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INTRODUCTION 

Czech Technical University in Prague 

Faculty of Civil Engineering University Centre for Energy Efficient Buildings 
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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 Železná 
Methodology for comparison of products by environmental footprint 
Dr. Jiří Tencar 
Development and operation of SBToolCZ 
Dr. Martin Volf 
Design and verification of environmentally friendly building design 
Marie Nehasilová 
Interconnection of tools for construction budgeting and LCA 
Dr. Antonín Lupíšek 
Carbon footprint of buildings 
Prof. Petr Hájek 
Sustainability of concrete structures 
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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 
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SBTOOLCZ 

 

NATIONAL SUSTAINABILITY 

ASSESSMENT METHOD 
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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 
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35 % 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

Economics and 
Management 
 

15 % 
 

 
 

Location   0 % 

R … SBToolCZ for residential Buildings 2013 
O … SBToolCZ for Offices 2011 

R: 12 
O: 14 

R: 4 
O: 4 

R: 11 
O: 15 

R: 6 
O: 6 

STRUCTURE 
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HOW IT WORKS: 

CRITERIUM GLOBAL 

WARMING 

POTENTIAL IN 

SBTOOLCZ 



Title 
Intent 

Context 

Reduction of GHG emissions 
(embodied and operational) 

Annualized amounts of CO2,eq. in 
kg per 1 m2 of net floor area  

Global warming potential 

Kyoto protocol and international 
efforts   

Indicator 



Calculation method  

 

(Process, algorithm…) 

 

Result: Indicator value 

Example: 

27.6 kg CO2,eq/(m2.a) 



Benchmarks 

 

(Process, algorithm…) 

 
 

 

 

 

Result: Normalized score 

7.5 

27.6 kg CO2,eq/(m2.a) 

27.6 kg CO2,eq/(m2.a) 



WEIGHTS IN SBTOOLCZ 

50 % 35 % 15 % 



WEIGHTS IN SBTOOLCZ 

50 % 35 % 15 % 



APPLICATION OF WEIGHTING IN SBTOOLCZ 



APPLICATION OF WEIGHTING IN SBTOOLCZ 

27.6 kg CO2,eq/(m2.a) 

7.5 
7.5 12 % 

50 % 50 % 
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PRESENTATION OF RESULTS – SBTOOLCZ 
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ORIGIN OF LCA-BASED 

ENVIRONMENTAL 

BENCHMARKS 

 

 



19 

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 
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SIMPLIFIED LCA 

▪ Only for A1-A3, B4, B6 

▪ Study period 50 years 

▪ Benchmarks for annualized env. impacts 

▪ Benchmarks derived from case studies 

▪  
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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 
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GWP BENCHMARKS 
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GWP BENCHMARKS – OFFICES 

Total specific annual CO2,eq. emissions production 
[kg/(m2.a)] Points 

≥ 88,0 0 
82,4 1 
76,8 2 
71,2 3 
65,6 4 
60,0 5 
54,4 6 
48,8 7 
43,2 8 
37,6 9 
≤ 32,0 10 

Base  

Best  
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GWP BENCHMARKS 

 

Total specific annual CO
2,eq.

 emissions production 

[kg/(m
2
.a)] 

Building type Base Best 

Offices 2011 88 ≤ 32 
Multifamily residential buildings 2013 62 ≤ 20 
Schools  2017 68 ≤ 27 
Single family houses 2013 (excl. embodied) 48 ≤ 12 
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TOP-DOWN APPROACH 



26 

TOP-DOWN APPROACH TO GWP 

 In 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 CO2,ekv./year 
 Global population 7.418 B 
 2030 target emissions per person: 5,257 kg CO2,ekv./year 
 Residential buildings 23 % 
 National personal budget for housing: 1,209 kg CO2,ekv./year 
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CASE 1: 

SINGLE FAMILY HOUSE 

DIPLOMA THESIS BY BARBORA DVOŘÁKOVÁ  

2017 
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CASE 1: 

SINGLE FAMILY HOUSE 

DIPLOMA THESIS BY BARBORA DVOŘÁKOVÁ 

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

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Net floor area 98.3 m2  

 benchmark ~ 28.6 kg CO2e/m2 /year 
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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 CO2e/year 
 Operational: 2,577 kg CO2e/year  
 Total: 3,173 kg CO2e/year > 2,808 kg CO2e/year  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

embodied 
operational 

heating 

DHW 
lighting 

aux. 

CASE 1: 

SINGLE FAMILY HOUSE 

DIPLOMA THESIS BY BARBORA DVOŘÁKOVÁ 
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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 CO2e/year 
 Operational: 2,577  1,764 kg CO2e/year 
 Total: 3,173  2,292 kg CO2e/year … < 2,808 kg CO2e/year 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

CASE 1: 

SINGLE FAMILY HOUSE 

DIPLOMA THESIS BY BARBORA DVOŘÁKOVÁ 
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CASE 2: 

MULTIFAMILY HOUSE 

DIPLOMA THESIS BY DAVID PÁLENSKÝ 

2019 
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CASE 2: 

MULTIFAMILY HOUSE  

DIPLOMA THESIS BY DAVID PÁLENSKÝ 

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

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Net floor area 552.3 m2  

 benchmark ~ 21.2 kg CO2e/m2 /year 
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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/m2K 

 Heat source: gas boiler 

 Energy consumption 102 MWh/year 

 Embodied GHG: 423.5 t CO2e; 8.5 t CO2e/year 

 Operational: 33.4 t CO2e/year  

 Total: 41.8 t CO2e/year > 17.0 t CO2e/year 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

CASE 2: 

MULTIFAMILY HOUSE  

DIPLOMA THESIS BY DAVID PÁLENSKÝ 
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CASE 2: 

MULTIFAMILY HOUSE  

DIPLOMA THESIS BY DAVID PÁLENSKÝ 

Improvements B V1 V2 V3 V4 V5 V6 

Timber structures X X X X 

Calcium-sand bricks + prestressed concrete 
floors 

X 

Envelope U values to passive house levels X X X 

Envelope U values extremely low X 

Temperature zoning (corridors) X X X X X X 

Biomass boiler (wood pellets) X X X X 

Efficient lighting X X X X X X 

Mechanical ventilation with heat recovery X X X X 

Solar collectors 80 m2 X X X X 

PV panels 30 m2 X X 

PV panels 50 m2 X 

Operational GHG t CO2e/year 33.4 5.8 6.0 5.3 3.3 16.9 10.5 

Embodied GHG  t CO2e/year 8.5 8.5 7.0 5.6 5.6 5.6 5.8 

Total GHG t CO2e/year 41.8 14.2 13.0 10.9 8.8 22.5 16.2 

Emission goal 2 °C   (28.4 t CO2e/year) 

Emission goal 1.5 °C   (17.04 t CO2e/year) 
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DOES BOTTOM-UP 

MEET TOP-DOWN? 
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GWP BENCHMARKS 

 

Total specific annual CO
2,eq.

 emissions production 

[kg/(m
2
.a)] 

Single family houses Base Best 

Single family houses (excl. embodied) 48 ≤ 12 
Single family houses (excl. embodied) + 20 % 58 ≤ 14 
Single family house for 4 people, 100 m2                 28 
Single family house for 4 people, 150 m2                          19 
Single family house for 5 people, 150 m2                     24 
Single family house for 4 people, 100 m2                                      

10 
Single family house for 4 people, 150 m2                                          

7 
Single family house for 5 people, 150 m2                                        

8 

Bottom up 

Top-down 
2 °C goal  

2050 

Top-down 
1.5 °C goal  

2050 
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