
lobal technological breakthroughs in 
nano-applications are accelerating in the 
post-production or downstream sector 
of the oil industry. Egypt desperately 
needs to utilize these advances to solve 

many of its outlying economic problems related to 
the petroleum industry. The question is whether 
the scientific and industrial infrastructure of the 

country is suited for riding this technological wave 
that encompasses everything from petrochemicals to 
refining to midstream and even upstream.
The quick answer is no. As it stands, downstream in 
Egypt is underperforming. Evidence of this can be 
found in the petrochemicals sector. Plastics are one 
of Egypt’s top ten imports, standing at $3b in 2014, 
according to the United Nations Comtrade Database. 

Its exports were at the much smaller figure of $1.6b. 
Is this disparity a matter of feedstock or lack of 
technical expertise or investments? Similar gaps 
emerge elsewhere. At first sight, Egypt’s fortunes 
when it comes to fertilizers – another example of 
petrochemicals – appear better with exports standing 
at $742m and import at $161m. Yet, even here there are 
mismatches. Egypt imports higher quality fertilizers, 
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which feeds into the drain on the country’s hard 
currency reserves. The same holds true of pesticides, 
many other chemicals, and pharmaceuticals, all being 
implicated in the petrochemicals industry.
Why has the country so far not addressed these trade 
disparities by identifying root causes and taking 
concrete steps to rectify them? Without resolving 
these outlying issues first, Egypt will not be able to 
take the next technological leap that will bring it up to 
speed with downstream round the globe.
Economic Mismanagement and Human Resources
A part of the problem with petrochemicals in Egypt 
has been the public sector mentality, a petroleum 
expert with extensive experience in the private sector 
explains. Like the Toshka land reclamation project 
(an ambitious project to reclaim half a million acre 
of desert land) the focus was on large headlines for 
picturing massive national projects that ignored 
feasibility studies. Another area of policy neglect 
did not take into account the issue of comparative 
advantage in natural resources endowments. Egypt, 
in the 1980s, did witness a surge of exploration and 
production activity with largely promising estimates 
of the country’s gas reserves. The problem was that 
these estimates did not account for the competition, 
particularly from regional energy giants like Saudi 
Arabia, which gets its feedstock for plastics, fertilizers 
and other petrochemicals almost for free while 
extracting oil. But this was no excuse, the expert 
said, since any resource gap can be compensated 
for through sound planning, management, and 
technology.
The larger problems afflicting downstream lay in 
Egypt’s education system due to a lack of emphasis 
on the downstream sector and other petroleum and 
energy-related subjects, the expert explains.
Most universities in Egypt do not specialize in 
chemical engineering, only chemistry. Most Egyptian 
universities do not have petroleum engineering 
departments to begin with. Topics related to the oil 
industry are also dispersed across curricula even at 
leading private sector universities like the American 
University in Cairo (AUC), British University in Egypt 
(BUE) and Future University in Egypt (FUE). Metallurgy, 
while intimately related to petroleum, is studied 
as a specialization in the Mechanical Engineering 
Department, under the Materials and Manufacturing 
specialization. The other specializations are 
Mechanical Design, Industrial Engineering, Robotics, 
and Power Engineering. 
Chemists who graduate from institutions of higher 
learning are eagerly employed by the oil and gas 
sector, that is true, but their skills are more generic, 
given their education. They can work just as easily 
in pharmaceuticals as in oil and gas, after some re-
skilling at the hands of the employer. Petrochemicals, 
however, are more difficult and demand a proper 
degree in chemical engineering. Even Petroleum 
Engineering Departments deal almost exclusively 
with upstream - exploration, production, drilling, and 
oil recovery, trying to compensate downstream with 
a handful of specialized courses in petrochemicals. 
Other energy-related topics get listed under 
environmental sciences and renewables. 
Attempts to have Petroleum Engineering Departments 
cover the broader remit of petroleum and energy studies 
have not always been successful. Ironically the older, less 
well-funded public sector universities in Egypt – Cairo, 
Alexandria, and Suez – are the ones best equipped for the 
downstream industry, bunching petroleum engineering 
with petrochemicals, and mechanical engineering. 
Suez University deserves special mention because it 
has its own separate department of Petroleum and 
Petrochemical Refining within the Faculty of Petroleum 
and Mining Engineering. This is in addition to the four 
other departments of Petroleum, Geological Engineering, 
Metallurgy, and Mining Engineering. That being said, 

there are different educational models on offer that 
we need to be mindful of when it comes to upgrading 
downstream. 
Matching Knowledge and Needs
The older ways of teaching at Cairo and Suez 
Universities have their advantages.  The system churns 
out fully qualified engineers for the downstream 
sector, explains Dr. Amr Serag-Eldin, Professor 
and PENG Chairman at the AUC’s Department of 
Mechanical Engineering. The disadvantage, however, 
is that the educational institutions do not keep up to 
speed with the latest advances in the field. Having 
separate departments and schools, the approach 
taken by his institution, allows higher education to 
focus on the fundamentals of science and engineering 
first, then deal with practical applications later. The 
basics of power engineering, for instance, are the 
same as those in physics – thermodynamics, fluid 
and gas mechanics, the photoelectric effect, etc. A 
science background is a must. With these basics in 
place, there are qualified graduates who can do their 
own research afterwards and specialize as they see fit. 
It’s a question of learning how to learn he says. Serag-
Eldin adds that having separate departments does 
not mean the university cannot pool resources and 
set up multidisciplinary programs and laboratories. 
The School of Science and Engineering, in fact, deals 
with a broad range of petroleum-related disciplines, 
such as engineering for pipelines, renewables, project 
management, and industrial engineering. Nano-tech 
is also increasingly crossing disciplinary boundaries in 
science and engineering.
 The real onus is on the private sector, explains a 
petroleum engineering professor from another 
institution. Firms have to involve themselves more 
in higher education through donations and grants 
to finance research and simulation labs, internships, 
training programs, specialized schools, etc. There is 
not enough demand out there for petrochemicals 
to be taught at university since there are only five 
petrochemicals companies for every 50 upstream 
companies in the country, he adds. The upstream 
sector needs petroleum engineers so universities gear 
themselves towards industry demands. 
The way university finance works is also partly 
responsible. Financing is not determined only by 
tuition fees but by the composition of the board of 
trustees of any private sector university. If they are not 
‘oil men’ - so to speak - then the finances will not be 
geared towards downstream sector, he explains. 
Trustees have no objections to working with oil firms 
and representatives and have no legal restrictions 
against donations from the petroleum sector, 
but with established competitive petroleum and 
petrochemical universities in the Gulf Arab states, 
it is hard to gain the right kind of attention from 
wealthy benefactors for the Egyptian education 
sector. According to an official at Zewail City, the 
center of technical excellence, it does not deal with 
oil and gas, although energy-related fields are high on 
the institution’s list of research priorities. The focus 
instead is on renewables, denying Egypt’s petroleum 
sector an avenue for cutting edge research in the 
latest buzzword for the industry – nano-tech.
Melding Up and Downstream with Nano-Tech
Nano-tech applications are a game changer in the 
industry, according to a petroleum and energy expert, Dr. 
Magdi Nasrallah, as they are increasingly bridging the gap 
between up ad downstream. Just as nano-applications 
go into drilling and pressure-volume-temperature (PVT) 
fluids, reservoir engineering and improved and enhanced 
oil recovery (IOR/EOR), they are also increasingly making 
its way towards the downstream sector.  Nano-particles 
are used to influence fluid viscosity of crude oil in 
pipelines and for corrosion mitigation; at the level of 
the fluids. Manufacturing the pipeline itself comes also 
with the help of nano-materials, and nano-coatings are 

applied to protect regular piping. The nano-technologies 
that go into building corrosion resistant pipelines are the 
same technologies that go into the upstream building of 
drill rigs where corrosion resistance, shock resistance, 
thermal conductivity and weld ability are persistent 
problems. 
Viscosity is a problem that stretches from upstream 
into downstream.  Reducing the viscosity level of 
crude extracted from a reservoir helps oil flow better 
in pipelines after extraction in the post-production 
or downstream phase. Closely related to this are 
problems with emulsification - water and oil droplet 
mixtures and scaling along the walls of pipes. 
Viscosity, emulsification and scaling problems hold 
true, incidentally, of EOR, particularly when dealing 
with heavy grades of crude oil. The techniques used 
to dislodge crude in the tertiary phase of oil recovery 
become all the more effective if the viscosity level is 
lowered. When it comes to the CO2 injection technique 
used for EOR, there is also the issue of sequestering 
the CO2 underground and nano-materials can play 
a role there, says Dr. Adel M. Salem Ragab, Assistant 
Professor of Petroleum Engineering at the FUE’s 
Petroleum Engineering Department. Most of the oil 
in the Western Desert is heavy oil and CO2 is a useful 
technique that has been earmarked for the region 
through field-studies and surveys carried out by Drs. 
Mahmoud Abu El Ela, Helmy Sayyouh, and El Sayed 
El-Tayeb of Cairo University. 
Another upstream-downstream challenge is 
upgrading bitumen and heavy crude oil, substances 
that are difficult to handle and transport due to their 
high density and viscosity. Nano-catalysts can be used 
to carry out this upgrading on-site, in combination with 
hydrogen/methane production. According to Ragab, 
certain nano-materials have been used in oil refining 
and the petrochemicals industry for more than 100 
years, in the form of Nanoparticles Catalysts. During 
the last two decades nano-tech has made substantial 
contributions to refining and converting fossil fuels 
as well. Mesoporous catalyst materials such as MCM-
41 are being used for refining while nano-filters and 
particles are being used to remove harmful toxic 
substances such as nitrogen oxides, sulfur oxides, 
and related acids and acid anhydrides from vapor, 
and mercury from soil and water. Nanomembranes 
for enhanced separation of gas streams and removal 
of impurities from oil are also becoming a possibility 
with the latest advances in the field.
A nano-expert, Dr. Ahmed Noah, formerly a professor 
at the AUC, adds that polymers go into both up and 
downstream. Polymers are macroparticles and, 
strictly speaking, do not count as nano-tech, but 
nano-applications can enhance their effectiveness. 
Nano-tech and polymers were also making their way 
into refining to improve the efficiency of the catalytic 
process at the level of energy used and utilization of 
hydrocarbons. They also help broaden the range of 
feedstocks that can be used. 
Other new nano-applications related to EOR involved 
repairing the damaged walls of a depleted reservoir, 
along with nano-chemicals that can be used to 
change the porosity and permeability characteristics 
of reservoirs. Nano-science is even entering into 
hydraulic fracturing for shale oil and gas. Instead 
of relying exclusively on aquifer water nano-fluids 
and nano-particles can be used as well to cut down 
on water usage. This would mean a boon for arid 
countries like Egypt and Algeria. 
Nano-science is finally getting the attention it deserves 
in Egypt with research financing for petroleum-related 
studies. A national R&D plan can help ameliorate 
many of the problems, along with reforms in the 
educational system. The key realization here is that 
investment in nano-applications at the upstream 
level will begin trickling down the post-production 
value-chain, and vice versa. 
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E gypt’s refining industry suf-
fers from a series of mis-
matches in the downstream 

sector. Refineries are not designed to 
process certain grades of crude that 
nonetheless are supplied to them. 
Business sources explain that the same 
holds true of petrochemicals. The end 
result of this has been excess capacity, 
underperformance, underinvestment, 
and technological backlog. 
This results in an underperforming 
sector that suffers from financial and 
technological deficits and a lack of 
backward linkages from petroleum to 
the rest of the economy. In petrochem-
icals, the prices of plastic articles in 
the Egyptian marketplace – even small 
shopping bags – have been going up. 
Yet the prices of the feedstock of plas-
tics, the basic chemicals derived from 
oil and gas, have been going down 
globally in tandem with crude prices. 
A problem that highlights the negative 
effects Egypt is facing as a net importer 
of plastics.
Refining and petrochemicals, need-
less to say, are the backbone of down-
stream or post-production. The clas-
sical textbook definition separates 
refining and petrochemicals from 
midstream - transportation through 
pipelines, tankers, trucks, and from 

marketing - sales and distribution of 
finished petroleum products. In indus-
try-speak, however, these three stages 
are increasingly being lumped togeth-
er.
The byword for ameliorating incon-
sistencies in the downstream sector is 
therefore ‘integration,’ explains a pe-
troleum expert who prefers not to be 
quoted by name. Oil majors like BP and 
Chevron and national oil companies 
(NOCs) like Saudi Aramco and Malay-
sian Petronas are fully integrated, up-
stream, midstream and downstream, 
enjoying their own refining and petro-
chemicals, sales departments, subsidi-
aries and investments. The very nature 
of downstream is then changing as a 
consequence of the integration, the ex-
pert adds. 
Egypt needs to develop its down-
stream sector more than ever before 
given the mounting fuel import bills 
and the severe strain it places on the 
whole economy by depleting the hard 
currency reserves. The issue at hand 
now is to identify, in detail, the full 
range of problems afflicting Egypt’s 
downstream sector in all its stages and 
look into policy options for resolving 
them – keeping country and company 
comparisons in mind.

Currency Feedbacks and Planning 
Challenges
The current dollar crisis has revealed 
just how susceptible the petroleum 
sector is to global currency fluctuations 
and domestic inflation, if only because 
international oil companies (IOCs) op-
erating in Egypt insist on being paid in 
US dollars. When Egypt’s hard curren-
cy intake is hit by a shortage of exports 
due to stalled factories, high volumes 
of much needed import paid for in for-
eign currencies and terrorism scaring 
off tourists then petroleum entities like 
the Egyptian General Petroleum Hold-
ing Company (EGPC), even if operating 
at optimum capacity, cannot pay back 
what they owe to foreign operators like 
BP and ENI.
What is less well known, explains the 
anonymous expert, is that the down-
stream sector is hit even harder by the 
dollar crisis for several additional rea-
sons. One is that when IOCs do not get 
paid they insist on being given a larg-
er share of their crude output, which 
they keep to themselves, depriving 
Egyptian refineries of their feedstock. 
A second problem is that with delayed 
payments the operators, in turn, delay 
their deliveries to local vendors, forc-
ing Egyptian companies to seek energy 
from other sources to meet their con-

tractual commitments, putting addi-
tional strain on hard currency reserves, 
since oil transactions internationally 
are denominated in dollars. A final 
problem is that downstream, much 
like most manufacturing industries in 
Egypt is heavily dependent on imports 
paid for in dollars. 
The pipelines constructed here in 
Egypt, whether to connect drill rigs 
or export oil and gas, are made out 
of component parts from abroad that 
are first purchased for hard currency, 
imported and then welded together 
here. There is no shame in this as most 
developing nations have to import ma-
terials and technologies, but it is an is-
sues that needs to be resolved over the 
long run.
The key is planning, says the anony-
mous expert. All petroleum projects 
are long-term. Development projects 
in oil take four to five years on average. 
For natural gas this can stretch to ten 
years, since the back-time needed to 
build liquefaction facilities has to be in-
corporated into planning and from ear-
ly on; it is cheaper to export gas in LNG 
form than through pipelines. Much the 
same holds true of petrochemicals. 
As profit margins in downstream are 
much smaller, by comparison with up-
stream, the planning stage is essential, 
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the expert adds. Even large integrated 
oil firms make between 80% and 90% 
of their money from upstream, leaving 
downstream struggling to compete for 
attention and finances – a gap that can 
only be filled through deliberate na-
tional policies. 
Downstream Economics and Strategic 
Input
Need for strategies are important 
everywhere in the developing world, 
even hydrocarbon-rich countries like 
Iran, to cite an Iranian expert, Ali Mir-
mohammad, Senior Consultant and 
Business Development Manager with 
Frost & Sullivan. The country repeated-
ly failed to translate its ample oil and 
gas reserves into a thriving petrochem-
ical industry over a long period of time. 
Even when downstream became a pri-
ority for the Iranian regime, over the 
past 20 years, the industry still did not 
take off. It was not only sanctions that 
held back progress, he explained, but 
also inexperience, poor management, 
among other issues. 
The economics of downstream may 
not be as profitable as upstream but 
the benefits in terms of value-added, 
job creation, and moving away from a 
dependency on oil are insurmounta-
ble, Mirmohammad insists. The longer 
you go along the value-chain the more 

capital costs go down, while profits go 
up, he says. Producing methanol, for 
instance, demands an investment of 
over $900,000 to generate a single job. 
Producing polypropylene (PP) packag-
ing bags derived from methanol, how-
ever, demands less than $20,000 per 
job. Iran has finally woken up to this 
potential and has plans to build more 
than 30 industrial cities to develop oil 
and gas downstream projects with an 
emphasis on methanol downstream 
products, which include PP consumer 
goods such as plastics.
Egypt seems to have recognized this 
potential, and has undertaken similar 
measures. The Egyptian Petrochemi-
cals Holding Co. (ECHEM) was set up in 
2002 specifically to execute a 20-year 
long National Petrochemicals Plan, 
according to Oil & Gas Journal (OGJ).  
In addition, given that the cost of pet-
rochemical feedstock is highly volatile, 
tied to other factors such as economic 
circumstances and population trends, 
flexibility is another key ingredient of 
strategic planning for downstream, 
OGJ explains.
Improvements in Integration and 
Regulation
In the context of slimming currency 
reserves and downstream economics, 
planning deficiencies can be resolved 
through integration. The petroleum ex-
pert added that integration across the 
downstream chain revealed another 
seldom recognized problem with the 
oil and gas sector in Egypt, namely, the 
sheer number of firms in the petroleum 
sector, especially over the past 10-15 
years. There were many separate re-
finery companies managing their own 
affairs without coordinating with other 
firms of their own kind or the upstream 
companies that supply them with 
crude. It would be better, he argues, to 
have a smaller number of larger firms 
integrated across the different facets of 
the downstream supply chain. 
In Egypt refineries are increasingly 
beginning to integrate their opera-
tions with petrochemicals, according 
to OGJ, via grassroots projects where 
a refinery is co-located with a major 
petrochemical complex. EGPC is also 
brought in as a partner to insure feed-
stock supplies with Egyptian banks 
pitching in for stable local financing. 
A business source in petroleum adds 
that while this is the right approach to 
take, the problem is that upstream en-
tities like EGPC, EGAS and GANOPE are 
tasked with managing the downstream 
sector too, multiplying their functions 
from being production partners in joint 
ventures to becoming government rep-
resentatives busily enforcing rules and 
regulations.
The petroleum expert says that hold-
ing companies like EGPC and EGAS 
could do with a dose of integration 
themselves, doing an even better job 
of overseeing their subsidiaries if they 
owned and operated them directly. His 
advice is that these additional down-
stream oversight functions be parceled 

off to a specialized regulatory body, 
allowing the two companies to focus 
more on upstream E&P activities than 
on distribution and managing local 
markets. Integrating gives a body a 
larger asset base but also more re-
sponsibilities for managing those larg-
er assets, so it is better to remove other 
functions served by that company in 
tandem, he explains.
Indonesia has taken this path, with two 
separate regulatory bodies dealing with 
up and downstream – BP MIGAS (later 
SKK MIGAS) and BHP MIGAS, respec-
tively. Indonesia’s NOC, Pertamina, 
is a fully integrated upstream-down-
stream firm. Nonetheless it had to re-
linquish its powers over production 
sharing contracts (PSCs) to SKK MIGAS 
and its original monopoly power over 
the price of oil, gas and fuel products 
to BHP MIGAS. Indonesia still subsidiz-
es many of its local fuel products, but 
BHP MIGAS has made sure that these 
fuels only go to deserving customers 
– keeping a watchful eye over Petram-
ina and its branches – while introduc-
ing competition between distributors 
through tenders. Indonesia, like Egypt, 
is a net importer of crude oil with many 
exhausted oilfields. But with the right 
upstream incentives put in place over 
the years, compensating investors for 
bringing in the right kinds of technol-
ogies, production rates have gone up 
and Indonesia has finally been able to 
rejoin OPEC in October 2015. 
The petroleum business source adds 
that Egyptian downstream companies 
have been able to avoid merging for a 
long time because of subsidies on their 
feedstock, a circumstance that may 
change as energy subsidies are phased 
out. Consolidation through mergers 
and strategic partnerships are certainly 
advisable during economic downturns, 
says John McCreery, Head of Bain & 
Company’s Asia Pacific Oil & Gas prac-
tice, but such decisions should always 
depend on the strategic context. A sup-
ply chain expert and freelance manage-
rial consultant, Riyad Nour, also cautions 
against too much integration, especially 
when it comes to petrochemicals and 
the plastics industries. 
The key to sound economic manage-
ment is competition, not monopoly. 
Merging a petrochemicals plant with 
plastic manufacturers would create 
a powerful entity but would deprive 
the consumer of choice in the market-
place, and with that come inefficien-
cies that eat away at quality consid-
erations. Further, the OGJ article also 
reminds us that the Egyptian market 
is too small to absorb any surge in pet-
rochemicals products; therefore, any 
growth in the sector will have to be 
financed by exports, a prerequisite of 
which is high quality products. In Eu-
rope all existing and new petrochem-
ical substances, local or imported, 
must be registered by the industry in 
question with the European Chemicals 
Agency that oversees commodities re-
quired standards. If Egyptian products 
are to compete successfully abroad, 

they must meet the regulatory require-
ments of those foreign markets and 
be able to offer demanded scope and 
quality of products.
Up the Downstream Learning Curve
Egypt’s downstream sector must rep-
licate other successful models, such 
as Iran mentioned above. It needs to 
build production facilities, produce its 
own pipes and create access to pro-
fessional engineering companies and 
engineering, purchasing and construc-
tion (EPC) contractors. Once it is able 
to reduce imports of construction parts 
from abroad, it will insulate itself from 
currency shocks.  There are positive 
signs in the offing. Egyptian engineer-
ing companies like Petrojet and Enppi 
have already made major contribu-
tions to the Egyptian pipeline market; 
dealing with design and commission-
ing respectively. Local engineering 
consultancy firms and pipeline inspec-
tion firms are pound for pound as good 
as global firms, says Ramy Magdy, a 
Senior Drilling Engineer at SUCO.
Riyad Nour adds that refining, even in 
its current dispersed state, was going 
up the learning curve at the level of 
skills training. He explains that in the 
past foreign partners in refining were 
not concerned with training refinery 
staff but that Egyptian companies 
were able to send their employees 
to study abroad or work with foreign 
and Gulf Arab oil companies to re-skill 
their workforces in line with interna-
tional standards. Firms specialized in 
training, whether for refineries or even 
offshore rigs, were beginning to get li-
censed in Egypt, he says. 
These local achievements need to be 
harnessed and expanded on. Meas-
ures have already been taken to ride 
out the currency storm, explains PICO 
International Petroleum’s General 
Manager, Shawky Abdeen, with 20%-
30% of arrears owed to foreign part-
ners being paid in Egyptian pounds. 
Upgrading oilfield service companies 
is another avenue, as many of them 
already rely, to varying extents, on 
locally manufactured materials and 
designs, says another petroleum en-
gineer. Local content stipulations and 
stringent quality specifications are the 
traditional policy tools used to achieve 
this, as Egypt Oil & Gas has document-
ed. The anonymous expert also  adds 
that more downstream people needed 
to be included in ministerial positions, 
whether from sales and distribution or 
midstream as well as refining and pet-
rochemicals. 
Integration is a delicate balancing 
act between too much and too little 
centralization, but there are lessons 
learned based on experience of differ-
ent companies and countries, that can 
help guide the way for Egypt out of its 
dependency on imported downstream 
products and finally establish Egypt 
as an exporter of choice in the coming 
years.
Special thanks to Wael El-Serag and 
Economist Ahmed Kamel
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