Frantz Bræstrup Interview Notes
FORCE Technology, Movia filter tester
Frantz is involved in establishing the guidelines and equipment for testing the emissions from Movia buses. He is writing the manual for how to perform the tests to determine particle number/mass concentrations and NOx levels. 


Size and Composition of Movia Bus Fleet
· **Movia bus fleets cover all of Zealand 
· Approximately 5% of the buses are electric, the rest are diesel (both conventional and biodiesel) with a small fraction of natural gas buses in Northern Copenhagen
· Currently, Roskilde is the only area with only electric buses
· Future Plans:
· Movia’s present goal is a carbon neutral bus fleet and they are not trying to convert to electric by 2025. Instead, most buses will be biodiesel or biogas
· Electric buses are more expensive compared to diesel, and are not suitable for long distances (ie. longer bus routes) since there are limited locations to charge the buses. They are more reasonable for short circuits within the city. 
· Only 10-20 buses are Euro 4, and a small fraction are Euro 5 out of approx. 450 buses total
· Most buses that drive in the city are  Euro 6 diesel and gas (with older buses on reserve)
· The emission profile resembles a petrol-fired vehicle with a three-way catalyst (mandatory since 1989 to reduce NOx, oxidize CO, and remove most of the remaining particles)

Diesel Particle Filter Retrofits
· Euro 4 and Euro 5 buses were not required to have DPF retrofits. A few buses were retrofitted with open filters, but Frantz claimed that only 20-30% of particle mass, not very effective.
· He also claimed that the engine settings on the Euro 4 and Euro 5 buses could be adjusted to reduce the amount of emitted particle mass within the Euro Norm standards. However, adjusting the engine settings in this manner would produce large numbers of emitted particulates 
· Another reason for the limited retrofits is that there is no reward for installing a DPF, ie. there is no market for retrofits, so no motivation
· New diesel vehicles are already equipped with factory-installed filters.Euro 6 buses have factory installed closed particulate filters that remove 99% of particles
· There are different filters in the Euro 6 buses though (eg. some are for high temperature versus low temperature engines with varying pore sizes, can be more expensive)
· Most buses use active regeneration (especially the new buses) but it does depend on the bus
· New rules in the Danish low emission zone only require stickers on the Euro 0-3 buses, but there are very few of those older buses left. 
· Salt and rust are big problems for bus maintenance, so buses are replaced at quicker rates

Testing Diesel Particle Filters
· Filters are tested using an OBD on the engine. The test is to ensure all the sensors are reporting the right values - there is no direct measure of the emissions or number of particles. If the sensors are within the threshold then everything is expected to be working
· The backpressure sensor tells you if there is a crack or the filter is clogged.
· Small cracks result in a large number of particles escaping through the filter, but often go undetected by the backpressure sensor
· Buses are brought in for a general maintenance test, which includes emissions testing. The tests are not included in Danish regulations; instead, traffic companies choose to opt. in for the testing.
· OBD test (On-Board Diagnostics test): [[not explained… from the internet: During OBD tests, local authorities will run a system check on your vehicle. All relevant exhaust gases and components are monitored by OBD systems.]]
· A new EU regulation allows different countries to choose between OBD or opacity tests. Denmark uses OBD.
· Brake testing
· Mechanical function
· Euro 5 and Euro 6 filters cannot be evaluated using an opacity test (which is a better measure of larger soot particles)
· For a DPF to reach peak performance, an initial cake of soot must coat the filter. Brand new filters or newly regenerated filters perform at about 85% removal efficiency compared to 99% removal. After 15 min to 1 hr of driving (depends on conditions), the filter will perform much better
· Euro emission standards testing requires a special test bed. This process is not reasonable for using regularly on the entire Movia bus fleet, only for a few buses. For the rest, Movia uses a field determined value (μg/kW) but cannot measure the engine effect under the same conditions as the Euro Norm testing.
· Switzerland uses the same approach for testing their buses. They also test how many particles are being emitted during high idle (number/m3). The buses can test the particle and NOx reducing system but cannot test the function of Adblue.
· Furthermore, once certified filters are purchased, they are not subsequently tested during maintenance to verify they actually perform according to the Euro Norms. 

Movia Emissions Testing
· Movia buses are tested once a year in the field to monitor the particle number and particle mass in the diesel exhaust. Movia also uses an Inspection/Maintenance program to target buses that are suspected of malfunction (ie. if there are visible clouds of black soot exiting the tailpipe)
· Testing does not involve measuring opacity or nitric oxide
· In Field Testing Procedure (introduced several years ago):
· Determining Baseline:
· Measurement instruments are placed “on new, well-operating buses” 
· The bus accelerates, which increases the amount of pollutants emitted
· The concentration measurements of the pollutants are used as a baseline for determining whether the filters on other buses are functioning properly or not
· The baseline concentrations are used as comparative values to the peak emissions from other buses
· Testing a Bus:
· The measurement instruments are placed on the bus to record the peak concentration emissions during acceleration
· Particle mass concentration and particle number concentration are compared with the baselines from “well-operating” buses to determine if the filter is functioning okay or not 
· Equipment: 
· NOx common instrument: Chemiluminescence detector (CLD) 
· PM general protocol: measurement device only measures solid particles (through heating, the semi-volatiles are evaporated) that are >23 nanometers (may change to >10 nanometers in several years)


