
30 31MOB I L I TY  &
PR OD UCT ION

MOB I L I TY  &
PRODUCT ION

FIELDS OF EXPERTISE
TU Graz research 

2025-2/#34

FIELDS OF EXPERTISE
TU Graz research 
2025-2/#34

Figure 2: Emission screening by point sampling.

Advancing Aerosol Characterisation: 
Methods for Exhaust and Non-Exhaust Emissions

Markus Knoll 

Aerosols are of critical importance due to their infl uence on the climate and their negative health impacts, 
such as the penetration of ultrafi ne particles (smaller than 100 nm) into the body. Aerosols are often 
inadequately monitored, and their health implications are not fully understood. This is because current 
ambient air monitoring primarily targets mass-based indicators dominated by coarse and fi ne particles 
(PM10 and PM2.5), while the number concentration of ultrafi ne particles and the chemical composition 
are largely neglected.

Figure 1: Visualization of several 
important aerosol attributes.
Source: Markus Knoll

Figure 3: The black carbon tracker is a 
fast-response analyser used to measure 
black carbon and CO2 .

Source: Markus Knoll

My research focuses on developing new 

instruments and methods to improve 

the characterisation of aerosols and 

their sources. This will provide reliable 

data, improve our understanding and 

support future regulations. Aerosols 

are a complex matter because they 

involve various parameters, making 

them very difficult to characterise or 

quantify. The concentration is one 

of the main parameters, but aerosols 

differ in terms of their physical parame-

ters, such as size, morphology, density 

and light interaction, as well as their 

chemical parameters, such as compo-

sition and reactivity (see Figure 1). Var-

ious aerosol measurement techniques 

already exist, especially with respect 

to monitor particle mass and number, 

but there are still various blank spots 

that need to be researched to get a 

better understanding of the influence 

on health and climate.

Vehicle emissions still make a significant 

contribution, particularly in congested 

areas such as cities. The introduction 

of diesel particle filters has largely mit-

igated the ultrafine particle emissions 

of diesel vehicles. The main remaining 

issue is identifying vehicles with faulty 

CO2 missing filters – so called “high 

emitters” – because they emit up to a 

thousand times more ultrafine particles 

than vehicles with functioning fi lters. As 

more vehicles become electric, the con-

tribution of diesel vehicle emissions will 

decrease, yet petrol and hybrid vehicles 

will continue to dominate fl eets for many 

years. These vehicles emit even smaller 

particles that are chemically different and 

more diffi cult to measure accurately. It is 

particularly important to ensure that vehi-

cles maintain low emissions throughout 

their lifetime, and to monitor emissions 

during real-world driving situations, i.e. in 

urban areas. Together with other research 

partners in EU Horizon projects, I have 

further developed a roadside measuring 

technique called “point sampling”  that 

can measure both direct emissions and 

ambient concentrations (see Figure 2). 

In point sampling, fast and highly sen-

sitive emission analysers, such as the 

black carbon tracker (see Figure 3), are 

used to measure various exhaust metrics 

of by passing vehicles. This method can 

be used to screen vehicle emissions on 

a large scale and identify the emission 

patterns of specific vehicle types. Using 

this method and sophisticated data pro-

cessing methods we could successfully 

reveal that certain Ford diesel vehicles 

exhibited significantly higher emissions 

than other makes due to particle filter 

failures. The next stage of this work is to 

refine the technique in order to make a 

clearer distinction between exhaust and 

non-exhaust emissions, and to reliably 

identify vehicles with high emissions. The 

aim is to provide more accurate source 

attribution and deeper insights into 

emissions and immissions. These 

aspects are covered for example by  

the EU Horizon project ‘Net4Cities’ 

(https://www.net4cities.eu/), in which 

we will be participating over the next 

few years. 
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It is well known that with the modern-

isation of vehicles and electrification, 

other emission sources are becoming 

more important. Studies have already 

shown that vehicle non-exhaust emis-

sions account for a higher proportion 

of emissions in specific areas than 

combustion-based emissions do. 

Therefore, and due to new legislation, 

non-exhaust emissions, such as 

brake wear, tyre abrasion and resus-

pended road dust (see Figure 4), are 

becoming increasingly important. 

Tyre abrasion in particular is consid-

ered one of the largest contributors 

to microplastic pollution. Although 

regulations for vehicle type approval 

are being developed to measure 

particle mass, methods for size-

dependent classification and particle 

number measurement in the case of 

non-exhaust emissions are lacking. 

Non-exhaust particles range in size 

from a few nanometres to hundreds 

of micrometres, and their diverse 

chemical compositions require more 

comprehensive study and improved 

characterisation. These aspects are 

covered by the NExT project at TU 

Graz, in which I am participating. The 

project aims to develop new instru-

mentation and methods for charac-

terising non-exhaust emissions. 

To address these challenges, I will 

establish a research group and col-

laborate with national and international 

partners to advance knowledge and 

develop transformative solutions.  

Source: ymgerman – fotolia.com
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n the 23rd round of the initial fund-

ing program, a total of six propos-

als were submitted in the Sustaina-

ble Systems category. The quality of the 

projects was high and we were glad to 

be able to fund fi ve of them.

Eva Sollgruber from the Institute of De-

sign and Building Typology is working on 

an FFG project submission titled Circu-

lar Building Refurbishment (CBR). A fol-

low-up project to the ongoing ELEMENTS 

project, which is developing a rating sys-

tem for postwar (1960-1979) building 

stock in Graz, CBR proposes a pilot-pro-

ject, in which a consortium will develop a 

novel type of renovation process for build-

ings from this period that maximizes the 

use of circular principles, while also being 

mindful of architectural qualities of the ex-

isting structures.

Rose-Anne Gush from the Institute of 

Contemporary Art proposes an FWF 

PEEK project with the title Mountain 

Morphologies. Taking as a premise the 

EU’s Critical Raw Materials Act (CRM 

Act), which states that renewable tech-

nologies are “far more materials-inten-

sive than conventional ones.” The artis-

tic project will look at the spatial dynam-

ics of this inherent tension and explore 

the paradoxes of the current transition: 

“We are ravaging the environment by ex-

traction in order to gain the power to re-

charge, to produce renewable ‘clean’ 

energy.”

Ena Kukic from the Institute of Construc-

tion and Design Principles proposes an 

FWF project with the title Beyond Dem-

olition: A Renovation-First Approach 

to 1960-1980 School Buildings in Graz 

and Styria. The project aims to combine 

building stock analysis, Life Cycle As-

sessment (LCA) and design-led scenar-

io development to create a decision-sup-

port tool for policymakers, architects, and 

public-sector stakeholders to guide ren-

ovation and reuse strategies for school 

buildings. The project argues that school 

buildings represent a uniquely strategic 

opportunity in the context of sustainable 

development. Their continuous use, high 

visibility, and symbolic value make them 

ideal candidates for showcasing the po-

tential of sustainable renovation.

I

Augusto Cezar Maciel Soares from the In-

stitute of Technology and Testing of Con-

struction Materials proposes an FFG project 

titled Low-Carbon Mortar for 3D Printing. 

There is an urgent need to decarbonize the 

global cement and concrete industry. The 

use of calcined clays is one of the most 

promising low-carbon future supplemen-

tary cementitious materials to replace ce-

ment. In the proposed project low-carbon 

mortars will be developed for 3D printing 

applications, which the applicant sees as 

a key upcoming technology in digitalization 

and automatization of the building sector.

Thomas Klatzer from the Institute of Elec-

tricity Economics and Energy Innovation 

wants to contribute to an international con-

sortium of partners to apply for a Horizon 

Europe 2025 grant with the project titled 

Modular Cross-Regional Long-Duration 

Energy Storage Integration. The targeted 

call centers on the development of a cross-

regional network and market model for op-

timization of long-duration energy storage 

(LDES). The consortium partners in Graz 

focus on the development of a highly fl exi-

ble and modular integrated energy system 

optimization model (ESOM).

We wish all applicants the best of luck with 

their proposals and hope that the result-

ing projects can one day be presented on 

these pages, just like the work of Bernhard 

Geiger on page 33. 

Sustainable
Systems

Markus Knoll received his Bachelor of Science in Telematics in 2015 and his Master of Science in 
Information and Computer Engineering in 2018, both from TU Graz. Between 2014 and 2018, he worked 
at NXP Semiconductors, where he developed hardware and software for mixed-signal systems for 
the testing of integrated circuits. He went on to teach and conduct research in the fi eld of aerosol 
science at the Institute of Electrical Measurement and Sensor Systems at TU Graz within the EU H2020 
projects SensMat and CARES. He obtained his PhD in 2024 with a thesis focusing on point sampling 
of particulate matter, a remote emission sensing technique to monitor vehicle emissions. Over the 
past two years, he worked as a technical project lead at AVL DiTEST, researching and developing 
instrumentation for vehicle emissions, with a particular focus on particle number measurements.
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Figure 4: Exhaust and 
non-exhaust emissions.
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