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EXECUTIVE SUMMARY 

This document serves to outline the direction which Government intends to 

follow in further improving the quality of transport fuels. It is a continuation of 

the process which, amongst others, resulted in the prohibition of the addition 

of lead into all grades of petrol and the reduction of the level of sulphur in 

diesel from 3000 parts per million (ppm) to 500 ppm in 2006. 

Government is of the view that South Africa should migrate directly fr 

current fuel specifications and standards (CF1) which are compai!U.I'Icr 

Euro 2 emissions standard to CF2 which is equivalent to Eur 

e 

standard on targeted key parameters (i.e. identified key ents of fuel 

specifications and standards for the South African e~rr~ent). It would, 

therefore, be prudent for the oil industry to invest ~~ modifications in a 

once-off manner rather than by making piece~\Jf"lvestments which could 

ultimately prove to be costly. ~ 

This Paper consequently recomme~~e tightening of fuel specifications by 

further reducing the levels of su ·~ both petrol and diesel as well as the 

reduction of benzene and aro, · levels in petrol to levels equivalent to the 

Euro 5 emissions stan~. t is therefore recommended that the sulphur 

content in both pe Cl diesel be reduced from 500 ppm to 1 0 ppm; 

%as well as aromatics from 50% to 35% by 2017 
y 

,':) 
It has bey\ ribted that the technologies involved in the production of cleaner 

fuels ~well established. There is extensive experience that has been 

g~~ln the EU, Japan and the USA with regard to refinery modifications 

t~ ~re needed to produce cleaner fuels. Actual experience indicates that 

extensive refinery modifications for the production of cleaner fuels (Euro 4 or 

stricter) would require a period of four (4) to six (6) years, starting from the 

beginning of 2012. 

Investments Required 

The estimated total capital investment required by the South African oil 

industry to upgrade the facilities to produce fuels that are compatible with the 
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CF2 specifications and standards is $3.7 billion (Q1 2009 figures, ±40% 

accuracy). 

A separate determination of the estimated costs of the envisaged (new) fuel 

specifications and standards and the financing thereof will have to be 

undertaken. A common approach that is being followed by most governments 

around the world is to differentiate taxes applicable to automotive fuel sales 

thereby creating relative advantage for a particular higher quality fuel. T~e 

differentiated fuel taxes are normally used to reflect the envir~tal 
benefits of transport fuels. Cleaner and less polluting transport fu~¥taxed 
at a lower rate in order to create an Incentive for the uptake &se fuels as 

the tax difference is often and ultimately passed o~ consumers in 

differentiated pump prices. Differentiated taxation ~~ricing have been 

applied in Asian countries such as China, India, ~~a and the Philippines. 

~~ 
From the perspective of a differentiated t~cy, National Treasury's fuel tax 

policy allows for the application of diffe~r~ted tax rates on transport fuels to 

reflect the environmental benefit~~erent fuels. It is in this respect that 

biodiesel is taxed at a lower~'\. compared to conventional, fossil-based 

diesel. Accordingly, the ~i~nal Treasury will play a leading role in 

discussions regarding ax differentiation for cleaner fuels. However, the 

fact that South Afr~ sa regulated liquid fuels market needs to be factored 

in when consirl'~ "'ressons that have been learnt from other jurisdictions. 

<(~• 
In conct~an, South Africa is not operating in isolation; it cannot be against 

th nt global trend of lowering the maximum limits of sulphur content of 

f and other parameters such as the aromatics and benzene content of 

petrol. It is imperative that South Africa migrates to the CF2 specifications and 

standards by 2017 in order to make it possible to introduce vehicle technology 

that will improve the ambient air quality, offer health benefits and ensure long­

term sustainability of the oil and motor manufacturing industries. This is 

crucial given the country's strategic objectives and its vast and somewhat 

deep socio-economic challenges. 
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The introduction of cleaner fuels is in line with the country's policy framework 

as articulated in IPAP2, the Green Economy as well as the New Growth Path. 

These documents seek, among others, to promote the creation of decent and 

sustainable jobs. 
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1. Introduction 

Climate change I global warming has emerged as the greatest global 

environmental challenge in recent times. This is being caused by the very 

high levels of greenhouse gas emissions that are emanating largely from the 

operations of the industrial, electrical and transport sectors. In 2007, the 

electricity and transport sectors combined, produced nearly two-thirds of the 

global carbon dioxide (C02) emissions. This has prompted various countries 

to make commitments to implacably reduce their contribution to green ~~e 
gas emissions in a bid to reduce global warming. South Africa, as ·f the 

global community of nations, has to align its policies with globa 

This has to be done in a manner that takes its own nation 

challenges into account. G 

South Africa is a coal based economy and, as a~ t, it ranks amongst the 

world's highest emitters of greenhouse gas~~articularly carbon dioxide 

(C02). It is in this respect that the Sout an Government has committed 

itself to reducing greenhouse""'~~ emissions. Government's latest 

commitment was made at the ~~hagen Conference where South Africa 

committed itself to reducing e~ions by 34% in 2020 and by 42% in 2025 

and this was predicated ~~dition that the developed countries provide the 

requisite finance, tee gy as well as capacity building. This also requires 

Accordin~ e International Energy Agency (lEA), electricity generation and 

heatin~ocesses contributed about 64% of South Africa's total C02 

e~Wns in 2007. The transport sector is also a significant contributor to 

g~~nhouse gas emissions due to the high concentration of vehicles in the 

cities. This poses a risk both to human health and the environment. 

Consequently, stringent fuel specifications and standards should be in place 

to reinforce measures that are aimed at achieving the reduction of emissions 

from vehicles as well as improved air quality. 
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However, the fuels specifications and standards are not solely driven by 

environmental concerns. Other considerations underpinning the setting of fuel 

specifications and standards include: 

• 

• 

• 

• 

• 

The promotion of international trade, with particular emphasis on 

enabling the South African vehicle manufacturers to export 

technologically advanced vehicles to international markets; 

Extending benefits to the motorists in the form of fuel efficiency and 

lower vehicle maintenance costs; ~. 

Keeping abreast with global trends in vehicle technology in ~ner 
that is supported by enabling fuels; •• ~~ 
Supporting Government's industrial development e~$.~ which are 

geared towards employment creation, by suppo~nGustainable local 

vehicle and component manufacturers as we1.' ~e refining industry 

in general. These efforts are encapsula ~)'the current Industrial 

Policy Action Plan (IPAP2), the Ne wth Path and the Green 

Economy policy papers; and ()~ 
Alignment with Government's k~ priorities that are expressed in the 

twelve (12) Outcomes. Fo~1ple, Outcome 10 emphasizes that all 

South Africans have th~~ht to an environment that is not harmful to 

their health or well-b~ and that the environment has to be protected 

for the benefit ~resent and future generations. 

It is both to the environmental and the socio-economic 

e Petroleum Products Amendment Act, 2003 (Act No. 58 of 

crafted to empower the Minister of Energy to regulate the 

ons and standards of petroleum products. Accordingly, in 2006, 

ment promulgated Regulations regarding Petroleum Products 

Specifications and Standards (hereafter referred to as the "2006 Regulations") 

in Notice R. 627 of Government Gazette No. 28958. 

These Regulations included, amongst others: the banning of the addition of 

lead (for octane enhancement) in all grades of petrol; the reduction of the 

permitted sulphur concentration in diesel from 3,000 parts per million (ppm) to 

500 ppm; the creation of a niche diesel grade with a maximum sulphur 
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concentration of 50 ppm; as well as permitting various blends of bio-diesel up 

to a level of 100% bio-diesel. The latter highlights one important aspect of the 

specifications and standards, being that of enabling the blending of bio-fuels 

(both bio-diesel and bio-ethanol) into the mineral fuel pool. 

Prior to the 2006 Regulations, the oil industry had been subjected to self­

regulation which was based on the relevant voluntary specifications and 

standards that were stipulated by the South African National Standards u~der 

the auspices of the South African Bureau of Standards (SABS~~If-
.<:.-~ 

regulation was possible largely because of product swaps among ttf~~(justry 

players. However, the successful implementation of the afor~egulation 
of fuel quality [now referred to as Cleaner Fuels One (CF~s not viewed 

as an end in itself, but rather as an enabling'\..~ towards further 

improvements of fuel quality. ~V 

~~· 
Since 2008, the Department of Energy has Sged various key stakeholders 

in the development of this Discussia aper on the review of fuel 

specifications. These include tp~~outh African Petroleum Industry 

Association (SAPIA) and its i~)i'_d'ual members as well as the National 

Association of Automobile: ~facturers of South Africa (NAAMSA). The 

work of Government wA~<>ordinated by an Inter-Departmental Task Team 

(IDTT) under the lea'b~rship of the Department of Energy. Members of the 
< '\."' 

IDTT included th~t1onal Treasury, the Department of Environmental Affairs 

(DEA), the ~rtment of Trade and Industry (DTI), the Depart~ent of 

Transpofff~T) and the South African Bureau of Standards (SABS). 
X: 

now become imperative for Government to outline a road map on future 

fuel specifications and standards particularly in a bid to keep pace with 

improved vehicle engine technology and to address environmental 

degradation caused by harmful emissions from vehicles. Sustainable 

domestic production and supply of cleaner fuels is essential in order to realise 

a competitive South African economy since liquid fuels remain the most 

prominent energy carrier for transportation in the country. 
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2. Focus and guiding principles 

The current initiative, referred to as Cleaner Fuels Two (CF2), seeks to further 

tighten fuel specifications and standards in an effort to align them with 

improved vehicle technology and the regulation of emissions that emanate 

from vehicles. This alignment is aimed at reducing the negative health and 

environmental impacts emanating from fuel combustion in vehicle engines. 

This will happen with due regard of the country's technological and socio-

economic context. ~ 
The guiding principles for the proposed (new) specifications a~~dards 
are centred around chemical constituents and elements of fu~i'6h have an 

adverse effect on health and the environment. Ac~ingly this has 

necessitated the focus on, among others, the r~~ of aromatic and 

benzene (a known carcinogen) content of petro~ further reduction of the 

sulphur content of diesel. Particulates, su~ur oxides, nitrogen oxides, 

volatile hydrocarbons, carbon monoxid dioxide, as well as harmful 

odours contribute to air pollutio~. I ~th Africa, air pollution may also be 

exacerbated by emissions from r I maintained vehicle engines. It is in this 

respect that new specificatio~~Q standards are being considered. 

A holistic and inte ~approach to achieve the reduction in vehicle 

emissions shoul~, essarily encompass, among others, vehicle (engine) 

technology; fu~ality; and periodic vehicle inspections and maintenance. 

There is ~~fore need for proper alignment of fuel specifications and 

standa~ vehicle (engine) technology; as well as the regulation of emissions 

fr ehicles. 

These new specifications and standards will: 

• Be mandatory and applied on a national basis. However, this does not 

preclude future consideration of more stringent fuel specifications and 

standards that are aimed at addressing air shed-specific environmental 

conditions; 
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• Apply to all fuels that are sold in the Republic of South Africa, 

irrespective of whether or not they have been imported or locally 

produced. Local refiners must demonstrate the ability to produce the 

mandated quality fuel without having to import the blending 

components that are meant to bring their fuel to the required standard. 

Any reference to the local industry's readiness and capacity to supply 

fuel of the mandated quality should exclude assistance thereto from 

imports of either finished products or blending components u~s 

otheiWise indicated; ~ 
• Facilitate the introduction of bio-fuels into the South Afric ~1d fuels 

market; and O. 
• Be compatible with relevant international or in~~nally accepted 

standards in order not to impede competition ~~de. 

Closely linked to the cleaner fuels initiative is~~tification and promotion 

of opportunities for industrial developm;e._,t§4at are in line with the Industrial 

Policy Action Plan (IPAP2) and other <3~vernment imperatives I programmes 

such as the empowerment of th~ously disadvantaged South Africans, 

the creation I protection of s~able job opportunities as well as poverty 

alleviation. The harmonisat~ of the South African fuel specifications and 

standards as well a ~le emission standards with international ones, 

would enable the~cive adoption of new vehicle engine and emission(s) 

control techn~~s. This could bolster the local vehicle manufacturing 

industry. A~ 

~' ~rative to ensure that local content and local skills development take 

e stage with respect to plant modifications made by refiners to produce 

fuels of the required standard. The creation and leveraging of specific 

opportunities need to be continuously explored. This could include exploring 

opportunities for the local beneficiation of manganese to produce 

methylcyclopentadienyl manganese tricarbonyl (MMT) for octane 

enhancement. This takes into consideration that the South African petrol pool 

is expected to be further octane-constrained. An integrated approach to value 

creation throughout the entire value chain is essential, taking into cognisance 
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of other energy policy imperatives. These include the promotion of bio fuels 

(bio-ethanol and bio-diesel) as transport fuels and liquefied petroleum gas 

(LPG) for thermal use in households. The principles of CF1 which included 

giving consumers I end users a choice and minimising the regulatory burden, 

administrative complexity and cost to the economy, wherever applicable, have 

invariably been retained. 

3. The South African liquid fuels market ~ 

It should always be borne in mind that the South African liquid fu~arket 
currently includes the markets of Botswana, Lesotho, Namibia~waziland 
(BLNS countries) as well as the southern parts of Zimbab~ 2009, South 

Africa exported about 1.3 billion litres of petrol and 1.2 ~'rr1itres of diesel to 

BLNS countries. Petrol is mainly exported to Bo ~. Lesotho, Namibia, 
"' and Swaziland which translated to 2.3%, 3' and 12% respectively. 

Similarly, diesel exported to Botswana, L ~Flo, Namibia, and Swaziland 

which equates to 2.2%, 1.1% and 15% tively. It is therefore crucial that 

proper consultations are made and· erships forged with these countries. 

One avenue that is being used DoE for such consultations is the Inter-

State Oil Committee (lOG) ~~'f11 comprises the BLNS countries and South 

Africa. ~ 

4. 

The curr~ · uth African fuel specifications and standards are perfectly 

suited t eeting Euro 2 emissions standard. Most developed countries have 

nted Euro 5 equivalent emissions and fuels standards, while 

de.· loping countries are moving towards Euro 5 emissions and fuels 

standards. 

The originally envisaged path towards cleaner fuels was to attain Euro 2 

standards as from 2006; Euro 3 from 2008 and Euro 4 from 2010. In view of 

the fact the full implementation of the tighter fuel specifications and standards 

will only come into effect in 2017, it is proposed that CF2 specifications and 
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standards should largely be compliant with the Euro 5 emissions standard on 

the targeted key parameters as outlined in the table below. 

Parameter1 Unit Euro II RSA (CF1) Euro IV Euro V RSA (CF2) 

Spec Spec Spec Spec Spec 

Petrol 

Sulphur rilg/kg 500 500 50 10 10 

Aromatics Vol% 50 50 35 35 35 

Benzene Vol% 5 5 1 1 1 _{'r 
RVP kPa 45-75 45-75 45-60 45-60 45,~~--4.. ~ 

Olefins Vol% No max No max 18 18 l~""y 
Diesel r"><.~" 
Sulphur mg/kg 500 500 I 50~ 50 1oc~ 10 

Polycyclic %mlm 11 No max 11 r't1- 11 

Aromatic ~ ~ Hydrocarbo ~-.'0<¢ ns (PAH) 

Cetane none 45 45 ~ 

~ 51 51 

Number vc 
Distillation 

~~~ T90, max. oc N/A N/A N/A N/A 

T95, max. oc 360 ~\ 360 360 360 

Tab I~ 1: F_uel Specifications in terms of ~ur~an Emissions standards and Proposed South African Fuel 
Specifications -~ 

Notes: (1) Unless othe~l~ted all figures indicate maximum allowable levels. 

(2) Vapour P.F~~e shall be 65kpa maximum with a 5 kPa waiver allowed when 

ethanol is .. ~~· 
(3) * =,Q!~'ne..grade specification 

(4)~~refers to European Emissions Standard 

~ ,!11- .... --w: ey parameters 

International experience which has been drawn from countries such as Japan, 

Europe and the USA indicates that, from the perspective of the environment, 

health and vehicle technology enablement, the following fuel parameters were 

the most important: 

• For petrol: reducing sulphur; benzene, aromatics, olefins and volatility; 

and 

Page 13 



STAATSKOERANT, 8 MAART 2011 No. 34089 17 

• For diesel: reducing sulphur; Poly Aromatic Hydrocarbons (PAH), 

Distillation and Cetane Number. 

The proposed changes to the fuel specifications and standards for South 

Africa entail changes to the afore-mentioned key parameters. These key 

parameters are briefly outlined hereunder. 

4.1.1. Sulphur content of petrol and diesel 

This key parameter is applicable both to petrol and to diesel and ~e 
biggest environmental and health impact. ;# 
Sulphur is inherent in the production process of petrol and~fas II occurs 

naturally in crude oil from which these fuels are derive~itr(,hur is toxic and 

harmful to the environment It causes what is cornrfK>~ referred to as "acid 

rain". The sulphur content of fuel is directly ~~ ~~ the emissions. that 

emanate from the combustion of that fuel i~ ~hicle's engine. Generally the 

higher the sulphur content of fuel, the ~Q will be the particulate matter that 

is produced during its combustion. ~ respect to health impact, particulate 

matter is known to contribute to ··tatory-related diseases. People with lung 

disease may not be able \ athe as deeply or as vigorously as other 

people, and they m'}Y~perience symptoms such as coughing, chest 

discomfort, wheezi?& shortness of breath. Particulates can also cause 

nose and throat ion, lung damage as well as bronchitis. 

a 
Sulphur fi~~s petrol engine exhaust three-way catalytic converters, which 

are ~st important aspect of the technology that is used to reduce tailpipe 

ons in order to meet the regulation limits. This effect is also known to be 

reversible, although affected catalysts may never fully regain their efficiency 

loss. The European vehicle emissions regulations require that an ageing test 

be performed to determine the deterioration factor at 80 000 km, which is then 

applied to the emission test results which themselves must comply with the 

specified limits to attain homologation (the certification of a product or 

specification to indicate that it meets regulatory standards). In the long-term, 

high sulphur levels degrade the efficiency of the catalyst and, therefore, 
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require vehicle manufacturers to apply additional or higher levels of emissions 

control to meet the durability requirement. 

With the introduction of fuels that comply with Euro 4 and Euro 5 emissions 

standards in international markets the world has seen significant reduction of 

sulphur level in petrol. This is being translated into better and improved air 

quality standards. New petrol engine technologies that are aimed at improving 

fuel efficiency and achieving lower emissions, such as direct petrol injection 

systems, require low sulphur levels. The current European requirem~ a 

maximum sulphur content of 10 parts per million (ppm) in petrol. # 
It should be emphasised that synthetic fuels, which make #aut 30% of 

fuel production in the country, from Sasol's Coal-to-Liq}:U.dQTL) operations 

in Secunda and the PetroSA's Gas-to-Liquids (2GL) ~Yions in Mossel Bay 

are virtually sulphur-free and are in complian . 1th Euro 5 emissions 

standard in so far as the sulphur content ~ ncerned. However, lower 

sulphur diesel has low lubricity and blen&with biodiesel would invariably 

help to address this lubricity challenge.~ 
~~· 
~v 

4.1.2. Aromatics content of ~trol 
~y 
crude oil and are also produced in some refining 

processes. Aroma · molecules containing carbon and hydrogen with a 

simple benzene ~&structure. They are high octane petrol components but 

are the prim~ource of toxic exhaust emissions. Besides aromatics, other 

sources~~ octane enhancement include oxygenates and isomerised 

hyd ons. Aromatics that are common in petrol include benzene 

{ . 1cally discussed below), toluene and xylene. Heavy aromatics promote 

engine deposits, which cause fuel inefficiencies. People that are most affected 

by the vapour releases of aromatics from petrol, outside of the refinery 

boundaries, are petrol attendants and petrol delivery truck drivers. 

In order to achieve required public health and air quality benefits, aromatics in 

petrol need to be monitored and regulated effectively. The most volatile 
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aromatic component is benzene and it has the greatest impact, among 

aromatics, on human health. 

4.1.3. Benzene content of petrol 

Benzene is the simplest type of aromatic occurring naturally in crude oil and is 

also produced in some refining processes. Benzene is a known carcinogen. It 

is also a base molecule for all aromatics and thus partially combusted 

aromatics often contain high levels of benzene. Vehicles emit b~e 

through evaporation from their fuel systems and through their exhau. , 

International practice in recent years has been to lower limitsAS~enzene in 

response to health and air quality concerns. It is in this ~bt that South 

Africa has to align itself with international best practic,0pecifying benzene 

limits. Benzene is also a useful source of o . Reducing allowable 

benzene levels will mean other high-octane co., ... ,.....,':r' 

to be used. However, reducing the benz 

priority over the reduction of other aro · i compounds such as toluene and 

xylene, which have lesser negativ~th effects but are also good sources of 

octane. · KJY 

~~ 
4.1.4. Volatility of~g 
Volatility of~ measured in terms of its Reid Vapour Pressure (RVP) 

and Flex ~lity Index (FVI). Petrol is more volatile than diesel, jet fuel and 

illuminati~ araffin because of its lighter base components. The desired 

vol ·-~depends on the ambient temperature. In hot weather, petrol 

nents of higher molecular weight and therefore lower volatility are used; 

whereas in cold weather, too little volatility results in cars failing to start. In hot 

weather, excessive volatility results in what is known as "vapour lock", where 

combustion fails to occur because the liquid fuel has changed to a gaseous 

fuel in the fuel lines, rendering the fuel pump ineffective and starving the 

engine of fuel particularly in older vehicle models. Vapour lock is almost not a 

problem in new technology vehicles with fuel injection. 
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However, volatility needs to be regulated, particularly in large cities, in order to 

reduce the emission of unburned hydrocarbons. The final control of volatility in 

a refinery is often achieved by adjusting the blending of butane (which is a 

component of LPG) into the petrol streams. The blending of bio-ethanol, a 

relatively volatile octane enhancing oxygenate, into the mineral petrol pool 

has to be promoted whilst taking into account its contribution to volatility and 

LPG demand. Hence the 5 kPa waiver is allowed when ethanol is used. 

~ 
4.1.5. Olefin content of petrol # 
Olefins are not typically present in crude oil but are produced#refinery 

components upgrade processes. Excessive olefins in Pft~ contribute to 

evaporation emission and tend to be the most reactiv~~ursor species in 

the photochemical formation of ground level ozo ~. smog). They also 

reduce the engine's reliability and durability as t e ause gum formation and 

deposit build-up in the engine. ~ 

~ 
4.1.6. Polycyclic Aromatic Hydr c)itbons (PAH) 

~ 

PAH are natural components rude and therefore occur in diesel. They 

have high energy content b~oor combustion characteristics leading to poor 

auto-ignition quality ~@~e) increased thermal cracking, peak flame 

temperature and ~~~ed combustion process. They lead to increased 

exhaust emis~~ of particulates. From a health perspective, particles 

smaller th,an '9o microns diameter (PM 1 0) are of greatest concern as they are 

prone t ~~ering the lungs and consequently causing respiratory problems. 

ore, particulates from diesel vehicles are a significant source of 

haze which contributes to environmental pollution. 

4.1. 7. Diesel Distillation T95 

T95 is the temperature at which 95% of diesel evaporates. It gives an 

indication of heavy components in diesel (i.e. the tail I back end of the 

distillation of diesel) which tend to form particles upon combustion of diesel. 

This specification, therefore, limits the formation of particulate matter that 
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would be released when diesel is combusted in a vehicle's engine. Reducing 

this phenomenon has a positive effect on PAH content and Cetane Number. 

4.1.8. Cetane Number of diesel 

The Cetane Number of diesel is a measure of its propensity for auto ignition 

(ability to start easily). A higher Cetane Number, therefore, will have the 

effect of reducing carbon emissions. The changes mentioned above are 

deemed suitable in a bid to ensure the alignment of South Afric~'),l 
standards with international fuel specifications and vehicle.._~~ology 
requirements. This is happening whilst consideration is bein~~m to the 

environmental challenges and the consequent South Afric~cio-economic 
situation. (; 

~ 
~~'\) 
~ 

Carbon dioxide (C02) emissions 4.2. 

Although carbon dioxide is not necessari y parameter, it is nevertheless 

the main product of combustion and~~ main component of exhaust gas 

emissions. ~ 
Whilst the focus of specific~~ has tended to be on toxins like lead and 

benzene (a known carci~~· greenhouse gas (GHG) emissions (which are 

primarily the by-pro~~ of fuel combustion that threaten the environment), 

particularly carb~~ide (C02), must never be neglected. This is especially 

the case at ~rrent juncture when the globe is faced with the immediate 

danger~li ate change. 

other emissions, the transport sector contributes about 973 kg of C02 

capita emissions (lEA: 2009). It is against this background that the 

overarching problem of global warming, which is being compounded by 

harmful odours and other pollutants, compels South Africa to keep abreast 

with the latest trends in the international markets in a bid to reduce 

environmental pollution. 
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One of the primary determinants of C02 emission from mobile sources is the 

amount of carbon in the actual fuel. C02 emission, therefore, is linked to 

engine fuel consumption or inversely related to engine fuel efficiency and 

matters related thereto. Properly maintained latest engine technology vehicles 

are more fuel efficient than the earlier versions but require appropriate cleaner 

fuels to achieve the stipulated level of efficiency. It is, therefore, imperative 

that the fuels of appropriate quality be made available to the end users in 

order to reduce C02 emission from vehicles. 

5. The impact of greenhouse gas emissions on health 

Although most of emissions are emanating from a variety o ces, research 

reveals that the emissions that are generated fro~ansport are more 

dominant and comprise the majority of air polluta s h as C02, NOx and 

others. One of the obvious factors driving gov rn nts across the world to 

implement new environmentally friendly fu.e e~ ~e desire to have cleaner air. 

This is especially important in the cas,t"'@ajor cities in South Africa. High 

levels of pollution through vehicle e~~ns may pose a serious health risk to 

the country's citizens; it may I b significant productivity losses through 

personnel's frequent visits t· 
well as asthma and othe 

itals - which often lead to admissions - as 

The car pool (or is evolving and already there is significant number of 

cars on the~ that will benefit from the low sulphur fuel. NAAMSA has 

confirm~q.at even old cars will benefit from the low sulphur fuel. It is the 

view o~s:e oil industry that the majority of South Africans will not benefit from 

t. visaged and improved quality fuels as their cars are older than ten (10) 

years. The South African car pare is in the order of 9 304 508 and in this 

regard vehicles that are older than ten years are in the order of 3 894 440 

(courtesy of figures released by the Department of Transport). This shows 

that the majority of vehicles on South African roads are relatively new and that 

there is possibility to take advantage of cleaner fuels to reduce harmful 

emissions. Furthermore, from 1996, there was a progressive introduction of 
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vehicles that are fitted with catalytic converters and, by 2008 all newly 

homologated vehicles, as per legislation, were fitted with catalytic converters. 

The problem caused by the emissions that are emanating from vehicles is 

being exacerbated by the old vehicle fleet that continues to roam South 

African roads. It is further compounded by the poor maintenance practises of 

the new vehicle fleet owners. The Department of Transport {DOT) is 

responsible for ensuring that vehicle owners are held accountable fo~e 

emissions caused by their vehicles. The DOT is in the process of ~ing 
mechanisms for ensuring that all motor vehicle categories are ~cted to 

smoke tests at Vehicle Testing Stations. Furthermore, roa )' checking I 

inspections of vehicles will also be done. (_;() 

The DEA fully supports the review of the c~'.\._~~1 specifications and 

standards. The DEA is playing a leading ro~'\ufh regard to environmental 

regulation I control aspects of CF2, partie when taking account of all the 

health related consequences of harm~ issions from vehicles within the 

context of CF2. ~«;;-
~ 

A study conducted by the ~'Jiank, in conjunction with the African Refiners 

Association, on Sub S ~ ~frica refineries and health related issues found 

that there is redu~ in harmful air emissions and concomitant negative 

health impacts emanates directly from the use of quality transport fuels. 

The study I , ound that there was an increase in health related benefits that 

are ass~a d with the reduction of air-pollution which translates into, among 

oth~~proved mortality rates. The study estimated that the refineries in 

~Saharan Africa would have to invest 6 billion USD to improve the quality 

of fuels and place them almost on par with the Euro 4 emissions standard. In 

return; there would be an estimated health saving of 43 billion USD over a 

period of ten {10) years ending in 2020. In the same study, a comparison is 

being made between the refinery investment costs versus health benefits over 

a period of 10 years to 2020 which indicates that the latter exceeds the former 

in all cases. 
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6. The role of improved fuel specifications on the economy 

6.1. Trade 

Since South Africa is participating in international markets, it is important that 

it should conform to international standards with regard to fuel specifications 

and standards. It is expected that changes to fuel specifications and 

standards will have a direct impact on both the refining and car manufacturing 

industries. These in turn would have a spill over effect on other industries. 

Consumption and production decisions may change throughout the eco~y, 
particularly if there are significant. consequent changes to fuel p~his 
would partrcularly affect fuel 1ntens1ve rndustnes such as the t~~ft sector 

with a rippling effect to other downstream industries. The i~'bt ;,._,ould also 

be reflected in the indicators related to the gross domesG product (GOP), 

trade, employment as well as inflation. 

6.2. Employment 

The review of current fuel specificatio kely to have a positive impact on 

job creation thus contributing to ving the targets that are outlined in 

Government's Outcome 4 whicH aks to employment creation. The DoE is 

of the view that refinery UR~~ could trigger employment opportunities that 

will permeate to sector r are outside the oil industry. They will also protect 

jobs within the i ,· y by enabling the long-term sustainability of the 

petroleum ind ~nd contribute to capacity building, particularly if local 

t 

ed. 

obile sector is playing a major role in the creation of employment in 

untry. This sector comprises light vehicle assemblers, the medium and 

heavy commercial vehicle sector, the component sector as well as the retail 

sector. Vehicle production declined in 2007, a phenomenon that was caused 

by the decline in car sales and the continued growth of the share of imports. 

Aggregate employment in the automobile manufacturing industry currently 

amounts to about 38 700 persons whilst employment in the component 

manufacturing industry is in the order of 81 000 employees. Total employment 
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in the trade area, namely in the vehicle sales and vehicle maintenance and 

servicing fields, currently amounts to about 200 000 persons. 

7. Technological developments 

The South African economy is not immune to the vagaries of technological 

developments that are taking place around the globe. Technological 

developments and innovation are crucial for the success of the South African 

economy. Vehicle manufacturers and engine makers are taking adva~~f 
technological advances to produce world class vehicle~. "~~mgly, 
improved engines require enabling fuels that contribute to fue~ency and 

reduction of emissions. (J(j 

0 
For this sector to introduce new vehicle tech~~~hat will enable the 

automobile sector to compete effectively. i~rnational markets and 

contribute to the improvement of the am~~ air quality, there should be 

enabling fuel to support the introducti~~ch new vehicle technology. If 

such fuel is not available, vehicle m~~cturers will be tempted to move their 

manufacturing plants to other ~~tries that can provide the fuel of the 

required quality standard. ~~ill have a detrimental effect on the South 

African economy and wi~n particular, deal a severe blow to the urgent 

challenge of crea)l._r:'t§ . ecent and sustainable jobs. With the current 

unemployment r~~r about 25.3% South Africa cannot afford any further job 

losses. It is,~Qfore, imperative for Government to facilitate the introduction 

of new lfqper fuels that are compatible with the latest and the envisaged 

· hnologies. 

The South African automotive industry's total contribution to the country's 

gross domestic product (GDP) was in the order of 6, 9 % in 2007. The sector's 

exports, as a percentage of total South African exports, had increased more 

than threefold from the 4.1% in 1995 to 13.7% in 2007(NAACAM directory 

2009). 
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8. Investments required 

Although there is a considerable variance in exhaust emission requirements 

from Euro 2 to Euro 5, the National Association of Automobile Manufacturers 

of South Africa (NAAMSA) has indicated its readiness with vehicle technology 

that requires fuel compatible with Euro 5 emissions standard. The South 

African Petroleum Industry Association (SAPIA) has indicated that it sup~rts 

a quantum leap approach in new vehicle technology by moving from~~2 
specifications to Euro 4 or Euro 5 emissions standards on a pr~~mined 
future date provided, amongst others: $ 
• Sufficient time is allowed for plant modifications to b(jQd'; to produce 

fuels according to the new fuel quality require~ts. A lead time of 

about four to five years has been mooted ~~industry to invest in 

refineries in order to produce the requi~~:aner fuels. Hence the 

proposal by the DoE for complianc~ ~ro 5 emissions standard by 

2017; ~<:) 
• 

• 

The specifications take cogni~) of the pace of transformation of the 

South African vehicle par~d 
There is an incentiv~~mpensation for investments made for such 

modifications. ~ 

South Africa ha~l refinery nameplate capacity of about 708 000 barrels 

per day (bb/ th 513 000 bb/d from crude oil, 150 000 bb/d from Coal-to­

Liquids ~45. 000 bbld from Gas-to-Liquids. It appears that none of these 

refi~Srcan yet produce the type of fuel that is aligned to Euro 5 emissions 

s~rd or produce fuel of the quality that is compatible with the vehicles that 

are fitted with the latest engine technology available in the market. 

In this regard SAPIA acquired the services of a consultant to estimate the 

amount of the capital investment that would be required to produce high 

quality fuel. This exercise has indicated that a capital expenditure of roughly 

$3.3 billion (approximately R26.40 billion at an exchange rate of RB.00/$1.00, 
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Q1 2009 figures at ±40% accuracy) is required to enable the South African 

refineries to produce fuel that is complying with the Euro 4 emissions standard 

and $3.7 billion (approximately R29.60 billion at an exchange rate of 

RS.00/$1.00, Q1 2009 figures at ±40% accuracy) for fuel complying with the 

Euro 5 emissions standard. Nevertheless, contextually, the cost of migrating 

from CF1 to fuel quality compatible with Euro 5 emissions standard is not 

significantly different from that of migrating from CF1 to fuel quality compatible 

with Euro 4 emissions standard: this being R3.2 billion. 

~ 
However, the methodology used in the determination of the~sr #costs 

submitted by SAPIA to the Department is a "broad brush". It ·ot indicate 

the varying circumstances of each refinery nor does it s~ which option 

was used to develop the cost estimate. For example~e are broadly, two 

basic investment options for the reduction of the ... ~~ content of both petrol 

and diesel. These are Post-Treatment a~~e-Treatment. The former 

requires Hydrotreaters to remove sulphur· product streams whereas the 

latter requires a Hydrocracker to rem lphur in the Gasoil stream that is 

fed to Gasoline and Diesel produ nits. These two options will invariably 

require different capital expen 

~ 
With all things equal, ~~pital investment would be for the cost of doing 

business to be bor~y refiners unless passed through to consumers and 

incorporated pricing structures. Even when the costs of such 

investme~ passed onto the consumer, in the end there is need for the 

initial c~at outlay. The cost for such transition will vary according to the 

diff ~requirements of the affected refineries; it is difficult to accurately 

e: mine the investment amount that is required unless information is 

obtained from individual refiners. Therefore, there must be a separate 

determination of the capital cost required for the envisaged new fuel 

specifications and standards and the incorporation thereof in the fuel pricing 

structures. 

With respect to other socio-economic objectives of Government, it should be 

ensured that the said investments are done in a manner that yields maximum 
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possible benefit to the South African populace. Challenges pertaining to 

strengthening of state and private institutions; ensuring security of supply; 

economically empowering the historically disadvantaged South Africans; skills 

development and training; local beneficiation; regional cooperation and 

development; etc. should be holistically addressed. 

A matter for urgent attention is the need to conduct an independent audit of 

the investments that industry players allegedly made with regar~o 

compliance with CF1 in 2005/06. The determination of investme~sts 
associated with CF2 should exclude investments that were supp ~.,.have 

'"' been done for C F 1 . 

If South Africa is not doing anything while the wh rid is moving ahead 

with the development of new technology, count~ th advanced technology 

and cleaner fuel standards could use this~'&try as a dumping ground for 

their inferior grade fuels and consequeoduru~ technology vehicles. However, 

the introduction of CF2 fuels could o~ ·ely affect the security of fuel supply 

in the intervening period if it is n sely managed as outlined below. 

<'{~ 
9. 

n of the estimated cost of the envisaged new fuel 

specifications tandards and the financing thereof has to be undertaken. 

However,~ the understanding of the Department of Energy that cleaner 

fuels · · tives internationally have not received substantial subsidies from 
' ho .overnments as reported by the Asian Development Bank. 

A common approach among governments around the world has been to 

differentiate taxes on automotive fuel sales, creating relative advantages for 

higher quality fuel. These differentiated fuel taxes are normally used to reflect 

the environmental benefits of transport fuels. Cleaner, less polluting transport 

fuels are taxed at a lower rate in order to create an incentive for the uptake of 

these fuels as the tax difference is often passed onto consumers in 

differentiated pump prices. Differentiated fuel taxes in favour of clean fuels 

Page 25 



STAATSKOERANT, 8 MAART 2011 No. 34089 29 

send a clear price signal to motorists concerning the relative environmental 

and social costs of different fuels. 

Differentiated taxation and pricing have been applied in Asian countries such 

as China, India, Malaysia and the Philippines. For instance, the People's 

Republic of China has raised the retail prices in Beijing on gasoline and diesel 

by a margin greater than that of other cities to compensate refining companies 

for the increased cost of providing Euro 3 compliant fuels in its capital city~ 

Internationally, these tax incentives have been applied most £to 

phase out leaded gasoline. Tax differentials have also beR to help 

introduce unleaded gasoline in Asian countries; although ~'tl{ all instances. 

In 1993, Finland also used a tax differential to facilit~the introduction of 

diesel with 50 ppm sulphur content while the r:~~urope was still at the 

500 ppm sulphur content limit. In the first yea~ntroduction of the 50 ppm 

sulphur diesel, its market penetration wa o- but it rapidly improved to 80 -

1 00% in subsequent years. 

The fact that South Africa ha )2)~ulated liquid fuels market needs to be 

factored into the lesson ~ have been learnt from other jurisdictions. 

However, from a di iated tax policy perspective alone, National 

Treasury's fuel ta~o~ 'Y allows for differentiated tax rates on transport fuels 

(to reflect the e . · nmental benefits of different fuels). In South Africa, the 

es apply to petrol, diesel and biodiesel: (a) general fuel levy; 

(b) roa r~ dent fund levy; (c) customs and excise levy; and (d) equalisation 

fu e y. In respect of the general fuel levy, National Treasury has applied 

entiated tax rates on fuels by taxing biodiesel at a lower rate compared 

to conventional, fossil-based diesel. 

Other alternatives for cost recovery could involve the direct recovery of 

incurred investments costs in the pricing structures of the liquid fuels. Such 

direct recovery might not have the desired impact of promoting the uptake of 

higher quality fuels. 
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The National Treasury will play a leading role in further discussions on fuel tax 

differentiation for cleaner fuels and will, in conjunction with the DoE, consider 

the most appropriate cost recovery mechanisms to employ. 

10. Managing the switch to cleaner fuels in the economy 

There are potentially positive and negative impacts in switching to cleaner 

fuels, requiring proper management to minimise the anticipated negative 

impact as well as to maximise and leverage the positive effects. ~ 

~ ~ 
10.1. Security of supply () . 

During the transition (of lead removal) in January._ ~6 the country 

experienced fuel supply challenges. The national {~~ge of liquid fuels, 

especially diesel and petrol, experienced in De~1:>er 2005 and January 

2006 may be basically attributed to the inad~Jcies in the planning when 

migrating from self-regulation to the .2~~""' Regulations. The envisaged 

transition from the current fuel speci~~ns and standards to the cleaner 

fuels aligned to Euro 5 emission~;ard will require comprehensive and 

decisive planning to avoid fut~uel supply shortages. This is primarily the 

case because extensiv~~lfication of refineries would be required to 

upgrade them to pro~"'etuel that is compatible with Euro 5 emissions 

standard. Notwit~ing the investment in refinery hardware, the 

introduction o~c:)~ner fuels will reduce petrol production output from local 

refineries~~ to octane limitations which will be imposed by tighter 

specif~t$>n·s on octane-rich or octane-enhancing components of petrol. This 

wo Jf'left unattended, result in an increase in the importation of expensive 

ding components like reformate. 

10.2. Regulatory framework review - roles of various government 

departments 

The Draft Revised Regulations regarding Petroleum Products Specifications 

and Standards that will be applicable in 2017 are hereto attached as 

Annexure 1. However, a holistic and synchronised review of the Regulatory 
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framework is required to ensure a smooth and progressive transition to 

cleaner fuels. For instance, the Department of Transport will have to 

promulgate Regulations regarding Vehicle Emissions Testing to complement 

the Regulation on Fuel Specifications and Standards which will be done by 

the Department of Energy. The availability of cleaner fuels will complement 

the Motor Vehicle Carbon Emissions Tax which was introduced by the 

National Treasury in September 2010 and consequently encourage the 

introduction of less carbon intensive engine technologies. 

~ 
Progressive regulations will still need to be developed to ~<{i, that 

automakers fit vehicles with the requisite technology for ~uction of 

emissions. In order to reduce emissions and improve ~ overall engine 

performance, the DEA will have to set clear vehicle efisSions standards for 

automakers to comply with. Clean performance ~logy offers a range of 

benefits which include, firstly, the optimal eff~~ of engine at the highest 

level; secondly, the reliable protection ~~me; thirdly, maximum engine 

reliability; and lastly, reduction of run~'Josts. Finally improved technology 

should be used in tandem with u vehicle fuel quality in order to realise 

envisaged benefits. 

-~ 
The National Environ~ Management Act, 1998 (Act No. 107 of 1998) 

[NEMA] requires ~cturers of vehicles to demonstrate that the emission 

control device urable and function efficiently for the expected useful life 

of the vehi ~ is can be attained if the ongoing in-service conformity tests 

are pe~ d on a regular basis on the vehicles. More importantly, vehicle 

f~urers should engage their clients and encourage them to use fuel of 

t · quired quality. 

11. Road map for tightening of fuel specifications and standards 

It is imperative for Government to set out a road map for the envisaged fuel 

specifications and standards for South Africa in a bid to afford the oil industry 

sufficient time to plan and make the requisite investments. 
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11.1. Timing of the introduction of cleaner fuels 

The technologies involved in the production of cleaner fuels are well 

established. There is extensive experience in the EU, Japan and the USA 

with regard to the refining modifications that are required to produce cleaner 

fuels. The actual experience indicates that extensive refinery modifications for 

the production of cleaner fuels (Euro 4 or stricter) would require about 4-6 

years. It will require about 1-2 years for financing and engineering; 1-2 years 

for acquiring requisite permits and a further 2 years for const~~~n. 
Additional time may be required for contingencies. ~ 

~~ 
A significant portion of the total time is needed for acquirin~uisite permits, 

financing as well as the public input. To the ext~C!hat this portion is 

expedited, shorter time for compliance may be lent. Refineries which 

have already begun to upgrade will, of course{)~ ess time. Installations for 

the limited number of properties such as su 1u?' content or retrofits of existing 

equipment would require less constru~ ..and the time for compliance could 

be reduced. 

.~<:J 
·Q~ 

Europe allowed a period~-'6 years, USA 6-7 years and California 2-5 years 

and Singapore gav ~ad time of only 2 years. Among the developing 

need, in October 2003, a phased programme for 

introducing -4 emission and regulation by 2010. According to the 

Indian E~e.ei n Standards for four-wheeled vehicles, Euro 3 was introduced 

in Apri· 5 in 12 Cities and in 2010 Euro 3 emissions .standard compliant 

f re availed nationwide. 
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11.2. The proposed phases of the road map 

Taking into consideration the above experiences, the suggested schedule for 

a phased tightening of fuel specifications and standards is outlined below: 

11.2.1. Phase 1 

Period: 2011 

Engagement with relevant and affected stakeholders to discuss and fin~e 

future fuel specifications required for the country. A Task Team c~ing 
relevant stakeholders and chaired by the Department of Energy w~"r~;rmed 
to ensure smooth implementation. This will be from the begi~o the end 

of the program in 2017. The team will be responsible fo~~~g constant 

reporting with regard to progress on the implemen~ of the new fuel 

specifications. This will help to ensure that th. _..., "~rity of supply is not 

compromised during the process of upgradi~~. e refineries to produce 

improved quality fuels. ~ 

Security of supply 

The lead time of four (4) to Sl years will be allowed to afford the oil 

industry sufficient time t~~'g;;;perly for the specification changes to avoid 

major fuel supply disr~qns. Import capacity will have to be optimised to 

mitigate stock-out~t+)ere should be transparent communication between 

Government, , NAAMSA and other stakeholders with regard to the 

finery shutdowns and other logistics related to the 

of the road map. Refinery shutdown planning and matters 

ereto shall be centrally coordinated by Government to ensure the 

verlap of shutdowns, effective utilisation of shutdown labour crews and 

efficient start-ups. 

11.2.2. Phase 2 

Period: 2013 

The introduction of the latest vehicle technology hinges on the availability of 

enabling fuels in the economy. In order to encourage early introduction of this 
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technology while awaiting the required fuels as mandated by legislation in 

2017, an additional niche grade of petrol and diesel with sulphur 

concentrations of 10 ppm should be made available. Noting the fact that the 

country is already in a net importing position with regard to petroleum 

products, the early introduction of enabling fuels will, at best, be achieved 

through importation as an interim measure while building domestic capacity. 

The introduction of this transitional fuel needs to be properly manag~o 

promote its gradual volume growth up to 2017. This will be done wil!)_~iew 
to eliminating the postponement of investments until the very la~~'\"nts as 

experienced with CF1 in 2006. ,J0~" 

Gv 
11.2.3. Phase 3 ~ 

Period: 2015 ~~ 
This Phase builds on the preceding phase ~ims for a situation where, at 

least, one refinery has been upgraded uce fuels compatible with Euro 

5 emissions standard. Fifty (50) pp di sel will become the standard grade 

and 10 ppm diesel will be the nio~tade. 

By legislation all refine~1:::andated to reconfigure their refineries to be 

in a position to prod els compatible with Euro 5 fuel specifications and 

standards by 20 ~is recommended that, at least, one refinery should be 

ready to pro such fuel well before 2017. This will be done as part and 

parcel qf{~ scheduling of refineries to produce fuel that is compatible with 

Euro ~issions standard. A technical committee serving under the afore­

ned Task Team will be formed to monitor the implementation process 

from the onset up until the conclusion of the programme. 
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11.2.4. Phase 4 

Period: 2017 

This will entail having all refineries producing fuel compatible to Euro 5 

emissions standard by 2017. It is envisaged that by this time all new 

homologated vehicles will have engine technologies that require fuel that is 

complaint with Euro 5 emissions standard. Hence all refineries will be 

required by legislation to produce fuels that meet Euro 5 emissions standard. 

~~ 

~v 
e,~ummarised Road Map 

~~~c 
12. \~ntenance, monitoring and enforcement 

Ei~~ns control can also play a significant role in minimising the overall 

poOutant levels stemming from tailpipe exhaust systems. This could be 

attained either by retrofitting some form of emissions control system or by 

taking the old, non-complaint vehicles out of circulation since some of these 

vehicles were not designed to run on modern fuels. However, if enforcement 

and monitoring mechanisms are not properly adhered to, the whole legislation 

could be rendered ineffective. Government, through the Department of 

Transport {DoT), is planning to enforce the maintenance and vehicle testing of 
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vehicles. The proposed initiative by DoT envisages the implementation of 

periodic vehicle testing for motor vehicles with, at least, ten years of 

operation. These vehicles will undergo a roadworthy inspection each time 

their license disc expires. Through this process, vehicle owners will be 

required to produce a Certificate for Road Worthiness (CRW) before they can 

be allowed to purchase the licence discs. It is further proposed that emissions 

testing be conducted at the time when the vehicle owner rocks in for the 

renewal of the CRW. 

13. Public awareness and education 

It is important that the public at large be informed 

developments regarding fuel specifications primarily d~~p e fact that they 

are directly affected by these changes. Public infor ~has to be designed 

in order to raise awareness about the benefits o~ 

$;;-~ 
14. Recommendations ~0 
It is nergy introduces new specifications 

which, to a certain extent, will b -uivalent to Euro 5 standard fuel by 2017 to 

decisively deal with ha~S,_emissions from vehicles. This will take into 

cognisance that: 

• . ate Conference in Copenhagen in December 2009, 

South ~a committed itself to reducing emissions by 34% by 2020 

an~2% in 2025, provided that technical and financial support is 

ived from developed countries; 

·here is a link between vehicle carbon emissions and fuel quality, 

instead of fuel consumption alone; 

• Government does not require immediate compliance with the Euro 5 

emissions standard but a phased approach. 

• Vehicle engine technology requiring fuels that comply with Euro 5 

emissions standard is already available. 

• It is the view of the IDTT that piecemeal refinery investments by the 

industry without a clear ultimate target by Government could prove 

Page33 



STAATSKOERANT, 8 MAART 2011 No.34089 37 

expensive to the economy. It is their considered view that it would be 

prudent to make a once-off investment in a specific area of a refinery 

rather than several piecemeal investments that are cumulatively more 

expensive. 

15. Conclusion 

It is imperative that Government, in collaboration with the industry and ~er 

relevant stakeholders, should embark upon the CF2 programme in a ~}ed 
manner in order to ensure that, by 2017, our liquid fuels arel: cmp' lb$e with 

Euro 5 emissions standard and that these are produced and · lied in the 

South African market. This drive should holistically incorpola~ her strategic 

objectives of Government and this should be done ~(n1t sacrificing the 

imperatives of energy security. A,,~ 
~v 

Issues contained in this document have t 
South African context, taking into consi n the political, economic, social, 

technological, environmental as wei s I gal conditions. 
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