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Introduction

Evolution of the PHD Thesis (Theme)

Brno Design

(2015)
Volumetric Methodology for Determinig CO, Footprint in the Industrial Design

(2016)

Volumetric Approach for Determining Emissions of kg CO, eq. and Energy to Production
of Power Tools in the Early Design Phase of the Product Life Cycle
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Introduction

Evolution of the PHD Thesis (Personal Changes)

Mentor

doc. Ing. arch. Jan Rajlich

(2015)
doc. akad. soch. Ladislav Krenek, ArtD.

Mentor Specialist
(2015)
Ing. Marie Ticha
Implementation of the Standard ISO 14044 to CSN, (LCA)
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Current State of Knowledge - Articles

,Investigation into the role of core industrial designers in ecodesign projects”

ﬁ%} EXPERT

a, 7
%x%&‘ proficiency
oo a familiarily

lllustration of the skills of the design engineer Illustration of the skills of the industrial designe

Comparison of skills between industrial designers and design engineers

(elsevier.com )
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Current State of Knowledge - Articles

,Adopting and applying eco-design techniques: a practitioners perspective”

Checklists

Eco-ideas maps

Environmental effect analysis

Guidelines

Material, energy and toxicity (MET') matrix
Environmental impact assessment
Environmental quality function deployment
Lifecycle development strategy (‘'LiDS’) wheel
Lifecycle assessment

Eco-compass

Ecological Rucksack

Econcept spiderweb

Factor X (Eco-efficiency)

Life cycle cost analysis

Alternative function fulfilment

Analysis of identified ecodesign tools, (e/sevier.com )
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Current State of Knowledge - Articles

,The role of industrial designers in Japanese companies involved in eco-

redesign process”
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Questions of Ecodesign Principles

a. Do yvou know the
meaning of Sustainable

b. During the develop.
stage of product do you

¢. During the develop.
stage of product do vou

Development? use the ISO 140017 use the LCA?
BNot answer 16% 0% 0%
HI don't know 0% 11% 279%,
ANo 51% 61% 50%
|BYes 33% 28% 230,

The knowledge about ecodesign principles, (elsevier.com )
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yEnvironmental assessment - Gotten across to industrial designers”

1 Oil Point (OP) = Content of the Energy 1 kg Oil =45 MJ

Current State of Knowledge - Articles

Material or process Value Unit
Carbon steels 1 OP/kg
Aluminium (100% primary) 4.4 OP/kg
Aluminium (100% recycled) 0.2 OP/kg
HDPE plastic (material and processing) 1.8 OP/kg
Wood, all kinds 0.5 OP/kg
Electricity (European average) 0.25 OP/kWh

The energy indicators for materials and process (OPM Method)

(designsociety.org)
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Current State of Knowledge - Tools

Life Cycle Asessment (LCA)

LCA, OPM, MET matrix, LiDS wheel, ABC, KEPI, SpiderWeb

Energie a Energie a Energie a

Energie a Energie a
materialy materialy materialy

materialy materialy

Vyroba

Od%)ady T

Opétovné vyuziti

Recyklace

[ Renovace ] Odpady

(recyiince )

Scheme of LCA , (cir.cz)
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Motivation

Analysis of Curent State of Knowledge

® Industrial designers are not
interested about ecodesign tools

® Industrial designers not known
ecodesign tools

e Implementation ecodesign tool
is very expensive

® Ecodesign tools are based on LCA

e Difference between new and
recycled product generated
50 % less emission

Seminar of the IMID
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Environmental aspects, (ecorfid.es)
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The Aim of PHD Thesis

The Aim of PHD Thesis

The aim of the thesis is to develop new
approach for the determination of
emissions kg of CO, eqv. and energy
inputs in the early design stage of
products using their volume.

® Volumetric approach

® Easy for use

® Open for other tools

e Numerical output for design

® Energy universal approach
o Kg COZ eqv. (GWPlOO) Section view — Angle Grinder, (partswarehouse.com)
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Methodology

Descrlptlon of Process kOT?QQF‘_G_Y{’rOka PP PSSP PP IR PPPPIRPS :
- tfida vyrobkd materidlové slozeni
_ PET
c . : ABS
e Definition of the product class | | (Al
e Analysis of selected products . [oBlemx] [Ocel ,.
Y LCl Of products ............. L [ :
® OPM & LCA analysis
e Compare data M -:
3 materidlove slozeni :
PET
zpracovani dat ABS zpracovani dat
OPM fdze €. 1 LAl | LCA fdze €. 2
[Ocel |
dataz OPM| | dataz OPM (celkové) dataz LCA
[MJ] [MJ] [kg. CO2 ekv.]

Diagram of designed methodology
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Methodology

Premise

e Mutual influence (Design, Ergonomy,
Economy)

® Functionaly

e Cost Ergonomy

e Safety

® User phase

Economy

Definition of User phase

® 3 hours non-stop

in the daytime DEE - triangular links (Design, Ergonomy, Economy)
e 52 weeks,

® 3 years
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Results

==

Angel Grinder, disc size (115, 125, 230) mm

Table of researched power tools

Bruskaprumér  Nazeva model Objem vyrobku Spotrebovana energie v

kotouce brusky [mlI] ramci uZivatelské faze
[kWh]

115 mm Einhell BWS 115/3 1417 1170

125 mm Narex BU-13 1771 1872

230 mm Einhell W5-230-4 3527 4680

Institute of Machine

Seminar of the IMID
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Results

Type of the Obtained Results

® Energy input for manufacturing power tools

[MJ]

® Energy input for manufacturing power tools with recycled materials

[MJ]

e Emission of kg CO, eqv. for manufacturing power tools without recyclation

[kg CO2 eqv.]
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Results

Zavislost objemu a energie dle OPM
na vyrobu uhlovych brusek

30,000
—8— 125 mm 800 W (tradi¢ni Feseni)
25,000 @ 25,566 '
' ® 23.890 =—f— 125 mm 800 W (recyklované
! materialy)
= =115 mm 500 W (tradicni FeZeni)
S 20,000
n
'E- —#— 115 mm 500 W (recyklované
o materialy)
m
2 15,000 —— 230 mm 2000W (tradicni Fezeni)
0
i == 230 mm 2000 W (recyklované
% 10,000 materialy)
g +- spojnice tradicni FeSeni
L 6,037
& .. R
e - spojnice recyklace reseni
5,000 4581 ¢ 4,946 Pl “
e .--'3,-3'9'3 Polyg. (spojnice tradicni feseni)
0,000 += Polyg. (spojnice recyklace feieni)
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Results

Zavislost objemu a energie (v celém Zivotnim cyklu) dle

OPM uhlovych brusek

@ 55150,47797

—8—125 mm 800 W (tradicni refeni)

115 mm 500 W (tradicni reeni)

® 22681,65705 —&— 230 mm 2000 W (tradicni reseni))

energie na cely Zivotni cyklus

14718,62554 Polyg. (energie na cely Zivotni cyklus)

[an]

500
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Results

Zavislost objemu a emisi kg CO, ekv. na vyrobu uhlovych
brusek v zivotnim cyklu dle LCA

4000 |

% 3763,49168

3500

3000

2500 |

—0— 125 mm 800 W (tradicni feseni)

2000 |

—#— 115 mm 500 W (tradicni reseni)

230 mm 2000 W (tradiéni feseni)

1500 |

w24 spojnice kg CO2 eqv.

Emise kg CO- ekv. [kg CO- ekv.]

1000 |

™ 958,54843

Polyg. (spojnice kg CO2 eqv.)

500 |
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Results

Zavislostvykonu a energie na vyrobu (v celém Zivotnim
cyklu) dle OPM uhlovych brusek

& 5515047797

—#— 125 mm 800W (tradicni feteni)

—#—115 mm 500 W (tradicni feteni)

9 2268165705 —8— 230 mm 2000W (tradiEni FeZeni))

energie nacely fivotni cyklus
@ 1471862954
Polyg. (energie na cely Zivotni cyklus)
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Results

Uhlova bruska- 125 mm
(pFimé materialové zdroje)
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Results

Uhlova bruska- 125 mm
(recyklace)
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Results

Uhlové brusky - (115, 125, 230) mm
(bezrecyklace)

120

100

M Produkce 125 mm

myroba 125 mm

Energie [WMU]

M Produkce 115 mm

B Vyroba 115 mm

M Produkce 230 mm

B yroba 230 mm
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Problems

Production in Norway 2011
Problems by Solving PHD Thesis - by source of energy

| Hydropower

e kg CO, eqv. only for Czech Republic
e Volume setting (New approach 3D digitalisation)

= \Wind power

m Thermal power -fossil
fuels

mThermal power -bio
fuels

Brazil electricity generation 2013

B Conventional thermal

1% Paroplynové Plynové (PSE) Vétrné (VTE)
(PPE) ) 1%
] Hydro 2% Vodni (VE)

5%

Precerpavaci

B Wind (PVE)
6%
Solar Fotovoltaické
(PV)
B Other renewable e
Parni (PE)
519
52%
. Jaderné (JE)
Energy Mix (BR, CZ, NO) 20%

Zdroj: ERU, 2013
(euanmearns.com, eru.cz, huffingtonpost.com)
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Projects

Projects (2015-2016)

—r

FV 16-21 Materials Library at the DID (room B2/307) FV 15-15 Stand and Scanner

Project FV FSI 2016 (FV 16-21) Project FV FSI 2015 (FV 15-15)
e 50 examples of materials ® 2 scanners & 2 tablets
e Non-traditional materials for design e Portable solution, poster guide

e On-line access
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Publication

Publication (2016-2015)

2016
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Thank you for attention

Richard Sovjak

xssovjakr@vutbr.cz

http://uk.fme.vutbr.cz/
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