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Abstract
The increased hydrocarbon producing 
potential and related long-term 
perspectives of deep, high temperature 
and high pressure (HTHP) reservoirs 
have led to significant progress in 
drilling fluid technology in order to 
meet new challenges. In Hungary we 
have focused on water-based systems 
due to environmental and economical 
considerations. 
Several HTHP/U-HTHP wells (180-230 °C 
and 1800-2300 kg/m3) have been drilled 
successfully using the developed fluid 
technology in the last few years. Using 
the proper temperature model to estimate 
downhole fluid properties and extensive 
laboratory studies to support field mud 
treatments were essential to success. 
Utilizing the lessons learnt during 
field operations and new engineering 
approaches helped to drill and complete 
the wells without incidents. One of the 
main outcomes of laboratory tests was 
the accelerated reactivity of drilled solids 
at very high temperature in alkaline 
media. The laboratory results and field 
data have proven the ability of properly 
formulated water-based drilling fluids 
to achieve all the technical objectives in 
challenging ultra HTHP environments. 
Better understanding of drilling fluid 
chemistry, additives selection, improved 
planning process, controlled execution 
and monitoring were integral part of 
improved fluid technology. 

Összefoglalás
Technológiai csúcs-kihívás: fúrási fo lya-
dé kok ultra-nagy hômérsékletû ku tak épí-
téséhez

A nagymélységû, nagyhômérsékletû és 
nagynyomású (HTHP) geológiai for má-
ciók szénhidrogén termelési po ten ciálja 
és hosszútávú perspektívája a fúrási fo-
lyadék tech nológia jelentôs fejlôdését 
ered mé nyez te, hogy képes legyen meg-
fe lel ni az új kihívásoknak. Ma gyar or-
szá gon kör  nyezetvédelmi és gazdasági 
meg fontolások miatt a vízközegû rend-
sze rekre fókuszálunk. 
Számos HTHP/ultra-HTHP fúrás (180 – 
230 °C és 1800 - 2300 kg/m3) mélyült 
le sikeresen az elmúlt évek ben a to-
vább fejlesztett folyadék tech no ló gi-
ával. A megfelelô hô mér sék leti modell 
al kalmazása a fú ró lyukbeli folyadék 
paraméterek becs lé sé re, széleskörû la-
bo ratóriumi vizs gálatok a terepi folyadék 
ke ze lés támogatására voltak a siker 
alap elemei. A terepi mûveletek során 
ta nul tak következetes felhasználása és 
új mérnöki megközelítések alkalmazása 
segített az eredményes kútépítésben. 
A laboratóriumi vizsgálatok egyik leg-
fon to sabb eredménye annak felismerése 
volt, hogy nagy hômérsékleten a fúrt 
kô zetanyag reakcióképessége je len-
tôsen megnô lúgos közegben. A la-
bo ratóriumi eredmények és az üzemi 
ta pasztalatok igazolták a megfelelô 
össze tételû vizesközegû fúrási fo lya -
dékok képességét a mûszaki cél ki-
tûzések megvalósítására az ultra-HTHP 
kutakban. A fúrási folyadék ké miájának 
mélyebb megismerése, az ada lék-
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anyag kiválasztás, a jó tervezés, a 
következetes kivitelezés és monitoring 
a továbbfejlesztett folyadék technológia 
szerves részei voltak.  

Introduction
Based on the increasing hydrocarbon producing 
potential of deeply buried, high temperature 
and high pressure (HTHP) formations (Gulf of 
Mexico, China, etc.) the demand for HTHP (high 
temperature, high pressure) and U-HTHP (ultra-
HTHP) technologies, including temperature 
stable drilling fluids is also increasing worldwide. 
To give the proper answers from the industry for 
this challenging topic is very difficult due to the 
extreme complexity of U-HTHP problems. 
The critical temperature ranges (Figure 1) offer 
different challenges in engineering approaches, 
technologies, equipment and instrumentation, 
etc. [1].

It is more and more clear now that there is a 
technology gap between HTHP and U-HTHP 
drilling and completion (and related) technologies 
[2]. In DeepStar’s report it was also concluded 
that drill bit and drilling fluids technologies are 
most approaching the existing requirements. 
Bland and co-authors [3] have summarized 
HTHP drilling fluids challenges, focusing on fluid 
formulation, downhole behavior (PVT), additives 
selection, hydraulics modelling and weighting 
materials. The latter is extremely important as 
such fluids have typically high density (high solids 
content) associated with high pressure losses in 
the circulating system. Using micronized barite 
type fluids [4] or alternative weighting material 
(Mn3O4) resulted in reduced friction pressures 
and improved ECD (equivalent circulating 
density) control. This is especially important 
if there is a small margin between pore and 
fracture pressure (narrow operating window). 
Development of new viscometer for extreme 
conditions (300 °C and 210 MPa) illustrates 
the strong need for HTHP testing equipment 

[5]. Many engineering projects were launched 
recently to develop new fluid formulations based 
on nanotechnology [6].
In fact many HTHP and U-HTHP wells have been 
drilled worldwide representing wide range of 
technical challenges [7] as illustrated in Figure 2.

Mako-7 (Hungary) was displayed in original 
figure, while other typical Hungarian wells data 
additionally are presented in the top left side 
(yellow circle). It can be seen that wells drilled in 
Hungary are typically in the U-HTHP range (lower 
pressure data due to lower depth). Deep well 
conditions regarding temperature (and pressure) 
are similar to that of China according to a recently 
published technical paper [8]. U-HTHP wells 
due to extreme conditions represent extremely 
high technical and economical risks. Efficient 
cooperation of all parties is a must in order to 
meet challenges and minimize risks. Optimization 
of drilling performance, benchmarking fluids and 
bits to improve drilling performance and reducing 
non-productive time are the key issues to 
operating an integrated drilling system effectively 
[9]. Drilling fluid technology for U-HTHP wells 
should be developed in a complex engineering 
approach. As the narrow operating window is 
one of the most common problems, different 
techniques are used to control associated 
risks, like managed pressure drilling (MPD) or 
optimizing ECD using special (invert emulsion) 
drilling fluids [10,11]. 
Drilling of U-HTHP wells in Hungary is a very 
challenging issue due to the complex geological 
conditions (unique temperature and pressure 
conditions, borehole instability problems, 
CO2 containing gas influx/diffusion, hardly 
predictable overpressure and non-uniform pore 
pressure profile). In spite of harsh conditions 
and challenges the drilling fluid technology used 
for HTHP and U-HTHP wells and the field results 
gained have been proved to be acknowledgeable 
even in international comparison [12]. Geo-
mechanical studies are also integral part of 
U-HTHP well planning [13].

Challanges2010/3
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Fig. 1. Classification of typical high temperature ranges (from 

Maldonado [1]) (1 [oF] = 5/9 (oF-32) [oC]; ksi = 6.9 MPa)

Fig. 2. Summary of HTHP wells conditions (from Mattenet [7])
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Offset well analysis
For development of planning procedure, optimal 
design, increased safety and reduced costs 
the optimum use of available data is required. 
Using offset wells data helps learning and 
better understanding of the rare problems and 
situations, provides much clearer insight into 
the challenges, commonly encountered while 
drilling HTHP and U-HTHP wells. Based on 
available data we can more precisely address 
the risks and identify the most appropriate 
solutions. This allows maximum flexibility for 
the participants in the drilling group to be able 
to apply lessons learnt from the offset wells to 
immediately improve drilling performance and 
fluid technology issues in the subsequent well. 
Drilling Fluid Technology Reports and Summary 
of each U-HTHP well contributes to continuous 
development and learning.

HTHP/U-HTHP 
drilling fluid 
formulations
HTHP drilling fluids have been used since late 60’s 
in Hungary. However most of the experiences 
have been gained in the industry exploration 
campaign focusing on deep formations in the 
mid 80’s. Several challenging HTHP wells have 
been successfully drilled in which the bottomhole 
temperature was close to or exceded 200 °C. In 
addition to the high temperature (and pressure) 
the CO2 containing gas influx (diffusion driven) 
has caused fluid maintanence problems. The 
need for elimination of “carbonate problem” 
has led to the preference of calcium-base 
(modified gypsum-base) mud. In spite of the 
technical difficulties the experiences of these 
field jobs have set the respective baseline for 
further development of drilling fluid technology 
almost 20 years later. Based on the previous 
experiences the listed guidelines were followed 
in formulating HTHP/U-HTHP drilling fluids: 
•  Maintain low MBT value (Methylene Blue Test, 

<10 kg/m3) and in general minimum low gravity 
solids (LGS) content,

•  Use high temperature stable, modified (Ca-
tolerant) natural (i.e. lignite-based) products, 
compositions to control HTHP rheology and 
filtration and to improve drilled solids tolerance,

•  Use low molecular weight sulfonated synthetic 
polymers (as deflocculants) to control HTHP 
rheology and gelation (especially during static 
periods), utilize synergy with natural products,

•  Use medium molecular weight sulfonated 

synthetic polymers to improve HTHP stability, 
rheology and filtration control without 
influencing base rheology, 

•  Use high molecular weight sulfonated 
synthetic polymers (or terpolymers) to control 
HTHP filtration aid stability, rheology without 
influencing base rheology, 

•  Use shale pore/microfracture plugging 
additives,

•  Maintain proper calcium content (in excess) 
and optimized pH and alkalinity (caustic/lime),

•  Use premium quality barite for weighting. 
Due to the additives thermal degradation, 
unwanted high temperature solids-liquid (i.e. 
solids and alkalines) reactions (and byproducts) 
the use of optimized dilution/refreshing is 
also essential. It is important to note, that 
field conditions are changing from well to well, 
therefore field monitoring and observations play 
crucial role in fine tuning of field applications. 
Integration of all engineering knowledge and 
approaches can lead to efficient navigation on 
the fluid technology highway to the success of 
field operations under harsh conditions.

Laboratory testing 
procedures/
techniques
The key to the success of HTHP/U-HTHP 
drilling fluids development and field application/
maintenance is the advanced laboratory support 
both during the development and field trial phase. 
However, it is difficult to properly simulate the 
very complex field conditions in the laboratory. 
The major factors influencing drilling fluids 
behavior in relation to deep well conditions are:
•  temperature effects, including thermal 

degradation of organic additives,
•  solids contamination (drilled solids),
•  chemical contamination (salts, sour gases),
•  acceleration of degradation and solid-liquid 

phase reactions with increasing temparature.
Other considerations are:
•  almost continuous change of the solid and 

liquid phases with depth (due to change in 
drilled formations, solids control, dilution, 
chemical treatments),

•  hydrothermal alteration of minerals (reaction, 
dissolution, precipitation) at elevated 
temperatures, 

•  complex chemical media and equilibrium that 
affects system stability, additives downhole 
performance  and high temperature reactions. 

Therefore the applied laboratory technique 
should follow the achievable best simulation of 
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field conditions. Most of the laboratory tests 
are based on hot rolling (and/or static aging) of 
selected fluid formulations for 16/24 hours at 
estimated maximum wellbore temperature. Many 
of properly formulated drilling fluid compositions 
can relatively easily survive short-term exposure 
to high temperature, while the same composition 
might break down during long-time tests. 
It is to be noted that under extreme conditions 
the stability and efficiency of most additives 
can be strongly time-dependent as well as the 
behavior of the base system. 
Therefore the uncertainty associated with such 
extrapolation process can be minimized by 
providing detailed laboratory data for long-term 
exposure at ultra high temperature conditions. 
Preliminary or screening tests have been 
performed with pretreated and pre-aged drilling 
fluid formulations. After several pretreatment 
and pre-aging steps at lower temperatures (160, 
180 and 190 °C) the fluid compositions were 
finally treated with selected high temperature 
additives (modified natural and sulfonated 
synthetic polymers of different molecular weight 
and chemical structure) to control rheology 
and fluid loss and to provide stability. Series of 
tests with pretreated/pre-aged fluid formulations 
have led to the selection of the best additives 
combinations and packages. The technical 
informations acquired during these tests were 
utilized in a later phase using field mud samples 
in further optimization of drilling fluid technology 
for deep and hot wells. 

Laboratory 
experiments
Based on previous lab and field experiences the 
development lab tests were designed to closely 
simulate field conditions and to provide relevant, 

field-related results from the lab. Extracted from 
several series of laboratory tests two examples 
are displayed to illustrate the achievement in 
long-term stability of HTHP drilling fluids from 
HTHP toward U-HTHP wellbore conditions. In 
the first series of tests an HPHT field drilling 
fluid sample was diluted in the lab to adjust 
MBT, treated with HT-additives and weighted 
up to original density. Sample was placed into 
sealed, stainless steel aging cells and hot rolled 
(in roller oven) for 3 hours and static aged for 
16 hours at 180 °C. Cooled aging cells were 
opened, samples were homogenized and 
treated to adjust pH/alkalinity and compensate 
reactions with selected HT-additives. Aging was 
repeated at 190 °C followed by homogenization, 
adjustment of pH/alkalinity and treatment. This 
aging/treatment procedure was used to achieve 
the planned U-HTHP drilling fluid formulation in 
accordance with simulated wellbore exposure 
of such fluids in the field. The pre-aged drilling 
fluid was hot rolled (in roller oven) for 3 hours 
to achieve a dynamic chemical equilibrium 
and static aged at 195 °C (the estimated 
bottom-hole temperature) for long period of 
time. U-HTHP drilling fluid properties versus 
exposure time were summarized in Table 1. The 
fluid has maintained its excellent properties for 
at least 65 hours under extreme temperature 
conditions. Results also highlighted the 
necessity of long-term high temperature tests.

New series of tests have been performed to fit 
drilling fluid formulation for new challenges in 
upcoming operations with an estimated bottom-
hole temperature of 210-215 °C. An HPHT field 
drilling fluid sample was diluted in the lab to adjust 
MBT, treated with HT-additives and weighted up 
to original density. Treated sample was placed 
into sealed, stainless steel aging cells and hot 
rolled (in roller oven) for 4 hours and static 

 Properties 14 hrs 40 hrs 65 hrs 85 hrs
 Density [kg/m3] 1830 1840 1830 1830
 Fann readings 25 °C 25 °C 25 °C 25 °C
 600 64 75 76 148
 300 33 40 46 138
 200  22 28 35 131
 100 12 16 23 120
 6 1 2 8 104
 3 0.5 1 7 98
 Gel 10”    [Pa] 0.25 1.02 2.55 37.81
 Gel 10'    [Pa] 1.53 8.18 14.31 53.65
 Filtrate [ml] 5.8 7.6 9.1 12.5
 pH [-] 11.79 11.19 10.28 9.81
 Ca++ [mg/l] 1122 1020 960 920
 MBT [kg/m3] 10.7  - - -

  Table 1. Effect of aging time on drilling fluid properties (Fann readings: 1 degree = 1.067 lb/100 ft2 = 0.511 Pa, Figures 600 to 3 indicate 

rpm; Gel 10” and Gel 10’ – Static gel strength after 10 seconds and 10 minutes respectively)



2010/3Challenges

aged for 40 hours at 190 °C. Cooled aging cells 
were opened, samples were homogenized and 
treated to adjust pH/alkalinity and compensate 
HT reactions with selected HT-additives. Aged 
and treated fluid was divided into three portions 
(one as base), and two portions were diluted 
with a solution containing all the additives in the 
estimated concentration of the original sample in 
order to maintain fluid chemistry. These drilling 
fluid samples were hot rolled again (in roller 
oven) for 4 hours at 190 °C to achieve dynamic 
chemical equilibrium and static aged at 215 °C 
(the estimated bottom-hole temperature) for 12 
hours, and the diluted samples for 96 hours. New 
version of U-HTHP drilling fluid properties versus 
exposure time were summarized in Table 2. 
The base fluid formulation shortly failed being 

exposed to this extreme temperature, while 
diluted/treated samples clearly survived 96 
hours exposure. Another important outcome 
of the laboratory tests was that the above 
180-190 °C alkali consuming reactions, 
mineralogical alterations and their harmful 
effects on the chemical equilibrium and drilling 
fluid properties call the attention to the ultimate 
role of minimizing the bentonite (B) and drilled 

solids (DS) content in HTHP drilling fluids. Figure 
3 illustrates the change of pH (as indication of 
alkali consumption) in bentonite and bentonite + 
drilled solids suspensions containing caustic and 
lime, after hot rolling. Drop of pH in drilling fluids 
was in correlation with increase of rheology.

U-HTHP stability and other findings in laboratory 
work for both drilling fluid formulations were 
verified in deep hot wells.

Field experiences
Drilling fluid technologies for HTHP and U-HTHP 
wells were designed based on the above 
detailed laboratory results and previous field 
experiences in the past five years. Execution of 

these technologies in the field was continuously 
monitored, supported by the laboratory, managed 
by field engineering, updated and fine-tuned 
immediately in accordance with actual field 
conditions. Close cooperation with other parties 
of the drilling projects strongly contributed to the 
success of field operations. In the hottest well, 
where the logged temperature (204 °C) has 
suggested BHST (bottomhole static temperature) 
of 215 °C for the time of run in with 4 ½” liner, 
the circulation has started without excessive 
pressure indicating good bottomhole rheology 
and field verification of the lab results summarized 
in Table 2. The big challenge is illustrated in Figure 
4 by typical wellbore temperature data for the 
most frequented operating area. 

Field sample from the latest hot well displayed 
excellent rheological stability up to 190 °C 
(that normally exceeds bottomhole circulating 
temperature) as illustrated in Figure 5. 

The same fluid sample was hot rolled (in roller 
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 Composition Base 20 % dilution + treatment 30 % dilution + treatment
 Properties After aging After aging + 96 hrs aging After aging + 96 hrs aging
Fann readings     
 600 152 65 67 54 66
 300 115 39 43 30 41
 200 96 29 34 23 32
 100 78 19 23 14 22
 6 54 6 9 2 8
 3 54 4 8 1 7
 Gel 10’ [Pa] 32.19 1.53 2.55 0.51 1.79
 Gel 10” [Pa] - 12.77 29.13 11.75 10.22
 pH [ - ] 9.50 10.07 9.98 10.06 9.91
 Filtrate [cm3] 5.2 - 5.0 - 4.5
 Filtrate* [cm3] - 19.2/180 °C 21.4/180 °C
 Table 2. Effect of dilution and aging time on drilling fluid properties (*-HTHP filtrate volume measured at 3,5 MPa differential pressure and reported temperature)

Fig. 3. Alkali consumption of bentonite and drilled solids at high 

temperature
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oven) for 5 hours at 180 °C and static aged for 
70 hours at 190 °C to evaluate its durability at 

HTHP conditions. Data summarized in Table 3 
have proved the required temperature stability 
for extended exposure time at estimated 
borehole conditions.

The excellent high temperature stability payed-
off again during run into hole with 4 ½” liner, 
achieving low ECD and low break circulation 
pressure, that was crucial for safe working 
in narrow operating window. The typical 
carbonate problem caused by continuous CO2 
containing gas influx was easily controlled by 
adding gypsum and/or lime as calcium sources 
(and maintaining Ca++ in excess) to precipitate 
contaminating carbonate.

BOREHOLE STABILITy AND ITS 
GEOMECHANICAL ASPECTS 
Wellbore instability (caving, collapsing) is a 
major risk and key issue in deep well drilling 
operations. It can be caused basically by 
hydration/destabilization of shale formations 
and/or by mechanical wellbore failure due to 
in-situ formation stress anomalies. The first 
case can be generally treated by proper mud 
chemistry (shale inhibition) while the second 
case needs to maintain wellbore pressure 
equlibrium, or pressure support (drilling fluid 
density adjustment). However, in many cases 
(typically in Hungary) both factors are existing 

 Properties After aging  After pH adjustment
 Density [kg/m3]   1800 1810
 Fann readings 30 °C 45 °C 30 °C 45 °C
 600 161.5 138 108 82
 300 95.5 90.5 56 46
 200  74 73.5 40 34
 100 53 56 22.5 19
 6 27 37 4 4
 3 24 34 3 3
 Gel 10” [Pa]   [Pa] 7.66 21.5 1.53 2.04
 Gel 10' [Pa]    [Pa] 19.42 26.06 6.13 6.64
 Filtrate   [ml] 5.8  9.1 
 pH           [-] 8.36  11.48 
 Ca++    [mg/l] 1122 1020 960 920
 Filtrate* [cm3] - 18.6/180 °C

Table 3. Effect of aging and adjusted alkalinity on drilling fluid properties 

Table 4. Mineralogy of cavings from U-HTHP well

Fig. 4. Typical temperature data of U-HTHP wells (Hungary) (yellow 

circle on the right indicates Mako-type deep, hot wells)

Fig. 5. Typical viscosity-temperature profile of U-HTHP drilling fluid 

sample

 No. Quartz [%] Kaolinite [%] Mixed*  [%] Kalcite [%] Dolomite [%] CEC  CST[s] 
 1. 26 6 54 8 6 11.6 380
 2. 23 6 48 10 6 8.6 325
 3. 27 6 53 8 6 10.8 362
 4. 30 5 53 7 5 10.6 386
 5. 29 5 52 8 6 9.2 365
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and effective simultaneously in deep and hot 
wells as well. Mineralogy of cavings from one 
deep well clearly shows the high potential and 
risk of borehole instability (see Table 4).  This is 
clearly highlighted by mixed-layer clay content, 
cation exchange capacity (CEC) and capillary 
suction time (CST).  
Scanning Electron Microscopic (SEM) image 
of the cavings crack surface also shows the 
presence of clay minerals (see Figure 6).

On the other hand wellbore tensile failure can 
occur when overpressured formations are 
drilled underbalanced. Potassium salinity logs 
(overpressure prediction technique) shows good 
correlation with caliper log, proving increased 
wellbore failure tendency when overpressured 
formations are encountered (Figure 7). 
Generation and shape of large cavings (Figure 8) 
clearly indicate the time dependent tensile stress 
borehole failure, to be controlled by increase of 
mud density.   

             
In fact maintaining borehole stability (based on 
shale hydration and geomechanical aspects 
primarily) is another, important requirement 
to be considered when formulating U-HPHT 
drilling fluids, further increasing its complexity. 

Improved planning and modelling, further 
achievements in drilling fluid technology have 
led to minimize wellbore instability problems 
and other technical risks. 

Summary and 
conclusions
The drilling of HTHP and U-HTHP wells in 
Hungary represented a new challenge. The 
systematically developed combination and 
balance of high temperature stable synthetic and 
modified natural polymers were the key topics 
in successful design and application of HPHT 
and U-HTHP drilling fluids. In spite of significant 
achievements drilling fluid technology (and 
many associated technical topics) for U-HTHP 
wells is still a challenging area and that will be 
for a long time. Beyond ultra-HTHP stability of 
drilling fluids the need to improve hydraulics, 
little knowledge of rock properties and pore 
pressure regimes at in situ conditions and 
many other factors cause problems in pushing 
existing technical limits. The awareness of new 
challenges and our related technical/technology 
limits, the need for very close cooperation of 
all the parties of the drilling projects can be a 
major contribution to successes in upcoming 
field operations. From drilling fluid technology 
point of view the continuous development and 
optimization, immediate utilization of the lessons 
learnt from well to well is crucial for the future. 
Improving fluids performances simultaneously 
with formation damage control issues while 
maintaining environmental standards are 
also essential. The field experience and the 
knowledge we have gained provide a viable 
potential to meet new challenges.  
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Abstract
The oil spill in the Gulf of Mexico will 
be remembered as a landmark case 
which might possibly cause significant 
changes in the oil and gas industry as 
much as the 1989 Exxon Valdez case 
did. It was not only the sheer amount 
of oil spilled into the Gulf and it was 
not only the 11 dead workers, it was 
the obvious mistakes made as events 
unfolded that make this incident so 
remarkable. This article is based on 
its findings from the communications 
point of view. It investigates the affair 
from two directions. First, it looks 
at the gap between a brand image 
and the reality in which a company 
operates. Secondly, it investigates 
crisis communications techniques and 
identifies vital learning points.

Összefoglalás
Olajszennyezés a Mexikói-öbölben – 
kommunikációs nézôpontú észrevételek

A Mexikói-öbölben történt olaj ka taszt-
rófa minden bizonnyal olyan fontos 
eseményként fog bevonulni az olajipar 
történetébe, mely legalább annyira 
jelentôs változásokat idézhet elô, mint 

az Exxon Valdez 1989-es tragédiája. 
Nem csak a Mexikói-öbölbe kiömlô olaj 
mértéke, vagy a 11 emberélet, hanem 
az eseményeket követô nyilvánvaló 
hibák láncolata az, ami ezt az esetet 
annyira jelentôssé teszi. A közlemény 
kom mu ni kációs nézôpontból hívatott 
össze gezni a vizsgálat eredményeit, 
két fô irányvonal mentén: elôször is 
a kom munikált vállalati értékek és 
a valóság között húzódó szakadék 
szempontjából, másodszor pedig krízis 
kommunikációs szempontból vonja le 
legfontosabb tanulságokat.

Introduction
The oil spill in the Gulf of Mexico will be 
remembered as a landmark case which might 
probably change the oil and gas industry as 
much as the Exxon Valdez case in 1989 did if 
not more. It was not only the sheer amount of 
oil which spilled into the ocean, it was not only 
the 11 dead workers, and it was not only the 
mistakes that make this incident so remarkable. 
It was also the geographical location off the 
United States coastline (would there have been 
such an uproar off the Nigerian coastline?) and 
the issue of global warming that gave this case 
special significance. Also, in the end, BP’s 
image of being ‘green’ and ‘safe’ for the last 
10 years was definitely called into question. The 
company wanted to be different, the ‘better’ oil 
and gas company and in the end proved not 
to be better - some say even worse - than its 
industry peers. 
This paper gives a short overview of the 
events since the blow-up and then discusses 
conclusions that may be made from the 
communications point of view, from two 
perspectives:
1.  The BP image-factor and what the gap 
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between self-perception and reality can 
mean for any brand in the energy business 

2.  The key lessons to be learned from a crisis 
communications point of view. 

We would like to make it quite clear from 
the outset that we see no reason for glee or 
schadenfreude. We believe one can learn 
much from this case to avoid disasters or 
better handle them. All is uncertain, however. 
A disaster represents the unexpected and 
that is what any corporation should always be 
prepared for. 
Ultimately, we should never forget that 
the incident we are talking about here is a 
disaster by any standards; it is not simply a 
‘communications disaster’ as many would have 
us believe; it did serious harm to human beings 
and the environment. 

The Case: How 
the disaster 
publicly evolved
At approximately 10pm on Tuesday, April 20, on 
the evening of Earth Day, the Deepwater Horizon 
oilrig caught fire. Eleven of the crew members 
were reported missing (two days later, presumed 
dead) and 17 were injured.1 Deepwater Horizon 
was part of the Macondo prospect, an offshore 
drilling operation located in Mississippi Canyon 
Block 252 in the Gulf of Mexico at a water depth of 
1,522 metres. BP served as the operator, holding 
a 65% interest in the project; Anadarko held 25% 
and MOEX 2007 held the remaining 10%. The rig 
was constructed by Transocean. At the time of the 
fire the rig was drilling but not producing.2 
The precise causes of this accident are largely 
unknown and there is loud debate about what 
exactly went wrong with Deepwater Horizon. 
However, based on the United State House 
of Representatives Energy & Commerce3  
Committee’s pre-hearing document, there were 
five main areas of mistakes and which may have 
led to the accident:
1.  The lockdown sleeve (a critical apparatus 

to lock the wellhead and the seal assembly 

casing onto the seafloor) was not installed - 
it would have prevented the seal from being 
blown out from below.

2.  There was no 12-hour mud circulation - 
standard procedure on exploratory rigs, 
which would have allowed workers on the 
rig to test mud and gas influxes, to safely 
remove any gas pockets, to eliminate debris 
and to condition the mud so as to prevent 
contamination of the cement. BP decided to 
skip this step.

3.  Despite warnings from Halliburton and its 
own team, the company also decided to 
assess the integrity of the cement seal via a 
cement log bond.

4.  The American Petroleum Institute (API) 
recommends4 centring the casings - not 
doing so could permit a faulty cement job to 
be in place. The report states: ‘Halliburton, 
the contractor hired by BP to cement the 
well, warned the company that the well could 
have a ‘SEVERE gas flow problem’ if the 
company lowered the final string of casing 
with only six centralisers instead of the 21 
recommended by Halliburton. 

5.  The company rejected Halliburton's advice 
on using additional centralisers. In an e-mail 
of April 16, a company official involved in this 
decision explained: ‘it will take 10 hours to 
install them… I do not like this.’ Later that 
day, another official recognised the risks of 
proceeding with insufficient centralisers but 
commented: ‘who cares, it's done, end of 
story, it will probably be fine’.5 

In addition, on 15 April, five days before the 
explosion, BP's drilling engineer presciently 
declared Macondo to be a ‘nightmare well’6.  
On 21 April, helicopters and ships resumed 
the search for missing crew members even 
though the oil rig was still burning. On the next 
day crude from the well had been still burning 
off and only when the rig sank the fire was 
extinguished.7

The eleven crew members were presumed 
dead.8 This became headline news in the US 
press; the LA Times wrote ‘this could shape 
up to be one of the worst U.S. offshore oil 
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1 http://www.thegulfcoastoilspill.com/
2 Economist,  17th June BP and the oil spill
3 Letter to  Mr. Tony Hayward from Bart Supak and Henry A. Waxman 14 June 2010
4 Committee on Energy  transcript, http://energycommerce.house.gov/documents/20100617/transcript.06.17.2010.oi.pdf
5 http://www.msnbc.msn.com/id/37695879/ 
6 http://www.marinelog.com/DOCS/NEWSMMIX/2010jun00143.html
7 http://www.msnbc.msn.com/id/36683314/
8 http://www.guardian.co.uk/environment/2010/jun/30/biologists-find-oil-spill-deadzones (Timeline board 3rd - 20.04.10.)
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accidents in a generation.’9 The Wall Street 
Journal reported that: ‘the U.S. Coast Guard 
said it did not know whether oil continued to 
flow after the rig sank’. Again on the 21 April, 
the US Coast Guard estimated that 310 barrels 
of crude oil were flowing from the well per hour. 
Most of that had been burned off in the fire. 
With the fire contained, however, that oil was 
likely to be released into the Gulf. A five-mile-
wide oil slick was visible on the Thursday near 
the rig, about 50 miles off the Louisiana coast. 
The combined catastrophe of loss of life and 
potentially significant environmental damage 
came just as the Obama administration was 
embracing the possibility of opening up new 
sections of the Gulf and some other parts of 
the US coastline to offshore drilling for the first 
time in after 20 years of moratorium.10  

BP reacted for the first time more than 
two days after the accident, other than 
when, on 21 April, it confirmed the Transocean 
statement. In its first statement, the company 
declared ‘…sinking of the Transocean 
Deepwater Horizon drilling rig 130 miles 
south-east of New Orleans. We are assisting 
Transocean in an assessment of the well and 
subsea blow-out preventer with remotely 
operated vehicles. The company has also 
initiated a plan for the drilling of a relief well, 
if required. A nearby drilling rig will be used to 
drill the well. The rig is available to begin activity 
immediately’.11 However at that time the extent 
of environmental damage was not yet known. 
Some expert opinions were that the rig would 
not leak oil, since it was an exploration not a 
production rig. Oil was first found leaking on 24 
April.12 

Four days after the accident, on 26th of April, 
it became clear that oil was leaking from the 
rig; however the size of the leakage was 
unidentifiable, the mid-estimate being 1,000 
barrels per day. Weather contributed to the oil 
slick nearing the coast, although meteorologists 
reported that prevailing winds were stable. 
Conflicting assessments of the situation 

were issued. Ed Levine, scientific support 
coordinator of the National Oceanographic & 
Atmospheric Administration (NOAA) said they 
‘are anticipating onshore impact no matter what 
we do’.13 However BP said that, ‘this, combined 
with the light, thin oil we are dealing with has 
further increased our confidence that we can 
tackle this spill, offshore’.14 
Investors were growing worried about the 
rising costs associated with shutting off the 
well and cleaning up the spill. BP's American 
depository shares fell 3.3% to $57.91 at 
4 p.m. Monday 26th April in New york Stock 
Exchange composite trading, as other large oil 
companies rose in value.15

Later that week, as the oil slick neared the 
coast, the US Coast Guard decided to set 
the oil slick on fire which did not stop the oil 
getting ashore and thus on the Thursday the oil 
reached the Mississippi delta. Estimates of the 
size of the leak were again revisited; the largest 
estimate being 25,000 bpd. US Government 
officials responded, leading to President Obama 
halting all new offshore drilling while Louisiana 
Governor Bobby Jindal declared a state of 
emergency. 

On 2 May Lamar McKay, chairman and president 
of BP America added that ‘it was a failed piece 
of equipment’16 that had caused the spill and a 
day later BP declared that it would pay for the 
spill. By 5 May the company managed to cap 
one of the three holes17 but this did not 
slow down the leak. In the following two weeks 
the company continued trying different ways to 
staunch the leak; first a dome, then a smaller 
dome shaped like a top hat, then junk shot into 
the holes, then the insertion of a tube to try to 
suck the oil out overwater (which did work and 
slowed the spill down), then force-feeding the 
leak with mud and cement and then, finally, the 
company, on 29 May, announced Top Kill. ‘Top 
Kill’ meant that heavy drilling liquids were to be 
poured into the leak. If that did not work, the 
US Government was to intervene. Top Kill did 
not work. However, shortly afterwards, a back-
up plan was implemented to inject garbage 

1MOL GROUP

14

9 http://www.treehugger.com/files/2010/05/bp-gulf-oil-spill-timeline.php
10 http://www.reuters.com/article/idUSTRE62T06520100330
11 http://www.bp.com/genericarticle.do?categoryId=2012968&contentId=7061490
12 Guardian’s timeline, http://www.huffingtonpost.com/2010/04/24/oil-rig-deepwater-horizon_0_n_550849.html
13 Examiner, Gulf oil spill NOAA maps
14 Reuters
16  http://cc.bingj.com/cache.aspx?q=%22was+a+failed+piece+of+equipment%22+hayward&d=4963629405964089&mkt=en-

ww&setlang=en-US&w=265da1fd,c85535b6 – 2 May 2010
17 Business Week, Jessica Resnick, 6 July 2010
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(including tires and golf balls) into the hole. 
The only method which had a strong chance of 
stopping the leak was the drilling of a relief well, 
which BP indeed started, but for this method 
to take effect at least three months would be 
needed.18

With the company not being able to stop or even 
mitigate the spill, the pressure on President 
Obama to act increased. The Republicans 
were critical of the President’s performance 
during the spill calling this ‘Obama’s Katrina’.19 

Louisiana US Sen. David Vitter, for example, 
termed the federal response ‘below standard’. 
Thus far President Obama had visited 
the coast four times, talking to locals and 
clean-up workers. He also started adopting 
an increasingly hostile tone towards 
BP, calling it ‘the responsible party’20, not 
taking his ‘boots off BP’s throat’ and looking 
for ‘whose ass to kick’. On 11 May the 
company and Halliburton executives 
were questioned at a Senate hearing, 
at which they each blamed the other for the bad 
quality and lack of safety of the rig. Since BP 
was the owner of the rig, its attempt to shift 
the blame did not work; both subcontractors 
(Halliburton and Transocean) got their stories 
straight saying that it was BP’s fault because 
it was ‘cutting corners’. Thus at the Senate 
hearing, most lawmakers agreed that 
the responsibility was indeed BP’s.

On 12 May BP agreed to place a live video 
stream of the spill on its webpage.

Communicating 
Deepwater 
Horizon
Our approach in analysing the 
communications of the case first follows 
a chronological order, then we look at 
the brand and crisis communications 

perspectives. 

BP’s first response to the Deepwater Horizon 
fire was to blame Transocean. Transocean 
was the owner and operator of the rig. 
Indeed, in its first statement, BP called the 
rig ‘the Transocean Deepwater Horizon rig’21 
and declared that it was ‘their people, their 
processes’ and stated that this was ‘not our 
accident’22. Then, later the same day, it 
became clear that the accident had resulted in 
11 deaths. The CEO flew to Houston the next 
day and stayed in the US with few interruptions. 
He also indirectly admitted that this was a ‘BP 
accident’.23

At first the accident did not seem to be serious. 
On 26 April an official company communication 
stated it was a ‘leak’ as opposed to a 
‘spill’.24 For a week or so the scientists were 
not sure whether there was oil leaking from the 
rig or if there were oil, how fast it was leaking. 
The CEO also reassured the public in the 
final week of April that ‘the oil will not reach 
the coast’.25 The company, when obtaining 
the permit to build the rig promised capacity 
to control an oil leak of up to 250 000 barrels 
per day. The Government and US Coast Guard 
had therefore both been comforted by this and 
thus declared that this might not be ‘the spill 
of the decade’. The people of the Gulf coast 
were getting worried, especially the fishermen. 
However, for BP it seemed like an accident and 
not a catastrophe. The CEO, who was by 
now the official BP communicator on 
the spill, even declared that the company had 
a ‘massive over response’ ready.26

Then on 28 April scientists of the National 
Oceanic and Atmospheric Administration 
(NOAA) said that there were 5,000 barrels of 
oil per day spilling into the Mexican Gulf and 
at this point the White House realised that this 
was swiftly becoming a catastrophe. On 29 
April the oil slick reached the Mississippi Delta, 
and thus it turned out that BP could not in fact 
stop the oil from coming ashore.27 

18  Financial Times, Ed Crooks, 2 July 2010
19  The Washington Post, Greg Sargent,  22 June 2010
20  Also see latterly written letter of T. W. Allen National Incident Commander: 

http://www.nakedcapitalism.com/2010/06/bp-shows-belly-says-willing-to-cut-dividend-so-what-will-obama-do.html
21 BP Press Office http://www.bp.com/articlelisting.do?categoryId=2012968&contentId=2006635
22  Previous BP Accidents Blamed On Safety Lapses: BP Places Blame On Contractor…, by Wade Goodwyn, September 9, 2010 

http://www.npr.org/templates/story/story.php?storyId=126564739&ft=1&f=2
23 http://www.ft.com/cms/s/0/4e228e56-84ae-11df-9cbb-00144feabdc0.html
24 http://www.businessweek.com/news/2010-04-26/bp-oil-well-leak-may-take-months-to-close-after-gulf-rig-sinks.html
25 http://www.nytimes.com/2010/05/01/us/01gulf.html?_r=1
26 http://www.ft.com/cms/s/0/4e228e56-84ae-11df-9cbb-00144feabdc0.html
27 http://www.cbsnews.com/stories/2010/04/29/national/main6444311.shtml
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President Obama reacted to this by banning 
all new offshore oil exploration in the Gulf of 
Mexico, and on 2 May he visited Venice, 
Louisiana, where he said that this was ‘a massive 
and potentially unprecedented environmental 
disaster’. yet BP kept reassuring the 
public and kept throwing in more and 
more new ideas on how to plug the hole. For 
the next ten days or so the BP message was 
to try newer and better ways to stop the spill, 
but nothing worked. Than after even Top 
Kill, the most expensive method of plugging the 
hole with mud, failed, the Government, reacting 
to the American public’s frustration, 
wanted heads to roll.29 President Obama 
said ‘we will not relent…until the waters and 
shores are cleaned up and the people unjustly 
victimised by this man-made disaster are made 
whole’.30

This was understood by the market to mean the 
company was in trouble and was about to pay out 
a large sum of money. Thus the share price 
fell by an astonishing 17% in one day.31 
In the US, the spill became an increasingly 
political issue with the Republicans call for a 
stronger response from the Government. The 
US Government’s answer was to declare that 
BP was to pay for everything. 

On 6 May BP, in paid advertisements, said 
that it was doing everything it could to clean 
up the area. It did not gain much sympathy, 
however. 
On 31 May the CEO went to the Gulf Coast to 
review the clean-up efforts and here he talked 
to the press during one of his walks on the 
beach. 

BP placed Tony Hayward, its CEO 
at the centre of its communications 
strategy and during the month of June several 
errors were committed which aggravated the 
situation, bringing even more (unwelcome) 
media attention to the story. On 2 June the CEO 
said that he wanted ‘his life back’, causing 

outrage and emotional scaring of the victims’ 
families. The company and the US Government 
later that week basically banned all media 
from covering the spill; no reporters were 
allowed to take pictures of dead animals or to 
publish materials straight from the coast. After 
this, the CEO went on vacation with his 
son32, accounting for another ‘PR disaster’ 
according to Rahm Emmanuel, chief of staff to 
President Obama.

On 17 June the CEO was summoned to 
the US Congressional Hearing of the 
Committee of Energy & Commerce. This was 
a crucial communications opportunity for him, 
somewhere where he could apologise, show 
competence and make the 6 o’clock news. 
But it was also an important occasion for the 
Congressmen concerned to channel their 
constituents’ anger and frustration and show 
that they could stand up for their people.33 It 
was the Gulf State congressmen who were 
questioning the CEO most of the time and, 
with the exception of Congressman Bart, they 
all had very hostile attitudes towards 
the CEO. The committee had also prepared 
a memorandum that outlined where and how 
BP had made mistakes or, as the report itself 
put it, ‘where and how it cut corners, and 
how the flawed corporate culture of efficiency 
versus safety and the ‘Hail Mary attitude’ the 
management had adopted towards drilling 
(meaning ‘drill as deep as you can and then pray 
that nothing goes wrong’) caused the spill. The 
Congressmen went along with the President in 
looking for someone’s ‘ass to kick’ or even for 
the responsible party.

The lesson to learn here is that when 
dealing with the public one should not 
appear to distance oneself from the 
proceedings if not should definitely 
and clearly answer the questions.
 
Although the company’s 8 September 
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29 The Guardian, Q&A BP Deepwater Horizon, 1 July 2010
30 http://www.alertnet.org/thenews/newsdesk/N28127655.htm
31 http://www.bbc.co.uk/news/10202162
32  http://cc.bingj.com/cache.aspx?q=Tony+Hayward+went+sailing+with+his+son&d=4644895587697545&mkt=en-ww&setlang=en-

US&w=da49d27c,b66477d9
33 The New york Times, BP struggles to regain stakeholders confidence , 8 July 
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report, presented in Washington DC, admitted 
that ‘the well owner is responsible for designing 
the well programme and any testing related 
to the well, out of the eight key findings they 
discovered that led up to the catastrophe, the 
company would only explicitly take responsibility 
for half of them.34 

The brand 
communications 
angle 
How did BP, shining example of the corporate 
responsibility advertising poster, ‘Beyond 
Petroleum’, become the new public enemy 
number one in the USA? 

The answer is a combination of a corporate 
culture focusing on cost efficiency versus 
safety resulting in an awful accident, bad luck- 
and some communications mistakes. 

BP’S BRAND IDENTITy - FROM 
‘BEyOND PETROLEUM’ TO ‘BEGIN 
PRAyING’? 
A decade ago, John Browne, than CEO of BP, 
decided to rebrand the former Anglo-Iranian 
Oil Company, British Petroleum to ‘BP’. He 
recreated the BP brand to be seen as green and 
responsible. The logo was changed to a green 
and yellow sunflower. BP was one of the first 
oil companies which acknowledged that carbon 
dioxide from fossil fuels and other greenhouse 
gases probably contributed to global warming 
and wanted to expand renewable sources such 
as wind and solar power. A new US$200 million 
ad campaign was also created with a new 
slogan: ‘Beyond Petroleum’.35 

Reality, however, was not that easily changed. 
BP was, is and probably always will be an oil 
company which makes its money by exploring, 
producing, refining and selling oil. Its safety 
record has not been one of the cleanest:

•  In 2001 the company violated clean-air 
regulations; BP paid a $10 million fine 

•  In 2005 an explosion at the Texas City refinery 
killed 15 workers; BP was fined $87 million 

•  In 2006, due to corroded pipelines, one million 
litres of oil spilled in Alaska; BP was fined $20 
million.37 

In 2007 Browne quit the company and Tony 
Hayward took over. Under him, BP changed 
- he thought that the company had ‘too many 
people working to save the world’. He simplified 
the organization, did not practise unorthodox 
ways of doing business and wanted to make 
sure that Texas City would never happen 
again. However, he did not change the three 
main ways the company did business: being a 
‘pioneer’, ‘going where others do not dare’ and 
that ‘every dollar counts’. This turned out to be 
an unsafe combination.38

It can probably be said that the reason the oil 
spill’s PR had such a negative effect on BP 
is because the company was not coherent in 
its corporate identity – its behaviour – versus 
the corporate image it intended to create in 
people’s minds.39

Let’s just take a look at the company’s 
corporate behaviour and how their E&P unit 
defines company behaviour: ‘BP's strength lies 
in operating at the frontiers of geography and 
technology and executing projects on a scale 
only a few companies can take on’.40 Thus the 
company’s goal was to be ‘the pioneer’ but, to 
be at the frontiers of such an industry is a very 
high-risk challenge (but with high returns). So 
the behaviour was to ‘go where no one else 
dared’.
The intended corporate image, however, was 
meant to be ‘the least evil oil company; the green 
and the responsible one’. This inconsistency 
was bound to rear its head sooner or later 
since in PR (or marketing) one simply cannot 
communicate something that is without a firm 
basis.41 Thus a corporate image should reflect 
the positive and actual characteristics of a 
corporate identity.

34 Financial Times, Sylvia Pfeifer, Ed Crooks, Sheila McNulty, Anna Fifield, Michael Peel, 9 September 2010
35  FNI report 6/2002, Beyond Petroleum: Can BP deliver?, Atle Christer Christiansen, 2010-09-08 http://www.fni.no/doc&pdf/FNI-R0602.

pdf : History and context
36 The Wall Street Journal, Guy Chazan, 3 May 
37  Fast Company, Jamie Boiter, 6 May 2010 http://www.fastcompany.com/1639407/advice-to-bp-forget-your-brand-image-concentrate-on-

your-brand-soul
38  BP CEO Hayward: 'We Had Too Many People Working to Save the World', Kevin Grandia, Managing Editor of DeSmogBlog, Posted: May 

21, 2010 06:30 PM 
39  The Observer: Gulf oil spill at Deepwater Horizon threatens $8bn clean-up and an ecological oil slick disaster for the US, Robin McKie, 

Sunday 2 May 2010 http://www.guardian.co.uk/environment/2010/may/02/bp-oil-spill-costs-impact
40 Telegraph,  Tracy Corrigan , 07 July 2010  The Hunt for energy is not going to be pretty
41  The Independent World: Oil spill disaster: The guilty parties, by David Randall and David Usborne Sunday, 13 June 2010 

http://www.independent.co.uk/news/world/politics/oil-spill-disaster-the-guilty-parties-1999192.html
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CRISIS COMMUNICATIONS 
TECHNIQUES: CRUCIAL LEARNING 
POINTS 
1. Be consistent – do not change the 
message
BP, in its first reaction to the spill, started 
blaming Transocean. The company said it 
was ‘not its accident’ and called the rig the 
‘Transocean Deepwater Horizon rig’. 48 hours 
later, however, the company admitted it was 
responsible.42 The CEO even flew to the Gulf 
Coast right after the accident which sent the 
message that it was BP’s accident and not 
Transocean’s. Then, during the Senate hearing, 
all the CEOs involved (BP, Halliburton and 
Transocean) started blaming each other.43 

2. Understand the political landscape
The energy industry is very dependent on the 
goodwill of politicians since it operates on 
land (and seabed) and leases them from the 
Government. It is no coincidence that most 
US oil companies invest heavily in lobbying 
to maintain and upgrade their relationships 
on both sides of the political divide. It was a 
direct result of this lobbying that, on 31 March, 
Obama did allow exploration in areas of the Gulf 
which had previously been off-limits.44 However, 
such lobbying was not taken to be a matter of 
importance by BP, although it did have a paid 
lobbyist in place in Washington. Headquartered 
in London, it did not pay enough attention to 
D.C.45 If it had not been the company’s fault 
but actually that of Halliburton that the spill 
occurred, Halliburton would certainly have 
been made to pay a heavy fine, would have 
been placed under heavy scrutiny and probably 
its shares would have fallen. However, there 
would have been no talk about banning it from 
offshore drilling or banning offshore exploration 
altogether. Although Obama would have called 
for tighter security controls, Halliburton would 
probably not have been in the unfortunate 
position in which BP now finds itself.

3. Be aware of a country’s culture
BP has not been called ‘British Petroleum’ for a 

decade but it has a British CEO, headquarters 
in London and a Swedish Chairman. When 
the CEO first talked on TV, he immediately 
became unpopular in the eyes of the general 
Gulf Coast public mainly due to his accent. 
His smooth ‘Oxford’ English accent made him 
sound pompous and very aloof to the Gulf 
Coast residents.46 This may seem banal but it 
did contribute to him becoming public enemy 
number one in the US.47 During the hearing 
before Congress’s Committee on Energy & 
Commerce and during interviews on television 
he appeared to be distant, did not answer 
questions in a straightforward way, stonewalled 
or appeared to be bluffing through.48 

4. Have a simple and precise media 
access policy
Although BP provided live video of the spill on 
its homepage, regularly issued press releases 
(demonstrating their next steps, e.g. operation 
top hat, top kill, static kill) and arranged (phone) 
conferences with relevant US  leaders, not 
allowing access to journalists everywhere, 
especially on the hot points of the shoreline, 
was the unfortunate choice BP made during the 
Deepwater Horizon accident.49

5. Have a clear cut, crisis 
communications plan and execute it
BP often pointed out that it could not have 
been well prepared since the incident was 
unexpected.50 The very nature of a crisis is that 
it is unexpected but there are means to prepare 
for that. Apart from the technical aspect, the 
testing, and security issues that one has to do 
as ‘homework’, in general the communications 
side depends on some simple factors: 
•  Simple-to-understand crisis communications 

plans: any plan which comprises more than 
one page makes it impossible to apply. Teams 
and processes have to be defined and clarified 
beforehand; there is no time for such things 
after the event.    

•  Company culture and behaviour play vital roles. 
This begins, in an international company, with 
the necessary level of language skills (the 
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42 http://www.slate.com/id/2253099/
43 The Washington Post Jeffrey Pfeffer On Leadership: BP’s Hayward vs Obama – a race to the bottom
44 http://www.nytimes.com/2010/03/31/science/earth/31energy.html?_r=1
45 The New york post, John Tell, Wayward Haward & out of touch Obama, 22 June
46 The Herald Scotland, How oil and accents made  Britain a figure of hate in US halls of power, Andrew Parcell, 20 June
47 http://www.dailymail.co.uk/news/worldnews/article-1287396/BP-OIL-SPILL-Tony-Hayward-treated-like-Public-Enemy-No-1-US-politicians.html
48 MSNBC  Field Notes http://fieldnotes.msnbc.msn.com/_news/2010/07/06/4621357-bp-board-game-foreshadows-gulf-disaster
49 http://www.nytimes.com/2010/06/10/us/10access.html?_r=1
50 http://blog.searchenginewatch.com/100613-114423
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information which arrives at headquarters has 
to be viable and understandable). And it goes 
further - to an open culture of collaboration 
and information sharing. People who do not 
trust each other in daily operations rarely 
change in extreme situations.  

•  Openness to the professionals: Com muni-
cations departments are often seen as the 
‘first step to the outside world’. On the 
contrary, they also need to be involved and 
informed on the background processes so 
as to be able to select and highlight the right 
pieces of information (in collaboration with the 
units concerned, of course!). 

6. To select the CEO as the official 
spokesperson may not be a good idea
The fact that the CEO was chosen to communicate 
about the Deepwater Horizon spill was probably 
not a good idea.51 That is independent of the 
fact if he was or was not a good CEO. He was, 
after all, the CEO who tried to focus on safety 
and professional expertise. Being a business 
leader does not necessarily include being a good 
communicator. To deal with the angry public and 
the tough media circus successfully one needs 
two things: experience in communications and 
talent. He was not apparently experienced in 
media communications and probably had never 
had to face hostile questions in front of cameras 
before. 
The other issue is that if the CEO is the 
communicator, his face will get tied to the 
catastrophe. If, one year from now, you show 
people Hayward’s picture they will think ‘oh 
yeah, the oil spill guy’. His resignation was the 
logical end to this story. 
Putting the CEO in the forefront is, at first sight, 
straight out of the text book. And, of course, 
the CEO clearly cannot be seen to be hiding.  
However, selected appearances, accompanied 
by a professional media moderator are more 
than enough. Daily communications should be 
undertaken by the technical experts and the 
professional communicators. 

7. Make sure your chosen communicator 
is only under media attention when 

officially communicating
It certainly did not help his reputation when 
the CEO was photographed vacationing in the 
middle of the crisis. It sent the message that 
the company did not care about the victims and 
that is certainly not the message any company 
wants to send out after eleven people have 
died. The CEO’s other gaffe was to say ‘I want 
my life back’, something he improvised in the 
middle of an otherwise well-choreographed 
meeting with the press.

8. Find a balance in media presence
Less is sometimes more, but too little is never 
enough. When you cannot, (for legal or other 
reasons) answer an accusation or question, 
simply do not answer. When Halliburton told 
the media that the spill was BP’s fault and 
they had warned them, BP should not have 
answered by saying ‘we currently have an 
ongoing investigation’. 

9. Be frank and factual
If one constantly stonewalls during a crisis, 
the public tends to think you have more to 
hide than you actually have. For example the 
CEO, at the Congress’s Committee on Energy 
& Commerce hearing, when he did not give 
straight answers to straight questions, caused 
the congressmen to become angry and start 
asking even more questions which he continued 
to avoid answering.52

10. Never promise something you 
cannot deliver
BP promised that the oil would ‘not reach the 
shore’ but it did.53 That was not only a damaging 
statement but also improvable. In addition, 
even if BP had been able to keep the oil slick 
offshore, it could hardly have claimed a major 
success. Imagine BP saying ‘we will try our 
best to keep the oil offshore, but it is going to 
be a tough fight’ and then a week later ‘with 
our hard work we have managed to keep the oil 
offshore’, then that would at least have been a 
bit of good news. If it had failed, at least no one 
would have been accused of lie.
 

51  CB3B BP: Being a good CEO doesn’t make you a good spokesperson http://cb3blog.wordpress.com/2010/06/08/bp-being-a-good-ceo-

doesnt-make-you-a-good-spokesperson/
52 http://blogs.telegraph.co.uk/finance/jamesrquinn/100006315/bp-chief-tony-hayward-is-grilled-by-the-us-congressmen-live/
53 http://www.nytimes.com/2010/05/01/us/01gulf.html?_r=1
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Quick facts – 
Timeline 
Black – Key facts
Green – BP Communications
Blue – US Government Communications

20 April
The Transocean rig ‘Deepwater Horizon’ 
catches fire at 22:00 local time (05:00 GMT). 
11 employees are presumed dead. The rig is 
licensed to BP, drilling for the Macondo prospect 
at a depth of 5,000 feet. Tony Hayward, CEO of 
BP is informed at 07:24 GMT in London.54

22 April 
Deepwater Horizon sinks into the ocean. It is 
highly probable that oil is leaking from the rig, 
although the amount is unknown. 
‘It certainly has the potential to be a major spill,’ 
says David Rainey, head of BP Gulf of Mexico 
exploration.

25 April 
Efforts to activate the well's blowout preventer 
fail. A 600 sq mile oil slick covers the surface 70 
miles south of the Mississippi coast, expanding 
northwards. 
BP Chief Executive Tony Hayward flies to 
Houston (BP America’s HQ) on 25 April to 
oversee the response. BP calls the rig ‘the 
Transocean Deepwater Horizon drilling rig’ 
thereafter, in all its communications.

28 April 
The US Coast Guard warns that the oil spill 
could become the worst in American history.
BP’s CEO comments: ‘As an industry, we must 
participate fully in these investigations and not 
rest until the causes of this tragedy are known 
and measures are taken to see that it never 
happens again.’
Congressmen Waxman and Stupak express 
concern that BP and Transocean were 
attempting to contain the oil spill from the well 
„with techniques that have never been used 
before at these ocean depths”. 

30 April
Oil reaches the coast of Louisiana. 
BP declares that it will pay all the costs of the 
clean-up.
President Obama halts all new drilling in the 
Mexican Gulf.

2 May 
BP begins work on the first relief well.
The CEO says that BP had made no security 
misjudgements and that the fire was the fault of 
failed equipment made by Transocean. 
Obama makes his first visit to the Gulf Coast. 

7 May
BP attempts to place a ‘top hat’ over the ridge fail.

14 May 
Obama slams BP and partners over the 
‘ridiculous spectacle’ of trading blame for the 
oil spill - after executives from BP, Transocean 
and Halliburton appear at Congressional 
hearings in Washington.
The CEO of London-based BP says the 
company could have done more to prepare 
for the deepwater oil leak, which continues to 
spew about 5,000 barrels of oil a day into the 
sea.

26 May
BP starts its 'top kill' operation to block the oil well 
with mud and debris.

28 May
Obama's second tour of the Louisiana coast. ‘I 
am the President and the buck stops with me,’ 
he says.

29 May
BP’s CEO makes his first trip to the Gulf.

30 May 
BP's 'top kill' plan fails. 
White House adviser warns the spill is ‘the 
biggest environmental disaster’ ever faced by 
the US. 

9 June 
BP shares fall 15 per cent on Wall Street.
The White House demands BP cover all costs of 
the oil spill in the Gulf of Mexico, including millions 
of dollars in salaries of workers laid off as a result 
of Obama's suspension of drilling in the area. 

10 June
David Cameron says the UK Government 
‘stands ready to help’ BP, and plans to discuss 
the crisis with Barack Obama.

15 June 
BP is downgraded by ratings agency Fitch, 
whose estimates of the clean-up bill double to a 
maximum of $6 bn.
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Obama gives his first televised address from 
the Oval Office vowing to make the oil giant pay 
and campaigning for a greener future.

17 June
BP CEO is repeatedly accused of ignoring 
safety warnings, shirking responsibility and 
running a company with ‘astonishing’ corporate 
responsibility.

18 June
BP CEO is no longer in charge of running 
clean-up operations by his own decision. His 
successor is Bob Dudley. 

19 June
BP CEO is seen on vacation with his son, 
prompting Rahm Emanuel, President Obama's 
chief of staff, to observe that this was another 
in a ‘long line of PR gaffes’.

25 June
BP shares fall to fourteen year low over fears that 
a hurricane could disrupt the clean-up operation.

2 July 
Viktor Mihaikov, ex-Russian Minister of Energy 
suggests a small atomic bomb would sort out 
the leak. 
EU Energy Commissioner Guenther Oettinger 
plans to issue additional requirements of 
operators of oil platforms in European waters 
in the autumn.

July 4
In the aftermath of the BP oil slick in the Gulf 
of Mexico, Energy Commissioner Günther 
Oettinger and Environment Commissioner 
Janez Potočnik meets representatives of oil 
and gas companies and national surveillance 
authorities.

5 July
BP’s containment costs rise to $3.12 bn. 

8 July
BP declares that the previously announced 

deadline of mid-July for stopping the leak is 
further postponed until August. 

10 July
The old cap removed from the well, in order to 
prepare the new cap. Oil is expected to flow 
unabated into the Gulf for 48 hours.55

Paul Zukunft to replace James A. Watson as 
the Federal On-Scene Coordinator (the third 
coordinator since the spill).56

12 July
Secretary of the Interior, Ken Salazar issues 
a new moratorium until November 30 on 
deepwater wells that use a blowout preventer. 
It is different from the one stayed in 21th June, 
in that it does not specify water depth but rather 
specifies the type of equipment.57

13 July
Administration bills BP $99.7 million for clean 
up operations. This is the fourth bill. BP paid 
$122.3 million in the three earlier bills.58 

15 July59

BP has succeeded in stopping its Gulf of Mexico 
leak for the first time since the accident. 

17 July
BP halted its dividends to shareholders, 
trimmed capital spending and would sell $10 
billion of assets over the next year to help pay 
for damage caused by the spill. The company 
also agreed to establish a $20 billion escrow 
fund to compensate victims of the spill.60

19 July61

The Deepwater Horizon joint investigation board 
concluded the first day of the third session of 
hearings.

21 July
ExxonMobil, Chevron, ConocoPhillips and 
Royal Dutch Shell commit $1 billion to create a 
rapid-response system to deal with deepwater 
oil spills in the Gulf of Mexico, seeking to 
restore public confidence in the industry.62

55 http://www.wishtv.com/dpps/news/national/south/well-cap-removed-oil-flows-freely_3475198 
56 http://www.deepwaterhorizonresponse.com/go/doc/2931/771619/ 
57 http://www.doi.gov/news/doinews/Secretary-Salazar-Issues-New-Suspensions-to-Guide-Safe-Pause-on-Deepwater-Drilling.cfm 
58 http://app.restorethegulf.gov/go/doc/2931/780663/ 
59 http://www.guardian.co.uk/environment/2010/jul/16/bp-oil-spill-leak-stopped 
60 http://www.bloomberg.com/news/2010-07-17/bp-extends-gulf-well-tests-another-24-hours-plans-to-resume-oil-capture.html 
61  http://www.deepwaterhorizonresponse.com/go/doc/3043/672775/, http://www.latimes.com/news/nationworld/nation/la-na-oil-spill-

hearings-20100720,0,1569438.story
62 http://www.nytimes.com/2010/07/22/business/energy-environment/22response.html?ref=us  
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22 July
Due to the risk that Tropical Storm Bonnie 
poses, the work to kill the well is temporarily 
suspended.63

NOAA reopens 26,388 square miles of Gulf 
waters to commercial and recreational fishing, 
one third of the total closed area.64

BP manipulated many of their official photos 
regarding to the oil spill.65

Scott Dean, a spokesman for BP, said "We will 
replace the Photoshopped version currently 
on bp.com with the original image tonight." He 
added, "We've instructed our post-production 
team to refrain from doing this in the future". 66 

24 July
Kenneth Feinberg administrator of the 
BP Deepwater Horizon Disaster Victim 
Compensation Fund says BP has not placed 
any money in $20 billion escrow account.67

BP says, an internal investigation has cleared 
itself of gross negligence in the spill and will 
publish the findings in the next month. 68

26 July
Ed Owens, a BP expert said that the 
environmental impact from the spill might be 
small and marshes could recover by spring 
2011.69

27 July
A towing vessel collides with an oil and natural 
gas rig in the northern part of Barataria Bay 
south of Lafitte, Louisiana, crude is spilling into 
the Gulf of Mexico.70

"There have been reports of oil from the elision 
and we are investigating those reports to 
mitigate any environmental concerns," petty 

officer William Colclough, a Coast Guard 
spokesman, told AFP.71

BP board formally announces that Bob Dudley 
will replace Tony Hayward as BP CEO effective 
October 1.72

BP takes pretax charge of $32 billion to 
cover damages, business claims and cleanup 
costs over the next several years from costs 
associated with the spill, according to the 
company’s second quarter report.73

BP also announced $17 billion loss, one of the 
largest losses in British corporate history.74

30 July
BP introduces “Static Kill” process in order to 
seal the well permanently and scaling back of 
coast cleanup efforts.75

31 July
BP is looking to sell its German gas station 
system Aral AG and offshore gas and oil fields 
in Vietnam and Pakistan.76

1 August
BP executive Doug Suttles says he would eat 
seafood from the Gulf.77 
BP confirms that it had a rig in place preparing 
for deepwater drilling in Libya’s Gulf of Sirte. In 
response, a drilling moratorium was suggested 
by Stefania Prestigiacomo, Italy’s environment 
minister.

2 August
Flow Rate Technical Group reports that the well 
initially was dumping 62,000 barrels of oil per 
day after the spill and that it dwindled to 53,000 
barrels when it was capped as the well was 
depleted. This means that 4.9 million barrels 
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63 http://app.restorethegulf.gov/go/doc/2931/818671/ 
64 http://app.restorethegulf.gov/go/doc/2931/802739/ 
65  http://spectrum.ieee.org/riskfactor/computing/it/crisis-management-by-photoshop, http://www.telegraph.co.uk/earth/energy/

oil/7904221/BP-admits-it-Photoshopped-official-images-as-oil-spill-cut-and-paste-row-escalates.html 
66 http://www.washingtonpost.com/wp-dyn/content/article/2010/07/19/AR2010071905256.html
67 http://blog.al.com/live/2010/07/feinberg_bp_hasnt_put_money_in.html 
68 http://www.guardian.co.uk/environment/2010/jul/25/bp-oil-spill-sole-blame 
69  http://www.france24.com/en/20100727-impact-gulf-spill-quite-small-expert, http://www.deepwaterhorizonresponse.com/go/

doc/2931/829055/ 
70  http://www.google.com/hostednews/afp/article/ALeqM5gonAAuLIs1MtuQfVABirO-ZTqR4A 
71  http://enterprisepost.com/science/science/another-oil-well-ruptures-in-the-gulf-of-mexico.html 
72  http://www.bp.com/genericarticle.do?categoryId=2012968&contentId=7063976 
73  http://www.bp.com/extendedgenericarticle.do?categoryId=2012968&contentId=7063921 
74  Financial Times Weekend
75  http://blog.al.com/live/2010/07/bp_announces_scaling-back_of_c.html 
76  http://www.bloomberg.com/news/2010-07-31/bp-macondo-oil-well-kill-delayed-because-of-gulf-of-mexico-storm-debris.html, http://www.

wiwo.de/unternehmen-maerkte/bp-bietet-aral-zum-verkauf-437135/ 
77  http://news.yahoo.com/s/afp/20100801/ts_alt_afp/usoilenvironmentpollutionseafood 
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were dropped into the Gulf.78

3 August
BP bills Anadarko Petroleum $1.2 billion for its 
share of spill costs.79

 
4 August
NOAA Administrator Jane Lubchenco releases 
the Oil Budget Calculator.80

BP reports that the well achieved “static 
condition” after 2,300 barrels of drilling mud is 
fill the well.81

5 August
BP completes cementing of the well, as part of 
the static kill procedure.82

6 August83

Doug Suttles, BP’s COO says BP may drill the 
well again.

7 August
BP’s Florida cleanup was “basically superficial” 
concludes Ping Wang, a USF beach geologist.84 

9 August
BP said the cost of dealing with its ruptured 
oil well in the Gulf of Mexico has risen to $6.1 
billion, including $319 million in compensation 
payments to businesses and individuals 
affected by the spill.85

Tropical storm halts drilling the relief well (which 
could permanently plug the well), for a few days.86 
BP announced today that it has established 
a trust and made a $3 billion initial deposit of 

the previously-announced $20 billion escrow 
account.87

10 August
NOAA reopened 5,144 square miles of Gulf 
waters to commercial and recreational fishing. 
Approximately 78 percent of Gulf waters are 
open.88

11 August
BP is considering it may back up its pledge 
of $20 billion from revenue from its oil wells 
include those in the Gulf. 89 

WJLA-TV suspended reporter Doug McKelway 
after telling a demonstration on July 20 
that Obama received $77,051 from the BP 
employees. 90 

12 August
Work on the relief well continues as the storm 
passes.91

13 August
Shooting is to begin on a special on the CW 
Network hosted by David Hasselhoff promoting 
Mississippi as a tourist destination. Mississippi 
has received $15 million from BP to promote 
its tourism.92

14 August
The White House releases a photo of Obama 
and Sasha Obama swimming in St. Andrew's 
Bay (Florida) near Alligator Point.93

National Incident Commander, Thad Allen 

78  http://app.restorethegulf.gov/go/doc/2931/840475/,   
79  http://www.chron.com/disp/story.mpl/business/7137962.html 
80  http://www.deepwaterhorizonresponse.com/posted/2931/Oil_Budget_description_8_3_FINAL.844091.pdf, http://app.restorethegulf.

gov/go/doc/2931/846739/ 
81  http://content.usatoday.com/communities/greenhouse/post/2010/08/bp-gulf-oil-spill-1-2-3-4-5/1, http://www.bp.com/genericarticle.do?

categoryId=2012968&contentId=7064173,
82  http://www.bp.com/genericarticle.do?categoryId=2012968&contentId=7064239 
83 http://www.philly.com/philly/wires/ap/business/20100806_ap_bpsaysitstillmightdrillinspillreservoir.html 
84  http://www.floridaoilspilllaw.com/bps-florida-cleanup-was-basically-superficial-concludes-gulf-geologist-buried-oil-not-addressed/comment-

page-1 
85 http://www.reuters.com/article/idUSTRE6780LE20100809 
86 http://news.yahoo.com/s/ap/us_gulf_oil_spill 
87 http://www.bp.com/genericarticle.do?categoryId=2012968&contentId=7064316 
88 http://app.restorethegulf.gov/go/doc/2931/855051/, http://app.restorethegulf.gov/go/doc/2931/855899/  
89  http://washingtonindependent.com/94508/activists-criticize-plan-to-use-bps-future-drilling-revenues-to-back-spill-fund, http://online.wsj.

com/article/BT-CO-20100811-712619.html 
90  http://bigjournalism.com/rbluey/2010/08/11/thoughtcrime-d-c-reporter-suspended-for-accurate-report-on-bps-donations-to-obama/ 
91  http://www.npr.org/blogs/thetwo-way/2010/08/12/129153688/bp-resumes-drilling-relief-well 
92  http://www.klfy.com/Global/story.asp?S=12977912, http://www.miamiherald.com/2010/08/13/1775306/bp-pays-for-show-touting-

miss.html 
93  http://www.waltonsun.com/news/tyndall-86151-newsherald-obamas-afb.html 
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authorizes the bottom kill to begin. The relief 
well is 3-1/2 horizontally 50 feet from the 
intercept point. The intercept has been delayed 
by a review to "exclude any low probability, high 
consequence events".94

16 August
Shrimping season begins in the Gulf. U.S. 
government insists that Gulf seafood is safe to 
eat.95 
BP will contribute $52 million to help address 
the immense behavioral health issues arising 
from the spill, including psychiatric disorders 
and stress.96

18 August
The bottom kill process is delayed during an 
evaluation to see if pumping mud into the well's 
annulus would break the cement seal on the 
top.97

University of South Florida researchers 
reported finding oil on the ocean floor in the 
DeSoto canyon, challenging the reports that 
75% of the oil has been captured, burned off, 
evaporated or broken down.98

19 August
National Incident Commander Admiral Thad 
Allen issued a directive to BP providing 
authorization to replace the blowout preventer 
(BOP) on the well. If conditions are satisfied, 
this action will occur before Admiral Allen 
provides final authorization to complete the 
relief well and bottom kill.99

21 August
Following a successful ambient pressure test 
BP begins open water fishing operation to 
remove drill pipe from the BOP, in order to 
replace the original BOP with the BOP from the 
Transocean Development Driller II (DDII).100

20 August

Kenneth Feinberg released his Gulf Coast 
Claims Facility Protocol for Emergency Advance 
Payments. 
Alabama Attorney General Troy King sent a 
letter to Kenneth Feinberg criticizing the new 
rules. King says the rules appear to be part 
of BP’s strategy to limit payments to those 
damaged by the BP oil spill. Florida Attorney 
General Bill McCollum also criticized the new 
protocol.101

22 August
A blogger insisted that as the drill pipe is being 
removed it can clearly be seen on the official 
BP video feeds that there is something leaking 
from the well, as well as a camera is being 
crushed.102

23 August
BP reports nearly $400 million in claims 
payments and has transitioned its individual 
and business claims program to the Gulf Coast 
Claims Facility (GCCF).103

Kenneth Feinberg began drawing a $20 billion 
escrow fund for victims Gulf oil spill, was still 
undecided whether they should exercise their 
right to sue the guilty companies if they accept 
compensation last refrain. 105 
BP spokesman Daren Beaudo said on August 
20th that the company provided that plaintiffs 
would have their rights to sue BP and companies 
related to the spill in the acceptance of final 
payment from the fund to waive claims.106

25 August
BP deploying advanced unmanned water 
quality monitoring vehicles in the Gulf of 
Mexico.106

In order to promote accurate information about 
the safety of Gulf seafood from waters open to 
fishing, the Obama administration announced 
dockside “chats” designed to engage fishers, 
shrimpers, oystermen and crabbers, as well as 
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94  http://www.deepwaterhorizonresponse.com/go/doc/2931/861603/ 
95  http://abcnews.go.com/WN/skeptics-wary-seafood-safety-la-shrimping-season-opens/story?id=11410676 
96  http://app.restorethegulf.gov/go/doc/2931/864483/ 
97  http://online.wsj.com/article/SB10001424052748703649004575437660657787660.html?mod=googlenews_wsj 
98  http://www.guardian.co.uk/environment/2010/aug/18/bp-oil-spill-vanished 
99  http://www.deepwaterhorizonresponse.com/go/doc/2931/874015/ 
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local officials in discussions about steps being 
taken to verify the safety of Gulf seafood.107

27 August
Today NOAA reopened 4,281 square miles 
of Gulf waters off western Louisiana to 
commercial and recreational fishing. The closed 
area now covers 48,114 square miles, or about 
20 percent of the federal waters in the Gulf, 
which was 37 percent at its height.

30 August
Removal operations for the capping stack and 
blowout preventer are suspended due to elevated 
sea states caused by severe weather. 108

3 September
Cost of the response to date amounts 
approximately $8 billion.109

NOAA reopened 3,114 square miles of Gulf 
waters for fishing.110

After lifting the damaged BOP, BP have 
successfully installed a fully functioning and 
tested BOP on the cemented Macondo 252 
well. Between the 2 procedures no oil leaked 
from the well. 

4 September
The damaged BOP is considered evidentiary 
material, and is now under the supervision of 
the Deepwater Horizon Criminal Investigation 
Team and FBI Evidence Recovery Team.111

7 September
The National Institutes of Health will launch a 
multi-year study this fall to look at the potential 
health effects from the oil spill in the Gulf 
region. BP will contribute $10 million for the 
research.112

8 September
Obama Administration today sent a sixth bill 
for $128.5 million to BP. The first five bills have 

been worth $389.9 million.113

9 September
BP Releases Report on Causes of Gulf of 
Mexico Tragedy. It highlights ‘a sequence of 
failures’, identifying eight critical factors that led 
to the accident. These eight key failures are :114

1.  Annulus cement – Well integrity was not 
correctly established and/or failed

2.  Mechanical barriers – Failure in shoe track 
cement and float collar

3.  Pressure integrity testing – Incorrect 
assumption that pressure test was successful

4.  Well monitoring – The rig crew did not 
recognise hydrocarbons influx

5.  Well control responses – Fluids should have 
been diverted overboard rather than 

    to the Mud Gas Separator (MGS) System
6.  Surface containment – Diverted hydrocarbons 

overwhelmed the MGS System
7.  Fire and gas systems – Ventilation systems 

transferred gas-rich mixtures to engine rooms
8.  Blow Out Preventer emergency operation - 

Operating the BOP in emergency mode was 
unsuccessful.

Media coverage and the reactions by partners 
like Halliburton and Transocean commenting 
on the report was quite negative, as papers 
said BP trading blame yet again, and the report 
designed to make partners liable.115

13 September
After extensive consultation between BP 
engineers and the federal science team, Thad 
Allen gives authorization to begin the final 
steps towards the completion of the relief well 
that will intercept the Macondo 252 well and 
perform the bottom kill procedure.116 

16 September
Relief well intercepted the Macondo well. 
Cementing procedures began.117 

17 September

107  http://app.restorethegulf.gov/go/doc/2931/882891/ 
108  http://www.deepwaterhorizonresponse.com/go/doc/2931/888691/ 
109 http://www.bp.com/genericarticle.do?categoryId=2012968&contentId=7064849 
110 http://www.deepwaterhorizonresponse.com/go/doc/2931/891919/ 
111 http://www.deepwaterhorizonresponse.com/go/doc/2931/892587/ 
112  http://www.deepwaterhorizonresponse.com/go/doc/2931/893567/ 
113  http://www.deepwaterhorizonresponse.com/go/doc/2931/894533/ 
114 9 September Financial Times, p. 17 Sylvia Pfeifer
115  http://news.firedoglake.com/2010/09/08/bp-report-designed-to-make-partners-liable/, http://www.reuters.com/article/

idUSTRE6871GC20100908, http://www.businessweek.com/news/2010-09-08/bp-says-transocean-halliburton-share-blame-in-spill.html 
116  http://www.deepwaterhorizonresponse.com/go/doc/2931/896251/ 
117  http://www.deepwaterhorizonresponse.com/go/doc/2931/899695/ 
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BP had made 127,000 claims payments, totaling 
approximately $399 million and the total cost 
of the response to September 17 amounts to 
approximately $9.5 billion.118

19 September119 

BP completes well kill operations successfully. 
No volumes of oily liquid have been recovered 
from the surface of the Gulf of Mexico since 
July 21.

20 September
Gulf Coast Incident Management Team 
established in New Orleans. It has been 
designed to support more efficiently the needs 
of the day-to-day operation of the ongoing 
response.120 

21 September
NOAA today reopened to commercial and 
recreational fishing 7,970 square miles of Gulf 
waters. 87% of federal waters now open.121 

29 September
Resource Restoration Planning Process begins 
with the injury assessment and restoration 
planning phase of the Natural Resource Damage 
Assessment, a legal process to determine the 
type and amount of restoration needed.122

BP and the Gulf of Mexico Alliance today 
announced plans for the implementation of BP’s 
$500 million Gulf of Mexico Research Initiative 
(GRI) to study the effects of the Deepwater 
Horizon incident and the potential associated 
impact on the environment and public health.123 

Bob Dudley sets up new safety and risk unit 
and signals sweeping changes at BP.124 

Dudley said: “These are the first and most 
urgent steps in a programme I am putting in 
place to rebuild trust in BP – the trust of our 
customers, of governments, of our employees 
and of the world at large. That trust is vital to 
the restoration of shareholder value which has 
been so adversely affected by recent events. 
The changes are in areas where I believe we 
most clearly need to act, with safety and risk 
management our most urgent priority.” 

Keywords: BP, Gulf of Mexico, oil spill, brand 
communication, crisis communication

Reviewed by Jeremy Lovitt-Danks
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Abstract
The global trends of decarbonization 
of transport, efficiency improvement 
of vehicle powertrains, increasing 
energy prices and the efforts towards 
a sustainable transport will determine 
the future of transport. Nowadays 
more and more powertrains compete 
with each other, to be the determining 
one in the future. Hydrogen could be 
an alternative among bio-fuelled cars, 
hybrid cars, fuel-cell cars, electric 
cars, water-cars and other alternative 
powertrains. 
Applying hydrogen in vehicles can be 
a possible answer for the technical 
challenges. In our work all elements 
of the hydrogen supply chain are 
overviewed: production, handling 
and utilisation of hydrogen. To have 
a general idea about hydrogen is a 
valuable knowledge in the visualization 
of transport future. We would like to 
introduce our thoughts about hydrogen, 
which can serve as an alternative 
energy source of transport in future, 

and about a possible future of the oil 
companies.

Összefoglalás
Mi lesz a hidrogén szerepe a jövô 
közlekedésében? 

A közlekedés jövôjének fô alakítói a 
fosszi  lis alapú energiák helyettesítése, 
a hatékonyság növelése, az emelkedô 
ener giaköltségek és az erôfeszítések 
egy fenntartható rendszer ki ala kítása 
fe lé. Manapság egyre több tech no-
ló  gia versenyez a jövô meg haj tá si 
technológiájának címéért. A hid ro-
gén egy lehet az alternatívák kö zül a 
bio üzemanyagok, hibridizáció, tü ze-
lô anyag cella, elektromos jármûvek, 
víz hajtású jármûvek és más alternatív 
haj tásrendszerek között. 
A hidrogén alkalmazása a jármûvekben 
egy lehetséges válasz a fenti moz ga -
tó rugókra. Munkánk során át te kin-
tettük a hidrogén ellátási lánc ele-
meit: a gyártást, a logisztikát és a 
fel  használást. Egy általános kép a hid-
rogén alkalmazástechnikájáról ér té-
kes tudásbázist jelent abban, hogy mi-
ként fog alakulni a jövô közlekedése. 
A közleményben bemutatjuk az el-
kép zeléseinket a hidrogénrôl, ami a 
jövô közlekedésének egyik le het séges 
energiaforrása, illetve ar ról, hogy 
milyen szerep juthat az olaj tár sa sá gok-
nak ebben a jövôben.

Introduction
Forest fires in Russia, flood in Pakistan, 
enormous hurricanes on the Atlantic Ocean and 
many other never experienced climate events 
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affects our life, day by day. All these events 
can be counted for the bill of global climate 
change. Greenhouse gas emission (GHG) 
is mainly blamed for this. Significant share of 
these harmful gases come from the transport 
sector. Reducing the emission of this sector 
is a key issue in solving the global problem. 
A sustainable, well-functioning and efficient 
system would be an ideal solution for the 
sustainable economic and social development 
in the future. A global shift to a greener, 
low carbon economy will require significant 
improvement in the ways in which energy is 
produced and used. The transport sector uses 
over a quarter of the world’s energy and is 
responsible for a comparable share of global 
CO2 emissions from fossil fuel combustion. 
This shift will require significant contribution 
both in conceptual thinking and technological 
development of transport technologies. The 
usage of alternative, renewable resources 
can be a possible solution in the realization 
of low-carbon economy and transport. The 
ideal solution would be an effective renewable 
source of energy, which can be used without 
GHG emission, for powertrains. 
Hydrogen is a source of energy to reduce 
GHG emission, while generating energy for the 
powertrains in vehicles. Geopolitical instability 
of fossil resources is also a major influencing 
factor, which could be excluded with the usage 
of hydrogen, while being independent from 
conventional supply sources. Hydrogen is 
not a location-depending resource, which can 
be produced at variable sites, being the most 
promising on the palette of various renewable 
sources of energy [1].

The value chain of 
hydrogen
Hydrogen as an element was first produced 
in 1671 by Robert Boyle. Henry Cavendish, 
who discovered the water producing ability of 
hydrogen, named the element after the burning 
of it. This water-former ability is the origin, 
where the name of hydrogen comes from1. 
Being the simplest element on our planet, 
hydrogen is a colorless, odorless, nonmetallic, 
tasteless, highly combustible diatomic gas, 
hiding enormous energies in it. These features 
of hydrogen make it also an optimal solution for 
power generation in the transport.
In the value chain of hydrogen, fuel supply 
is the most important issue to be resolved. 
Most current automotive fuel cells run on 
pure hydrogen. This is a substance that 

does not occur in this form on our planet. 
On earth it only occurs in bond with oxygen 
in the form of water, or in bond with carbon 
in a range of hydrocarbons. In each case, 
different processes are needed to separate the 
hydrogen from the other elements. Separating 
hydrogen from its natural compounds requires 
energy. If fossil sources are used, the total 
lifecycle impact of hydrogen does not make 
it the most environmentally optimal fuel. On-
board reforming of hydrogen from hydrocarbon 
fuels such as methanol or even petrol has also 
been suggested. This would obviously add 
weight and complexity to the vehicle and would 
also use energy. It would remove the need for 
large hydrogen production facilities and for a 
hydrogen distribution infrastructure. Recent 
experiments with compressed hydrogen have 
at least shown that by using very high pressures 
a sufficient amount of fuel can be carried in a 
car to give it an acceptable range of around 
300 miles [2]. This has also been an issue 
that has been causing concern over the years. 
This does show that the industry is achieving 
improvements in the move towards practical 
fuel cell cars at a steady rate. If the trends 
continue the number of operating hydrogen fuel 
cell vehicles will grow in the short and mid term. 

PRODUCTION OF HyDROGEN
Steam reforming is the production method in the 
chemical industry, where hydrogen is used for 
more than 100 years, mainly for the production 
of ammonia and oil refining. Hydrogen is 
produced from crude oil, natural gas, by partial 
oxidation or pyrolysis. These traditional methods 
are used in large scale. However they represent 
the most economical solution in large scale, 
they emit significant amount of CO2. According 
to the researches of the National Renewable 
Energy Laboratory in the United States, lifecycle 
assessment of steam reforming shows that 
11.9 kg CO2 equivalent/kg H2 is emitted during 
the hydrogen production [3]. This calculation 
includes the infrastructure of the plant and their 
operation, for example the transporting pipeline 
and the electricity generation. Apart from the 
greenhouse gas emissions, steam reforming 
is the cheapest and simplest way to produce 
hydrogen.

Carbon capture and storage could solve 
the problem of these production methods 
- as you can see on Figure 1 - but the 
technological breakthrough is still in the 
future. The technology solves the problem 
of CO2 emission, by capturing the hydrogen 
from large point sources (hydrogen factory, 

Focus2010/3

1www.wikipedia.org – the history of hydrogen 29

1MOL GROUP



2010/3Focus

power plants) and storing them in underground 
geological formations, without letting it enter 
the atmosphere. Additional energy would be 
needed for the pumps, and so on.

During the standard process of electrolysis 
(see Figure 2), electricity is used to produce 
hydrogen from water, by splitting it. In the 
process an electric current is passed through 
water which dissociates to oxygen and 
hydrogen. Hydrogen production with the help 
of electrolysis is a local solution, which can 
solve the problem of hydrogen transport, 
resulting in lower level of emission and scale 
of economies. Using electricity from fossil 
sources for electrolysis means a significantly 
higher level of CO2 emission, therefore only 
the new renewable-resource based energy 
would be the ideal solution for hydrogen 
production. Production of hydrogen from urea 
reveals interesting developments in the future 
of energy.

Producing hydrogen in alternative, green way 
hides undiscovered potential. With the usage 
of green algae not just oil but hydrogen can 
also be produced. These algae can build 
carbohydrates from water and CO2 with the help 

of light. This reaction is called photosynthesis. 
If the algae don’t have CO2 but have light, the 
reaction starts and the split products are not 
carbohydrates, but oxygen and hydrogen [6]. 
Hence the research and immature state of this 
technology the results show significant potential 
and reserves for the future. 
Another sustainable solution for hydrogen 
production is the biological fermentation. 
Fermentation is a very simple technology to 
produce natural gas. The capable bacteria and 
a suitable reactor are the only “infrastructure” 
to produce hydrogen. The bacteria consume 
organic waste and produce hydrogen or 
methane. Pilot operations in Japan proved 
that on local scale these bacteria can produce 
hydrogen in an economical way, by utilizing the 
household refuge and other organic wastes. 
The overall energy recovery of the system is 
10% higher than the traditional fermentation 
process [7].
Hydrogen as a by-product in the chemical 
industry is a minor but important source of 
production. This hydrogen sometimes can’t be 
used at the place of production. For instance 
in Germany in the Ruhr industrial region, where 
the center of the German chemical industry is, 
an existing hydrogen pipeline collects these 
“useless” streams and delivers the hydrogen 
to the place of demand. The knowledge in 
treating and handling hydrogen would be a key 
factor in the future of hydrogen-powered world.

LOGISTIC SySTEM OF HyDROGEN
The sustainable logistic system of hydrogen 
hides technological barriers and bigger 
challenges than the production processes. 
Chemical and physical properties of hydrogen 
make the transport and storage more difficult. 
Diffusibility is the biggest problem, because 
hydrogen can seep through the regular steel 
pipes, creating significant losses during 
the transport. Currently existing hydrogen 
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Fig. 1. Carbon capture and storage [4]

Fig. 2. Standard electrolysis of water [5]



Focus2010/3

31

1MOL GROUP

pipelines in Germany, France and in the USA 
transports hydrogen molecules to the place of 
usage, with huge losses of material. Instead of 

transporting to large distances by expensive 
infrastructure, local production would be a 
more appropriate solution. The technology 
freedom and non-location determined nature, 
enables the production of hydrogen to be the 
local energy and renewable potential of the 
given region. Through the local production 
significant logistics costs and losses could 
be saved and prevented. Security issues of 
pipeline transport of this easily flammable 
and explosive material also support the local 
production.

THE STORAGE OF HyDROGEN 
The storage of hydrogen is one of the most 
important and still not solved issues. On-board 
storage of hydrogen is a far more complex 
and challenging problem than the other part of 
the logistic system. Storability reveals several 
other problems, which determines the usability:
1System weight and volume
1Cost of technology
1Energy efficiency
1Durability
1Recharging of the vehicle
1Standardization.
Approximating the hydrogen storing application 
or tanks to the conventional fossil-fuel tanks 
is a key issue in the future, as they are much 
more complicated systems. Three pathways 
formulate as a solution for on-board storage of 

hydrogen: liquid storage at low temperature, 
gaseous storage under pressure, and solid 
storage (see Figure 3).

 

The energy density of hydrogen can be improved 
by storing hydrogen in liquid form.. However, the 
issues with liquid hydrogen tanks are hydrogen 
boil-off, the energy required for hydrogen 
liquefaction, volume, weight, and tank cost. 
Usually 30% of the heating value of hydrogen is 
required for liquefaction. New approaches can 
lower these energy requirements and thus the 
cost of liquefaction. Hydrogen boil-off must be 
minimized or eliminated for cost, efficiency, and 
vehicle-range considerations, also for safety 
reasons when vehicles are parked in closed 
spaces. Insulation is required for liquid hydrogen 
tanks, and this reduces system gravimetric and 
volumetric capacity. Liquid hydrogen tanks can 
store more hydrogen in a given volume than 
compressed gas tanks. The volumetric capacity 
of liquid hydrogen is 0.070 kg/l, compared to 
0.030 kg/l for 10,000 psi (app. 69 MPa) gas 
tanks [8].
The energy density of gaseous hydrogen can 
be improved by storing hydrogen at higher 
pressures. This higher pressure requires 
material and design improvements in order 
to ensure tank integrity. Developments in 
compression technologies are also required 
to improve efficiencies and reduce the cost of 
producing high-pressure hydrogen. The driving 
range of fuel cell vehicles with compressed 
hydrogen tanks depends, of course, on vehicle 
type, design, and the amount and pressure of 

Fig. 3. Status of current storage technologies [6] ([L] = litre [l]; 10 bar = 1 MPa) 
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stored hydrogen. By increasing the volume and 
pressure of hydrogen, a greater driving range 
can be achieved but at the expense of cost and 
valuable space within the vehicle [9]. Volumetric 
capacity, high pressure, and cost are thus key 
challenges for compressed hydrogen tanks. 
Time of refuelling, compression energy losses, 
and heat-management requirements during 
compression have to be also considered. 
Two different approaches are being pursued to 
increase the gravimetric and volumetric storage 
capacities of compressed gas tanks. The first 
approach involves cryo-compressed tanks. 
This technology is based on the fact that, at 
fixed pressure and volume, gas tank volumetric 
capacity increases as the tank temperature 
decreases. Thus, by cooling a tank from room 
temperature to liquid nitrogen temperature, its 
volumetric capacity will increase by a factor 
of four, although system volumetric capacity 
will be less than this due to the increased 
volume required for the cooling system. The 
second approach involves the development 
of conformable tanks. Present liquid gasoline 
tanks in vehicles are highly conformable in 
order to take maximum advantage of available 
vehicle space. Concepts for conformable 
tank structures are based on the location of 
structural supporting walls. Internal cellular-
type load bearing structures may also be a 
possibility for greater degrees of conformability 
[10]. you can see a typical hydrogen storage 
tank on Figure 4.
 

Another way of storing hydrogen is the usage 
of metal hydrides as storing media, which 
are compounds featuring metal-hydrogen 
bonds. This solid-state hydrogen storage 
based on reversible metal hydrides offers 
several benefits over other means of storing 
hydrogen. Reversible metal hydrides operate 
at low pressure, especially when compared 

to compressed hydrogen, and do not need 
to be kept at the cryogenic temperatures 
required for liquid hydrogen storage. Reversible 
hydride storage typically requires less energy 
on a system basis, is compact, and can be 
conformable to fit space available on the 
application [12].

RETAIL SySTEM OF THE HyDROGEN 
VALUE CHAIN 
There are more and more hydrogen stations 
opening worldwide. Distances between these 
retail stations are still big, resulting often in 
problems of hydrogen supply and in the long-
distance travel of hydrogen-fuelled cars. Norway 
and the USA have already implemented the 
idea of a “hydrogen highway”, which includes 
hydrogen retail stations in a suitable distance 
from each other, allowing the comfortable 
travel. Local production of hydrogen enables 
the elimination of transport from the value chain 
and the separated operation of the stations. 
Transport is the missing element of the value 
chain in these concepts. Significant amount of 
money has been invested into the infrastructure, 
to make the concept viable in both countries. 

Hydrogen in 
vehicles
Nowdays two major technologies exist 
to create kinetic energy from hydrogen in 
vehicles. The first one is burning hydrogen in 
cylinders and converting it directly to kinetic 
energy, the second one is converting hydrogen, 
to electricity, and using the current in an 
electric motor. Combining these two energy 
conversions can result in hybrid technologies 
and vehicles. 
 
CONVENTIONAL INTERNAL 
COMBUSTION ENGINES (ICE) 
The hydrogen engines are similar to the four-
stroke conventional gasoline engines. They 
compress air-hydrogen mixture, and ignite it with 
a spark plug. The mixture burns and moves the 
piston, the piston rotates the camshaft. These 
are the similarities to the gasoline engines. 
The technology already exists, only the fuel of 
it differs. Before the invention of carburettor, 
the inventors used gases, also hydrogen, as 
feedstock of ICEs. In 1860’s and 70’s Otto 
used gas mixture with 50% hydrogen in his 
first engines. After the invention of carburettor, 
liquids spread, because their easier storage, 
transport and logistics. 
Nowadays the renaissance of the gaseous 
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Fig. 4. On-board hydrogen storage tanks [11]
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fuel usage in ICEs is caused by the need for 
environment friendly feedstock and the price 
of conventional fossil fuels. Mainly bivalent H2 
and gasoline engines are the dominating engine 
technologies. 
 
The differences are based on the different 

physical properties of hydrogen and gasoline 
(Table 1). Hydrogen has higher combustion 
speed (max 2.65-3.25 m/s), higher diffusion 
speed, higher auto ignition temperature (AIT = 
585oC), and lower minimal ignition energy (MIE 
= 19 μJ). Hydrogen is gaseous and doesn’t 
need to be injected. Fuel feed systems of H2 
cars can be various.
Near atmospheric continuous suction. 
Hydrogen can be injected into the suction pipe 
between the butterfly valve and the carburettor 
or injection valve. By this solution high volume 
of flammable mixture enters the suction pipe. 
This can be dangerous because the low MIE of 
hydrogen. This solution is similar to the LPG 
cars and needs a gas mixer device.
Periodic injection into the suction pipe 
for each cylinder. Reduces the risk of the 
abnormal ignition, because the appearance 
of hydrogen is not continuous. This solution 
needs higher operating pressure, and control 
electronics.
Direct injection into the cylinders. The 
injection valve is fitted in the cylinder head near 
the air intake valves. This is the best solution for 
an efficient engine, but it has highest complexity 
and price. It needs higher fuel injection pressure 
(8 MPa), but totally eliminates the unwanted 
burning in the suction pipe.
To increase the efficiency, the shape of the 
combustion chamber must be well designed. 
BMW made a 42% efficient hydrogen engine 
(Figure 5); this is comparable with the efficiency 
of the modern diesel engines [13]. 

The timing of the valves and the ignition are also 
different at hydrogen. This can be controlled by 
the engine control unit.
Because of low auto ignition energy (not the 
temperature) of hydrogen and the wide range 
of the flammable oxygen-hydrogen mixture ratio 
the designers must be aware of choosing the 
construction elements of the engines. Even a 

small static discharge can ignite the mixture. 
Electrical and also mechanical sparks must be 
avoided in the ducts of the fuel system. In short 
range leakage of the hydrogen feed system 
near to the engine can be dangerous. In long 
range it’s not a big problem, because hydrogen 
is lighter than air and has high diffusion speed. 
In hidden spaces where H2 can accumulate the 
probability of the explosion increases.

FUEL CELL CARS TECHNOLOGy 
Fuel cell cars are similar to electric cars, Fig. 6 
gives an overview about its operation. The H2 
tank and fuel cell substitute the battery pack. 
Fuel cell converts chemical energy of hydrogen 
into electric power for the engine. 

The advantage of the electric motor is the 
better rpm–torque curve. It doesn’t need 
complicated transmission and more importantly 
energy loss is not so high energy. Theoretical 
efficiency of the electric motor can be very 
high (near 100%). Every electric car needs a 
controller unit. The controller takes power 

Fig. 5. New injection technology of BMW [13]

Fig. 6. Operation of a fuel cell [9]

  Hydrogen Gasoline
 Minimum Ignition Energy – MIE (mJ) 0.019 0.29
 Lower Flammable Limit   (vol%) 4.3 1.3
 Upper Flammable Limit   (vol%) 74.6 7.1
 Auto Ignition Temperature – AIT (oC)  585  246-280

Table 1. Selected physical properties of hydrogen and gasoline [1,2]
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from the batteries and delivers it to the motor. 
The accelerator pedal hooks to a pair of 
potentiometers (variable resistors), and these 
potentiometers provide the signal that tells the 
controller how much power it is supposed to 
deliver. The controller can deliver zero power 
(when the car is stopped), full power (when 
the driver floors the accelerator pedal), or any 
power level in between.

FUTURE OF FUEL CELL CARS 
For some years, there has been a growing body 
of opinion in the automotive industry that the 
future of automotive power is the fuel cell vehicle 
(FCV). The first automotive applications of the 
technology in the market have been in heavy 
commercial vehicles, particularly urban buses. 
However, the development of light FCVs is 
proceeding rapidly. Honda has already launched 
production of its FCX Clarity and several other 
OEMs (original equipment manufacturers) plan 
to bring FCVs to market between 2010 and 
2015.
Fuel cell vehicles have come a long way. 
Some years ago, a panel van was the smallest 
possible fuel cell vehicle, as the system took up 
so much room. During the 1990s there was a 
rapid reduction in size and today’s experimental 
fuel cell vehicles look, in terms of packaging 
and presentation, uncannily like conventional 
internal combustion powered vehicles as 
Toyota’s Highlander-based FCV and Ford’s 
Focus FCV [14]. The system is still taking 
up much space, usually for example the rear 
storage area is used to provide for fuel supply 
or other parts of the system. In addition, the 
complexity of the ‘plumbing’ of these systems 
is great, and much work needs to be done to 
improve this aspect of the technology.
Fuel cells’ need for platinum is an outstanding 
problem. This expensive metal is also used in 
catalytic converters, so the car industry is no 
stranger to tracking its value in the market. It 
is unfortunately relatively rare and reserves 
could even be stretched by the projected 
production volumes of cars if they were just 
petrol-powered and catalyst-equipped. A fuel 
cell system for a car needs at least twice as 
much of this metal. In view of this, the fuel cell 
industry and its suppliers are trying to reduce 
the fuel cell’s platinum demand. If they fail, the 
required FCV volumes can not be achieved; 
in fact proven platinum reserves around the 
world may not be enough even to manufacture 
catalytic converters for all the world’s IC cars 
for much more than 15 years. However, the 
industry has already achieved a significant 
reduction in the platinum requirement of fuel 

cells, and experimented with some alternatives, 
fuel cell technology is still in the experiment and 
study phase [15]. 
The world leader of fuel cell production, Ballard 
is now in the early phases of setting up a 
manufacturing process for automotive fuel 
cells. This envisages a gradual, incremental 
increase in annual production to reach a peak 
of around 500,000 a year by about 2012-2015 
in a single factory. So, if all goes according to 
plan, Ballard will be able to produce some half a 
million automotive fuel cell stacks each year. If 
we assume that the Japanese – led by Toyota – 
add a similar annual number, we have an annual 
production capacity of automotive fuel cells of 
around one million by 2015 [16,17]. It is worth 
noting that by then total vehicle production 
(cars and commercial vehicles) will exceed 75 
million units per annum and the global vehicle 
population will be well over 1 billion.

Market forecast of 
hydrogen cars
The fuel cell vehicle market is predicted to 
increase at below-average velocity because the 
cost of platinum catalysts continues to delay 
widespread commercialization. The growing 
popularity of hybrid electric vehicles will also 
restrain growth in the fuel cell segment and they 
will face increasing competition from electric 
vehicles. Most of the automotive manufacturers 
that are developing fuel cell technology do not 
plan to launch even small-scale production 
before 2013. According to the forecasts there 
will be only a very limited market for fuel cell 
vehicles through to 2015. Up to the end of the 
decade the fuel cell technology is expected 
to begin to expand his market presence as 
ongoing development work drives costs down.
Shell Hydrogen forecast is also cautious about 
how quickly a hydrogen FCV market will develop 
and has suggested that by 2015 the sector 
will still be in a pre-commercial, demonstration 
phase that could last for a further five to ten 
years with a true business model developing 
between 2025 and 2030. BP agrees that mass 
production of FCVs will commence in 2015 
at the earliest and it will take until 2030 for a 
significant number to be in use [18]. 
In July 2008, the US National Research 
Council released a report in which the Council 
concluded that FCVs are still 15 years away 
from full commercialization, even if the 
remaining technological hurdles are overcome 
and the US government provides massive 
subsidies totalling as much as US$55bn. The 
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report’s best-case scenario forecasts that 
two million FCVs would be sold in the US by 
2020, accounting for only about 1% of the 
cars on US roads by then [18]. Freedonia 
Group has forecasted that US commercial 
fuel cell demand will expand almost six-fold 
to US$975m by 2012 compared to year 2008 
demand and reach US$3.3bn in 2017, when 
it will represent about half of all fuel cell. 
However, automotive fuel cells are forecasted 
to represent a minor proportion of the market 
at US$105m in 2012 and S$201m in 2017 in 
the US. The US automotive fuel cell market 
has grown to US$33m in 2007 [19]. 

Against these forecasts, there is widespread 
doubt regarding even the long-term viability of 
FCVs, especially with the growing interest in 
PHEVs (partially hybrid electric vehicles) and 
PEVs (partially electric vehicles). Even in the 
US, where electricity is largely generated with 
fossil fuels, the US National Research Council 
has argued that directly charging PHEVs offers 
a far more promising alternative to traditional 
vehicles than using electricity or natural gas to 
supply hydrogen to FCVs.

FOSSIL FUELLED VEHICLES VS. 
ALTERNATIVE POWERTRAINS 
The global trends of decarbonization of 
transport, efficiency improvement of vehicle 
powertrains, increasing energy prices and the 
efforts towards a sustainable transport, as it 
has already been mentioned, will determine 
the future direction of transport. Bio-fuelled 
cars, hybrid cars, hydrogen-cars, fuel-cell cars, 
electric cars, water-cars and other alternative 
powertrains, are the comparative technologies 
that are able to break the dominance of 
conventional fossil-fuelled vehicles.  

According to the prognosis of the future car 
sales (Fig. 7), of automotive companies and 

international associations, the conventional 
gasoline and diesel based cars will be the 
dominant technologies on the short and mid-
term. The long-term future is not clear on the 
vehicle market, as comparative technologies 
will develop side by side, enhancing the 
formation of a heterogen vehicle market. Beside 
the technological dominance, the geographic 
homogeneity will break as well, allowing 
different local solutions and powertrains. 
Adaptation of technology to local availabilities, 
resources and comparative advantages will be a 
key issue in the future transport, as the vehicle 
fleet will adopt itself to these possibilities. The 
future shortage of energy sources and the 
comparative advantages of each region would 
be the leading principle of the development of 
local transport. Using the relevant source of 
energy at every region enables the development 
of local markets.

Keeping the sustainable development, reduction 
of greenhouse gas emissions and energy 
efficiency improvements as leading principles 
in the development of future car technologies, 
the production of electric vehicles is the most 
appropriate solution in the long-term. Although 
technological barriers and cost factors blocks 
the wide spreading of electric cars, in the long-
term future electric cars would dominate the car 
market, as they are more “clean” and efficient 
than the conventional ones. Using electricity as 
a powertrain for vehicles is not only an efficient 
solution, but enables the complete application 
of renewable energies. As we already have 
seen before, the technical problem of storing 
electricity in an economical way has not been 
solved yet. Therefore nobody can clearly state, 
that electricity will be the ultimate solution (see 
Fig. 8) in the long-term future, but everybody 
can agree, that it would have a substantial role 
in the transport. 

Fig. 7. Powertrain types for passenger vehicles. Source: Shell 

(2008)

Fig. 8. Growth of electricity in transport. Source: Shell (2010) 
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The application of hydrogen as an on-
board storing media for electricity 
in vehicles, speeds up the market 
development of electric cars, and 
can be a possible solution for their 
market development on the mid-term. 
According to the experts, by 2050 
electricity will break the dominance of 
fossil-fuelled cars, thanks to the technological 
developments. No matter what the future of 
hydrogen will be, the future determining source 
will be the electricity in the transport, so the 
trends of fuel production for transport will 
swing from the production of conventional fuels 
to the production of electricity. Electricity can 
be also produced from various sources, among 
them also from fossil resources, but also from 
renewables, therefore sustainable electricity 
production will be also a key issue in the future.

Future of oil 
companies: 
energetic sector 
and energy 
production might 
be a possible 
future scope for oil 
companies 
Applying hydrogen for the storage of electricity 
in vehicles can be a possible answer to the 
present technical challenges of the hydrogen 
value chain. All the elements of the described 
hydrogen are determinant factors for the 
widespread market development of hydrogen-
based fuel cells, but supply of customers is the 
critical point. Production, handling and treating 
of hydrogen require special knowledge that oil 
companies, especially the integrated ones have 
already accumulated. Oil companies can benefit 
from this knowledge in the future transport.
Presently the oil companies are the determinant 
suppliers of fuels for transport vehicles, having 
the possibility to play the same role in the future. 
They have the capital advantage, to invest into 
the future technological developments. This 
advantage enables them, to be technology 
drivers and future suppliers, regardless of 
the type of future powertrains. Technology is 
developing apace and it is hard to keep up, 
but the key issue is, to be the first to react, to 

market changes.
An integrated oil company can take the lead, 
with such behaviour towards the alternative 
vehicles. Investing into the most probable 
types of solutions enables the possibility of 
immediate reaction to the market changes. 
Supermajors, like ExxonMobil and Shell are 
the leading examples of this behaviour, as they 
have already invested resources and capital into 
the future technologies, and into their future. In 
the mid-term future of hydrogen-based electric 
cars, oil companies can play a significant role 
in the value chain, utilizing their possessed 
knowledge. In the long-term future of electric 
cars, entering the electricity generation market 
might be a possible scenario for oil companies.
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Abstract
Gas condensate fields produce 
gradually less condensate because 
of retrograde condensation when 
pressure drops beneath the dewpoint 
pressure. Gas injection counter-
balances pressure drop, decreases 
dewpoint pressure and dilution of gas 
decreases condensation. Wide range 
of laboratory tests demonstrates the 
effect of gas injection on the reservoir 
fluid phase behaviour and the produced 
gas properties. These tests simulate 
the different industrial EGR scenarios 
like dry gas, carbonated gas or nitrogen 
injection; pressure maintenance, 
wellbore treatment (huff and puff) and 
CO2 sequestration. The effect of gas 
replacement, the enhanced propane, 
butane and pentane+ production and 
the condensate revaporization can be 
quantitavely predicted.

Összefoglalás
Növelt hatékonyságú gáz- és csapadék-
kihozatalok laboratóriumi modellezése:

Gázkondenzátum tárolókban a telep 
nyo másának har mat pont nyo más 
alá csök kenésével – a kitermelés 
szempontjából veszteséget jelentô – 
csa padékkiválás (retrográd kon den-
zá ció) történik. Laboratóriumi mo dell-
kí sérleteink ennek a veszteségnek a 
csök kentésére irányulnak: a telepek 
kon denzátum-tartalmának kihozatalát 
gázbesajtolással növeljük meg, ese-
tenként a tárolóban található értékes 
gáz komponensek egy részét a be saj-
to ló gáz értéktelen komponenseire 
cse réljük. A közleményünkben is-
me rtetett modellkísérletek alapján 
a gázbesajtolásos EGR módszerek a 
kondenzátumveszteség jelentôs csök-
kentésére alkalmasak. Be sa jto ló gáz-
ként szén-dioxidos gázokat al kal mazva 
a többletkihozatal mellett a szén-
dioxid klímavédelem szem pont jából 
kívánatos elhelyezése is meg történik.

Introduction
Depleted gas condensate reservoirs can be 
revitalized by gas injection. Depending on 
objective and availability, different injection 
gases have been suggested and tested for gas 
injection Enhanced Gas Recovery (EGR), most 
frequently dry hydrocarbon gas, carbon dioxide 
(or carbonated natural gas) and nitrogen are 
considered.
Reservoir pressure maintenance preventing or 
reducing condensate dropout benefits from dry 
gas EGR.
Carbon dioxide EGR is recently becoming 
predominant in combination with CO2 
sequestration [1-3] in condensate bank 
revaporization and displacement of original 
hydrocarbon gas phase.
Nitrogen EGR is considered when neither 
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hydrocarbon nor CO2 injection is regarded 
feasible or economical [4] and it is available as 
the byproduct of the air liquefaction.
Researchers equivocally emphasize that phase 
behavior and other laboratory tests must 
precede any EGR field application.
The purpose of this paper is to show laboratory 
tests performed on several Hungarian gas 
condensate systems using a variety of injection 
gases (Table 1 summarizes the investigated 
reservoir fluids and applied injection gases). 

Our injection gases are regularly multicomponent 
mixtures. Their composition is carefully adjusted 
to reach best possible match with that of the 
gas reserves dedicated to EGR application. As 
a consequence, the output of these EGR tests 
are realistic input data of reservoir engineering 
model computations in contrast to laboratory 
tests carried out with pure CO2 [2].

Experimental
PVT (Pressure-Volume-Temperature) tests 
are conducted in conventional windowed 
PVT apparatus. Observed characteristics are 
dewpoint pressure, condensate dropout profile 
and compositional variations. Complex phase 
behavior, including revaporization effects, is 
presented providing foundation for pilot testing 
and large scale deployment of EGR.
Several EGR scenarios are elaborated: different 
abandonment pressures, changing injection/
displacement ratios; reservoir pressure buildup 
and drowdown.

Gas injections
Part of the condensate remains in the reservoir 
during the exploitation and is lost to the 
production. (That’s why it’s called condensate 
loss.) The maximum amount of condensate 
can be produced only if the reservoir pressure 
is maintained above the dewpoint all over the 
production period. (This case is represented 
by the hypothetical “no condensation” line in 
Figures 1 and 6.)
Laboratory CVD (Constant Volume Depletion) 
test quantitatively reveals the condensate 
buildup affected by the pressure drop in the gas 

condensate system. Figure 1 shows that the 
produced condensate varies between 40 and 
60 per cent of the theoretical maximum.

The purpose of an EGR project can be either the 
pressure maintenance, early in the production 
period, or revaporization of the condensate left 
behind in the reservoir.
Our simulation aims at predicting the response 
of the system to the planned EGR treatment or 
gas sequestration.

The gas injection can alter the phase behavior 
in several ways:
1.  the dewpoint pressure decreases by mixing 

with the dry injection gas,
2.  the retrograde condensation diminishes 

(because of the pressure maintenance effect),
3.  the injected gas can revaporize the 

condensate in the reservoir.

The first and the second responses are 
demonstrated by declining dew point pressure 
and diminishing retrograde condensation 
data in an EGR study for Halom reservoir. 
Reservoir fluid and the carbonated gas mixing 
effect can be found in Figure 2. Original GCR 
(Gas/Condensate Ratio) 2400 std m3/m3 was 
elevated by the gas mixing to 7200 std m3/m3.

Development2010/3
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  pipeline separator  carbonated nitrogen
  gas gas natural gas natural gas
 Szeghalom  • • •
 Ederics   • 
 Ôri-D • • • 

Table 1. Examined fields and injection gases

Fig. 1. Comparison of produced condensate in different fields

Fig. 2. Szeghalom reservoir fluid mixed with 54% CO2-content gas
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The blue curve shows the condensate loss 
during the differential depletion of the original 
reservoir fluid (CVD test). Mixing the reservoir 
fluid in 2:1 total gas volume ratio with carbonated 
gas of 54 percent carbon dioxide, the dewpoint 
decreases from 31.5 MPa to 28 MPa and the 
condensate loss by approximately 20 per cent. 
Increasing the volume of the injected gas from 
2:1 to 1:2 ratio gives a similar decrease in the 
dew point, but the drop in the condensate 
loss is greater, it goes down to 1.0 percent of 
reservoir volume. 
Analogous results are obtained by Shtepani 
and Thomas [2], who investigated 20, 40, 60 
and 80 mole% mixtures of a 4555 m3/m3 GCR 
reservoir fluid and pure CO2. Other system 
properties were 23.5 MPa dewpoint pressure 
at 100 °C, 3.4% maximum dropout at CDV test. 
This type of research is called P-x (pressure-
concentration) experiment. Dewpoint pressure 
and condensate bank gradually reduced in the 
order 20-40-60% while 80% mixture had no 
dewpoint, its cricondenterm fell below reservoir 
temperature. From the tendency of diminishing 
condensate volumes it is estimated that a 73% 
mixing with CO2 represents a limiting dilution for 
the system, where criocondenterm just reaches 
reservoir temperature (100 °C). In our situation 
this figure is about 78-80% mixing. This points 
out to the phenomenon that higher temperature 
(127 °C) imposes stronger vaporization on 
the originally richer gas condensate system, 
thus the extent of dilution that eliminates the 
retrograde condensation eventually becomes 
quite alike for both systems. 

The efficiency of the EGR also depends on the 
quality of the injected gas. Figure 3 shows the 
effect of replacing the gas cap of the Halom 
field with different types of gases. 

In these series the injected gas replaces the 
gas cap above the condensed liquid at constant 
pressure. In this case nitrogen proved to be 
a better injection gas than carbon dioxide 

giving higher pentane plus concentration in 
the produced gas. The explanation of these 
results is the following. Injecting the gas, liquid 
components start to vaporize and the quality 
and quantity of the dissolved gas changes in the 
liquid phase. Nitrogen has a very low solubility, 
so a relatively high mole fraction of the pentane 
plus in the liquid phase is in equilibrium with the 
vapor at the experimental conditions. On the 
other hand, the condensate dissolves a great 
amount of carbon dioxide, therefore the mole 
fraction of the pentane plus decreases. The 
lower pentane plus concentration in the liquid 
gives a lower pentane plus concentration in the 
vapor, that is, the increase of the equilibrium 
constant is overcompensated by the change 
in the pentane plus concentration in the liquid 
phase. Summarizing, the effect of the change 
in the concentrations is higher than the effect 
of the change in the equilibrium constants. For 
producing the condensate, the nitrogen is a 
better agent than carbon dioxide because less 
volume of injection gas is sufficient to the same 
production of richer gas. 

Ôriszentpéter-D (South) field is an example 
of gas injection and displacement, and it is 
a current issue. During the exploitation the 
pressure decreased and it caused condensate 
buildup in the reservoir, especially at the 
wellbore. In Figure 4 two gas injection and 
displacement simulations are presented, one 
with a dried separator gas and another one with 
a carbonated gas.

The blue curve shows the condensate loss 
during the constant volume depletion down 
to 8 MPa anticipated abandonment pressure. 
The current 13.0 MPa reservoir pressure has 
been chosen for the start of injection of the 
dry separator gas. The gas was injected in 
four steps, each step was approximately one 
quarter of a pore volume (PV), the total injected 
volume being 0.9 PV. Reservoir pressure 
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Fig. 3. Gas cap replacement test

Fig. 4. Gas injection and displacement
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was slightly increased by producing less gas 
as compared to the amount of injected gas. 
This gas replacement course resulted in a 40 
percent revaporization of the condensate bank.

With carbon dioxide the injection started at 
the estimated depletion pressure of 8 MPa. 
The injected volume was higher, about 2 PV. 
The reduction in condensate volume is less 
intensive than with dry separator gas. This 
can be explained with the swelling of the liquid 
phase upon the more extensive dissolution 
of CO2. The CO2 dissolution suppresses the 
liquid component concentration, which in turn 
reduces the degree of revaporization.

The third scenario is the huff and puff wellbore 
treatment (Figure 5). The huff and puff is a 
one-well method: injection (“huff” stage) 
and production (“puff” stage) takes place 
in the same well. While the gas is injected in 
the reservoir, the pressure increases and 
the condensate bank diminishes due to the 
revaporization. When the gas production starts, 
the pressure decreases and the condensate 
volume slightly increases. This treatment is 
repeated three times with gradually increasing 
both the upper limit of the injection pressure and 
the final pressure of the production period. After 
the third treatment the depletion pressure is 
again lowered to 8.0 MPa. The whole treatment 
results in more than 60% revaporization of the 
initial condensate content. As the same well is 
used for both injection and production, the huff 
and puff revaporizes the condensate mainly 
from the wellbore region. 

Discussion
Figure 6 shows the pentane plus production. 
Both (dry gas and carbonated gas) injections 
resulted in approximately 20% increment in the 
pentane plus production. The dry gas injection 
started at 13.0 MPa and finished at 14.3 MPa. 

The carbonated gas injection started at 8.0 MPa 
and finished at 14.0 MPa. The quantity of the 
carbonated gas used in the experiment is twice 
as much as the quantity of the dry gas. The C5+ 
production is about the same, but the liquid phase 
is significantly less in case of the carbonated gas 
injection. Similarly to the situation of the Halom 
field, C5+ concentration in the liquid phase is 
reduced in line with the good solubility of carbon 
dioxide. The lower pentane plus concentration 
in the liquid entails a lower pentane plus 
concentration in the vapor. This is the reason why 
pentane plus production with carbonated gas falls 
behind that of with separator gas (see Figure 1).

Pipeline gas turned out to be an efficient agent 
for huff and puff wellbore treatment. Limited 
amount of injection gas, without contaminating 
the reservoir fluid, was able to revaporize 60% of 
the condensate bank, improving flow conditions 
for subsequent reservoir gas production.
Gas phase volumetric behavior is governed by 
pressure, temperature and composition. The 
reservoir volume occupied by unit amount of 
gas at standard condition can be calculated 
using compressibility factor z. Figure 7 presents 
all of the Ôri-D experimental z factors related 
to different gas injections. The impact of every 
manipulation on the gas volumetric behavior 
can be followed on this chart.

	  

	  

Fig. 5. Huff and puff wellbore treatment

Fig. 6. The production of C5+ in Ôri-D field

Fig. 7. Variation of z factor in Ôri-D field
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Separator gas injection involves minor 
compositional variation, therefore corresponding 
z factor (red line) changes moderately. Carbon 
dioxide injection implies more profound 
compositional variation, especially due to the 
greater pressure boost. In consequence a 
significant decrease in z factor takes shape, 
which is an advantage at CO2 sequestration. The 
increase of z factor at pipeline gas injection is 
also significant (blue line). Gas phase volumetric 
properties are approaching underground gas 
storage conditions, offering orientation to that 
direction.

Conclusions
Laboratory tests with injection gases of different 
compositions identical with accessible injection 
gas reserves provide realistic input database 
for industrial EGR reservoir engineering 
computations.

The simulation of gas displacement type 
enhanced gas recovery can be used to 
determine the efficiency of condensate 
recovery and for the utilization in gas storage 
and pressure maintenance. One of the possible 
benefits is the replacement of the valuable 
components (rich or hydrocarbon gas) for less 
valuable components (dry or inert gas) in the 
reservoir.

The carbon dioxide geosequestration is a core 
business of the near future. CO2 injection into 
a depleted gas condensate reservoir implies an 
excess benefit by improved condensate and 
rich gas recovery.
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Abstract 
The objective of this article is to 
present a fully integrated model of 
an underground gas storage (UGS) 
field from the reservoir level up to 
the separator level. The integrated 
modelling facilitates design and 
optimization of the underground gas 
storage that is minimizing costs with 
respect to the three components: 
cushion gas, wells and surface 
facilities. The pivotal point of the 
integrated modelling is setting up 
a connection between reservoir 
simulator and surface network.
Pusztaföldvár (PF) depleted gas field 
was selected to consider creation of 
an underground gas storage which 
involved the application of integrated 
modelling.

Összefoglalás
A Pusztaföldvári Földalatti Gáztároló 
integrált modellezése a rezervoártól a 
felszínig

A cikk témája mezôszintû integrált mo-
dellezés a tárolótól a felszínig. A fô cél 
dinamikus adatkapcsolat lét re hozása 
a rezervoár szimulátor és a felszíni 
rend szer között. A Pusz ta földvári 

földalatti gáztárolót vá lasztottuk ki, 
hogy bemutassuk, mi lyen az integrált 
modellezés a gya kor latban.

Introduction 
Integrated modelling was realised by linked 
operation of different softwares. The ECLIPSE 
programme (as a Schlumberger product) served 
for building up the reservoir-geological model, 
and the GAP and PROSPER programmes (as 
PETEX products) were responsible for the 
surface network model. The RESOLVE provided 
dynamic coupling between ECLIPSE and GAP. 

This article consists of three main parts. The 
first part presents the geological structure 
of the PF field and reservoir simulation, the 
second briefly describes the applied software 
and connections, and the last part deals with 
running predictions for the operation of the 
underground gas storage through the integrated 
model and results of test run are shown.

PF geological 
structure 
and reservoir 
simulation
GEOLOGICAL STRUCTURE
Folded basement of the Pannonian basin, 
where Pusztaföldvár field is located, consists 
of crystalline and old Paleozoic metamorphic 
formations and Mesozoic rocks.

In South-AlföId oil and gas area, where 
Pusztaföldvár field is located, under thick (up 
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to 7 km) Pannon the old Paleozoic crystalline 
basement, deep underground, is disintegrated 
by cross faults, forming the system of horsts 
and troughs. Oil and gas fields located along 
the faults are connected with large neogene 
structures, which were developed above the 
erosion-tectonic protrusions.

Reservoir beds refer to three sandstone groups 
of the lower Pannon stage: two upper layers of 
Földvár-Alsó level (lower), and two overlying 
sandstone groups belonging to Földvár-Felsô 
level (upper). Földvár-AIsó reservoirs contain 
accumulation of oil and natural gas.

Three FöIdvár-FeIsô-A1-3 level sand beds are 
considered for the purposes of the underground 
gas storage. Reservoirs beds enumeration goes 
bottom-upwards. In terms of Iithology A1-3 
reservoir beds are bounded, composed of thinning 
sandstones growing to clay marl and marl.

The structure plan of the lower reservoir bed 
A-1 is divided into two unequal parts by the 
deposits wedge belt. The main western part of 
A-1 reservoir represents domal upwarding with 
area of 6.42 km2, amplitude 65m. The eastern 
area partially entrenched barrier of permeable 
rocks into the thickness of impermeable clay 
marl deposits.

A-2 reservoir bed area is 13.8 km2, amplitude 
is 65m on the west of the structure and 40m in 
the south-east part.

The structure plan of A-3 reservoir represents 
domal upwarding with complicate isometric 
form bounded from the north by permeable 
deposits wedge belt. The upwarding area within 
the initial gas-water contact contour is 24.3 
km2, amplitude is about 80m. Figure 1 shows 
the structure map of A-3 reservoir.

RESERVOIR MODEL – ECLIPSE
To model the behavior of the three reservoirs, we 
used numerical simulator software named Eclipse.
The simulation model was based on a 3D 
geological model. The main parameters of the 
model are the followings:

• Active cells – 85455
• Grid - 127x127x36
• 3 zones – for the three reservoirs
• Rotation 45°
• 3 rock types (Fig. 2.)
•  2 types of relative permeability curve – 

Irreducible water saturation (Swi) 0.4, 0.6
• Depth of Gas Water Contact (GWC) - 1545 m 
• Gas Initial in Place (GIIP) – 5.65 Bm3. 

As the reservoir fluid is dry gas, no liquid dropout 
occurs in the reservoir, we used a Black oil 
model to describe the fluid behavior. 
According to the result of preliminary reservoir 
engineering evaluation – material balance 
calculations, it became obvious that there are 
some parts of the reservoirs where the marl is 
missing. From this reason we used the same 
fluid model for the three reservoirs. 
The main aim of the numerical simulation was to 
match the production history of each well and 
make prediction for the future production at 
given conditions.
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Fig. 1. The structure map of A-3 reservoir

Fig. 2. Facies distribution of A-3 reservoir

Fig. 3. Production history of the Földvár-Felsô A-1 (FFA1), Földvár-

Felsô A-2 (FFA2) and Földvár-Felsô A-3 (FFA3) reservoirs
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The production history of the three reservoirs can 
be seen on Fig. 3 and Fig 5., and the pressure 
behavior of each well is shown on Fig. 4.

The pressure behaviors of the wells show a 
heterogenic reservoir with a moderate aquifer 
influx. 

The cumulative gas production till the end of 
2009 was 4.7 Bm3.

After a satisfying history match of the wells we 
created a restart case. This Eclipse model could 
be linked to the other software. 

Fig. 6 shows the HPCV (Hydrocarbon Pore 
Volume distribution) distribution of the top 

reservoir at the end of 2009.

Software in the 
integrated model 
HyDRODyNAMIC MODELS OF THE 
WELLS (PROSPER)
PROSPER (PROduction and Systems 
PERformance) is a well performance, design 
and optimization program. It is designed to 
allow the building of reliable and consistent well 
models, with the ability to address each aspect 
of VLP (Vertical Lift Performance) correlations 
(for calculation of flow-line and tubing pressure 
loss) and IPR (Inflow Performance Relationship) 
(reservoir inflow).

Two types of well models were applied, 
horizontal and vertical. Both the vertical and 
horizontal true vertical depths are 1650 m, 
inside diameter of the tubing is 4.5”.The wells 
inflow and outflow calculations were prepared 
by this software. The Gray VLP correlation was 
chosen for calculating the lift performance in 
the tubing, because the produced gas contains 
only a small amount of water. Figure 7 shows 

a typical horizontal well schematic with 300 m 
open-hole section.

SURFACE NETWORK MODEL (GAP) 
GAP (General Allocation Package) is a 
multiphase optimizer of the surface network 
which links with PROSPER and MBAL (PETEX 
reservoir simulator) to model entire reservoir 
and production systems. GAP can model 
production systems containing oil, gas and 
condensate, and gas or water injection systems 
as well.

GAP is a multiphase flow simulator that is able 
to model and optimise production and injection 
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Fig. 4. Pressure behavior of the wells

	  

	  

	  

Fig. 5. Production distribution of the reservoirs

Fig. 7. Typical horizontal well scheme

Fig. 6. HPCV distribution of the top reservoir at the end of 2009
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networks. The concept of network is here 
intended as general, therefore both surface and 
downhole.
The production and the injection models were 
connected to each other in the Surface Network 
model. 
Both model consists of 25 horizontal and 5 
vertical wells. The lengths of the well flowlines 

are between 500-700 m. Figure 8 shows the 
schematic chart of the network model from the 
wells to the surface separator/injection point.
All of the wells are bi-functional (production/
injection). The well IPRs were gained from the 
ECLIPSE model, and the VLPs were gained 
from the PROSPER files. 

INTEGRATED MODEL IN RESOLVE 
RESOLVE allows dynamic coupling between 
different petroleum engineering packages.
RESOLVE is a master controller which 
allows PROSPER, GAP and third party 
software applications as reservoir simulators 
(ECLIPSE) and process simulators (HySyS) 
to be connected and controlled centrally. 
While each application runs autonomously, 
RESOLVE takes care of synchronisation, data 
transfer, reporting, data gathering, solving and 
optimisation. 

Figure 9 shows the integration concept.

 Running 
predictions with 
integrated model 
The integrated model allows running predictions 
with the whole UGS system at a given injection 
and withdrawal profile.
RESOLVE model of the Pusztaföldvár UGS 
established dynamic connection among 

the ECLIPSE reservoir simulator, the GAP 
production-injection model and EXCEL as 
illustrated on Figure 10.
There were individual connections between 
the wells in GAP (both production-injection) 
model and the wells in the ECLIPSE model. The 
important results were reported in every time 
step into EXCEL file.

Before running the simulation, the Pre-
Calculation was run in the RESOLVE menu, 
which calculated the drainage area and some 
important parameters for the inflow performance 
(IPR).

The ECLIPSE reservoir simulator provided 
the IPR data (reservoir pressure, bottom-hole 
pressure) in each time step. These data were 
passed to the wells in GAP. The GAP optimized 
the whole system and calculated the well head 
pressure and the flow line pressure drop.

A RESTART file was used to run the simulation 
at a specific date, which was set in the ECLIPSE 
section. The simulation time step length was 1 
month. The prediction started in 15/08/2018 
and ended in 15/12/2019. There were two 
production periods and one injecting period 
during the prediction time interval. The gas 
production was 500 Mm3 / well, and the gas 

	  

	  

	  

Fig. 8. Schematic chart of the network model

Fig. 10. Dynamic connection among the model elements

Fig. 9. Integration concept of ECLIPS
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injection was 400 Mm3 / well. Figure 11 shows 
the results for the given period.

 

Two production periods are shown in the left 
table and one injection period in the right table.

After a single ECLIPSE run the ECLIPSE result 
text file was compared to Resolve result tables. 
The reservoir pressures and the bottom-hole 
pressures were compared in each time step and 
weren’t found significant differences in the data. 

Conclusions
The RESOLVE software was able to make 
dynamic data connection among different 
programs with special emphasis on the 
application of a third-party software - ECLIPSE 
(Schlumberger). The resulting integrated 
model enabled making overall hydrodynamic 
calculations from the reservoir to the surface 
gathering station/injection manifold.

Keywords: dynamic model, reservoir 
simulator, surface model, data connection, 
integrated model

Reviewed by Mihaly Gyukics
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Fig. 11. Result tables
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Abstract
Ten years ago MOL E&P required a 
new 3D acquisition in the Zala area, 
Western Hungary. This 3D acquisition 
should have filled the gap among 3D 
cubes shot in the 90’s, setting up the 
basis of the integrated geological and 
geophysical interpretation of the whole 
area. However, the project was pending 
for years. E.ON Földgáz Storage Zrt. 
intended to cover their underground 
gas storage at Pusztaederics by 3D 
seismic to build up a new reservoir 
model, which can play key role in 
the efficient operating of the storage 
facility. The common goals on the 
overlapped area facilitated a beneficial 
cooperation between companies. 
During 3D design phase MOL team 
determined such 3D geometry, which 
fully satisfied the requirements of the 
parties and resulted in financial savings. 
The 3D seismic cubes prepared by data 
processing were suitable for analyses 
of the gas storage as well as localizing 
possible HC exploration targets. A new 
reservoir model of Pusztaederics gas 
storage has been constructed and a 
complex HC geological model has been 
elaborated that led to the identification 

and characterization of twelve drillable 
objects within the survey area. These 
applications clearly show the benefits 
of the cooperation.

Összefoglalás
Két legyet egy csapásra – Barlahida 3d 
szeizmikus mérés és feldolgozás

A MOL Nyrt. Kutatás-Termelés Di-
ví ziója a 2000-es évek elején jelezte 
elôször, hogy új 3D méréssel szeretnék 
elérni a 90-es években, a zalai területen 
mért 3D területek összekötését, és egy 
tömbben való integrált értelmezését. A 
project évekig új partner bevonására 
várakozott. Az E.ON Földgáz Storage 
Zrt. a Pusztaederics gáztároló fel-
tér képezéséhez és késôbbi hatékony 
üzemeltetéséhez kívánt részletes szeiz-
mikus adatokat mérni, így az át fe dô 
te rü let és a közös cél alapozta meg 
a két cég közötti együttmûködés le-
hetôségét. A 3D tervezése során si ke-
rült olyan mérési geometriát és pa ra mé-
tereket találni, amelyekkel a kö zösen 
finanszírozott szeizmikus mé  rési projekt 
mindkét félnek ki elé  gítô eredményt 
szolgáltatott úgy, hogy közben jelentôs 
pénzügyi meg ta ka rítással járt. Így a 
mérési adatok fel dolgozása után olyan 
szeiz mi kus adattömb állt elô, amelyik-
kel egy szerre lehetett a gáztárolót 
le határolni, valamint új po ten ciális 
szén  hidrogén-csapdákat ta lálni. Az 
együtt mûködés sikerét az azóta meg-
alkotott új Pusztaederics gáz tá roló re-
zer voár modell, valamint az azo nosított 
és ki dol gozott, jelenleg még fúrási 
kont rollra váró tizenkét po ten ciális 
szénhidrogén tároló ob jek tum mutatja.
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Introduction
MOL carried out several 3D seismic data 
acquisition campaigns in Northern part of Zala 
County in Western Hungary in the nineteen-
nineties. Geographical location of the surveys 
is shown on Figure 1. 

Main parameters of the previous surveys are 
summarized in the table below (Table 1).

The idea of filling the gap among the different 
surveys was raised up shortly after the 
completion of the Vétyem survey. However, 
due to the lack of resources no worthwhile 
happened on the field, the idea remained a 
thought in the mind of few geologists. The 
events speeded up in 2006. A nearly 500 
km2 large 3D survey was designed to fill the 
gap of the surveys shot in the 90’s (see the 
gray shaded polygon on Figure 1) and MOL 
started seeking for partners. The efforts made 
on finding partner(s) were not successful till 
early 2008. That time a study was prepared for 
E.ON Földgáz Storage Zrt. which suggested 
acquiring a new 3D over their Pusztaederics 
gas storage (the storage area is drawn with 
broken line on Figure 1). Since their survey area 
significantly overlapped the planned survey area 
of MOL, it was obvious to initiate negotiations 
on a possible cooperation between E.ON and 

MOL. Acquiring a 3D project together instead 
of running two surveys separately promised 
significant savings for both companies. 
Negotiations came to an agreement soon. The 
original MOL survey area was extended by 22.1 
square kilometers between Pusztaederics and 
Pusztaszentlászló. Survey design was modified 
in the region of the gas storage to maintain the 
high fold in the E.ON area. The two companies 
agreed that they would share the expenses 
of the 165 square kilometers large 3D survey 
called Barlahida 1st Phase (green shaded area 
on Figure 1).

Designing 
considerations
During designing of Barlahida 3D 1st phase 
some challenges arose. The objectives of 
the two explorations were not the same. 
MOL traditionally targeted the structures 
of the Mesozoic basement. This traditional 
approach changed in the last years together 
with the developments of the seismic 
acquisition, processing and interpretation 
technology. Identification of stratigraphic traps 

in the shallower Pannonian sequence became 
feasible. In harmony with the new exploration 
concepts, the Barlahida 3D was designed to 
image both Pannonian strata and Mesozoic 
basement. On the other side E.ON focussed on 
their gas storage in the Pannonian succession. 
MOL intended to explore a large area seeking 
for satellite fields around the known discoveries, 
while the goal of E.ON was acquiring high fold 
data in a small area to support the elaboration a 
detailed reservoir model.
The ‘cellar to attic’ type target definition of MOL 
was a challenge for acquisition geophysicists. 
Deep targets require high surface coverage with 
long source to receiver offsets, while shallow 
targets call for dense receiver and source line 
spacing. Combination of the two requirements 
leads to a logistic nightmare with unaffordable 
high channel count and of course to prohibitively 
high costs. So the designer has to find a good 
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Fig. 1. Location of the 3D surveys. Vintage 3D-s are blue, planned 

3D is gray, Phase 1 of new 3D is green

Table 1. Summary of the previous surveys

Survey Vintage Area Bin size Fold Number of Number of
   (km2) (M)  channels / record receiver lines
Nagylengyel 1992 30 20 16 640 8
Zalabaksa 1996-1997 105 20 16 768 8
Pusztaszentlászló-Oltárc 1997-1999 103 15 15-25 800 10
Oltárc-Pusztamagyaród 1998-1999 85 20 15 720 10
Vétyem 1999-2000 234 24 24 864 8
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compromise that ensures acceptable signal to 
noise ratio in the shallowest depth of interest, 
provides long offsets even for the deepest 
target and stays within the logistical and 
financial constraints.
Design for E.ON was less complicated. Single, 
relatively shallow target with small surface area 
allows the designer to apply short line intervals 
on the surface without exceeding the practical 
channel count limits. 
However, it was possible to harmonize the two 
different designs. The main difference was the 
different fold, so additional source lines were 
added to the original MOL design above and 
around the gas storage. This way we managed 
to meet the higher fold requirement of E.ON in 
the gas storage area (see fold map on Figure 2).

 

The final acquisition parameters are listed 
below:
Comparison of the parameters of Barlahida 3D 
to the parameters of the previously acquired 
surveys shows significant improvement in every 
aspect. The improved acquisition parameters 
promised superior data quality.

Acquisition
The survey had to be shot in that period when 
the gas storage is fully charged according to the 
condition set by E.ON. Geophysical Services 
Ltd. (GES) was chosen as a contractor, they 
started the field activity in early September 
2008. The survey area was characterized by 
gently undulating hills with tiny villages in the 
valleys. Hills are frequently covered by forests 
and vineyards (Figure 3). The traditional source 
applied by MOL on this type of terrain was 
dynamite. However, hydraulic vibrators proved 
to be also very useful in Zala County in the last 
decade. Finally, Barlahida survey was planned 
for vibrator source with minor dynamite infill. 
This endeavour was very successful as only 348 
records were shot by dynamite out of the total 

7908. The quality of the records with dynamite 
source is close to the vibroseis records (see 
Figure 6).
Recording started on 24th September 2008 with 
a source parameter test. Having analyzed the 
test records the following source parameters 
were selected:

Number of vibrators: 4
Number of sweeps: 3
Start sweep frequency: 8 Hz
End sweep frequency:  100 Hz
Sweep length: 12 seconds.

The main source was vibrator (Figure 4). On 
that locations which were not accessible for 
vibrators explosive sources were used. Two 
types of explosion were determined: (a) from 
single deep holes (2 kg charge at 10 meters 
depth) and (b) from array of shallow holes (3 
holes at 0.4 kg charge and 4 meter depth each) 
with the strong preference of the single deep 
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Fig. 2. Fold distribution map (regular geometry)

Fig. 3. Typical landscape of the survey area

Receiver interval:   40 m
Source interval:   40 m
Receiver line interval: 280 m
Source line interval: 400 m (200 m above gas storage)
Fold 49 (72-75 above gas storage)
Maximum offset: 3932 m
Maximum of minimum offset: 460 m (316 m above gas storage)
Number of receiver lines: 14
Channels/receiver line: 140
Total number of channels: 1960.
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hole. The inaccessible places were mainly on 
hills covered by forests and vineyards or lower 
swampy areas along the Felsô-Válicka stream. 

Autumn is not the most favorably period of 
seismic acquisition in the hills of Zala. However, 
the autumn of 2008 was exceptionally dry and 
sunny thus the survey progressed fast. The 
production level was above the expectations 
(Fig.5.). The good weather had beneficial effect 
on data quality and was very advantageous 
from the point of view of HSE (Health, Safety 
and Environment). Recording was completed 
by 9th November without major HSE event.

Processing
The processing was carried out by GES’s 
processing centre in Budapest, Hungary. The 
data was processed on a medium size Dell pc-
cluster with 16+7 nodes using CGGVeritas 
processing software called GeoCluster 4.1.
The aim of the algorithm and parameter testing 
was to establish an optimum sequence that 
would provide good data quality over the area 
and satisfy the stated processing objectives. 
Testing was carried out on several test inlines 
and a selection of shot records. Further 
refinements and adjustments were on going 

throughout the processing of the survey. 
The applied processing sequence was a 
standard flow up to the pre-stack time migration. 
The biggest challenge of the processing was 
determining proper static corrections.
Field records were received on magnetic 
tapes. First these files were copied to disk and 
reformatted into internal format. Acquisition 
geometry was described later and saved in the 
trace headers. The quality of the field records 
including its geometry were checked throughout 
the survey area. The field data was qualified 
as good for vibroseis records but the quality 
of explosive shots was slightly worse due to 
the higher level of near surface noise (Figure 
6). The field geometry was verified during first 
break picking by producing common shot, 
common receiver stacks with linear moveout 
correction to flatten the refractor. No obvious 
geometry problems were encountered. Maps 
were also produced to verify the geometry. 
These included shot and receiver location, shot 
and receiver elevations, total fold of coverage, 
fold in common offsets, shot depths, etc. 
Figure 7 shows the realized coverage map of 

the area, including the fold distribution. This 
coverage distribution is slightly differs from the 
designed coverage map (Figure 2), because of 
the repositioned source and receiver points.

 

 

	  

	  

Fig. 4. Vibrators in the forest

Fig. 5. Late experts of E.ON and MOL are visiting the GES crew

Fig. 6. Typical shot records: vibroseis (top) and explosive (bottom) 

source. Comparison of the conical noise at the near offsets shows 

better signal/noise ratio at vibrator source
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Spherical divergence correction using the gain 
function of v1.8t was effective in compensating 
for the decrease in energy due to geometric 
spreading. In this function v is the RMS 
(Root Mean Square) velocity and t is the 
recorded two-way time. The power parameter 
of 1.8 was chosen from tests. Equalizing the 
average amplitude and energy levels different 
constant gain was applied to vibroseis (–120 
dB) and dynamite shots (+60 dB). Further 
adjustments of the energy level were realized 
by surface consistent amplitude compensation. 
Application of this procedure preserves the 
real amplitudes of the data necessary for 
AVO (Amplitude Versus Offset) and rock 
properties work. The technique corrects for 
the differences in coupling due to changes 
in near-surface conditions between adjacent 
source and receiver positions. Tests were run 
to evaluate the benefits of applying amplitude 
compensation scalars to attenuate these 
variations in a surface-consistent manner. The 
shot and receiver scalars were computed and 
applied to avoid removing genuine structural 
amplitude variations. This procedure was 
carried out in 3 iterations. The first one was 
run before deconvolution and the remaining 
two after deconvolution. Maps of gain scalars 
show the local amplitude variations, which were 
derived from lateral changes in the near-surface 
conditions, noises and the different source of 
seismic waves. Figure 8 shows the gain map 
of iteration #1 for receivers and sources. 
The amplitude variation due to geology can 
be recognized on both map like the valley of 
Válicka stream (NNE-SSW direction down 
from the right upper corner of the 3D). Only 
the receiver map shows a sharp blue line in 
the E-W direction. The origin of this noise is 
the high level of 50 Hz along the wire line. The 
strong red spots on the source map identified 
the areas where dynamite source was used.

The amplitude level of the vibroseis and explosive 
seismic signal had been already equalized. But 
an additional filter should have been designed 
to handle the differences in shape and phase 
of the signals belonging to different sources. 
Finally 90 degrees rotation and a 12-22 ms time 
shift were set into the filter. Statistical trace 
editing was applied later on after preliminary 
processing to remove rogue high-amplitude 
spikes. Spikes were detected by comparing 
each sample with the RMS value within a time-
spatial window. When the sample exceeded 
a specified threshold factor, the spikes were 
flagged and zeroed. Against random noises an 
attenuation process (statistical data editing and 
noise removal) was applied.
Tests were run to compare various types 
of trace by trace and surface consistent 
deconvolution. A range of design gates, 
operator lengths, white noise levels and 
prediction gap lengths were reviewed.  Varying 
operator length and white noise level had little 
to no effect. Optimum parameters from these 
trace by trace tests were then compared with 
an equivalent surface-consistent design. In 
surface-consistent deconvolution, the seismic 
trace is decomposed into the convolutional 
effects of the source and receiver components. 
After removing the effects of a global average 
wavelet, the residual source and receiver are 
then solved using an iterative least squares 
approach in the frequency domain. For the 
production processing, two terms were 
computed, but only two terms (shot and 
receiver) were applied. The surface-consistent 
deconvolution was preferred to the trace by 
trace. Overall, results showed that the surface-
consistent spiking deconvolution was effective 
in providing a wavelet of stable character and 
bandwidth across the survey.
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Fig. 8. Gain scalar maps of the surface consistent amplitude 

compensation: a.) gain scalars for receivers; b.) gain scalars for 

sources. Stream valley, wire line and dynamite source locations can 

be identified on the maps

a b

 

 Fig. 7. Coverage map and coverage distribution of the realized (non-

regular) geometry
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The biggest issue of the processing in Western 
Hungary is always the computation of proper 
statics. The short elevation changes at hills and 
valleys with the lateral velocity variation make 
the computation unstable. Up-hole surveys 
yield time-depth data pairs from the shallow 
zone, therefore the proper static value can be 
obtained at these points. The problem is the 
interpolation and extrapolation of the velocities 
of shallow layers. During this static calculation 
a linear trend was computed first between the 
vertical time and elevation at the up-hole points 
(elevation statics). The residual times were 
then smoothed and mapped all over the area. 
The final field static is the sum of the elevation 

statics and the mapped residual time shift. 
The elevation statics and the final statics were 
shown in Figure 9.
 Stacking velocities for optimal stacks were 
determined in several steps. Iterations of 
the velocity analysis were made in first and 
second steps with the density of 1 km in inline 
and crossline directions. In the last step the 
density was set to 500 m in both directions. 
The velocities were picked parallel on velocity 
spectra, velocity stacks as well as CDP 
(Common Depth Point) gathers. Estimation 
and application of residual statics were run 
after each velocity determination. The surface 
consistent residual static program uses an 
iterative pilot cross-correlation technique. 
This process involves pilot generation, cross-
correlation and statics computation. The pre-
stack data was NMO (Normal Move Out) 
corrected using the initial velocity field, and 
scaled. The un-stacked traces are cross-
correlated with the pilot trace and the resulting 
cross-correlation function summed into the 
respective shot and receiver arrays. Four 
passes of residual statics have been run. The 
computation window was chosen between 200-

2500 ms and the maximum enabled correction 
was ±30 ms during the first iteration. Stack 
displays showed good improvements after 
each pass of residual statics.
To suppress high amplitude noise and enhance 
the signal/noise ratio automatic gain control 
(AGC) was applied with a 1000 ms operator. 
Better structural image can be prepared by this 
amplitude adjustment, but the image loses the 
real amplitude relations. Avoiding the information 
decay, 2 versions of the gathers were prepared 

 

 

 

 

 

Fig. 9. Elevation statics (left) and final field statics (right). See the 

difference in the northern valleys

a) Raw shot

c) Deconvolution

b) Gain recovery, surface consistent gain correction and statistical 

editing

d) Residual statics, NMO, filtering, AGC

Fig. 10. Evolution of a shot record through the processing flow
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for the migration: with and without AGC. Figure 
10 shows the evolution of a selected shot record 
through the processing flow.
The implementation of the pre-stack time 
migration in the Geocluster software uses 
ray-traced travel times and allows pre-stack 
time migration with a laterally varying, v(x,y,z), 
velocity field. It was assumed that the lateral 
velocity variation is not strong enough to require 
depth migration. Pre-stack time migration was 
run on the preserved amplitude input gathers 
as well as amplitude balanced (AGC) versions. 
The image of the first migration shows the real 
amplitudes; so all amplitude-related attributes 
could be investigated here. For the structural 
interpretation the second version is much more 
appropriate due to the suppressed noise.
The migration is run on source-receiver distance 
offset classes. 35 offset classes were prepared, 
each of them covered 100 m offset range. 
At the first step of the migration procedure a 
detailed migration velocity scan was made. The 

scanned velocity interval was 80-110% of the 
RMS velocity field along every 25th inline and 
crossline. The velocity field was tuned again in 
the velocity range of 96-104% with the step of 
1%. Figure 11 shows the final velocity field for 
pre-stack time migration. The migration was 
run with 4 km half aperture and 60° maximum 
dip. Due to the CPU demanded migration 
processes the input data were resampled to 4 
ms. After migration residual velocity analyses 
were carried out to optimize the velocity field to 
be used for the final stack of the whole volume.
To suppress the non-coherent random noise 
a bandpass filtering and the random noise 
attenuation were applied on PSTM (Pre-
Stack Time Migration) stacks. The amplitude 
preserved version of the migration required 
an additional slowly variable gain function to 
balance the amplitude in time. Robust AGC 
was applied on other version with long operator 
(1000 ms).
The final images are demonstrated on Figure 
12 and Figure 13. The first one shows the 
amplitude preserved version and the other does 
the amplitude equalized one. The difference 
between the figures can be observed on the 
image of the gas storage at 1100 ms. On the 
amplitude preserve version this reflection looks 
the strongest one, the amplitudes here are 
higher than at the Mesozoic basement. But on 
the AGC version stack the basement reflection 
looks stronger. It should be noted that the 
near vertical weak amplitude anomalies were 
disappeared from this version of stack and the 
reflections are more coherent in the Pannonian 
layers.

Application of 
processed data
On the basis of the good quality processed 
seismic data and using an integrated G&G 
interpretation approach, MOL experts were 
able to construct a detailed reservoir model of  
Pusztaederics gas storage for E.ON, as well as 
to identify several potential CH fields within the 
survey area. Four exploration objects out of the 
total twelve will be drilled in the near future.
Exploration activity of the area is ongoing. 
Recording of another portion of the large 
Barlahida survey has been completed in the 
summer of 2010 (Barlahida 2nd Phase). After 
completion of processing it is expected to 
reveal further subsurface exploration targets.
Results of the interpretation and the integrated 
G&G model will be published later.
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Fig. 11. RMS velocity field for PSTM along an inline

Fig. 12. Final amplitude preserved version of a crossline section through 

Pusztaederics gas storage (centre of the section at 1100 ms)

Fig. 13. Final amplitude controlled (AGC) version of a crossline 

section through Pusztaederics gas storage
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Abstract
In 2009, the Slovnaft Bratislava Refinery 
vacuum gas oil hydrocracking unit 
was revamped. The revamp was aimed 
at three strategic goals: to increase 
middle distillate yield, improve unit 
safety and reliability. After revamp, 
compared to year 2007, the net middle 
distillate gain is 170 kilotons per 
year. In addition to increased middle 
distillate yields, the unit has a good 
flexibility between kerosene and diesel 
product yields. Also, certain naphtha 
flexibility remained. Using a custom 
tailored catalytic system, supreme 
middle distillate cold flow properties 
can be achieved. Rather than being 
strictly scientific, this article provides 
practical information on unit flexibility 
and revamp achievements. 

Összefoglalás
A vákuumgázolaj hidrokakkoló üzem 
rekonstrukciója a Pozsonyi Finomítóban

A Slovnaft Pozsonyi Finomító vá kuum-
gázolaj hidrokrakkoló üzemét 2009-
ben átalakították. Az átalakítás három 
stratégiai célja a középdesztillátum 
hozam növelése, az üzemi biztonság, 
valamint a megbízhatóság javítása volt. 

Az átalakítás után, 2007-tel összevetve 
a nettó középgázolaj többlet 170 
e zer tonna évente. A megnövekedett 
középdesztillátum hozam mellett az 
üzem jó rugalmasságot mutat a ke-
rozin és dízel hozamok tekintetében. 
Bizonyos benzinhozam rugalmasság is 
fennmaradt. Az üzemi igényekre szabott 
katalitikus rendszer használatával ki-
váló középdesztillátum hidegfolyási 
tulajdonságok érhetôk el. A közlemény 
a szigorúan tudományos megközelítés 
helyett gyakorlati információt nyújt az 
üzem rugalmasságáról és az átalakítás 
eredményeirôl.

Introduction
The Slovnaft VGO Hydrocracking Unit (original 
license UNOCAL, engineering: Snamprogetti) 
was commissioned in 1991, as a flexible, full-
conversion hydrocracker with design feed 
capacity of 800 kilotons per year of straight-
run vacuum gas oil blend derived from Russian 
Romaskino crude. At the beginning, the unit 
operation was focussed mainly on naphtha 
product as motor gasoline was the predominant 
automotive fuel in the region in early 1990’s. 
Later, increased dieselization necessitated the 
operation to be focussed on middle distillate 
products. The unit product flexibility, however, 
had its limits. Maximum middle distillate yield 
achieved during the 36 months’ cycle life can be 
seen on Fig. 1 (see year 2007). In 2008, higher 
middle distillate yields could only be achieved 
due to approaching revamp (May-June 2009); 
the remaining catalyst activity could therefore 
be intentionally exhausted. 
Also, recent years (2004-2006) of operation 
faced unplanned maintenance shutdowns with 
an average of 20 oil-out days per year. The on-
stream factor had to be improved.
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Original design
The hydrocracking unit “Process Design Basis” 
has been defined by UNOCAL, California in 
1986 to reflect Czechslovak market demand 
while taking into consideration the Bratislava 
Refinery flow scheme of those days. For that 
service, a full conversion hydrocracker with 
unconverted oil recycle was chosen. The 
design employed 3 reactors in series: one 
hydrotreating and 2 hydrocracking reactors. In 
order to secure unit flexibility, a custom-tailored 
catalytic system employed both diesel- and 
naphta-selective cracking catalysts. The unit 
had a flexibility of 40 to 70 wt. % of naphtha. 
Diesel, gases and the unconverted oil (abbr. 
“UCO”) made up for the balance. (In spite of 
the “full-conversion” design, certain portion of 
the unconverted oil had to be drawn off as a 
bleed stream so as to prevent from HPNA  - 
Heavy Poly Nuclear Aromatics - formation.)

Revamp scope
The original design unit capacity had certain 
margin. From original 112,5 m3/h, the capacity 
could in years be increased up to 130 m3/h 
without equipment modification. The product 
flexibility, however, was limited by catalyst and 
some equipment design. The revamp therefore 
included both: catalyst optimization, new reactor 
internals as well as equipment debottlenecking 
(control valves, piping, pumps, etc.). The 
revamp also included essential equipment 
maintenance, safety and environmental items.
For revamp study, license and subsequent 
basic engineering, Haldor Topsøe (abbr. HTAS, 
Denmark), was chosen. Detailed engineering 
was made by CB&I (CZ). 

REACTION SECTION
Crucial part of the revamp was reaction section: 

all reactor internals (except for original support 
beams and 2 outlet collectors in cracking 
reactors) were replaced with HTAS proprietary 
internals. For better liquid distribution, licensor 
proprietary VLT (“Vapor Lift Tube”) trays 
were used. For more efficient heat wave 
management, a new quench box system was 
installed between catalyst beds. Old “broom-
stick” design thermowells (each thermowell 
containing 3 thermocouples) were replaced by 
GAyESCO thermocouples (each bed equipped 
with 4 measuring points at the bed inlet and 8 
points at the bed outlet). 
The hydrotreating capacity was increased by 
merging 2 bottom beds into one long bed (see 
Fig. 2). This way, the original space between 
bed 2 and bed 3 was used for additional 13 m3 of 
main hydrotreating catalyst (TK 605), resulting 
in R1 hydrotreating capacity increase by 37% 
(TK 605 volume). A new quench line has been 
added to R1 inlet to better manage possible 
temperature excursion as well as to fine-
tune the R1 inlet temperature. The resulting 
temperature control is more precise (originally, 
only recycle gas heater was used for R1 inlet 
temperature control).

Since the actual unit capacity was planned to be 
fully utilized (130 m3/h vs. 112.5 m3/h of original 
design capacity), recycle gas compressor has 
been equipped with anti-surge control system.

CATALyTIC SySTEM
To prevent mechanical impurities (dust, 
rust, coke) from entering catalyst beds, 
graded beds were used, consisting of TK 10 
(inert tablets with high void space), TK 711 
(hydrodemetalisation catalyst with high void 
space), TK 511 (hydrotreating catalyst with 
moderate activity) and TK 743 (hydrotreating 
catalyst with moderate activity and high metal 
adsorption ability). 

In addition to increased hydrotreating bed 
volume (merged beds, described above), an 
additional amount of hydrotreating catalyst 
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Fig. 1. BR VGO HCK unit operation trend 1999 to 2008 and new 

design

Fig. 2. Catalyst system before and after revamp
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was placed on top bed of first cracking reactor 
(R2), providing extra hydrotreating capacity (the 
original design suffered lack of hydrotreating 
capacity towards the end of cycle); the latter has 
already proved to be efficient in the last catalyst 
cycle. A possible drawback is that there is no 
separate control over the hydrotreating catalyst 
which is placed atop of the cracking catalyst 
since only overall temperature rise across the 
bed is monitored.

The hydrotreating (both pre-treat and post-
treat) beds use TK 605 BRIM™ catalyst. The 
LHSV (Liquid Hourly Space Velocity) of 2.7 hr-1 
(in R1 alone), secures a very good denitrification 
function, resulting in nitrogen slip lower than 50 
ppm. Since the actual feed EBP (End Boiling 
Point) is lower than designed (easier cracking), 
a nitrogen slip of 70 to 100 ppm seems to be 
ideal for achieving desired conversion. 

The cracking beds (reactors R2 and R3) contain 
a high mid-distillate selective, low-zeolite 
catalyst TK 931 (reactor R2), a conversion 
booster TK 951 (R3) and, an isomerization 
catalyst TK 926 (R3 bottom bed) which proved 
to be an efficient diesel cold flow properties 
improver (see further in the text). The bottom 
bed of reactor R3 also contains a portion of TK 
605 for post-treat.

SEPARATION
Both high pressure and low pressure (low 
temperature) separators were equipped with 
new meshes and/or other internals that provide 
better oil/water separation. The debutanizer 
column has been partly re-trayed and a new 
water collecting tray has been installed in the 
top section.

OTHER ITEMS
In addition to crucial changes described 
above, the revamp also included enhancement 
of furnace firing control system with low-
NOX burners, new air preheater (plate heat 
exchanger CORPEX instead of old regenerative 
rotating preheater). Both DCS (Distributed 
Control System) and ESD (Emergency Shut 
Down) systems were upgraded.  

Unit operation
after revamp
The unit has originally been designed to be 
operated with unconverted oil (UCO) recycle; 
this feature has been kept, however the unit 
was mostly operated in once-through mode 

at full fresh feed capacity. The once-through 
mode proved to be significantly more economic 
than recycle mode (due to lower energy 
consumption). In addition to operation at 95% 
conversion, the unit had to be operated at lower 
conversion (~75%) to supply FCC with feed 
(UCO) for two weeks in August 2009.

PRODUCT yIELDS
Fig. 3 shows product yields achieved during 
performance test [UCO recycle used, CFR 
(Combined Feed Ratio) =1.5] and operation for 8 
months from start-up (once-through mode). Grey 
vertical bars show yield flexibility achieved during 
operation using once-through mode with limiting 
values indicated above and below the bars. As 
these values only show actual operation, the 
limits indicated may not be true limits; there 
might be further potential. Black horizontal marks 
indicate average value of the period; the value 
is on the right. Red rhombs with values on the 
left (bold, stressed font) indicate performance 
test values (UCO recycle used). The test values 
were recorded in November 2009. Blue triangles 
indicate typical diesel mode operation with UCO 
recycle (data originate from year 2005, since 
then only once-through mode was used). 

The picture points on unit flexibility (product 
yields and conversion). In general, with recycle 
mode, the overall middle distillate yield is higher 
than with once-through mode.  However, with 
once-through mode, higher average kerosene 
yields could be achieved while with recycle mode, 
more diesel was produced. The recycle mode 
suppresses formation of gases and naphtha, 
which is due to less severe reaction conditions. 
Naphtha yields could only be increased by 
processing lighter feed (up to 30 wt. % of heavy 
atmospheric gas oil or 15 wt. % diesel in the 
feed). At lower throughputs (below 100 m3/h), 
total naphtha yield exceeded 40 wt. %.

There are several ways on how to compare the 
net middle distillate gain after revamp. If the 
same mode of operation is used for basis, then 
difference between performance test data after 
revamp (see Fig. 3, red rhombs) minus diesel 
mode recycle data before revamp (blue triangles) 
could serve as indication on gain. However, in 
addition to different mode of operation, there 
was an unplanned change-out of portion of the 
catalyst system in 2006 (top beds of R1 and 
R2) and 2007 (R1 only). The fresh catalyst with 
regard to the approaching revamp allowed for a 
temporary yield increase (that otherwise would 
not be possible) at the expense of exhausting 
the extra catalyst activity. The net middle 
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distillate gain compared to year 2008 might 
therefore seem lower. However, compared to 
year 2007 (a fair base case!), the net middle 
distillate gain is approx. 170 000 tons per year 
(at full on-stream availability).

 
PRODUCT QUALITy
During 8 months of operation, the following 
main product qualities were achieved (see also 
Table 1):

Light naphtha total sulphur content 
was typically in the range of 0.8 to 3 ppm, 
represented by H2S. Mercaptanes were not 
present. Reid vapor pressure was relatively 
high, but always within spec (limit: 80 kPa). 
RON (Research Octane Number) was typically 
in the range of 77.5 to 80.2.

Heavy naphtha sulphur was mostly at the 
detection limit (0.1 ppm), with maximum values 
below 0.5 ppm. Naphthenes were present 
in 53.5 to 56 wt. %, while aromatics were 
relatively low: 5.6 to 7.6 wt. %.

Kerosene total sulphur was almost zero (0.1 
to 0.3 ppm). Kerosene showed very good 
cold flow properties with freeze point below 
-65 oC. The smoke point was in the range of 
24 to 26 mm. The higher values of the range 
were recorded mainly with recycle mode. It is 
interesting that while the aromatics content had 
a slightly increasing trend (approx. 1 vol. % in 
7 months) (see Fig. 4), the smoke point was 
stable (scattered, but without obvious trend) 
(see Fig. 5). The latter might be caused by 
different aromatic species contained.

Diesel total sulphur was almost zero (0.1 to 
0.5 ppm). Cetane index was very good (68 to 
74). Especially good were cold flow properties: 
with relatively high distillation curve, low cloud 

point values were achieved (see Fig. 6; the 
cloud point was plotted against 95% DCpoint). 
Cold flow properties are improved on the 
isomerization catalyst TK-926. By experience, 
with same distillation curve we can shift the 
cloud point values by changing the temperature 
rise across the bed 3 (reactor R3, see Fig. 2). 

Unconverted oil had sulphur content mostly 
in the range of 2 to 6 ppm.  Aromatics content 
was only measured during the performance test 
with values ranging from 3.0 to 5.5 vol. %.

 

 

	  

	  

Fig. 3. BR VGO HCK unit flexibility before and after revamp

Fig. 4. Kerosene total aromatics content

Table 1. Chosen product properties (typical values of the 8 month 

period) *Typical range means a range of most frequent values. 

Extreme values were excluded.

Stream Property Unit Typical range*
Light naphtha Total sulphur content wt. ppm 0.8 3
 Reid vapor pressure kPa 74 79
 RON  77.5 80.2

Heavy naphtha Total sulphur content wt. ppm 0.1 0.5
 Aromatics content wt. % 5.6 7.6
 Naphthenes wt. % 53.5 56

Kerosene Total sulphur content wt. ppm 0.1 0.3
 Freeze point deg. C -65
 Smoke point mm 24 26
 Aromatics content vol. % 8,5 9,5

Diesel Total sulphur content wt. ppm 0.1 0.5
 Cetane index  - 68 74
 Cloud point see Fig. 6

Unconverted oil Total sulphur content wt. ppm 2 6
 Total aromatics content vol. % 3 5.5
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Conclusions
The unit revamp was successful and the unit is 
able to operate at desired yields and qualities. 
The unit has good yield flexibility between 
kerosene and diesel and certain yield flexibility 
between naphtha and middle distillates. 

All data were used with permission of licensor, 
Haldor Topsøe.

Keywords: hydrocracking, revamp, middle 
distillates, cold flow properties

Reviewed by Roman Karnas
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Fig. 5. Kerosene smoke point

Fig. 6. Diesel cloud point
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Abstract 
The article provides a broad overview on 
global polypropylene fiber production 
and especially on market trends for 
nonwoven where polypropylene plays an 
important role. Polypropylene (PP) fully 
dominates spunbond industry. Slovnaft 
Petrochemicals also contributes to 
this important segment of textile 
industry and serves the market by 
special grade Tatren HT 25 11 that was 
developed for spunbond application. 
Polymer characteristics, benefits for 
spunbonders and basic properties of 
spunbonds for hygienic application are 
in detail described in the article.

Összefoglalás
Speciális polipropilén típusok fej lesz-
tése spun bond alkalmazásokhoz a 
Slov naft Petrochemicals-nál 

A cikk széles áttekintést ad a po li-
propilénszál gyártásról, kü lö nö sen a 
nem szôtt anyagok piaci trend jérôl, 
amelyben a polipropilén je lentôs sze-
re pet játszik. A spun bond ipar ban 
meg határozó a polipropilén fel hasz-
ná lá sa. A Slovnaft Pet ro che mi cals a 
tex tilipar ezen fontos szeg men sé hez is 
hozzájárul speciális Tat ren HT 25 11 

típusával, amelyet spun bond al-
kal mazásra fejlesztettek ki. A cikk 
rész letesen leírja a polimer jel lem-
zôit, a spun bond gyártók szá má ra 
nyújtott elônyeit és a spun bon dok 
alaptulajdonságait egész ség ügyi al kal-
ma zások esetén.

World production 
of polypropylene 
Polypropylene has gained increased importance 
in the fiber industry in the past few years. In 
2008, 5.9 million tons of PP fibers (filament 
yarns, staple, monofilaments, spunbonds and 
tapes) have been produced globally. Global 
capacity for PP polymer expanded in 2006 to 
47 million tons, mainly in the areas of [1]:

• Asia 19.5 million tons/year
• Western Europe 10 million tons/year
• North America 10 million tons/year.

In Western Europe the leading manufactures 
are Basell, Borealis, Ineos, Total, Sabic, Repsol 
and Dow. 
The largest world producers of polypropylene 
are shown in Table 1.
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Producer Production (million tons/year)
Basell 7.3
Sinopec/China 3.6
Ineos 2.6
Total Petrochemicals 2.5
Formosa Plastics 2.1
ExxonMobil 2.1
Sabic 2.0
China National 1.9
Borealis 1.7
Reliance 1.5
Table 1. The largest world producers of polypropylene [1]



Global PP fiber 
production 
In 2007, global chemical fiber production 
increased by 3.5 million tons or 8% to 48.0 
million tons. In 2008, global production 
decreased by 2.2 million tons or 5% to 45.8 
million tons (Table 2, [2]). 

Within chemical fibers, 42.6 million tons were 
synthetic fibers and 3.2 million tons cellulosic 
fibers. In this way, in 2008 global synthetic fibers 
production decreased by nearly 2 million tons 
and cellulose fibers by 350 000 tons compared 
to the previous year. World production of PP 
fibers (including tapes and spunbond) reached 
5.9 million tons in 2008:

•  Filament yarns (including 
monofilaments, spunbonds) 
2.65 million tons (-9%)

•  Staple fibers 1 million tons (-12%)
•  Tapes 2.2 million tons (-5%).

Total consumption of PP fibers in Western 
Europe in 2007 reached about 1,8 million tons, 
in Central Europe about 270 000 tons and in 
Turkey about 457 000 tons (Table 3, [3]).  

In 2007, total consumption of PP textiles in 
Europe reached 2.54 million tons (Figure 1, [3]). 

Global market 
trends for 
nonwovens
Production of nonwovens and unspun products 
declined in 2008 to 6.7 million tons after a long 
expansion period (Figure 2, [4]).  
The majority of about 6 million tons is nonwoven-

based while the remaining portion comes from 
filling material for sleeping bags, anoraks, 
pillows, mattresses and insulating material 
in the automotive industry as well as padding 
material for reinforced building structures.
Production of nonwovens is still concentrated in 
the USA and Western Europe as it is illustrated 
in Figure 3 [5]. 
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Chemical fibers Production Average Annual )
 (1000 tons) Growth Rate (%)
Polyester 30 650 -1.5
PP fibers* 5 939 -8.2
Polyamide 3 512 -9.7
Acrylics 1 913 -20.5
Cellulose fibers** 3 234 -12.8
Others 612 -4.7
Total 45 860 -4.8

 PP fiber Western Europe  Central Europe Turkey 
 (tons) (tons) (tons) (tons)
 Staple  462 000 50 000 55 000
 Tapes and 378 000 67 000 160 000
 fibrillated yarns
 Filament yarns 370 000 43 000 212 000
    (mainly bulk
    continuous filaments)
 Strapping 146 000 43 000 -
 Spunbond 455 000 110 000 30 000
 and meltblown
 Total 1 811 000 270 000 457 000

Table 2. Global chemical fibers production in 2008 [2]

* including film fibers (tapes) and spunbonds

** excluding fibers, including acetate cigarette filter tow

Table 3. Total consumption of PP fibers in 2007 [3]

	  

	  

	  

Fig. 1. Consumption of PP textiles in Europe in 2007 [3]

Fig. 3. Nonwovens production by region in 2007 [5]

Fig. 2. Production of nonwovens (Source: Oerlikom Textile [4])
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Segmentation of global nonwovens production 
by technology is illustrated on Figure 4 [4].

Around 46% of nonwovens production has 
been made by spunlaid technology. Spunlaid 
nonwovens (spunbonds, meltblown) production 
grew almost 4% to about 2.7 million tons 
compared to year 2007. The reason for this 
sustainable growth is that spunlaid technology 
offers the advantage of skipping a production 
stage which makes it the benchmark for 
efficiency. The other technologies start from 
raw material to fiber and then to finished fabrics. 
Spunmelt are mainly addressing hygiene and 
medical products, and had also expanded onto 
more technical end-uses for construction, 
coating substrates, automotive, agriculture, 
battery separators or packaging.

Carded nonwovens production was down 
by 2% to about 2.4 million tons in 2008. This 
technology with four web forming processes 
(needlepunched, spunlace, thermal/resin 
bonded) has continuously lost market shares. 
In this segment changes in favour of spunlace 
process were observed. The spunlace 
technology has continued to benefit from 
further growth in hygiene, household wipes 
and new requirements in interior automotive 
products and filtration in Western Europe and 
North America due to its specific properties 
such as soft hand and drapability.     

The demand for airlaid nonwovens mainly used 
in wipes, hygiene products and absorber pads 
for the food industry was slightly up to about 
450 000 tons in 2008.

The output of the wetlaid nonwoven remained 
static at about 230 000 tons. The main products 
are tea bag and filter materials, medical barrier 
fabrics and battery separators.     

At present, PP fibers and PP polymers dominate 
nonwovens industry in Europe. The nonwoven 

production by fibers/polymers in Europe in 
2007 is shown in Table 4 [6].

Consumption of nonwovens by application in 
Europe in 2007 is shown in Figure 5 [6]. The 
largest part (34%) of nonwovens goes for 
hygiene products.

Global PP 
spunbond market
Spunbonding process is the most economical 
way of making nonwoven materials from 
a polymer in one step, whereby polymers 
are directly converted into filaments and 
stochastically deposited to form a nonwoven 
material. Endless filaments in combination with 
a uniform discharge guarantee low grammage 
whilst retaining strength.

The basic qualities of spunbond fabric include 
the following: 

•  Range of surface density approx. 10 - 150 g/m2 
•  Even distribution of fiber in the surface 

fabric determining the characteristic qualities 
that are approx. 2:1 in the longitudinal and 
transverse directions 

•  High final strength of the fabric due to the high 
strength of continuous filaments 

•  Characteristic fineness of the individual 
filaments can range from 1 to 5 deniers. 
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Fig. 4. Nonwovens production by technology in the world in 2008 [4]

Fig. 5. Consumption of nonwovens by application in Europe in 2007 [6]

Polymer / fibers Production (1000 tons) Share (%)
Polypropylene* 885 56
Wood pulp 253 16
Polyester* 206 13
Viscose 205 13
Others 31 2
Total 1 580 100

Table 4. Nonwoven production by fibers/polymers in Europe in 2007 [6]

*including spunbonds
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One of the world's most successful spunbonding 
processes is Reifenhäuser Reicofil technology 
(see Figure 6, [7]). 
On the current spunbond world market 
PP dominates accounting for nearly 80%.  
Production capacity for PP spunbond 
nonwovens in 2009 is estimated to be 2.3 
million tons. The spunbond industry is made 
up of more than 100 producers operating more 
than 250 production lines in 2009 [8].

Spunbonds are used for wide range of products 
on not only existing but also new markets:

Hygiene
• Baby and adult diapers 
• Female hygiene

Medicine
• Protective clothing 

Technical products 
• Architectural nonwovens 
• Coating substrates 
• Agriculture
• Battery separators
• Disk covers.

Polypropylene 
Tatren grades 
for spunbond 
application 
Slovnaft Petrochemicals is very committed 
itself to the spunbond industry. One specific 
spunbond grade Tatren HT 25 11 has been 
developed and introduced to portfolio and 
another one spunbond developmental grade 
Tatren HT 30 12 has been tested.

Tatren polypropylene homopolymers intended 
for spunbond application are characterized by:

• High flow and controlled rheology 
• Narrow molecular weight distribution
• Gel free quality
• Low filtration index
•  Additive package that provides good melt 

stability and low smoke release
•  Polymer is resistant to gas fading and thermal 

discolouration 
• Low odor level
• Low catalyst residues.
  
POLyPROPyLENE TATREN HT 25 11 
Tatren HT 25 11 is a polypropylene homopolymer 
intended especially for spunbond. It can be 
used also for extrusion coating of PP fabrics 
and injection moulding. Tatren HT 25 11 is a 
controlled rheology homopolymer of very 
narrow molecular weight distribution. This grade 
is formulated with anti-gas fading stabilization 
package and shows consistent processability, 
good colour and thermal stability and low 
smoke.

Practically two thirds of Tatren HT 25 11 
production was applied in 2008 for spunbond 
(Figure 7) while in 2007 it was about half of 
production. 

Typical parameters of Tatren HT 25 11 are 
presented in Table 5.

	  

	  

Fig. 7. Sales of Tatren HT 25 11 in 2008

Fig. 6. Reicofil three beam spunbond line and process steps (Source: Reifenhäuser [7])

Process description
• Preparation of raw material 
• Dosing unit for primary polymer, pigments and additives 
• Extruder for melting and conveying the raw materials
• Melt filter 
•  Spin pump to ensure a constant throughput to the spin unit 
• Sheet distributor with spinneret 
• Filament cooling 
• Filament extension 
• Discharge unit (diffuser) 
•  Web forming machine for discharge and conveyance of the 

filaments 
• Nonwoven bonding, preferable calendering 
• Winding 
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Processing and colour stability of Tatren HT 
25 11 characterized by ∆ MFRf-c = MFRfiber – 
MFRcompound during the laboratory spinning test 
is very good (see Figures 8 and 9) because 
a highly effective additive package is applied. 
This non-discolouring and high performance 
additive package protects polymer and fibers 
also against NOx gases. Tatren HT 25 11 is 
therefore a gas fade resistant polymer and 
this is the key attribute of textile grades of 
polypropylene.

Tatren HT 25 11 is particularly suitable for 
spunbonding on Reicofil 4 lines (Figure 10 [9]) 
because specific characteristics of polymer 
allow very fine filaments to be produced at high 
spinning speeds.

Wide range of spunbond (S) and spunbond/
meltblown/spunbond (SMS) type of fabrics 
(Figure 11 [9]) manufactured from Tatren HT 25 
11 is used in hygienic products (baby nappies, 
ladies hygiene products, incontinency nappies 
and towels), agriculture, building industry or 
automotive industry.    

Benefits of Tatren HT 25 11 for spunbond 
producers are high bonding strength, good 
coverage, uniform web, wide bonding window, 
high processing speed and improved spinning 
stability characterized minimal numbers of 
drops of melt under the spinneret.        

The basic qualities of the most manufactured 
fabrics include following:

Spunbond fabrics S:
• Raw material 100% polypropylene
• Basic surface density 15 g/m2 and 18 g/m2
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Parameter Unit Method Typical value
Melt flow rate (MFR) (2.16kg/230°C)  g/10 min ISO 1133 25
Tensile strength at yield MPa ISO 527-1,2 31,5
Tensile elongation at yield % ISO 527-1,2 10
Modulus of elasticity in tension MPa ISO 527-1,2 1450
Flexural modulus MPa ISO 178 1300
Izod impact strength (notched 23°C) kJ/m2 ISO 180/1A 2,5
Heat distortion temperature at 0,46 MPa °C ISO 75-1,2 86
Hardness Rockwell R scale ISO 2039/2 100
Gas fading PP fibers rate of grey scale ISO 105-A02+internal 3-4 – 4
Molecular weight distribution - Gel permeation chromatography very narrow

Table 5. Parameters of PP Tatren HT 25 11

	  

	  

	   	  

	  

Fig. 8. Change of MFR after extrusion on laboratory spinning line

Fig. 10. Reifenhäuser Reicofil 4 line (Source: Pegas Nonwovens [9])

Fig. 11. Spunbond fabrics S and SMS (Source: Pegas Nonwovens [9])

Fig. 9. Change of yellowness Index (yI) after extrusion on laboratory 

spinning line
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• Fiber fineness 1.5 den and 1.8 den
• Hydrophobic or hydrophilic treatment
• Roll width 4.2 m

Spunbond/meltblown/spunbond fabrics SMS:
• Raw material 100% polypropylene
• Basic surface density from 13 g/m2 
• Fiber fineness 1.5 den (15 μm)
• Roll width 3.2 m.

POLyPROPyLENE TATREN HT 30 12 
Tatren HT 30 12 is a developmental 
polypropylene homopolymer intended for 
injection moulding and light weight spunbond. 
Tatren HT 30 12 is high flow controlled rheology 
homopolymer of very narrow molecular weight 
distribution. 

Typical parameters of Tatren HT 30 12 are 
outlined in Table 6.

Viscosity of Tatren HT 30 12 in the range of 
shear rates 10-1000 s-1 is lower than Tatren HT 
25 11 (Figure 12). Because the lower viscosity 
means high flowability and it means better 
processability we suppose, that Tatren HT 30 
12 is even more suitable grade for light weight 
spunbonds than Tatren HT 25 11.

Tatren HT 30 12 was also tested on Reicofil 
4 line on spunbond S (15 g/m2, 1.5 den) 
and spunbond SMS (13 g/m2, 1.8 den). The 

processability of Tatren HT 30 12 was as good 
or better as processability of Tatren HT 25 11. 
Long-term application tests on spunbond S 
and SMS are needed to exactly qualify the 
processability of Tatren HT 30 12.

Conclusions
Polypropylene continues to be the most 
important polymer used in the European 
nonwovens industry, accounting for 885 000 
tons or 56% of the total fiber and polymer 
consumption in year 2007 [6]. The main end-
use for spunbond nonwovens remains the 
hygiene market with 34% share, amounting to 
536 000 tons. This has grown by 7.4% in 2007. 
Spunbonding process is the most economical 
way of making nonwoven materials, where 
polymers are directly converted into filaments 
and randomly deposited to form a nonwoven 
material. On the current spunbond market 

PP dominates accounting for nearly 80%. PP 
spunbonds are used mainly for hygiene products 
such as baby and adult diapers, feminine care 
and medical products such as protective 
apparel. Spunbonds are also used more and 
more in technical applications, mainly for 
construction, coating substrates, agriculture, 
battery separators or even disk covers. 

The spunbond industry has made dramatic 
technical and commercial progress in recent 
years and still is process leader in nonwoven 
forming. Due to fixed market grow and further 
development of disposable products for baby 
care, female hygiene and medicine, the market 
share of spunbond will be constantly increased.

Slovnaft Petrochemicals is also deeply engaged 
in the spunbond industry and in the last years 
has developed and introduced a special 
spunbond grade Tatren HT 25 11 to the product 
portfolio that is widely accepted by spunbond 

Parameter Unit Method Typical value
MFR (2.16kg/230°C)  g/10 min ISO 1133 30
Tensile strength at yield MPa ISO 527-1,2 31
Tensile elongation at yield % ISO 527-1,2 10
Modulus of elasticity in tension MPa ISO 527-1,2 1400
Flexural modulus MPa ISO 178 1200
Izod impact strength (notched 23°C) kJ/m2 ISO 180/1A 2,5
HDT at 0,46 MPa °C ISO 75-1,2 -
Hardness Rockwell R scale ISO 2039/2 98
Gas fading PP fibers rate of grey scale ISO 105-A02+  internal 3-4 – 4  
MWD - GPC very narrow
Table 6. Parameters of PP Tatren HT 30 12

	  
Fig.12. Viscosity of Tatren HT 25 11 vs. Tatren HT 30 12
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manufacturers. Also a new high flow grade 
Tatren HT 30 12 for light weight spunbond is 
now being developed.
 
Tatren HT 25 11 is a controlled rheology 
homopolymer of very narrow molecular weight 
distribution. This grade is formulated with an 
anti-gas fading additive package and shows 
consistent processability, good colour and 
thermal stability and low smoke. Tatren HT 
25 11 is particularly suitable for spunbonding 
on Reicofil 4 lines because its unique 
characteristics allow production of spunbond 
(S) and spunbond/meltblown/ spunbond (SMS) 
of very fine filaments and light weight fabrics 
at high spinning speeds. Benefits of PP Tatren 
HT 25 11 for spunbond producers are high 
bonding strength, good coverage, uniform web, 
wide bonding window, high processing speed 
and improved spinning stability characterized 
minimal numbers of drops of melt under the 
spinneret.        

Polypropylene Tatren HT 25 11 spunbond grade 
is characterized by:

•  High flow and narrow molecular weight 
distribution, controlled rheology 

•  Easy processability and improved melt stability
•  Optimal product consistency and resin purity 

(low filtration index, gel free) 
•  Excellent spinning performance on high speed 

technologies
•  Resistance to gas fading and thermal 

discolouration. 
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Abstract
The aim of the performance monitoring 
system, named SEMAFOR (Acronym: 
system to monitor operation’s 
performance) is to help stakeholders 
monitoring the daily operations of 
Duna and Slovnaft refineries and 
also to support the consolidation of 
the information and reporting system 
between the different sites. 
SEMAFOR system is trying to deliver all 
the relevant information in such a way 
that it could be taken in at a glance and in 
the same time still concentrating on the 
most critical parts of the refineries life. 
The dashboard system helps to increase 
data visibility and improves profit and 
performance, while supporting the 
collaboration across the whole factory 
via key performance indicators (KPI). 
This article provides an overview on 
the past two years and the current 
developments of the SEMAFOR system, 
and also outlines the future opportunities.

Összefoglalás
SEMAFOR – operatív teljesítmény fi-
gyelô rendszer a MOL Finomításnál 

A SEMAFOR (mozaikszó: system to 
monitor operation’s performance) 
ope ratív teljesítményfigyelô rendszer 
cél ja, hogy megkönnyítse a Slovnaft, 
illetve a Dunai Finomító legfontosabb 
mûködési paramétereinek ellenôrzését, 
egyúttal elôsegítse az információs és 
jelentéskészítô rendszerek har mo ni zá-
cióját.
A SEMAFOR üzleti intelligencia rend-
szer minden esetben a legfontosabb 
területekre koncentrálva jeleníti meg 
az adatokat, kulcsfontosságú tel je sít-
mény mutatók (KPI) és korszerû vi zuális 
eszközök használatának se gít sé gével.  
Jelen publikáció rövid áttekintést 
igyekszik nyújtani az elmúlt két év 
során elvégzett, valamint a lehetséges 
jövôbeni fejlesztésekrôl.

History of the 
SEMAFOR system 
SEMAFOR system design was started in 
summer of 2008. The first phase of the 
project was implemented at Duna Refinery 
(DR) with the cooperation of the DR Process 
Information, MOL IS and a selected vendor. The 
implementation time took 15 weeks; involved 
30 persons to the project and divided them into 
“Data – Functional - and Technical team”. 
“Data team” was responsible for KPI creation 
based on the PI (Plant Information) system, 
“Technical team” ensured the hardware and 
software background, while the “Functional 
team” developed the report and dashboard 
structure of the system. The first phase of 
the project covered the 14 main units of Duna 
Refinery, which meant 900 complex calculations 
behind the 197 KPIs.
The most important part of the dashboard 
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creating process is to choose the right 
indicators which are correct in the present and 
the future situations, too. 

Characteristics of good KPIs are as follow
• Up to date - dynamic management
• Useful and user focussed
• Effective – simple and easy to understand
•  Measurable, complemented with target and 

limits
• Important and relevant
• Drive continuous improvement
• Lead to positive actions.

During the design phase the Process 
Information organized more than 50 interviews 
with the refinery workers and created a list 
about the potential KPIs, which satisfy business 
expectations and requirements from the 
operation level up to the managers.
The project team finally agreed to classify the 
selected indicators into two categories:
•  General KPIs (e.g. unit feed, specific steam 

consumption, specific electricity consumption, 
steam production)

•  Unit specific KPIs (e.g. salt content, yields of 
products).

General KPIs are aggregated at area and 
refinery level and have special target and limit 
settings which are equivalent in both sites. 
Unit specific KPIs are selected by the unit 
leaders and the process engineers and have 

unit characteristic limit settings. The details of 
the KPI calculations are public and available in 
the KPI matrix. 

Technical 
background 
The main data source of the system is the PI 
real time database, which is in connection the 
DCS (Distributed Control System) of the units 
(Figure 1). SEMAFOR system also contains 
some scheduling (Supply Chain Management 
- ORION) and laboratory data (LIMS), which 
reach the central database of the system (Data 
Mart) through interfaces. In addition, the system 
administrators continuously follow the weekly 
plan, energy price’s changes and maintenance 
management data and forward these types of 
information manually to the database with the 
help of the SEMAFOR manager application. All 
of the interfaces and the SEMAFOR manager 
application were developed by the DR Process 
Information organization.

Determination of the necessary KPIs was 
only the first step in the project history. The 
“Functional team“ had to find the perfect 
technical solution able to collect all the relevant 
information from the different databases, handle 
the calculation tasks and publish the results to 
the end users. 

Workshop2010/3

	  
Fig. 1. SEMAFOR system structure 
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Three possible suppliers have presented 
their solutions to the evaluation team. MOL 
management finally selected SAP Business 
Objects (BO) application. SAP BO is providing 
a standard reporting tool with a strong 
integration of SAP R/3 and SAP BW (Business 
Warehouse).

 
SAP Business Objects software components 
are [1]: 

•  Web intelligence: Real-time analyzer and ad-
hoc reporting application

• XCelsius 2008: Dashboard developing tool
•  InfoView portal: Web-based enterprise 

portal for the central and easy accessibility 
of dashboards

•  Live Office: Integration between real-time 
BO reports and MS Office application.

According to MOL IS policy two environments 
were implemented, one for development / 
test and another for productive use. The heart 
of the SEMAFOR system is the Data Mart 
(System Repository) - a standard UNIX based 
data warehouse – which integrates data from 
various data source (Figure 2). 

            
                                                 

Business Objects was also implemented on 
a UNIX-based server cluster complemented 
with a symantec layer - so called Universe - 
that is the basis of the reporting and analysis 
tasks. Universe collects the data in a relational 
data structure, in that way it is easily to 
create SQL reports with the Web Intelligence 
software component. Universe translates the 
complexities of the database into business-
friendly terms for end-users.

The “Functional team” used the XCelsius 
2008 application for data visualization and 
turned the raw data into dashboards, filled 
with dynamic objects such as charts, gauges, 
etc. These dashboards are available for the 
end users by the help of Business Objects 
InfoView web environment. 

Dashboard 
structure
SEMAFOR system is available from the NICE 
launch pad via Internet Explorer browser. 
Navigation panel contains all of the dashboards 
in a site / area / unit hierarchy (Figure 3).

Parts of the unit level dashboard are:
1.  Navigation panel: Link structure of the 

system
2.  Header: Identify the dashboard and contain 

the “Historical data” button, which shows 
archive values in a report form

3.  Spreadsheet: Display  the KPIs actual and 
previous day values 

4.  Line chart: Last 24hrs trend of the added 
KPI

5.  Trend analyzer: Represent the last 50 
minutes changes

6.  Gauge: Compare actual value with 
predefined threshold. 

Site and area dashboards contain some extra 
functions (Figure 4). Users are able to drill 
down and check the underlying elements of 
the aggregated calculations, and also leave 
messages with the help of the “Comment” 
button. Recalculation frequency is 10 minutes 
in case of every dashboard. 

Present situation
The first project phase was accomplished in 
January of 2009, which was followed by an 
intensive users training course all around the 
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Fig. 2. SEMAFOR system hardware architecture 

Fig. 3. Unit level dashboard
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Refinery. SEMAFOR application has changed 
the way of thinking from the operator level up to 
the managers. At the beginning every fifth KPIs 
had a red traffic light, today we recognize this 
problem very rarely, because the unit workers 
are continuously monitoring the different 
parameters of the key performance indicators.   
Considering the positive experiences and 
feedbacks, the project was continued in March 
of 2009 involving Slovnaft Refinery (Figure 5).

The aim was to create a similar dashboard 
structure for Slovnaft Refinery, and extend the 
system to the remaining units of Duna Refinery. 

Both refineries used the same software 
background and terminology to create new 
KPIs and there was only one slight difference 
between the two site’s data process technique. 
In case of the Slovnaft SEMAFOR system 
the main energy consumption values are in 
comparison with PIMS catalogue’s standards 
while Duna uses the energy specific values. 
System administrators in both cases are in 
continuous contact with the unit workers and the 
process engineers to handle the daily changes 
and difficulties such as wrong PI tag, incorrectly 
set target value or instrument problem. 

One of the most important things is to monitor 
and control the energy consumptions of the 

refineries. Nowadays SEMAFOR system is 
used by more than 630 users and contains 
approximately 700 KPIs, which cover the main 
parameters of the different units (Figures 6,7). 

Future 
developments
SLOVNAFT REFINERy 
– MAINTENANCE KPI 
IMPLEMENTATION
The main aim is to provide visualization of 
mechanical availability, maintenance and 
general revision costs of selected cost 
centers in Slovnaft Refinery. The Maintenance 
Department has to monitor expenses on 
turnarounds and maintenance, so they are 
looking for user-friendly cost monitoring tool. 
The SN Process Information goal was to use 
existing visualization system and improve it 
to fit the maintenance cost monitoring rules. 
This approach requires reconfiguration of basic 
structure of SEMAFOR and creation of a new 
user-friendly dashboard template.
The next point is to make a proposal of optimal 
data visualization solution. For each cost 
centre is proposed 7 common KPIs for further 
visualization:
• Maintenance cumulative cost for actual month
• Maintenance cumulative cost for year
•  General revision cumulative cost for actual 

month
• General revision cumulative cost for year
• Total cost for actual month
• Total cost for year
• Mechanical availability for actual month.

	  

	  

	  

	  

Fig. 4. Site level dashboard

Fig. 5.  SEMAFOR project team 

Fig. 6.  Number of KPI’s in Slovnaft Refinery’s production units

Fig. 7.  Number of KPI’s in Duna Refinery’s production units
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Firstly, there was a need to select appropriate 
cost centers to be included into visualization. 
The choice was made on the basis of Solomon 
study results and consultation with members of 
Maintenance Department. The final decision was 
to use about 110 cost centers for cost monitoring 
and visualization. Each cost center has its own 
KPIs.

The needed data for visualization of maintenance 
KPIs are divided into two groups:

- Actual costs (actual cost of maintenance)
- Scheduled or planned costs (planned one).

We improved the way of data entry and tried to 
import data directly by Excel table into SEMAFOR 
manager database. For that reason we had to 
agree on the template structure of the Excel file. 
The data import directly from Excel to visualization 
tool (SEMAFOR manager) was made by using 
SQL query.

More than 600 KPIs were created. Pilot unit 
visualization was tested; some modifications of 
the dashboard template are needed. The works 
include SEMAFOR dashboard changes. 

Duna Refinery 
FURNACE EFFICIENCy
Heating furnaces play an important role in 
modern oil refining and petrochemical units; they 
are responsible for more than 50% of the total 
power consumed and more than 50% of harmful 
emission into the atmosphere. For this reason 
improving the design and increasing the efficiency 
of heating furnaces and reducing the amount of 
harmful substances emitted by them are very 
important problems [2].

At the moment the SEMAFOR system presents 
snapshot information about the oxygen content of 
flue gases. However, the PI system contains more 
PI tags which are providing further data about the 
furnaces. Gathering and processing these types 
of information, we can calculate furnace efficiency 
similarly to Solomon methodology. 

We plan to complement the SEMAFOR system 
with a new dashboard, which presents information 
about the oxygen content of the flue gases and 
the furnace efficiency in a comparative way. 

ENERGy DEPARTMENT DASHBOARD
Energy is one of the largest components of 
operating expenses for companies in the oil and 

gas business. Energy management became a high 
priority as environmental pressures are growing. 

A respective energy monitoring system can help 
to optimize energy consumption. DR Process 
Information plans new dashboards which will 
provide up to date information for example about 
the purchased energy combined with energy cost 
details. Taking into consideration the changes of 
fuel oil and natural gas prices, with the help of a 
well-defined energy monitoring system, it would 
optimize the operation of the boilers. 

Conclusions
Discovering and applying the potential 
opportunities of Business Objects XI. software 
package the Process Information of Slovnaft and 
Duna Refineries tried to determine the SEMAFOR 
system’s future. With the help of this application 
our users can make effective business decisions 
by analyzing the key performance indicators. All 
of these dashboard plans could be extended and 
implemented to other sites to share and utilize the 
information between the different companies. 
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•  SEMAFOR manager: Tool for create and 

upload KPIs to the NICE database
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•  ORION: Supply Chain Management’s 
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•  PI: Plant Information - Real-time event 

management system
•  Solomon Associates: Drives world-class 

performance improvement via combining 
patented methodologies with data analysis 

• DCS: Distributed control system
• OPC: OLE for Process Control 
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• OLE: Object Linking and Embedding
• PHD: Phased Historical Data
• SPII: SEMAFOR to PI interface
• BO: Business Objects

Keywords: dashboard, Business Objects, 
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Abstract
Advanced, multivariable, model-based 
predictive (APC) process control 
systems have been in operation at 
Duna Refinery since 1995. In the 
beginning it was relatively simple to 
demonstrate the cost-effectiveness of 
these systems compared to previous 
operations without APC. In recent 
days energy- & cost-efficiencies have 
an ever more important role, therefore 
the ability to monitor the effectiveness 
of these systems with the use of KPIs 
(key performance indicators) reflecting 
various aspects has gained an ever 
increasing importance. This need has 
inspired us to develop an evaluation 
system by which the effectiveness 
of the controllers operating at the 
refinery, numbering already 40 by now, 
can be assessed and quantified. We 
started our work with the investigation 
of multi-component distillation 

towers. Our paper starts with a short 
presentation of APC features, then 
describes one-by-one the factors able 
to influence considerably the operation 
& effectiveness of APC systems used 
for multi-component distillation towers. 
We present the KPIs used for our work 
and the unified monitoring interface 
developed for their display. At the end 
of our paper we give some indication of 
how we would extend the application 
of this monitoring system to the other 
APC controllers.

Összefoglalás
Az automata folyamatirányítás ha té kony-
ságának értékelése a Dunai Fi no mí tóban

A Dunai Finomítóban 1995 óta mû-
köd nek ma gasabb szintû, több vál-
to zós, modellalapú, pre dik tív fo lya-
matszabályozó (APC) rend sze rek. 
Kezdetben viszonylag egy sze rûen ki 
lehetett mutatni ezek költ ség ha té kony sá-
gát, alapul véve a korábbi, APC nélküli 
üzemvitelt. Napjainkban az energia- és 
költséghatékonyság elôtérbe került, így 
egyre fontosabb, hogy ezen rendszerek 
hatékonysága különbözô szempontok 
szerinti KPI mutatókon keresztül fo-
lya matosan nyomon legyen követve. 
Ez késztette a szerzôket arra, hogy ki-
dolgozzanak egy olyan értékelô rend szert, 
aminek a segítségével a finomítóban 
mûködô, jelenleg már 40 sza bályzó 
hatékonyságát értékelni, szám szerûsíteni 
lehet. Munkánkat a többkomponensû 
desztilláló tornyok vizs gá latával kezdtük. 
Cikkünkben rö vid APC bemutató után 
sorba vesszük azokat a tényezôket, 
amelyek a több komponensû desztilláló 
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tornyok APC mûködését, hatékonyságát 
je len tôsen befolyásolhatják. Bemutatjuk, 
milyen KPI mutatókkal dolgoztunk, 
ezek megjelenítésére mi lyen egységes 
mo nitorozó felületet dolgoztunk ki. 
Cikkünk végén vázoljuk, hogy eddigi 
tapasztalatainkra építve, hogyan ter-
jesztenénk ki a jövôben ezt a monitorozó 
rendszert a többi APC sza bályozóra.

Introduction
At the present time production efficiency is a key 
factor in the oil industry. There are many ways of 
improving production efficiency. One of them is 
to implement advanced process control (APC) 
in the refinery. In control theory, APC is a broad 
term composed of different kinds of process 
control tools. It describes a practice which draws 
elements from many disciplines ranging from 
control engineering, signal processing, statistics, 
decision theory and artificial intelligence, but 
mostly refers to multivariable model-predictive 
control (MPC). There are 40 MPC controllers 
implemented as APC in Duna Refinery.
MPC can improve product yield, reduce energy 
consumption, increase capacity, improve product 
quality and consistency, reduce product quality 
giveaway, increase responsiveness, improve 
process safety and reduce environmental 
emissions. According to literature [1] the average 
profit is between 5 and 20 cents per barrel of feed 
with an appropriate MPC application. Because 
of high feed volumes the payback period is very 
short in the oil industry. But MPC application is 
not a single project, it means not only a single 
installation and configuration. Without continuous 
monitoring and support, MPC performance and 
benefits are known to rapidly degrade (Fig. 1).
The main purpose of this paper is to present the 
implemented tools and techniques for continuous 

performance monitoring which is the key of 
sustaining APC benefits and the safe and stable 
operation of the units.

MPC systems in 
Duna Refinery
The implementation of MPC systems at Duna 
Refinery started in 1995 for Fluid Catalytic 
Cracking Unit (DFCCU) and has been continuously 
expanded for Atmospheric & Vacuum Distillation 
(DCDU) units, Hydrodesulphurization (DMHCK) 
unit, ETBE unit, Gas Fractionation (DGFRU) unit, 
Naphtha Reformer (DREFC), Aromatics Recovery 
Plant and Delayed Coking Unit (DDCKU).
Further expansion as well as revamp of the 
existing applications are being planned to make 
use of the latest technology and best practices 
and to accommodate process changes. 
MPC is located above basic controls in the 
control hierarchy therefore it communicates with 
the process through the basic regulatory control 
layer (Fig. 2). MPC mostly uses local control loops 
(PID controllers) and transmitters to manipulate 
the process and gather information.
As the name, MPC, suggests, multiple variables 
are used in the application. MPC manipulates the 

set-points of PID controllers to direct the unit to the 
most profitable operating range while maintaining 
safe and stable operation with product qualities 
on specification. The set-points of PID controllers 
are called Manipulated Variables (MVs), and the 
variables that keep the unit safe and stable as 
well as the product qualities are called Controlled 
Variables (CVs). The operator interfaces with the 
MPC controller by specifying the limits for the 
CVs and MPC determines the best set-points 
for PID controllers to direct the unit to the most 
optimal operating range.
The purpose of optimization could be feed 
maximization, energy consumption reduction, 
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Fig. 1. Without support and maintenance, MPC performance and 

benefits rapidly degrade. Courtesy of Matrikon, Inc., Edmonton, Alberta, 

Canada

Fig. 2. Scheme of an APC implemented unit control hierarchy
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or product yield maximization. If needed, the 
optimisation purpose can be changed by 
reconfiguring the controller.
Purposes of the MPC are as follow
• Ensure safe and stable operation of the unit
• Direct the unit to the most optimal/profitable 
operating range (unit level optimization). The 
optimization purpose can be changed.

Analysis of 
MPC efficiency, 
most important 
aspects and the 
first implemented 
efficiency indicator
The most basic method of measuring the controller 
efficiency is to detect if the unit is in optimal 
operation point or not.
Let us examine the MPC effectiveness in the case 
of a simple distillation control (Fig. 3), where the 
top impurity (CV1) and bottom impurity (CV2) 
are controlled, and the optimization purpose is 
the energy consumption and quality giveaway 
reduction. 

The product impurities (CV1, CV2) have upper 
limits, and if they are operated below these limits, 
it will be product quality giveaway and excess 
energy consumption, because if the heat flow is 
reduced in the reboiler, the bottom impurity will 
approach its upper limit and if the reflux flow is 
reduced, the top impurity will do the same, and 
less reflux means less heating in the reboiler. For 
this reason the optimization function of the MPC 
is to bring them (CV1, CV2) to constraints (to their 
upper limits). Based on the CV limitations it can be 
detected if the unit is at optimum or not. Our first 
APC evaluation method was based on this theory.

MPC UTILIZATION [2]
At first, we used this formula, the MPC utilization:
 , where

UI - ideal MPC utilization
CVA - number of CV’s on active constraint 
(constrains means the CV is on HI or LO limit)
MVD - number of MV's in controller design.

If MPC is beyond an optimal operation range, the 
optimization fails its purpose and APC benefits are 
missed. The unnecessary MV limitations can cause 
this state, for example the lower limit of the reflux 
(MV1) is too high so the controller can not reach 
the upper limit for the head product impurity (CV1). 
The unnecessary MV limitations usually cause the 
narrowing of the MPC’s degree of freedom.
Then we used the following, more accurate 
equation, which considers the MV limitation 
and the number of MVs which can not really 
manipulate the process (the predicted MVs, and 
the MVs with external target):
 , where
UI - ideal MPC utilization

CVHI - number of CV’s on upper active constraint
CVLO - number of CV’s on lower active constraint
CVSP - number of CV’s with clamped active 
constraint
MVD – total number of MV's in controller design
MVHI - number of MV's on upper active constraint
MVLO - number of MV's on lower active constraint
MVPR - number of predicted MV
MVET - number of MV with external target.

Evaluation of the calculated MPC utilization:
UI < 25 % - bad / red
25 % < UI < 35% - acceptable / light green
UI > 35% - good / green.
MPC can indicate the controlled process 
is operating in the optimal range or not. If a 
controller’s UI is constantly below 25%, it means 
operators’ mishandling or bad configuration, and 
the controller must be reviewed.

Evaluation of an 
APC controller
MULTI-COMPONENT DISTILLATION 
TOWER
In MOL Duna Refinery at Százhalombatta, 
Hungary, currently seven APC systems are 
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	  Fig. 3. A simple distillation control scheme with MPC
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operating on multi-component distillation to which 
the monitoring process described later can be 
applied. In general, these controllers function 
similarly – except for some minor modifications 
– that is the calculation of energy-saving is 
approached with similar analogy.
We have developed a monitoring system for 
APC controller on toluene separation tower of 
Aromatics Recovery Unit. There are several 
reasons for this.

First, we felt an important challenge to create 
the possibility of energy-saving by the APC. 
Second, since had no reference, we would have 
liked to find a tower easy to oversee in respect 
of operation as the “guinea pig”. Third, and this 
is the most important reason, the opportunity to 
achieve the highest rate of energy-saving seemed 
feasible for this tower on the basis of preliminary 
estimates.

Functions of this concrete controller are as follow:
− Observance of product specifications
− Reduction of energy consumption
− Reduction of disturbance effects.

Because of the target to reduce energy 
consumption, the controller attempts to achieve 
the maximum values of product qualities, the 
maximum permitted xylene content in the 
overhead and the maximum toluene content in the 
bottom product (see Fig. 4). 

 Components of the table:
−  the period under evaluation (time interval to be 

specified by the user)
−  list of the parameters used for the calculation
−  display of the controller’s switched on condition 

(all calculations are valid only in switched on 
condition)

−  disturbances caused in functioning by the 

operators or other factors
−  average deviation of controlled variables from 

pre-set limits
−  calculation of energy-saving.

DETAILED DESCRIPTION OF 
MONITORING SySTEM 
At the  start of developing the monitoring 
system we have compiled a table containing the 
parameters (Fig. 5) required for the calculation. 
 
One part of these parameters was collected from 

the Process Information database (e.g. switched 
on condition of APC, feed rate, and reflux rate). 
The other part was made available to us by the 
APC development engineer of the refinery (e.g. 
simulated optimal reflux ratio).

	  

	  
Fig. 4. APC rating of 2/108 toluene tower

Fig. 5. Parameters for 2/108 toluene tower APC rating calculation
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On this part (Fig. 6) of the monitoring table we 
wish to present the summarized situation when 
the manipulated variables (MV’s) – depending on 
the technology – have pre-set limits. These are 
the cases when the responsibility of the human 
factor is the highest in respect of operating 
APC at maximum effectiveness. A fundamental 
requirement for the functioning of the APC 
controller not to have the manipulated variable 
reach some constraint under any circumstances 
because then the specification requirements 
will not be met in respect of the controlled 
variables. Should any MV reach a limit value, 
then the controller will not be able to satisfy the 
expectations and the targets set with respect to it 
from that point of time. 
Thus, as shown in our monitoring table (Fig. 
6), a target percentage (%) has been set up in 
respect of how much time the particular MV 
values may be allowed to stay on limit. Limit 
calculation is determined by the technology and 
the specification. 

This part of the table (Fig. 7) shows the deviation 
of the overhead product from the required 
specification, more precisely, how accurately the 
momentary APC value can follow the value of the 
specification (impurity in top product drawn as 
overhead product) included among the controlled 
variables set at HI limit.
Actually the series of deviations is calculated 
with scatter, i.e. the smaller the deviation is in 
relation to the pre-set target value the higher 
percentage value is calculated after weighing. In 
order to attenuate oscillations occurring because 
of eventual measurement errors or other causes 
the deviations are calculated as the logarithm 
of the difference. In this case we would like to 

call attention also to the fact that deviations in 
this example are very small since tolerances in 
the order of ppm are concerned. It should be 
stated also as another fact that should any of 
the MV’s described previously move to a limit 
due to erroneous setting, then it is not certain 
that the requirement of keeping the controller at 

HI limit will be satisfied, i.e. the percentage value 
calculated here will be indicated as less although 
the controller is calculating and functioning 
faultlessly.
The third part of the table contains the calculation 
of energy-saving. There are several possible 
ways to heat a distillation column in the refinery: 
using gas, oil or steam. Their accurate direct 
measurement is difficult.
Let us make a heat balance for the column (Fig. 8).
From the point of view of energy consumption 
the reflux flow and the feed/reflux ratio are 
determinative. These quantities can be measured 
accurately, therefore we used for the calculation 
of energy-saving the heat balance of the column. 
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Fig. 6. Technological bottleneck/operator mishandling

Fig. 7. Steady product quality and operation

Fig. 9. Energy cost reduction

	  Fig. 8. 2/108 toluene column heat balance
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The first cell in this part of the table (Fig. 9) serves 
for the calculation of the total saving achievable 
with APC in the given period. Energy consumptions 
are different at the “average” reflux to feed ratio 
without APC and the simulated “optimum” reflux 
to feed ratio, this calculation takes into account 
the difference between the two values.
The second cell of the table (Fig. 9) is used to 
specify the expected saving appearing to be 
achievable compared to the theoretical saving. 
This is 80% according to our present definition.
The third cell serves for the calculation of the 
momentary margin. It calculates the momentary 
amount of money which can be saved by the 
efficient functioning of APC during the pre-set 
period. These parameters are established by 
assigning a HUF to the amount of heat received 
through calculation of the heat balance applicable 
to the actual tower. One of the most important 
parameters of this table (Fig. 9) can be seen in 
the right corner. Here the period from the first 
day of the year up to the opening of the table is 
taken into account and a predicted value of saving 
for the entire year is calculated on the basis of 
the results recorded for the past period. This is, 
therefore, the number indicating how much is the 
saving which can be realized by this single APC 
in the Aromatics Recovery Unit in optimum case 
with the APC switched on.

CRUDE FRACTIONATOR UNITS
In these units the function of the APC controller is 
not the reduction of energy consumption, but the 
accurate cutting of oil fractions. Cut point targets 
are given by PIMS (Process Industry Modelling 
System) global optimum. Sensitivity of the PIMS 
model shows how the profit is decreasing with 

every 1°C cut point difference. If the process 
is controlled by operators the cutting point is 
approaching on average 6.5 °C to the specification. 
Our APC evaluation calculation based on how 
close cut the APC to the specification compared 
to the operator.
There is a swing between heavy naphtha and kero 
streams. Its temperature range is about 15 °C 
and the yield of swing is 1.5%. According to this, 
1 °C difference causes 0.1% change in yields. 
Therefore the adequate operation of the APC is 
essential.
We prepared the following table (Fig. 10) for the 
APC evaluation in crude units. 

The table is similar to the distillation column 
evaluation table, but in this case instead of energy 
cost saving we calculate the profit from the more 
accurate cutting. 
Benefit is calculated on the basis of the 
assumption of:

(Specified cutting point - cutting point controlled 
by operator) = 6.5 °C

Benefit can be calculated as follows:

 

 

	  
Fig. 10. APC rating of CRUDE3 unit main fractionators
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where
M(Inf) – mean value of inferential calculation
OINF – standard deviation of (Lab measurement - 
Inferential calculation)
OASTM – standard deviation of ASTM measurement
SpecT – specified cutting point
Profit – benefit from 1°C change in cutting pont, 
HUF mill / 1°C. 

Further plans
Supervision of APC controllers’ operation 
requests complex technology knowledge 
and comprehensive operational experience. 
Acquisition, maintenance and development of 
the previous knowledge should have an essential 
effect on the APC effectiveness and sustainment 
of the specified optimum as well. This is why it is 
very important to display the APC effectiveness in 
financial term. This figure will determine the attitude 
of the handling operators and the supervisors of 
the APC controller since they will get significant 
information about the optimal or non-optimal 
operating way with regard to the turned on and 
turned off positions of the APC controller or the 
badly adjusted controller’s influences. Users 
should get support from the different training 
and education documents thus helping them to 
realize in a precise way the positive or negative 
influences of the controllers.
As we mentioned before in the article we have 
realized the way to calculate APC controller 
effectiveness till now. In the one hand the 
calculation has made out for the multi-component 
distillation devices, in the other hand we 
have calculated the benefit of yield structure 
optimization regarding to the vacuum distillation 
(Crude oil) towers as well. 
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Abstract
The article describes actual trends 
and situation in maintenance and 
business praxis which motivate to find 
crucial tools for safety and equipment 
availability improvement under the 
optimal cost achievement. Further 
Slovnaft initiatives are presented. The 
Risk based inspection and maintenance 
project implementation is described in 
basic outlines.

Összefoglalás
Kockázatértékelés – a biztonság és a 
rendelkezésre állás javításának eszköze

A közlemény leírja az aktuális trendeket, 
valamint a karbantartási és üzleti gya-
kor lat helyzetét, amelyek motiválják 
a biztonság és a rendelkezésre állás 
javításához szükséges, optimális költ sé-
gek elérése melletti eszközök ke resését. 
További Slovnaft kez de mé nyezéseket 
mutat be. Be mu tat ja a Kockázatalapú 
felügyeleti és kar ban tar tá si project 
megvalósítását.

Introduction
Slovnaft, a.s. has always envisaged high goals 
of its business as well as operation of its plants. 
This is true at present, too, when Slovnaft is one 
of the MOL Group companies. At present, our 

company faces challenges in the area of basic 
market parameters as well as in the area of 
related necessary operational parameters too. 
Profitability of the company is a precondition of 
a long-term successful business. However, it is 
obvious that reliable and long-term profitability 
must be based on a reasonable treatment of 
movable and immovable property. For a refinery 
this means particularly to operate and maintain 
technological plants safely and with maximum 
achievable effectiveness and availability. In this 
way the safety of plant operation, maximum 
possible technical availability of plants and 
related optimum maintenance costs become 
the crucial tools of success in hands of all the 
Refinery staff, each of them in a different way.
But how to ensure long-term successful results 
of the business activities in the market, whose 
competitive environment created constant 
pressure on increased effectiveness of our 
work? How could this be achieved and how 
hidden reserves could be identified?

Development 
of maintenance 
processes to risk 
assessment epoch
The risk assessment element has been applied in 
the business practice for a longer time, through 
the business as well as technical portfolio. This 
is no more the domain of insurance companies, 
which must naturally protect their profitability in 
this way. Also, in the technical and technological 
area it is not just the matter of ensuring the so-
called HAZOP risk studies in the process of 
the basic design. The need of risk assessment 
has been recognised in the area of legislation, 
standardisation, as well as operation and 
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A tool for safety and availability improvement

Risk assessment – 



maintenance of technological equipments.
The development can be illustrated by the 
development of methods and approaches in 
maintenance of technological equipment (see Fig. 
1). The figure illustrates development in the main 
maintenance attributes, as it progressed step-
by-step. In real, requirements on maintenance 
results were continuously increasing. Attempts 
to ensure reliability of equipment at first caused 
expansion of requirements on preventive 
maintenance that, however, caused significant 
increase of related maintenance costs up to 
unbearable extent. Further development brought 
extension in the area of predictive and later 
also proactive maintenance, which reduced the 
scope of preventive maintenance and increased 
reliability of some groups of equipment, but 
were not technically applicable to all types of 
equipment and also represent certain cost 
load. Therefore the latest development shifted 
to the area of searching for so-called optimum 
maintenance, which would be an effective 
combination of previous types of maintenance. 
In this case, risk assessment of probability and 
impact of equipment failure seems to be one of 
the needed tools in searching for the effective 
combination.
The above development could avoid neither 
Slovnaft nor MOL Group. With their ambitions 
to be and to remain the leader of success in 

their business area, they were and are the active 
regional elements of the process. Therefore 
a few projects have been launched recently 
through which Slovnaft and MOL introduce 
technologies and methodologies based on 
the risk assessment to the practice. Examples 
include assessment of single production units 
in the view of environment danger risk (as per 
the Act 261/2002 Coll. in Slovakia, related 

to Seveso II), PSM project (process safety 
management according to the DuPont license), 
SIL project (assessment of safety level of I&C 
circuits according to a classification of safety 
level defining standards), as well as RBIM project 
(Risk Based Inspection and Maintenance) in the 
area of maintenance that will be further dealt 
with in detail in this article.

Risk Based 
Inspection and 
Maintenance 
project
The RBIM project was launched later in 2006 
with the ambition to introduce into the company’s 
practice techniques of reliability assessment of 
static equipment based on their risk assessment 
(RBI, RCM and RCFA). Delivery hence included 
methodologies, as well as software (specialised 
API RBI, RCM Cost, PROACT and presentation 
extension extRIM) and necessary training. 
Time has shown that this project has extremely 
challenged both its supplier (TÜV InterCert 
Budapest) and us. Therefore the stress was 
step-by-step put on RBI part as will be explained 
later.

The area of static equipment was selected 
because it is in long-term the source of most 
frequent failures, and in the view of risk it is the 
area of the most significant risk potential. The 
set of RBI, RCM and RCFA methodologies was 
selected because it complies with international 
trends introduced in equipment operation and 
maintenance on the way to safety, availability as 
well as economy. RBI (Risk Based Inspection) 
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Fig. 1. Development of methods and approaches in maintenance of technological equipment

Notes: 1. Higher challenge for maintenance strategy assumes completion of previous ones

 2. Another form of maintenance assumes capability of implementing the previous ones
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is a methodology that started to be developed 
in the USA in 90’s with the aim of creating a 
tool for static equipment risk assessment and 
an effective inspection plan reducing the risk to 
a desirable level. The methodology is described 
generally in the API 580 standard and for users 
in the API 581 standard. API 581-based software 
tool was developed, which allows for performance 
of required calculations and assessments. The 
methodology has gradually taken the attention 
of leading refinery operators, and has started 
to be applied worldwide (in Europe within the 
RIMAP programme) and some countries even 
start to introduce it in their legislation for static 
equipment (Italy, the Netherlands, Portugal, UK, 
etc.). RCM (Reliability Centred Maintenance) 
is a methodology to determine maintenance 
programme focussed on ensuring equipment 
reliability. Its application is much broader than of 
RBI, which is in term of methodology a subset of 
it, and is focussed on all types of technological 
equipment. RCFA (Root Cause Failure Analysis) 
is a methodology focussed on searching for the 
root cause of any failure of any technological 
equipment. The whole scope of RBIM project 
was applied only at some production units. As it 
was demanding (documentation, data readiness 
and human potential both on contractor side 
as well as our side) and it was necessary to 
rationalise the project during the economic 
crisis, we have decided to focus on the RBI part, 
which has been developed right for the static 
equipment.

RBI process 
implementation
The RBI methodology evaluates the risk of loss of 
equipment integrity as a product of values of two 
parameters: failure probability p and magnitude 
of the failure impact on the environment or 
economic losses respectively d. It is expressed 
by the formula:

R = p x d

The loss of integrity shall be understood 
as damage to the equipment surface with 
subsequent leak of its content to the environment. 
The equipment shall be understood as any static 
equipment involved in the technological process 
containing any technological fluid, i.e. reactors, 
columns, exchangers, filters, vessels of all 
types and parameters, as well as storage tanks, 
furnaces or pipelines with accessories.
The entire assessment process starts with 
training of people, whose participation in the 

assessment is necessary in terms of their job 
position in relation to the given production unit 
or professional focus (specialists in materials 
and static equipment). This involved around 100 
people in Slovnaft. Another crucial and very 
demanding step on the way to analysis is the 
data collection, which requires basic technical 
parameters as well as specific data (e.g. corrosion 
speed) for every single equipment. It should be 
emphasized that this part includes verification 
of the level of available documentation and its 
handling. It was the case in Slovnaft, too. Two 
facts were proved. The first one was that our 
maintenance system (D7i or currently also Infor 
EAM interconnected with Xmatik) includes really 
huge volume of data, history as well as graphic 
displays. Another one, however, was the fact, 
that a lot of the data entered were not or still are 
not correct and that there are still data missing in 
our system. It’s necessary to appeal to owners 
of data in this system that their relation to the 
data shall be changed to a relation of their real 
administration, i.e. they should add the missing 
data, check the existing data for correctness 
and topicality and update them according to the 
data type and defined competencies or require 
their update from maintenance contractor. The 
outlined difficulties with data retain the whole 
project and required interventions into its 
programme as well as scope.
Another important step of the analysis is to 
define damage mechanisms for each equipment, 
i.e. damage types are specified for every single 
equipment (equipment component), which are 
really as well as potentially topical. Following 
that, contribution of a risk of every single 
damage is considered and hence the risk rate of 
particular equipment is given by a sum of risks 
resulting from single types of relevant damage 
mechanisms. The analysis then results in a ‘List 
of equipments with specified value of their loss-
of-integrity risk’, which can be simply presented 
in the form of a risk matrix, where the individual 
fields rank single equipments (equipment 
components) according to the result achieved 
(see Fig. 2).
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Fig. 2. Equipment ranking according to loss-of-integrity risk
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Work requesting discussion and qualified 
information takes place in a work team nominated 
for each production unit, which is composed of 
so-called team facilitator, whose goal is to lead 
a qualified discussion in a team, and professional 
team members (production unit head, foreman, 
technologist, operation mechanical engineer, 
static equipment specialist of Maintenance 
management, and sometimes even external 
material specialist). Calculations and assessment 
of equipment are then performed in supplied 
API RBI software. It is followed by creation of 
an equipment inspection plan by engineering 
assessment based on calculation results by the 
API RBI software, and assessment of equipment 
history. This activity results in the Inspection 
plan, which is formally developed and presented 
in the supplied extRIM software so that it could 
be a direct aid in maintenance planning and 
so that it was interconnected with the graphic 
part of the Xmatik maintenance system, where 
single checkpoints are displayed in diagrams. 
When developing the inspection plans of single 
production units, the method of wall thickness 
measurement considered also the requirement 
on optimization of the number of measurement 
points currently defined in the Xmatik system. 
The number is currently disproportionably high 
(around 40,000 measurement points), which 
causes that measurements can’t be practically 
implemented (time and cost requirements over real 
possibilities), significantly complicates practical 
check of result correctness and their application 
in the maintenance practice. Last, but not least, 
this also complicates the position in presenting 
measurement results during audits, since the 
planned and unimplemented measurement is 
considered (correctly) a worse status than regular 
measurement of lower number of points.
The extRIM software presents also the most 
important data used and generated during RBIM 
analyses and can therefore become a suitable 
tool for considering and decision-making both 
for operation as well as maintenance of single 
equipments. The software can be entered by 
every Slovnaft staff member in the intranet 
environment after allocation of access right. 
Currently it is possible to ask for the right at the 
Maintenance Management Department, which 
will subsequently ensure the right through the 
system administrator.

RBI process 
continuation
The project was finalised. It also included the 
final user training for administrators, facilitators 

as well as users of the results presented in the 
extRIM system.
Takeover of the assessment process into our 
hands is a very important part, as what has been 
concerned is not a one-off risk assessment 
and development of the related inspection 
plan. It is the beginning of the process, which 
will regularly assess the equipment risk rate as 
well as inspection plans with the aim of reaching 
optimum results in the spirit of the optimum 
maintenance mentioned at the beginning. The 
real goal of the process, which fits in the frame 
of the realised maintenance reorganisation, is to 
take care about our equipments in an economic 
way on a professional basis. This means that 
the road of expenditure and cost optimization – 
that is the requirement of this period – shall be 
ensured by engineering work based on managed 
administration of our data using the tool, which 
is currently used extensively, and which was 
presented in this article in the area of static 
equipment – the tool called risk assessment.

Keywords: maintenance, static equipment, 
safety, availability, optimal cost, risk based 
inspection, risk assessment, loss of integrity, 
equipment ranking, inspection plan, software 
tools

Reviewed by Vojtech Bartakovics, 
Peter Ladanyi
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Abstract
Energy consumption is monitored more 
strictly at nowadays than it was in 
past. Its decrease is desirable for two 
main reasons: economic – to minimize 
energy cost and environmental – to 
drop CO2 emissions. Process streams 
in technology often contain energy 
that can be usefully recovered. 
Recovery of this energy must be 
though economic. Practically it means 
that cost of extracted energy should 
be higher than cost of its recovery 
including necessary equipments for this 
process. Equipments for heat recovery 
in technology are usually optimally 
designed heat exchangers. Multiple 
hot and cold streams in technology are 
mostly present at refinery units and 
heat is recovered in set of equipments 
– in heat exchanger network. Efficiency 
of heat recovery is often decreased 
by plugging in heat exchangers – by 
fouling. 
This work focusses on defining of the 
optimal actions in heat exchanger 

network at the atmospheric and vacuum 
distillation units, where heavy materials 
are processed and tendency to fouling 
is high. It covers monitoring of historical 
data, application of specialized 
software (HEXTRAN and PRO-2) for 
cleaning optimization and reflection to 
particularity of monitored processes 
and heat exchanger networks.

Összefoglalás
Energiatakarékosság és hô cse rélô tisz-
títás

Napjainkban az energia-felhasználás 
sok kal nagyobb jelentôséggel bír, 
mint valaha. Az energia-felhaszná-
lás csök kentése két szempontból is 
fon tos: gazdasági – minimalizálni az 
e ner giaköltséget, környezetvédelmi 
– csök kenteni a CO2 kibocsátást. A 
tech nológia folyamat-áramainak ener-
gia tartalma gyakran gazdaságosan hasz-
no sítható. Ez a gyakorlatban azt jelenti, 
hogy a kinyert energia ára meghaladja 
a kinyeréshez szükséges átalakítás 
költségeit. A jól felépített hôcserélô 
há ló zattal maximálisan kinyerhetô az 
áramok melegenergiája.
A hô ki nyerés hatékonyságát azonban 
csök kenti a hôcserélôk elkokszolódása. 
A mun kánk célja az AV üzemekben az 
volt, hogy optimalizáljuk a hôcserélôk 
tisz títási periódusát, ugyanis az üzem-
ben nehéz anyagok (kôolaj, gudron) 
ke rülnek feldolgozásra, melyben a le ra-
kódási hajlam magas. Feladatunk: üzemi 
adatok monitorozása, tisztítási cik lusidô 
optimalizálása speciális szoft verek 
felhasználásával (HEXTRAN és PRO-2).
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Introduction
The most common energy-recovery technique is 
to utilize the heat content of high-temperature 
process stream to heat a colder stream. This 
can provide saving in heating media cost and 
also cooling water, if the hot stream requires 
cooling. The amount of energy that can be 
recovered depends on temperature, flow, heat 
capacity, and temperature change possible, 
in each stream. In an industrial process there 
can be many hot and cold streams which are 
interconnected in heat exchangers with required 
area in a heat exchanger network (HEN). Heat 
transfer in network is negatively influenced by 
foulness of heat exchangers [1].
Fouling is generally defined as the accumulation 
of unwanted materials on the surfaces of process 
equipments. It has been recognized as a nearly 
universal problem in design and operation and 
affects the operation of equipment in two ways:
• The fouling layer has a low thermal conductivity. 
This increases the resistance to heat transfer and 
reduces the effectiveness of heat exchangers. 
• As deposition occurs, the cross-sectional area 
is reduced, which causes an increase in pressure 
drop across the apparatus.

Fouling in heat 
exchanger network
Fouling caused by petroleum deposits in the 
preheat train gradually reduces heat transfer 
coefficients and thus heat recovery. This means 
that the furnace inlet temperature will drop over 
time causing external energy costs to increase. 
The problem of fouling is expected to increase 
with the trend towards processing heavier crude. 
Determining of the optimum cleaning cycle for 
each heat exchanger by maximizing cost saving 
represents suitable way for energy saving. 

In oil refining it is commonly accepted that 
fouling occurs. Technologies related to crude 
processing, like atmospheric and vacuum 
distillation, are accompanied with formation of 
hydrocarbon deposits in heating processes. 
A key task therefore is to monitor the heat 
exchanger fouling and to take actions when 
there is necessary to restore the performance of 
a heat exchanger train. 

Figure 1 represents a classical (idealized) fouling 
curve, i.e. the development of fouling resistance 
over a period time in three distinct stages [2]. For 
the time period “0-a” there is little evidence of 
fouling. It is generally considered that this period 

represents some kind of conditioning or initiation 
period, during which the heat transfer surface is 
modified in some way so that eventually fouling 
can take place. The time period “a-b” represents 
a steady growth of deposit on the surface. The 
period “b-c” represents the condition often 
referred to as the plateau or asymptotic fouling 
resistance value, when the fouling resistance 
remains constant. Real fouling curves will vary 
by a lesser or greater extent from ideal curve. 
In some there will be no conditioning period. 
Others will show straight line relationships.

Fouling of heat exchangers is influenced by fluid 
velocity, wall temperature, concentration of 
foulant or their precursors, and other variables. 
Fouling resistances of some oil refinery streams 
are in Table 1 [2]. 

 

Relation between 
fouling of heat 
exchanger network 
and energy cost
Crude preheating for atmospheric distillation 
process is effected by fouling markedly (see 
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Fig. 1. Fouling resistance over a period time

Stream Fouling resistance 
  104m2K/W
Crude and vacuum unit gases and vapours 
Atmospheric tower overhead vapour 1.75
Light naphtha 1.75
Vacuum overhead vapour 3.5
Crude and vacuum liquids 
Gasoline 3.5
Naphtha and light distillates 3.5-5.3
Kerosene 3.5-5.3
Light gas oil 3.5-5.3
Heavy gas oil 5.3-9.0
Heavy fuel oil 9.0-12.3
Vacuum tower bottoms 17.6
Atmospheric tower bottom 12.3
Table 1. Fouling resistance of oil refinery streams [2]
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Figure 2). Decrease of crude temperature at the 
outlet of preheating train during operating period 
is experienced. Historical data from process 
meters confirmed temperature decrease of 
heated stream at the output of heat exchanger 
network (input to furnace). 
An imagination about relation of the decrease of 
crude temperature from preheating train to supply 
of external heat can show illustrative calculation. 
Table 2 displays the effect of small falling of 
the crude temperature in HEN (about 1°C) on 
the duty increase in furnace and necessary fuel 
supply is presented.

Increase of fouling in heat exchangers is dynamic 
process and average crude temperature can not 
be extrapolated for the whole period between 
two cleanings. 
The real decrease of this temperature based 
on historical data for monitored period (for 
atmospheric distillation process) shown on 
Figure 3.

 

Figure 3 illustrates some segments which 
represent difference between crude 
temperatures at the output of HEN being 

reached in clean HXs (Heat eXchangers) and 
in several points of operating period. Losses in 
duty were calculated for selected points which at 
once represent the decrease of heat transfer in 
network (Figure 4).

Calculated losses in heat for the monitored 
period represent high values. Losses represent 
additional consumption of fuel at the same time, 
as the heat lost in HEN must be supplied by 
fuel gas in furnace to achieve desirable crude 
temperature for next process. 

Preheating of atmospheric residue introduced 
into the vacuum distillation unit shows similar 
relation for decrease of temperature at the 
output of HEN. 
The effect of cleaning is illustrated by the 
following case applied to this process.
Implementation of heat exchanger cleaning cycle 
of vacuum distillation preheating is described on 
Figures 5 and 6. Particular cost related to HEN 
is illustrated on Figure 7. Both the heat recovery 
and output temperature of stream from HEN are 
at the maximum, while the utility costs are at the 
minimum at the start of the run. During operation 
the fouling resistance of exchangers increases 
and the output temperature of stream from HEN 
decreases (Fig. 6 – segment a of dependency). 
Quantity of external fuel gas in furnace has to be 
increased to supply missing heat in HEN. Thermal 
performance degrades resulting in higher utility 
costs (Fig. 7 – segment a). After time one or more 
heat exchangers are taken offline and cleaned 
while the unit continues to operate (segments b 
and d). This creates a further increase in utility 
cost since the duty of the cleaned exchangers 
must be supplied by the external fuel gas in 
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Fig. 2. Illustration of fouled heat exchanger

Fig. 3. Outlet crude temperature from HEN over a period time

Fig. 4. Calculated heat losses in HEN over a period time

          Difference
 Crude temperature entering furnace °C 261 260 1
 Required duty in furnace GJ/h 100.97 101.91  0.94
 Equivalent fuel gas flow in furnace kg/h 2493 2516  23

Table 2. Relation between the external fuel gas consumption and the temperature decrease in HEN (caused by fouling)
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furnace. When the exchangers are brought back 
online, utility costs decrease (Fig.7 – segment 
c). The area between dark blue and pink lines on 
Figure 7 represents the utility costs caused by 
the fouling. The blue and yellow areas represent 
other cost associated with cleaning. There is the 
cost of lost throughput and the actual labour and 
chemical costs.
 

Determination of 
cleaning cycle by 
calculation
Temperature decrease of heated stream at the 
output of the heat exchanger network is caused 
by decrease of heat transfer in each heat 
exchanger. 

There are simulation tools which enable to check 

the efficiency of heat transfer in each exchanger 
in network and to define fouling factors and 
duty as well as to compare to the efficiency of 
transfer in clean equipment. 
Special software is able to evaluate situation 
in HEN, to compare the increase of utility cost 
caused by fouling with cost of cleaning and to 
define the optimal period for cleaning of separate 
heat exchangers in preheat line by maximizing 
the cost saving. 

Necessary input data for modelling of heat 
exchanger network:

-  design parameters of heat exchangers for 
rigorous calculation (construction data)

-  process parameters of hot and cold streams 
(flow rate, compositions, temperature, 
pressure)

-  connection of heat exchangers in the network.

These values enable to prepare and to tune the 
model and to find out the drop of heat transfer 
efficiency in particular equipments. In steady 
state the main reason for this drop is very often 
the growth of fouling in heat exchanger.

Necessary input data for cleaning case study:
-  simulation model of heat exchanger network
-  fouling factors of clean heat exchangers
-  cost for cleaning of particular heat exchangers
-  time of cleaning 
-  cost of external heating media.  

The practice described above was applied on 
following processes - atmospheric and vacuum 
distillation. 

a) Description of preheat train at the atmospheric 
distillation unit:
-  heating of crude from ambient temperature 
-  cooling of products to temperatures specified 

for battery limits
-  crude preheating divided into 3 parts.

 

	  

	  

	  

	  

Fig. 5. Stream output temperature from HEN over a period time

Fig. 6. Duty in furnace over a period time

Fig. 8. Illustration of the atmospheric distillation preheating line

Fig. 7. Illustration of operating cost of HEN over a period time
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b) Description of preheat train at the separate 
vacuum distillation unit:
-  heating of atmospheric residue from about 

100 °C temperature 
-  cooling of products to temperatures specified 

for battery limits
-  continuous preheat line.

 

Summary of 
knowledge 
obtained from 
monitoring of 
described units
The calculation output from special simulation 
tool is the optimal cleaning cycle for particular 
heat exchangers. Calculated optimal cycle can 
be applied without modification in case of:
1.  utilization of the whole heat exchanger area 

in the network (no temperature regulation by 
bypass of some stream part)  

2.  continuous preheat train (no interstages in 
preheat line) 

3.  possibility to bypass each individual heat 
exchanger for cleaning purpose.

These points were not exactly met in monitored 
units and extra evaluation was necessary. Following 
steps were done:
1.  Heat exchangers which are bypassed at 

standard processing (adjusted temperature) 
were excluded from cleaning study as their heat 
transfer efficiency is not in direct relation to 
fouling increase. 

2.  In case of divided preheat train (atmospheric 
distillation – desalter, preflash column) network 
in cleaning case study was modelled as 
continuous. After cleaning cycle optimization 
each part of network was checked by calculation 
in primary model and results were reviewed.

3.  Results of cleaning case study for heat exchanger 
network with exchangers which can not be shut 

down separately for cleaning purposes were 
revaluated too.

Conclusions
The cumulative costs caused by fouling increase in 
heat exchangers related to energy and throughput 
may justify additional cleaning of strategic 
exchangers or overall shorter cleaning cycles. The 
optimum cleaning cycle for individual exchangers 
or for the entire network can be determined by 
using established fouling trends and trading off the 
cost of fouling against the cost of cleaning. 

General summary
-  Fouling in heat exchangers can not be avoided in 
oil refining processes

-  Increase of fouling is in direct relation to the 
decline of heat transfer and consequently to the 
increase of energy consumption

-  Simulation and calculation methods can help to 
define optimal cleaning cycle for exchangers in 
preheat line.

Closure to monitored networks
-  Cost for cleaning of heat exchangers at 

monitored units was lower than cost of lost 
energy for many equipments. Shortening of 
cleaning cycle is recommended.

-  Strategic heat exchangers are mostly those 
where hot streams have highest temperature 
and heat capacity.

-  The most fouled heat exchangers are not 
always strategic heat exchangers in a network.

-  Calculated cleaning cycles should be 
individually revaluated for specific conditions 
in heat exchanger network (e.g. discontinuity 
in heat exchanger network, temperature 
adjustment of some streams by partly bypass 
of heat exchanger, possibility for shut-down of 
individual heat exchangers in case of cleaning). 

-  Application of cleaning case study in monitored 
cases can bring saving of fuel gas about  
1330 t/year.
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Fig. 9. Illustration of the vacuum distillation preheating line
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Abstract
Thermal decomposition process of 
recycled hydrocarbon gas mixtures 
in industrial furnaces is analyzed by 
computer simulation. The detailed kinetic 
and mathematical model developed 
was validated by using the process 
control laboratory cracked gas analysis 
of an industrially operated furnace. 
The effects of feed compositions and 
operational conditions are examined 
to select the favorable operating 
parameters and to achieve the possibly 
highest online operation period of 
the furnace. The effect of deposited 
coke on the lifetime of radiant coils is 
examined by a heat-transfer model. 
The simulation study confirmed that 
temporal variations of the feedstock 
composition could be harmonized 
well with the operating parameters of 
furnaces with the purpose of achieving 
maximum effectiveness. 

Összefoglalás
Visszakeringetett és hulladékgázok ter-
mikus bomlása – néhány ipari pirolízis 
kemence mûködésének elemzése

A cikk az olefingyári bontókemencékbe 
visszakeringetett gázelegyek termikus 
bom lásának folyamatát mutatja be. 
A felépített matematikai és kinetikai 

mo dell validálása egy mûködô bon-
tó  kemence krakkolt gázainak la bo-
ra tóriumi elemzésével történt. Az 
alap anyag összetétele és az üzemi 
pa ra méterek hatásának vizsgálata a 
ter mékhozam-szerkezetekre a felé pí-
tett modell segítségével történt. Az 
eredmények alapján javaslat ké szült 
a kemencék futamidôinek maxi mali-
zálására is. A kokszképzôdés mér-
tékének vizsgálata önálló, ún. hô átadási 
modell segítségével történt. A cikk-
ben leírt szimulációs tanulmány ered-
ményei megerôsítették, hogy az alap-
anyag összetételének változásai jól 
har monizálhatóak az üzemelési pa ra mé-
terekkel az optimális üzemi eredmény 
elérése érdekében.

Introduction
Raw materials for production of most largely 
used plastics, i.e. polyethylene, polypropylene 
and PVC are industrially produced by thermal 
cracking of different individual hydrocarbons 
such as ethane, propane, n-butane, or mixtures 
such as LPG, virgin naphtha and gas oil. The 
product yields, as well as the extent of secondary 
reactions, i.e. the expected online operation 
period of furnaces can vary significantly as a 
function of the feed composition and operational 
conditions. This is especially so in the case of 
recycled cracked gases for re-pyrolysis, which 
can be mixed also with fresh hydrocarbons and 
may contain a large quantity of coke precursors 
such as olefins and di-olefins, depending on 
the effectiveness of hydrogenation process 
upstream the cracking furnace. When modelling 
tubular furnaces which are widely used also for 
cracking of recycled gases special attention has 
to be paid on the secondary reactions leading 
to production of coke since the coke formation 
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increases the pressure drop and reduces the 
furnace selectivity.
Investigating this process, Renjun et al. [1], 
Plehiers et al. [2] and Kopinke et al. [3,4] 
presented relative rates of coke formation 
for different hydrocarbons. Heynderickx and 
Nozawa [5] investigated the influence of high-
emissivity coatings on the reactor tubes and 
furnace walls, Stefanidis et al. [6] presented 
CFD (Computer Fluid Dynamics) simulations of 
steam cracking furnaces, while Heynderickx et 
al. [7] studied decoking of an ethane cracker by 
simulation. Jegla et al. [8] developed a method 
for systematic retrofit of tubular furnaces. Niaei 
et al. [9] applied the zone method for combined 
simulation of the furnace and the radiant box, 
while Sadrameli and Green [10] presented an 
analytical semi-empirical model to apply as a 
practical method for predicting conversion. An 
optimal temperature profile along the furnace 
was computed by Masoumi et al. [11] by using an 
objective function taking into account the costs 
of the decoking period. However, there have 
not been reported detailed studies concerning 
steam cracking of recycled gas mixtures to 
examine interdependency of feed compositions 
and operational conditions.
The aim of the present work is to study the 
effects of operating parameters on the product 
yields and on the furnace on-stream period 
taking into account the special compositions 
of the feed available using a kinetic and 
mathematical model. Numerical experiments 
are performed with different feed compositions 
and operational conditions to find the favorable 
set of operating parameters, and to achieve the 
possibly highest online operation period of the 
furnace. The simulation results are compared 
with the process control laboratory cracked 
gas analysis of an industrially operated furnace 
as well as with performance data obtained from 
daily operational practice. 

Mathematical model

KINETIC MODEL
A mechanistic kinetic model was developed 
on the basis of a detailed reaction network 
containing 233 individual reactions including 
those leading to formation of coke and carbon 
oxides [12]. Kinetic parameters were assigned 
to each reaction from published and arranged 
literature data. Validation of the model was 
performed by comparing its results with those 
obtained experimentally from cracked gas 
analysis of an industrially operated furnace, 

fitting the kinetic parameters to experimentally 
measured yield data. Reactions leading to 
coke formation were considered with their rate 
constants found in the published literature data 
[1,4]. This type of arrangement, adaptation 
and fitting of frequency factors and activation 
energies has been presented recently by Gál 
and Lakatos [14]. 

REACTOR MODEL
The geometry of the furnace coil and 
high Reynolds-numbers used in thermal 
decomposition process enable tubular reactor 
and plug-flow assumptions. As a consequence, 
mass, energy and momentum balances can be 
written as follows [12,13].
Mass balance:

(1)
where ci is the concentration of reactant i, x is 
the axial distance along the reactor, v denotes 
the cracked gas convective velocity, rk is the 
rate of the reaction k, and ki stands for the 
stoichiometric coefficient of component i in the 
reaction k. Nc denotes the number of species, 
while Nr stands for the number of reactions.
Enthalpy balance:

(2)
where T is the cracked gas temperature, Cpi is the 
heat capacity of species i, Hk denotes the heat 
of reaction k, U denotes the overall heat transfer 
coefficient from the firebox to the cracked gas, 
dt is the inner diameter of the reactor tube, A 
denotes the surface area in a unit distance of 
the tube, and Tfb stands for the temperature of 
firebox. 
The balance equations (1) and (2) were solved 
subject to the following boundary and initial 
conditions: 

(3)
 

(4)
Based on the mathematical model (1)-(4), a 
computer model was developed using the 
CHEMCAD simulator [15,16]. On the basis 
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of the large thermo-chemical and kinetic 
database, CHEMCAD can also be used for 
mechanistic kinetic modelling of hydrocarbons 
thermal decomposition. In order to achieve a 
complete yield structure at the exit of radiant 
coil the following input data are required for the 
simulation:
-  Operating parameters of the furnace: feed flow 

rate, steam to hydrocarbon ratio, pressure 
and temperature at the inlet of radiant section. 
These data were provided according to real 
operating conditions of the reference furnace.

-  Parameters of the rate expressions of reactions, 
frequency factors and activation energies, 
included into the reaction network. These data 
were applied on the basis of the kinetic model 
developed [12,14].

HEAT TRANSFER MODEL 
Heat transfer from the firebox of the furnace to 
process gas-mixture mainly depends on the coke 
deposited on the inner surface of radiant coil 
when the operating parameters are stabilized and 
controlled. For this reason, special attention was 
paid on coke formation rates from different coke 
precursors. Due to the rising temperature profile 
and to the increasing concentration of coke 
precursors (e.g. ethylene and propylene) along 
the radiant coil a rising coke layer thickness was 
supposed along the coil in spite of continuously 
increasing diameter of the coil as it is shown in 
Fig. 1. To check this, the radiant box was divided 
into five isothermal zones, and the coil was 
also divided into five sections. This method is a 
simplified form of that presented earlier by Niaei 
et al. [9] and Masoumi et al. [11]. 
As the inner diameter of the radiant pipe and the 
coke layer thickness are varying, the pressure 
drop along the radiant pipe also varies that was 
described using the equation

(5)

where p denotes the pressure,  is the density 
of gas mixture, Lt the equivalent pipe length, g 
is acceleration due to gravity, (x) is the local 
resistance coefficient of reactor tube junctions 
or bends, and f denotes the friction factor which 
is calculated using the expression for smooth 
pipes:

(6)

Having applied this method, the local coking 
rates as well as modification of the mean tube 
skin temperatures and the overall heat transfer 

coefficient (HTC) could also be followed section 
by section whilst the reaction heat per tube in 
each section was accurately calculated by the 
simulator.

Experimental section
The reference furnace, denoted as CF1, consists 
of a radiant and a convection section, as well 
as six transfer line exchangers (TLE) with one 
steam drum. The furnace contains 48 radiant 
coils connected to one transfer line exchanger 
(TLE) by eight as it is shown in Fig.1. Firing in 
the radiant section is performed by sidewall and 
floor burners, where natural gas is burnt, which 
is also mixed with some methane fraction formed 
in the cracking process. Preheating of the feed 
and dilution steam, as well as preheating and 
superheating of the high-pressure steam takes 
place in the convection section. Between the 
feed pre-heater and steam super-heater a boiler-
feed-water pre-heater is placed. Before a transfer 
line exchanger two small-diameter coils, having 
diameters 39 mm are connected to a single coil 
of diameter 57 mm. The mean residence time of 
the reaction mixture in the radiant section is very 
short: it takes only 0.3 s.

The process parameters of the furnace, such 
as temperatures, pressures, flow-rates are 
monitored by an Advanced Process Control 
system (APC) and can be registered in 
accordance with the feed- and cracked gas 
analysis [14].
The reference furnace processes a hydrogenated 
C4-C5 mixture that generally contains 60-
65% n-butane, 10-15% pentanes and 5-15% 
unsaturated C4 and C5 compounds. The 
remaining species are saturated C6 and some 
propylene. Of course, the feed composition was 
always analyzed by components. The sampling 
of the cracked gases at the furnace outlet was 
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Fig. 1. Schematic diagram of the radiant coils of reference furnace CF1 

connected to one transfer line exchanger
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performed manually, by cooling the sample down 
to ambient temperature in order to make the 
liquid phase condensed. Both the liquid and gas 
phase were analyzed by lab chromatographs, 
and the compositions were calculated on the 
basis of these analyses. At least three samples 
were taken under similar operational conditions. 
Comparing the results obtained, the procedure 
was repeated till the yields of the main 
components, i.e. methane, ethylene, propylene 
and residual n-butane agreed with precision 
±0.1% in three subsequent analyses. The model 
was validated by comparing the yields of species 
resulted in simulation with those obtained from 
cracked gas analysis under different operational 
conditions.
Table 1 shows a comparison of the measured 
and simulated product yields obtained by the 
validated model involving kinetic parameters 
adopted and then fitted to the measurement 
data. It is seen well, that simulated yield data 
are in good agreement with the measured ones 
after fitting the kinetic parameters. Numbers 1, 2 
and 3 refer to diverse operational conditions, i.e. 
different feed compositions and different on-line 
operation time.

Simulation results 
and discussion 
The flow rate and composition of the feed, the 
coil outlet temperature (COT) and the dilution 
steam to hydrocarbon ratio (ST/HC) can be 
considered as independent variables in industrial 
operation of cracking furnaces. The coil inlet 
pressure (CIP) and the cross-over temperature 
(XOT) depend on the status of convection tubes 
where solid particles can be deposited on both 
the inner and outer surfaces of the pipes. Since 
the feed flow rates are always intended to be 
kept at maximum, simulations were carried out 
at the highest possible feed rate. 

EFFECTS OF THE COIL OUTLET 
TEMPERATURE (COT) 
The purpose of examining the effect of COT 
was to quantify its influence on product yields 

and their ratios and variation of coke formation 
rate. Simulations were executed at five different 
COT values while three series of results could 
also be compared with experimentally measured 
data. Variation of the product yields obtained in 
simulation runs and that of coke formation rate 
at different coil outlet temperatures is shown in 
Fig. 2.

It can be concluded that when cracking such 
mixtures COT is strongly limited by the exponentially 
increasing coke formation rate, i.e. by the expected 
online operation period of the furnace. The trend 
of ethylene yield also shows that increase of 
COT above 845 ºC is not reasonable either for 
technological or economical considerations. 

INFLUENCE OF THE DILUTION STEAM/
HyDROCARBON RATIO (ST/HC) 
It is a question of profitability to operate the furnace 
at the lowest possible steam/hydrocarbon ratio 
since a lower steam rate reduces specific energy 
consumption of the production unit. Basically, 
on one thing we should decide: up to what 
extent this ratio can be reduced without having 
a significant negative effect on product yields 
and on furnace online period. Simulations were 
carried out at four ST/HC ratios comparing their 
influence at two different COT values. Table 2 
shows that reducing the ST/HC ratio by 10%, 
starting from the basic design equal to 0.5 has 
only a small influence on product yields but a 
shorter runtime can be expected because of 
higher coke formation rate. 

 

Table 1. Comparison of measured and simulated yield data, expressed 

in mass percentage, of the reference furnace CF1 at different 

operational conditions

Table 2. Variation of product yields, given in mass percentage, as a 

function of reduction of the steam/hydrocarbon (ST/HC) ratio, related 

to the basic design, for two values of COT

Fig. 2. Variation of product yields as a function of coil outlet temperature 

(COT)
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As Table 2 also shows, there is a significant loss 
of ethylene by reducing ST/HC ratio by more 
than 20%, together with a steeply increasing 
coke formation rate. Neither propylene yield 
nor the n-butane conversion changes, while 
the methane formation has a rising trend. It 
should be noted that effects of the dilution 
steam reduction cannot be simulated with a 
high accuracy since the catalytic effect of tube 
metals are not described by any known kinetics. 
Nevertheless, practical experiences also confirm 
the data shown in Table 2. 

VARIATION OF THE FEED 
COMPOSITION
Product yields were examined at three ethane 
concentration levels while COT was kept 
constant, as well as at three COT levels with 
the same ethane concentration. It was stated 
that applying a relatively small increase of 
COT and that of ethane concentration, much 
higher ethylene yield can be reached without 
seriously affecting the furnace performance. 
The propylene yield will be lower both at higher 
ethane concentration and increased COT. Coke 
formation rate can also be reduced by increasing 
the ethane ratio, while COT is kept at the same 
level. In conclusion, it looks attractive to add an 
amount of 10% ethane to increase the ethylene 
yield and to reduce the coke formation rate. 
Note that the coke formation rate is of tolerable 
value even at COT of 845 ºC.
The results of simulation runs carried out at five 
different unsaturated concentrations in such a 
way that concentration of each component in the 
feed was varied proportionally are presented in 
Fig. 3. The remaining independent variables (COT, 
ST/HC) were kept constant. As it is shown, the 
trend of methane yield and that of propylene show 
a linear decline with increasing unsaturated rate. 
The increase of conversion of n-butane is only 
apparent since its relative concentration in the feed 
also declines when the unsaturated concentration 
is higher. Nevertheless, variation of ethylene yield 
shows a slightly rising trend what is not surprising 
taking into account that the activation energies of 

1-buthene and 2-buthene de-composition rates are 
about 40-45 kJ/mol lower than those of n-butane, 
while 1-buthene is formed by radical-recombination 
at negligible energy level representing an additional 
ethylene source. 

EXAMINATION OF HEAT TRANSFER
As it was mentioned, the coke deposited onto the 
inner surface of radiant coil has a high influence on 
the online operation period of the furnace. Industrial 
furnaces are decoked after 30-60 days of operation 
depending mainly on the type of processed feed. 
Fig. 4 shows the variation of reaction heat, local 
tube skin temperature and local coking rate as 
well as the variation of the overall heat transfer 
coefficient along the radiant coil. It demonstrates 
well how increasing coke layer reduces the 
efficiency of heat transfer and induces increased 
tube metal temperature. The observed changes 
in the reaction heat are explained by variation of 
the dominant reactions of hydrocarbons thermal 
decomposition along the axial distance. This means 
that while the highly endothermic chain-initiation 
reactions are dominant in the first part of the coil, 
the chain-termination ones are more accented in 
the last part that are proceeded with negligible 
activation energy.
Nevertheless, this coke layer has negative 
impact also on the lifetime of radiant pipes. As 
it is shown in Fig. 4, the coke layer thickness 
increases drastically in the last third part of 
the coil therefore this part, in order to achieve 
sufficient heat transfer rate to the cracked 
gas is exposed to a much higher thermal load 
due to the decreased overall heat transfer 

coefficient induced by the thick coke layer. This 
is the reason why this piece of coils is worth to 
replace more frequently than the remaining part 
of the furnace. Since in this way the complete 
replacement of furnaces can be made scarcer 
the maintenance costs of steam crackers are 
reduced significantly.
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Fig. 3. Variation of product yields as a function of olefin 

concentration in the feed

Fig. 4. Variation of heat transfer conditions along the axial distance 

of radiant coil
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INFLUENCE OF THE RESIDENCE TIME 
OF FURNACES
Results of simulation runs carried out by 
varying the radiant coil geometry, i.e. the mean 
residence time of furnaces are shown in Fig. 
5. Here, yield data and coke formation rate of 
the primarily investigated furnace, denoted as 
CF1 are compared with those computed for 
two other furnaces having different processing 
times. Geometrical data of two existing furnaces, 
denoted as CF2 and CF3 and having residence 
times 0.65 sec and 1.1 sec, respectively, were 
taken as reference to keep the residence times 
used in simulation, in real domain. Simulation 
results obtained with similar feed compositions 
and total olefin content, which was equal 15.27% 
in each run, carried out with three values of 
COT, and yield data were compared with those 
obtained from the reference furnace CF1. The 
ST/HC ratio was adjusted similarly in the case of 
all three furnaces. 

As it was expected, a higher conversion of 
n-butane could be achieved both in CF2 and 
CF3 furnace than in the reference CF1 furnace. 
The yield of ethylene is 7% higher in CF2 and 
11.1% higher in CF3 at the same COT. Though 
the coke formation rate is increased significantly 
in both furnaces, by 21% and 32% respectively, 
this amount of coke will be deposed on a five 
times higher surface in CF2 and on a ten times 
higher one in CF3. Taking into consideration 
also the differences in residence times, it can be 
concluded that 35-40% longer online operation 
periods can be expected in the case of furnaces 
CF2 and CF3. As it was shown, coke formation 
rate can be reduced significantly by decreasing 
the olefin content of the feed. This can be done 
by mixing fresh hydrocarbons like ethane and/or 
n-butane into the recycled streams. According 
to industrial practice, recycled ethane is always 
available and n-butane is also worth to use for 
this purpose. In conclusion, recycled stream 
cracking in furnaces with longer residence 
times appears to have some advantages. 

Naturally, the hydrogenation reactor upstream 
the cracking furnace as well as the properties 
of its catalyst plays a substantial role in this 
complex process as well. 

Conclusions
The simulation study, carried out by means of 
a computer model developed for examining 
thermal cracking of recycled gas mixtures 
and implemented in CHEMCAD environment, 
revealed that variations originated in diverse 
feed compositions can be harmonized well with 
the operating parameters of furnaces for the 
purpose of achieving maximum profitability. 
Having examined re-pyrolysis of these gas 
mixtures it was shown that increasing the COT 
is strongly limited by the coke formation rate, 
which increases steeply above 840 ºC while the 
ethylene yield becomes increased just slightly. 
The coke layer thickness and the main local 
tube skin temperature continuously increases 
along the radiant coil, especially in the last third 
part, which has a negative impact on the lifetime 
of the coils and requires special maintenance 
techniques. It was also shown as an energy-
saving opportunity that reduction of the dilution 
steam ratio up to 20%, compared with the basic 
design, causes no significant increase in the 
coke formation rate. 

Nomenclature
Hk – heat of reaction k [J/mol] 

A – surface area per unit axial distance [m2] 
ci – concentration of reactant i [mol/m3] 
Cpi – heat capacity of species i [J/kg/K] 
d – diameter of pipe/fitting [m]
ƒ – friction factor [-] 
gc – acceleration of gravity [m/s2]
L – equivalent pipe length [m]
Nc – number of species
Nr – number of reactions
rk – rate of the reaction k [mol/m3/s]
T – temperature of cracked gas [K]
t – time [s]
 – mean residence time [s]

Tfb – temperature of firebox [K] 
U – overall heat transfer coefficient from the 
firebox to cracked gases [W/m2/K]
v – convective velocity of cracked gas [m/s]
x – axial distance along the reactor [m]

ki – stoichiometric coefficient of component i in 
the reaction k

p – pressure drop [MPa]
 – density of cracked gas [kg/m3] 

 Fig. 5. Comparison of product yields by cracking the recycled 

mixture in furnaces having different residence times: CF1- =0.3 s; 

CF2- =0.65 s; CF3- =1.1 s;
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Abbreviations
CF – cracking furnace
COT – coil outlet temperature
ST/HC – steam to hydrocarbon ratio
TLE – transfer line (heat) exchanger
LPG – liquefied petroleum gases
CFD – Computer Fluid Dynamics
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Abstract 
Polyolefins present a difficult challenge 
to the analysts. A wide variety of 
physical and chemical techniques can 
be used to discover different facts 
about a plastic compound.  The plastics 
may contain a variety of additives, 
including other polymers, which are 
used to enhance the properties of the 
plastic compound.
Polymers analysis are used for a variety 
of purposes such as quality control 
of production process, development 
of new grades and determination of 
causes of failure – claims solving.
This review outlines some special 
techniques used in plastics analysis 
and illustrates which methods are 
applied to obtain a particular result or 
compositional information.
In this article spectroscopic techniques 
are represented by X-ray Fluorescence 
Spectroscopy (XRF), chromatographic 
methods by Headspace Gas 
Chromatography (GC-HS), thermal 
techniques by Thermogravimetric 
Analysis (TGA) and physical analysis 
by rheology. 
This article is an introduction to 
some methods used in Slovnaft 
Petrochemicals and will enable 
the reader to understand the some 
concepts of plastics analysis.

Összefoglalás
Bevezetés a poliolefinek különbözô 
mû szeres analitikai méréseihez a 
Petrolkémiai Divíziónál

A poliolefinek igen nagy kihívást 
jelentenek az analitikusoknak. Fizikai 
és kémiai módszerek széles választéka 
alkalmazható a mûanyagok különbözô 
tulajdonságainak felderítésére. Ezek 
az anyagok különbözô adalékok egész 
sorát tartalmazhatják, egyéb poli me-
reket is beleértve, hogy a mûanyag 
tulajdonságait javítsák.

A polimerek analízise különbözô 
célokat szolgálhat, mint a minôség-
ellenôrzés, új termékek kifejlesztése, 
vagy vevôi reklamációk kivizsgálása.
Ez a cikk néhány, a mûanyag ana-
litikában alkalmazott, speciális tech-
nikát emel ki és illusztrálja, hogy me-
lyik módszer használható bizonyos 
ered mények, összetétel információk 
ki nyerésére. A spektroszkópiai el já rá-
sok közül, cikkünkben a röntgen-fluo-
reszcens spektroszkópiával (XRF), a 
kromatográfiás módszerek körébôl a 
head space-gázkromatográfiával (HS-
GC), a termikus metódusok közül a 
termo-gravimetriával (TG),  míg a fizikai 
ana lízisek csoportjából a reológiával 
fog lalkozunk.

A cikk bemutatja az említett néhány 
mód szert, melyeket a Slovnaft Pet-
rochemicals-nél használunk és segíti 
az olvasót annak megértésében, hogy 
mik a mûanyag-analízis fô koncepciói.

Anna Malíková (60)
Manager
MOL Group, Slovnaft Petrochemicals, s.r.o., Product and Applica-
tion Development Department
anna.malikova@petchem.sk
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of polyolefins at 
Petrochemicals Division (Part 2)

Introduction to different instrumental analytical measurements



Thermogravimetric 
analysis (TGA)
Thermogravimetric analysis (TGA) is one of the 
most current thermal analysis. This technique 
is useful in the analysis of compounded plastic 
samples. By the use of the temperature maxima 
at which weight events occur it is possible to 
obtain accurate quantifications of the principal 
compound constituents such as additives and 
polymers. 

In Slovnaft Petrochemicals TGA technique is 
used very often for evaluation of thermal stability 
of polymers and for evaluation of thermal 
stability of additives used in polymers. This data 
can be obtained on small (from 1 mg till 130 mg) 
samples in a relatively short time. By using TGA 
we can evaluate weight changes in samples as a 
function of temperature or time. 

A typical TGA programme for determination 
of additives is: heat from 50 °C in a nitrogen 
atmosphere (to prevent oxidation or other 
undesired reactions) at 10 °C/min till temperature 
in which no further weight loss occurs. Figure 1 
shows a typical TGA curve line of polypropylene 
with antioxidant.

 The analyzer usually consists of a high-precision 
balance with a pan (generally platinum) loaded 
with the sample. The pan is placed in a small 
electrically heated oven with a thermocouple to 
accurately measure the temperature as shown 
on Figure 2. A computer is used to control the 
instrument [1].

X-RAy Fluoros-
cence Spectro- 
metry (XRF)
X-ray Florescence Spectrometry (XRF) is a 
nondestructive technique of elemental analysis.  
(Elemental analysis is the determination of 
some or all of the elements in the sample, 
without regard to how they are structurally 
bound together. There are both single-element 
and multi-element techniques. Single-element 
methods measure only one element at a time, 
while multi-element techniques can measure 
many elements at one time.)
XRF is based on the principle that each element 
emits its own characteristic X-ray line spectrum 
(see Figures 3-5). When an X-ray beam (from 
an X-ray tube or a radioactive source) impinges 
on a target element, electrons from the inner 
shells are ejected, creating vacancies. These 
vacancies present an unstable condition for 
the atom. As the atom returns to its stable 
condition, electrons from the outer shells are 
transferred to the inner shells and in the process 
giving off a characteristic X-ray whose energy is 
the difference between the two binding energies 
of the corresponding shells. The emitted 
X-rays produced from this process is called 
“X-ray Fluorescence”. The energy of emitted 
X-ray photon depends on the distribution of 
electrons in the excited atom. Since every 
element has a unique electron distribution, every 
element produces a unique secondary X-ray 
spectrum, whose intensity is proportional to the 
concentration of the element in the sample.

XRF offers rapid nondestructive elemental 
analysis of liquids, powders and solids and 
requires minimal sample preparation. XRF is 
used by both R&D and QC laboratories to solve 
a wide variety of elemental analysis problems.

In Slovnaft Petrochemicals XRF is used also for 
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Fig. 1. TGA curve line of polypropylene with antioxidant

Fig. 2. TGA instrument
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checking production process (for determination 
of residual catalyst – efficiency of catalyst and 
for measuring the concentration of additives) [2]. 
Especially the methods for measuring of 
concentration of additives in polymers are very 
operative, comfortable and fast, because do 
not require any long time extraction of additives 
from polymers, evaluation is done directly on 
polymer´s pressed sheet. By this method it 
is possible to evaluate content of secundary 
phosphite antioxidants, additives that contain 
Zn, Na, Si, Mg, S, Ca, Ti in the molecule (Talc, 
CaSt, DSTDP, NaBz, CaCO3, Hydrotalcit, TiO2, 
SiO2, etc.).

THE X-RAy FLORESCENCE PROCESS 
EXAMPLE: TITANIUM ATOM (TI =22)

Static Headspace 
Gas Chromatogra-
phy analysis 
(GC-HS)
In the recent years, public awareness of 
environmental, health and safety issues related 
to air quality has grown significantly, resulting 
in ever more stringent demands regarding the 
emission of volatile compounds from materials 
present in confined spaces such as buildings, 
industrial work places or vehicles.
Plastic materials are emitting volatile organic 
compounds (VOCs) that contribute to the 
deterioration of ambient air quality in terms 
of odours and pollutants. Organic indoor air 
pollutants have been classified by the World 
Health Organisation according to their boiling 
points. A wide variety of experimental techniques 
as well as instrumental methods are used 
for the sampling and identification of volatile 
components emitted by materials.
The process of identifying the organic compounds 
present in the “headspace” or air above the 
material is called “headspace analysis”.
Static headspace gas chromatography analysis 
is frequently used to determine (semi)-volatile 
organic components in a wide variety of matrices. 
In the static headspace mode, the sample is 
placed in a sealed vial, in a heated chamber. 
Organic compounds are evaporated from the 
heated sample and released into the headspace. 
When equilibrium is reached, the concentration 
of the volatiles in the headspace is at its maximum 
and it is injected onto the analytical column for 
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Fig. 3. An electron in the K shell is ejected from the atom by an 

external primary excitation X-ray, creating a vacancy

Fig. 5. When a vacancy is created in the L shell by either the 

primary excitation X-ray or by the previous event, an electron 

from the M or N shell “jumps in” to occupy the vacancy. In this 

process, it emits a characteristic X-ray unique to this element and 

it turn, produces a vacancy in the M or N shell

Fig. 4. An electron from the L or M shell “jumps in” to fill vacancy. 

In the process, it emits a characteristic X-ray unique to this 

element and in turn, produces a vacancy in the L or M shell
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separation (gas chromatography headspace 
analysis) [3].

In Slovnaft Petrochemicals GC-HS  analysis 
are used for determine Volatiles Organic 
Compounds (VOCs), Lower Explosive Limit (% 
LEL) and for measuring “C-emissions”.

VOLATILE ORGANIC COMPOUNDS 
(VOCS) 
Procedure is used to determine the 
concentrations of specific residual volatiles 
components in polypropylene resin. The gas 
chromatographic analysis employs dual-columns 
attached to a single inlet. The first column allows 
determination of light hydrocarbons (C1-C6) and 
their related isomers. The second column allows 
for the determination of polar components and 
heavier hydrocarbons.

% LEL
In order to determine the % of LEL of the headspace 
above a resin in an enclosed vessel, hydrocarbons 
up to and including C9 will be reported. Heavier 
hydrocarbons need not be reported because they 
largely remain dissolved in the resin and have a 
negligible contribution to % LEL.
These values are used to ascertain the amount 
of purging needed to remove the volatile 
constituents so that the resin may be transported 
safely.

C-EMISSIONS MEASURING
It is determination of total carbon emissions. This 
value is important for automotive industry, for 
the vehicle interior and trunk, for parts that come 
into contact with the air flow into the passenger 
compartment. 

Table 1 shows VOCs analysis of Tatren IM 45 74 
(in ppm).

Rheological 
properties - 
capillary rheometer 
Rheological properties of polyolefines are the 
most important properties from processing point 
of view. There are many rheological tests which 
can be performed on capillary rheometer. The flow 
curves and melt strength are the most exploited 
testing methods which give complex conception 
of rheological properties.
Flow curves (Figure 7) express dependence 
of viscosity (green plot) or shear stress (red 
plot) vs shear rate.

 
Fig. 6. Principles of static headspace – gas chromatography 

system: A = equilibration, B = sample transfer, CG = carrier gas, 

SV = sample vial, TH = thermostat, COL = GC separation column, 

D = detector

Table 1. VOCs analysis of Tatren IM 45 74 (in ppm)

Sample name Tatren IM 45 74            
methane 0.00
ethane 0.00
ethylene 0.00
propane 0.24
propylene 0.00
isobutane 0.00
n-butane 0.28
1-butene 0.00
t-2-butene 0.00
isobutene 0.00
c-2-butene 0.00
isopentane 0.00
n-pentane 0.00
other C5s 0.00
me-pentanes 15.77
n-hexane 0.00
other C6s A 0.00
1-hexene 1.83
other C6s B 0.00
methanol 0.00
ethanol 0.00
acetone 0.00
t-butanol 0.00
methyl acetate 0.00
isobutylene oxide 0.00
isobutyraldehyde 0.00
MEK 1.21
ethyl acetate 1.06
isobutanol 0.00
tert-butyl-ethyl-ether 0.00
t-amyl alcohol 0.00
C7s 0.00
C8s 16.22
C9s 308.78
Total 346 ppm
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Melt strenght is the test for the evaluation of 
the “Melt Tension” of the material (also called: 
“haul-off”, “melt strength”, “drawdown”, 
“drawing test”) is carried out using one bore and 
the dedicated ancillary equipment (Stretching 
Unit – see Figure 8). Fully integrated with the 
rheometer, the stretching unit is placed below 
the barrel, where the tested material is extruded. 
Its position allows the extrudate to be stretched 
along the axis of the capillary. The extrudate 
winds up around a small pulley connected to a 
load cell, and is drawn by the motorized driving 
pulleys: during a test, the speed of the driving 
pulleys is continuously controlled and the force 
exerted by the material on the load cell pulley is 
measured.
Two different kinds of investigation can be 
performed: the standard analysis foresees 
a controlled increase of the drawing speed 
according to a preset acceleration: the force is 
measured as a function of the driving speed. The 
melt strength and the driving speed (drawdown 
ratio) at break are recorded and the test 
visualized in real time on a graph (Figure 9). The 

second analysis foresees the stretching of the 
material at a constant value of drawing speed: 
the force is measured as a function of time. This 
“extrusion test” shows how the melt strength 
of the material changes at steady state drawing 
conditions.
 

 

1MOL GROUP

108

 

 

Fig. 7. Flow curve of PP 

Fig. 9. Melt stretching graph of autoclave LDPE – breaking force vs velocity of pulley

 Fig. 8. Stretching unit
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OTHER INTERESTING 
RHEOLOGICAL TESTS
Wall slip test evaluate the true velocity at the 
wall, which is usually assumed to be null. 
Sometimes the flow of a melt polymer through 
a capillary does not follow the classic model, 
which assumes zero speed at the wall. This 
means that together with the shear flow there is 
a “plug flow” along the axis of the die. This may 
be caused by specific additives (oils, waxes) 
which are added to the material during extrusion 
or injection moulding in order to simplify the 
process. If no wall slip occurs, the apparent shear 
rate is         , and does not vary if the shear stress 
is the same. With the certain wall slip velocity 
the shear rate becomes               , so if more 
data are collected at the same shear stress but 
with different capillary radius the shear stress 
will be different, and the relationship between 
the shear rate and 1/R will give the value of    . 
The evaluation of the wall slip of a material at a 
specific temperature is based upon the analysis 
of several flow curves obtained with different 
dies characterized by the same L/D ratio.

          - shear rate
          - volume flow rate
          - wall slip velocity
          - capillary radius

Elongational viscosity describes the 
elongational flow behaviour of a material 
(Figure 10). It is related to the tensile stress 
(elongational flow) while the shear viscosity 
is related to the shear flow. There are two 
basic approaches for the determination of the 
elongational flow properties of polymer melts: 
using either tensile testing methods (by means 
of dedicated instruments) or convergent flow 
methods analysing rheological data. One of 
the models developed for the estimation of the 
elongational viscosity using converging flow 
analysis is the Cogswell model. It determines 
the extensional properties of the melt polymer 
analysing the pressure drop caused by the flow 
from the barrel of capillary rheometer to the die 
(using data from Bagley analysis). According 
to this model, the dedicated software module 
allows the determination of the elongational 
properties in terms of viscosity, strain rate and 
tensile stress. It works on the data obtained 
via Bagley correction and provides the results 
also in the graphical form thus allowing a 
direct comparison between the elongational 
properties and the shear ones.

Thermal degradation of polymer can be 
evaluated by running the same rheological 

test after different waiting times at process 
temperature. This type of test determines 
how the rheological properties of the material 
change as a function of the residence time in 
the barrel. The curves obtained are compared 
to see the possible change in viscosity over a 
range of shear rates. 

We can also study how the shear viscosity of 
materials changes as a function of temperature.

Melt fracture of polymer is a polymer instability 
that limits the rate of production in many 
processes such as profile extrusion, film 
casting, film blowing, and blow molding. In these 
processes a polymeric melt emerging from the 
die often shows surface distortions at throughput 
rates above a critical value. As a result of 
these instabilities, the final product becomes 
unattractive and commercially unaccepted. Our 
software allows investigate the upper limit of 
processability of tested materials in terms of 
gross melt fracture occurrence.

Pressure-volume-temperature diagrams of 
polymers (PVT) are evaluated through the 
piston-die method (see Figures 12-13). Special 
equipment is needed composed of a flat-head 
piston, PTFE sealings, a die plug and other 
ancillary components which allow tests that 
reveal the relationship between pressure, 
volume and temperature for the tested material. 
The software checks and accounts for frame 
deformation at high loads. The curves obtained 
in a PVT test can be further elaborated to 
visualize the results both as “Specific Volume 
vs Pressure at constant Temperature” and 
“Specific Volume vs Temperature at constant 
Pressure” curves [4].

Fig. 10. Elongation viscosity vs elongation rate for PP

Fig. 11. Melt fracture test
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Conclusions
Thermogravimetric analysis (TGA) are useful 
in the analysis of compaunded plastic samples 
as well as in analysis of thermal stability of 
additives used in polymer during the processing 
of polymers.

X-ray Florescence Spectrometry (XRF) is a 
nondestructive technique of elemental analysis. 
XRF is based on the principle that each element 
emits its own characteristic X-ray line spectrum. 
In Slovnaft Petrochemicals we use XRF for 
checking production process (for determination 
of residual catalyst – efficiency of catalyst and 
for measuring the concentration of additives). It 
is very operative method.

Static Headspace Gas Chromatography 
analysis is frequently used to determine (semi)-
volatile organic components in a wide variety 
of matrices. In Slovnaft Petrochemicals we 
use headspace analysis to determine Lower 
Explosive Limit (% LEL), for measuring of VOC's 
and “C emissions”. C emissions measuring is 
determination of total carbon emission. This 
value is important for automotive industry, for 
the vehicle interior and trunk, for parts that come 

into contact with the air flow into the passenger 
compartment. 

The rheological properties are the most 
important properties from processing point 
of view. There are many rheological tests and 
parameters which can be performed on capillary 
rheometer. Except of base rheological curve that 
give us information about the dependence of 
viscosity or shear stress on shear rate capillary 
rheometer allowing to study melt strenght, wall 
slip, elongation viscosity, thermal degradation, 
melt fracture and pressure-volume temperature 
(PVT) tests are applied. All the parameters help 
in better understanding of behaviour of polymer 
during the processing.
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1MOL GROUP

110

 

 

Fig. 12. Piston-die method used for evaluating PVT diagrams

Fig.13. Example of PVT test




