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Measure title: Operation of bio fuel and CNG vehicles and framework conditions for 
alternative fuel use in Debrecen 

City: Debrecen Project: MOBILIS Measure number: 5.3.D 
 

A Introduction 

Trough this measure, Debrecen has supported the operation of bio diesel and CNG vehicles 
and the frame work conditions for alternative fuel use in Hungarian city. The operation of bio 
diesel is tested under various conditions (weather, temperature, etc.). The conversion of 
seven conventional diesel buses to CNG ones is part of the measure. 

 

A1 Objectives  
The different objectives were initially to: 

1. converse  conventional diesel buses to CNG mode, and purchase of CNG buses in 
order to have 7 CNG vehicles in operation during the project  

2. Measure the efficiency and environmental performance of diesel vehicles using bio-
diesel mixture 

3. identify the best approach for stimulating production, supply and use of alternative 
fuels for public transport use in Debrecen by: 

4. analyse the technical, financial and legislative conditions of the production and use of 
alternative fuels in Debrecen 

5. recommendi regulations to stimulate the use of alternative fuels 
6. establish an unique integrated system for alternative fuel production, supply and 

usage including local public transport, waste management, electricity production and 
central heating  

Due to the evaluation results on biofuel mixture tests and the lack of biogas production for 
public transport, the measure focused in fact only on the two first ones.  
 

A2 Description 
The measure deals with the operation of bio fuel and CNG vehicles and the accomplishment 
of the related research activities. The development consists of the followings:  

The conversion of diesel buses to CNG fuel mode and purchase of new CNG vehicles in 
order to have 7 CNG vehicles in operation within the project. 3 CNG buses have been 
purchased, and 3 running buses have been transformed into 100% gas operation.  
 

Extended tests with biodiesel mixture took place, comprising the following issues: 

1. comparison of engine characteristics in a stand-testing environment (mechanical 
power, fuel consumption)   
2. measurement of emission rates (HC, CO, smut)  
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3. comparison of buses operating with mixed fuel and clear gas referring the drivers’ 
experiences.  
   

A complex feasibility analysis has been prepared including the producing and using bio fuels 
in Debrecen area. 

 

B Measure implementation 

B1 Innovative aspects 
 
Innovative Aspects : 
• New technology 
 

The innovative aspect of the measure concerns new technology. 
The features, emission impacts and operating characteristics of alternative fuels have 
been measured and compared to the conventional fuels. A public awareness 
campaign was planned for informing passengers about the clean vehicles and their 
impacts. The University of Debrecen has evaluated the impacts of this measure 

B2 Situation before CIVITAS  

At the beginning of CIVITAS-MOBILIS PPuubblliicc  ttrraannssppoorrtt  iinn  DDeebbrreecceenn  wwaass  pprroovviiddeedd  
wwiitthh  116600  bbuusseess..  The fleet of the public transport company (Hadju Volan) consisted of 
337744  bbuusseess  EEUURROO--33;;  aammoonngg  tthheemm12 CNG vehicles and 1 dual fuel vehicle 
(CNG/diesel)...  TThhee  aavveerraaggee  aaggee  ooff  tthhee  vveehhiicclleess  wwaass  nniinnee  yyeeaarrss..    

  
Before the project no bio fuel tests had taken place.  
Hadju Volan  ppllaannnneedd  ttoo  ttrryy  oouutt  tthhee  uuttiilliizzaattiioonn  ooff  cclleeaanneedd  aanndd  ccoommpprreesssseedd  bbiioo  ggaass  ((bbiioo--CCNNGG))  
wwiitthh  ttwwoo  bbuusseess  wwoorrkkiinngg  wwiitthh  ffoossssiill  CCNNGG..  BBuutt  tthhee  ccoommppaannyy  ccoonnddiittiioonnss  ttoo  cchhaannggee  ffrroomm  CCNNGG  ttoo  
bbiiooggaass  wweerree  tthhaatt::  BBiiooggaass  iiss  aavvaaiillaabbllee  aass  ffuueell  aanndd  wwiitthh  tthhee  ssaammee  qquuaalliittyy  aass  nnaattuurraall  ggaass..  TThhiiss  
ggaass  iiss  aavvaaiillaabbllee  aatt  tthhee  ssiittee  ooff  HHaajjddúú  VVoolláánn..  IIttss  aapppplliiccaattiioonn  iiss  eeccoonnoommiiccaallllyy  rraattiioonnaall..   
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B3 Actual implementation of the measure 

The measure was implemented in the following stages: 
 

1. The purchase of CNG buses : 
Three new Polish 100% gas-operating buses have been purchased (type: JELCZ 
M120M/4, produced with MAN gas-engine). Their serial numbers are: KHK-540, 
KHK-542, KHK-543. 
Three already used Ikarus buses with Rába diesel engine have been transformed 
into clean gas-operating buses. Their serial numbers are GTZ-826 Ikarus 263, 
DUA-667 Ikarus 280, DUD-996 Ikarus 280. 
 
By the end of August 2008, one more gas-operating bus has been transformed 
according to the previous ones. 
 
22..  The bio diesel testing :  TThhiiss  ppaarrtt  ooff  tthhee  MMOOBBIILLIISS  PPrrooggrraammmmee  aaiimmeedd  ttoo  tteesstt  

tthhee  mmiixxttuurree  ooff  nnoorrmmaall  aanndd  bbiioo  ffuueell  aatt  ddiiffffeerreenntt  rraatteess,,  iinn  wwiinntteerr  aanndd  ssuummmmeerr  
sseeaassoonnss  aanndd  aannaallyyssiissee  tthhee  eexxppeerriieennccee  ffrroomm  tteecchhnniiccaall,,  eennvviirroonnmmeennttaall  aanndd  
eeccoonnoommiicc  ppooiinnttss  ooff--vviieeww..  TThhee  tteessttss  wweerree  ccaarrrriieedd  oouutt  iinn  22000088  wwiitthh  aa  1100,,  2200  aanndd  
5500%%  mmiixxttuurreess  bbeessiiddeess  nnoorrmmaall  ((44..44  %%))  ffuueell..    

 

B4 Deviations from the original plan 
The deviations from the original plan comprised:  

1. Measure content change 

The plan was to accomplish testing phases for biogas and bio diesel fuels.  

At the beginning of the CIVITAS program, the biogas should be available from two 
sources: 

��  SSeewwaaggee  ::22..33  mmiilllliioonn  SSmm33  ,,    2222  MMJJ//mm33    
� DDeebbrreecceenn  RReeggiioonnaall  WWaassttee  DDiissppoossaall  SSiittee,,  wwhhiicchh  ccaann  pprroodduucceedd  aabboouutt  660000  

tthhoouussaanndd  mm33  bbiioo  ggaass  iinn  aa  yyeeaarr  

The original plan for this measure was to purchase the necessary quantity of biogas from 
the local waste deposal site because only part of the produced amount was used for 
heating.  

The city of Debrecen planned to 
finance these necessary 
developments without EU 
contribution, depending on the 
decision of the city council, in 
order to make the testing and 
the further extension available.  

Due to a new operation 
system in the deposit, the 
entire quantity of biogas is now 
used in engines and heating of 
the facilities. The AKSD 
Company, responsible for the 
waste management of 
Debrecen, expressed its 
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demand for the total amount of biogas produced at the waste-pile, because it was very 
favourable for ASKD in terms of energy efficiency and cost savings. As a consequence, 
ASKD cannot be the supplier of the MOBILIS project.  

All biogas in Debrecen and the surroundings is now used for different purposes and 
therefore there was no more biogas supplier, which had strong effect on the measure. 

As the testing and a larger scale development could not be carried out the parallel and 
connected developments (cleaning system, part of the storage system and approx. one km of 
pipeline) have become redundant and thus, were cancelled and instead, extended tests with 
bio diesel took place. The budget designed for biogas testing has been removed for bio 
diesel tests, this way enlarging their scope of measurement. This process though lasted for a 
considerable time, which resulted in that the biodiesel tests took place with some delay, 
therefore the feasibility study as well has been prepared only by autumn, 2008.  

This was justified because the raw material basis of bio-diesel production in Debrecen 
agricultural area is guaranteed.  

B5 Inter-relationships with other measures 
The measure is related to other measures as follows: 

No. Measure title Relation 

11.5.D Sustainable city-traffic development plan Sustainable transport modes  

5.1.T Large-scale operation of clean bus fleets in Toulouse and 
preparation of sustainable supply structures for alternative 
fuels. 

Sustainable transport modes 

5.2.T Solutions for alternative fuels in Toulouse and 
complementary measures to achieve a 100% clean fleet. 

bio-diesel and CNG fuel operation 

5.4.L Implementation and large-scale deployment of bio-diesel 
and CNG fleets in Ljubljana 

bio-diesel and CNG fuel operation 

5.5.V Deployment of CNG buses and LPG boats in Venice CNG bus conversion 
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C Evaluation – methodology and results 

C1 Measurement methodology 

Biodiesel testing 
DDuurriinngg  tthhee  tteessttiinngg  pprroocceessss,,  ffoouurr  mmaaiinn  qquueessttiioonnss  wweerree  eexxaammiinneedd::    
��  TThhee  ccoommppaarriissoonn  ooff  ssppeecciiffiicc  ffuueell  ccoonnssuummppttiioonn    
��  TThhee  ccoommppaarriissoonn  ooff  eennggiinnee  ffeeaattuurreess  bbaasseedd  oonn  bbrraakkee  bbeenncchh  tteessttss  mmeeaassuurriinngg  eemmiissssiioonn  

ppaarraammeetteerrss  ttoo  tthhee  ddrriivveerrss’’  eexxppeerriieennccee 
 
The testing itself tried to cover all necessary measurement components bio diesel – 
operation according to the followings: 
 

1) Comparison of engine characteristics in a stand-testing environment (mechanical 
power, fuel consumption)  

2) Measurement of emission rates (HC, CO, smut). Using an AVL 4000 type instrument, 
which is generally used for regular environmental testing, has carried out the analysis 
of emission rates. The instrument measured opacity rates (%), K-value, CO rate (tf%) 
and HC rates (ppm). Although the company planned to measure NOx rates as well, 
but a complementary instrument was needed; it could not be purchased during the 
testing period.  

3) Comparison of specific fuel consumption and technical power in daily traffic, 
considering that the more effective way of evaluating the fuel-consumption of the 
selected vehicles was the consumption-measurement in city traffic. The consumption 
data of bio diesel mixture were compared to the consumption rates of the previous 
months, since this way the technical parameters can be seen as permanent.  

4) All bus drivers using the selected vehicles also had to note regularly on the travel 
sheet comparison feeling about different indicators. The drivers also had to answer 
specific questions referring components of efficiency at the end of the testing period, 
using a scale of -3 - +3.buses operating with mixed fuel and clear gas referring the 
drivers’ experiences.  

 

C1.1 Impacts and Indicators 

Table of Indicators. 
 
No. Impact Indicator Used Etc.. 
1 Environment Emission rate variation  Yes  

2 Transport Mechanical power variation Yes  

3 Energy Fuel consumption rate variation Yes  
  (Driver’s experience) X  

.  
 
The buses selected for tests have undergone on diesel-operation stand-testing and 
emission-rate measurement, creating a basis for comparison. These tests were running 
according to the following schedule: 
 

10, April 2008.  GNX-309, 
14, April 2008.    DUD-999, 
16, April 2008.  GNX-340, 
18, April 2008.   HPR-618. 
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The bio diesel testing was based on the mixture of gas-engine and bio diesel, in three 
different mixture-rates: 10%, 20% and 50% of bio diesel portioning. At the moment there is 
only one biodiesel supplier (MOL Nyrt) who provides biodiesel with a mixture of not more 
than 4.4%, therefore there is no other data about biodiesel efficieny with a higher rate of 
biodiesel mixture. Hajdú-Volán decided to try a 10, a 20 and a 50% mixture for that results of 
testing provides data referring to a larger scale of biodiesel usage. Researches and tests 
both prove that until a 50% mixture traditional engines can be used for biodiesel without a 
considerable trasnformation, though while increasing the proportion of biodiesel the engine 
will increasingly show problems in case of cold-starting (put into operation after a longer 
period of standing still).  
 
 
Between 10, April and 21, April 2008 the 10% mixture has been tested in stand-testing 
environment, after refilling the selected vehicles with the 10% mixture of bio diesel. The four 
vehicles consumed more than 2 000 L mixture during the testing period. Since no damage 
appeared, the company went on testing the same vehicles with the 20% mixture. The 
professionals of the company and the University of Debrecen agreed on that on the long 
term a 20% mixture can be a true alternative compared to traditional operation, therefore the 
testing of 20% mixture received the highest attention.   
The tests of 20% mixture has been carried out between 21, April and 15, May 2008, the four 
vehicles meanwhile consumed more than 5 600 L of 20% bio diesel mixture, according to the 
following time-schedule:.  
 
 

28. April 2008.   GNX-340, 
29, April 2008.    GNX-309, 
08, May 2008.   HPR-618, 
08, May 2008.   DUD-997. 

 
One vehicle (serial number DUD-999) has been using the 20% mixture for only 5 days since 
the engine-control went out of order, therefore could not be measured. The new engine could 
not be tested since at the initiating phase of a new engine no loading is possible. The failing 
of the engine is not related to bio-diesel testing. Instead of this vehicle a new one started the 
testing phase (serial No DUD-997), on 8, may 2008. This day the initial testing (using only 
gas-engine) started, after that the vehicle went under a testing of 20 and 50% mixture.  
 
Since no damage could be detected in the vehicles until 15, May 2008, the testing of the 
50% mixture has started. For the purpose of engine protection, the transfer for the 50% 
mixture took three days: the vehicles were refuelled every day, therefore the proportion of 
bio-diesel increased with 10% every day.  
 
The testing of the 50% mixture took place on the following days: 
 

21, May 2008.  HPR-618, 
22, May 2008.    DUD-997, 
28, May 2008.   GNX-309, 
28, May 2008.   GNX-340. 

 
During the testing phase of 50% mixture, the four vehicles consumed approximately 3 600 L 
bio diesel mixture.  
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C1.2 Establishing a baseline 

The chosen baseline is the situation of the Debrecen bus fleet before CIVITAS as described 
in the introduction.  
For the bio fuel testing, the baseline is the classical fuel (4% of bio diesel) consumption 
indicators and mechanical power rate.  
 
 
C1.3 Building the business-as-usual scenario 
 
Without initiating the measure, the city council and the transportation companies would not 
change their transport energy policy. So the fleet of 337744  bbuusseess  EEUURROO--33;;  aammoonngg  tthheemm12 
CNG vehicles and 1 dual fuel vehicle (CNG/diesel) should have been the same. 
The emission and consumption rate will be the usual diesel fuel.. 

C2 Measure results 

C2.1 Economy   
 

The next table describe the vehicle-park and the fuel consumption rates of Hajdú-Volán on a 
seven years scale.  
 

 2000 2001 2002 2003 2004 2005 2006 2007 

Number of buses 335 346 351 356 366 357 364 374 

Total km run 23.592 23.951 24.411 25.098 25.524 25.752 25.371 25.062 

Yearly running 

performance (km/bus) 
70.424 69.223 69.547 70.500 69.738 72.134 69.701 67.011 

Number of bus running 

with clear gas-engine 
288 308 324 336 338 328 333 345 

Number of bus running 

with a fuel mixture 
33 20 9 1 1 1 1 1 

Gasoil consumption [liter]  7.633 7.607 7.625 8.109 8.160 8.055 7.792 7.733 

Gasoil consumption [t] 6107 6085 6100 6487 6528 6443 6234 6186 

 

The price of gasoil is structured in the following way: (data of 08, 08 2008)) 

 HUF/l % 

Costs of raw material  110 35 

Margin tax 85 26 

VAT 64 20 

Other tax 3 1 

Profit + costs of production and 

sales  

59 18 

Total 321 100 
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C2.1-A CNG buses 
 
The average consumption of the buses is 55-58 kg CNG (80,7 Nm3) /100 km, influenced by 
the age and running performance of engine, the characteristics of the road and the time of a 
round. A slight increase or decrease can be interpreted by the running performance, by the 
automatic gearshifts and by the purchase of buses with a higher need of performance. 
According to the experiences of operation of the last couple of years, a 10% of saving  can 
be reached in case of buses runned with gas-engine compared to operational costs of 
traditional fuel-running vehicles.  
  

 

C2.1-B Bio diesel Tests 

Category Modifying criteria Quantity      

Biodiesel-content  %  10% 20% 50% 23,50% 

Increase in consumption  %  74% 42% 4% 17% 
Price of fuel oil  EURO/l  1,29 1,29 1,29 1,29 

Rate of caloric value   0,33 0,75 1,24 1,24 

VAT EURO/l 0,28 0,63 1,03 0,89 Hajdú Volán Co. 

Revenue tax EURO/l -21 0,25 0,67 0,52 
MOL Co. Delivery, mixing in EURO/l -0,3 0,05 0,49 0,32 

Raw material cost EURO/l -0,23 0,04 0,33 0,24 Biodiesel-plant 
By-product EURO/l -0,04 0,23 0,52 0,42 

Oilplant EURO/kg -0,03 0,09 0,23 0,18 
Farmer (HUF/T) 

Without by-product EURO/kg -0,09 0,03 0,15 0,01 

 
In Hungary the biodiesel of standard quality could be distributed without revenue tax between 
2005 and 2007, but from 2008 the regulation has been changed because of state budgetary 
aspects. From 01, January 2008 the price of the traditionally distributed clear gasoil is hit with 
a 8 HUF plus below a 4,4% bio-mixture and has put some tax on biodiesel as well. Although 
EU regulation is based on heating value, the national law is based on volume (Liter). This 
has two assumptions:  

1. the fulfillment of EU regualtion for proportion of biofuel on the national level is 
influenced by the proportion of biodiesel and bioethanol usage.  

2. the increasing number of diesel-operated cars in Hungary could be a solid basis for 
growing biodiesel usage, since more diesel is used, more biodiesel could be 
distributed as well.  

3. If we use the 4,4% mixture, we are quite far from the level biofuel usage is prescribed 
by EU (with a 2020 deadline), because the EU level could only be reached by a high 
proportion of using B-100 or E-85 fuels, though both individual and PT vehicles are 
not compatible with them. The special vehicles compatible with these fuels are 
considerably more expensive than the average ones. This tendency has an impact on 
the distributors attitude as well since they will not put into operation more bio-
refuelers, which in turn will not increase the number of drivers needing bio-mixture 
fuel. The mid-term spread of biodiesel will be influenced by the following aspects (not 
listing here EU regualtion):  

o Probable termination of ley-farming system, 
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o The possible increase of biodiesel proportion from 5% up to 10% (which is 
contradictory to the interests of car-producers), 

o The facilitation of import within the whole verticum (at the moment seeds are 
free of duty, plant oil has a 3-5% and biodiesel has a 6,5% duty) . The impact 
of such facilitation could be considerable compared to bio-ethanol, since 
ethanol is seen as an agricultural product while biodiesel is seen as a product 
of the chemistry industry, which facts result in a wide difference in case of 
duties.  

 

C2.2 Energy   
1. Comparison of fuel consumption  

� in traffic  
 
The diagrams of bio diesel mixture consumption rates show that the consumption rate is 
close to the consumption rate noted with normal fuel during the previous months, but a slight 
increase can be detected; according to the proportion of bio-diesel the consumption rate 
increased with 5-10%. According to the initial expectations the consumption rate of the 10% 
mixture is lower than the one of 20% mixture, but surprisingly the consumption rate of the 
20% mixture is higher than that of the 50% one! 
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Figure 1: comparison of specific fuel consumption 

 
The drivers confirmed that using bio diesel mixture considerably increases the fuel-
consumption. 
 

� Stand-testing results  
All selected vehicles took part in four stand-testing measurement, where the purpose was the 
analysis of engine-performance by using different proportion of bio-diesel. The related 
literature refers to a slight decrease in engine-performance that our tests wanted to prove or 
disprove. The test results show that by increasing bio-diesel concentration the engine-
performance proportionately decreases. In case of the 10% and 20% mixture the decrease of 
engine-performance is very slight (5-8%), while in case of 50% mixture this rate can reach 
10-15%! Note, that the drivers could not detect this decrease in engine-performance.  
As for fuel-consumption, the test results do not show any difference between gas-operation 
and mixture-usage, though in case of fuel-consumption the stand-testing tools show results 
with a somewhat higher variance, therefore the data gained during stand-testing cannot be 
seen as 100% reliable. 
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2. Comparison of engine performance 

� The test results show that by increasing bio-diesel concentration the engine-
performance proportionately decreases. In case of the 10% and 20% mixture the 
decrease of engine-performance is very slight (5-8%), while in case of 50% mixture 
this rate can reach 10-15%!  

� The majority of the drivers have not felt any changes in engine performance, 
although some of them felt that the engine became a bit more dynamic, more 
spinning. 

C2.3 Environment  
 
Analyzing the technology of biodiesel production it is generally true that due to the periodic 
service technology the emissivity of the factory itself is higher than in case of a continuous 
production. The factories with lower capacity are therefore higher air-polluters, because the 
uneconomic structure of production cannot be the basis of technological emelents that could 
reduce environmental load.  
 
Using biodiesel production the following elements of air pollution can be defined:  

o While moving, cleaning and smashing seeds a considerable amount of dust can be 
produced and put into air, in case we lack a suitable ciclon-system,  

o In case of plant-oil production the general usage level of water is 15-25 m3/t. It is very 
important to recycle as much water as possible and to establish an internal 
wastewater-cleaning system. 

 
According to a study prepared in 2007 (Kovács E., 2007), the proportion of air-pollution rates 
coming from transportation is quite high:  

• 80 % of CO-emission,  
• 62% of NO-emission,  
• 56% of HC-emission, 
• 30% of PM10 (small dust)-emission, 
• 20% of CO2-emission.  

Since public transport attributes to a high level to air-quality of the settlements, thus to the 
overall air-pollution of the country, a possible decrease of emission rates resulting from tzhe 
usage of alternative fuel is a very important issue for the future. Among the priorities of the 
transport policy of the country relevant for the period of 2003-2015 one of the priorities 
indicates the necessity of establishing an environment-friendly transportation system by 
utilising environment-friendly transport modes, among which the promotion and development 
of alternative fuel production can also be found.  
 
According to the relevant literature, by using biodiesel the emission rate can be reduced with 
a 40-50% in case of HC, although it increases the emission rates by 8-10% in case of NO2 

and by 10-15% in case of CO. The emission rate of the latter two gas can be considerably 
reduced technically as well as biologically, while HC emission is characteristic for the 
material, therefore cannot be easily reduced.  
 
 
C2.3. A  Comparison of emission-rates from the bio fuel mixture tests 
 
The emission rates have been measured in case of all three concentrations.  



Measure title: 
Operation of bio fuel and CNG vehicles and framework conditions for 
alternative fuel use in Debrecen 

City: Debrecen Project: Civitas Mobilis Measure number: 5.3D 

 

 
Page 11 

 

Table 1: emission-measuring parameters 

Designation  Normal 
10% fuel 

mix 
20% fuel 

mix 
50% fuel 

mix 
            

basic line 1,033 1,033 0,9 0,575
Smoke full rev 3,95 2,3 4,05 4,075

basic line 0,023 0,015 0,015 0,015
K value (m²) full rev 0,225 0,028 0,048 0,093

basic line 0,013 0,008 0,01 0,01
CO (% vol) full rev 0,048 0,055 0,053 0,02

basic line 1,35 1,467 1,475 1,525
CO² (%vol) full rev 3,1 3,567 2,85 2,325

basic line 13,75 10,333 12,25 13
HC ppm Hex full rev 19,25 14,667 18 15,5

 
 

Table 2. Changes in emission rates in case of different biodiesel mixtures compared to 

normal diesel operation (%) 

 10%-mixture 20%- mixture 50%- mixture 

Basic line 100 87 56 
Smoke 

Full rev 58 103 103 

Basic line 67 67 67 
K value  

Full rev 12 21 41 

Basic line 60 80 80 
CO 

Full rev 116 111 42 

Basic line 109 109 113 
CO2  

Full rev 115 92 75 

Basic line 75 89 95 
HC 

Full rev 76 94 81 

 
As we can see in table 2, in some cases the emission rates are higher than those if normal 
diesel operation:  

o in case of 20 and 50% mixture, the emission of smoke in full rev is higher than in 
normal diesel operation 

o in case of CO and CO2, almost all mixtures pruduce higher emission rates than that 
of normal diesel operation.  

 
According to the results, the AVL 4000 type instrument cannot detect any decrease in case 
of bio diesel mixture use, not even between the different mixtures emission rates. This result 
was presented in case of all selected vehicles, and the same measuring instrument has been 
used in all cases.  
 
The colour of the exhauster-gas was obviously lighter than in case of diesel-operating 
vehicles: the lightening of exhausting-gas is in direct ratio to the proportion of bio-diesel in 
the mixture (the higher the proportion of bio diesel is, the lighter is the exhausting-gas). Using 
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the 20% and 50% mixture, the heavy black smoke – usually presenting while setting going or 
while sudden gas-pushing – has also disappeared.  
 
Also, even in case of the 10% mixture a typical fragrance (in the related literature called “frie-
fragrance”) could be smelled, what is more, this fry-fragrance decreased the stinging smell of 
gas-oil (especially strong in closed places). 
 
The drivers agree that in case of gas-bio diesel consumption the colours of the exhausting 
gas became much lighter/whiter, and the rate of smut-emission also decreased. 
 
C 2.3-B Sound of engine 
 
Referring to the sound of the engine (engine-noise) the results of drivers’ 
observations show higher variance, although they agree that on average, the engine-
sound was not louder, but a bit harder and sonorous. 

C2.4 Transport  

C2.5 Society  
In case a public awareness campaign can be carried out as it is planned, the awareness 
level of PT users and individual drivers towards green way of transport and energy saving 
shall be increased.  
 

C3 Achievement of quantifiable targets 

No. Target Rating 

1 Conversion of diesel buses to CNG fuel mode and purchase of new CNG 
vehicles in order to have 7 CNG vehicles put in operation within the project.  

�������� 

2 Realisation of extended tests with bio diesel mixture �������� 

3 Complex feasibility analysis of producing and using bio fuels in Debrecen 
area 

�������� 

0 = Not achieved   ���� = Substantially achieved  ��������= Achieved in full        ������������= Exceeded 

 

C4 Up-scaling of results 
The results of the measure may be object to a larger-scale usage as well: both the purchase 
of CNG buses (or conversion of vehicles into CNG mode) shall be up-scaled within the 
company of Hajdú-Volán, which is responsible company for bus PT in the county. In case the 
company cannot find financial resources for it, it is not probable that by 2010 the company 
will be able to continue this development.  

C5 Appraisal of evaluation approach 
 
The buses selected for tests have undergone on diesel-operation stand-testing and 
emission-rate measurement, creating a basis for comparison. These tests were running 
according to the following schedule: 
 
During the measurements all results were presented in graphs, in which we can see the 
curves of special characteristics of the given vehicle, as well as the curves representing the 
results of the testing, therefore if we compare the general characteristics and the results of 
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testing it is obvious whether the vehicle’s performance with different mixtures is better or 
worse. The testing needs a special instrument (AVL 4000 type) designed for exactly this kind 
of purpose, therefore the method used can be seen as a highly efficient one, even if results 
are not easy to interpret (the instrument is not compatible with computers).  
 

C6 Summary of evaluation results 
The key results of the bio fuel test preformed in Debrecen were the following: 
� Key result 1  –The average consumption rate using a bio diesel mixture is higher 

than the consumption rate of gas-operation. It is lower with the 10% mixture than with 
the 20%one. Surprisingly the consumption rate of the 20% mixture is higher than that 
of the 50% one. The stand-testing tools show results with a somewhat higher 
variance, but the bus drivers confirmed these results. 

� Key result 2 - The test results show that by increasing bio-diesel concentration the 
engine-performance proportionately decreases. In case of the 10% and 20% mixture 
the decrease of engine-performance is very slight (5-8%), while in case of 50% 
mixture this rate can reach 10-15%!  

� Key result 3 –  The emission rates of the different gas-bio diesel mixtures doesn’t 
significantly decrease in comparison to classical gas emission. The result is valuable 
with all selected vehicles.  

� Key result 4 – The use of gas-bio diesel mixture is more expensive than using 
classical diesel 

� Key result 5 –  due to the enlargement of the number of CNG-operated vehicles 
within Hajdú-Volán, a decreased air-pollution and emission rates are characteristic for 
public transportation in the county.  

 

D Lessons learned 
TThhee  aapppplliiccaattiioonn  ooff  bbiioo  ffuueell  iinn  ppuubblliicc  ttrraannssppoorrtt  hhaass  aaddvvaannttaaggeess  aanndd  ddiissaaddvvaannttaaggeess,,  ttoooo..  TThhee  
aaddvvaannttaaggeess  ccoommee  ffrroomm  tthhee  eennggiinnee  aapppplliiccaabbiilliittyy,,  tthhee  eennvviirroonnmmeennttaallllyy  ffrriieennddllyy  ffeeaattuurreess  aarree  
uussuuaallllyy  bbeenneeffiicciiaall,,  bbuutt  tthheeyy  cchhaannggee  iinn  aann  iinneexxpplliicciitt  rraattee..  EEccoonnoommiiccaallllyy,,  hhoowweevveerr,,  tthheeiirr  
aapppplliiccaattiioonn  iiss  nnoott  ccoommppeettiittiivvee  wwiitthh  tthhee  ssttaannddaarrdd  qquuaalliittyy  ffuueell  ooiill  iinn  tthhee  pprreesseenntt  lleeggaall--eeccoonnoommiicc  
eennvviirroonnmmeenntt..  Without initiating the measure, the city council and the transportation 
companies would not have had reliable and objective information about the risks and benefits 
of the transformation of buses into biofuel mode, therefore false assumptions related to 
biodiesel could have remained. 
 
The purchase of CNG buses and the conversion of old ones into CNG mode can be seen as 
a successful development – in case the financial background is ensured further development 
can also be carried out.  

D1 Barriers and drivers 

D1.1 Barriers 

• Barrier 1  – The decision of AKSD Company, responsible for the waste 
management of Debrecen, to keep the total amount of biogas produced at the 
waste-pile cancelled the bio gas tests. 

• Barrier 2 – the purchasing cost of bio-diesel is higher than that of traditional 
diesel 
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D1.2 Drivers 

Driver 1  –The drivers participating has been a good support during the process of 
testing. 

D3 Recommendations 
• Recommendation 1 –  According to the test results, it is obvious that bio-diesel 
will not be a real alternative of traditional fuels, but it can be used for replacing a part 
of traditional fuel. A mixture of more than 50% can result in low emission rates but 
would probably not reach the efficiency of traditional gas-engines.  

D4 Future activities relating to the measure 
No future activity is planned according to the results. 
 


