINGLE FAMILY HOUSE o ]
DIPLOMA THESIS BY BARBORA DVORAKOVA

Improvements:
= Efficient lighting
= Solar collectors for DHW
= Additional thermal insulation bellow foundation slab
= Additional thermal insulation in walls and roof, use of blown

cellulose instead of EPS

Results:
= Embodied: 598 - 528 kg CO2el/year
= QOperational: 2,577 - 1,764 kg COZ2e/year
= Total: 3,173 > 2,292 kg CO2elyear ... < 2,808 kg CO2el/year




CASE 2:
MULTIFAMILY HOUSE

DIPLOMA THESIS BY DAVID PALENSKY
2019



CASE 2:
MULTIFAMILY HOUSE , ,
DIPLOMA THESIS BY DAVID PALENSKY

= 1.5 °C goal 2030 by EGR 2018: 24 Gt COZ2e/year
= - 660 kg CO2e person/year
= House for 26 occupants: 17,040 kg CO2el/year

= Net floor area 552.3 m? - benchmark ~ 21.2 kg CO2e/m? /year



CASE 2:
MULTIFAMILY HOUSE , ,
DIPLOMA THESIS BY DAVID PALENSKY

Base variant (business as usual)

Silicate structure (walls: brick blocks; floors: ceramic and

concrete, partitions: ceramic blocks; lime-gypsum plasters)
Mean U value: 0.47 W/m?K

Heat source: gas boiler

Energy consumption 102 MWh/year

Embodied GHG: 423.5t CO2¢; 8.5t CO2¢el/year
Operational: 33.4 t CO2e/year

Total: 41.8 t CO2el/year > 17.0 t CO2el/year



N N N TR NTENT

Timber structures

Calcium-sand bricks + prestressed concrete
floors

Envelope U values to passive house levels
Envelope U values extremely low
Temperature zoning (corridors)

Biomass boiler (wood pellets)

Efficient lighting

Mechanical ventilation with heat recovery
Solar collectors 80 m?

PV panels 30 m?

PV panels 50 m?

X

X

X

X X X X X

X X X X X X

X

X X X X

X



DOES BOTTOM-UP
MEET TOP-DOWN?



GWP BENCHMARKS

Total specific annual CO, ., emissions production
[kg/(mZ.a)]

Single family houses

Single family houses (excl. embodied) 48 <12

Bottom up

Single family house for 5 people, 150 m?
8

36



Thank you for attention

antonin.lupisek@cvut.cz
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