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‘The decisions we make today, individually andeatiVely, will determine whether the planet goes
to hell or goes to Heaven. One thing, howevenlis:swve are the transitional generation. The
critical choices lie in our hands. Future generaisowill know who we were. They will think of us

often. They will curse us, or they will bless Bddrianne Williamson
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Executive Summary

This study has explored a range of barriers, dsivand opportunities to improving energy
performance in the South African crude oil refininglustry, thus providing information to further
support energy efficiency improvement efforts. Epyeefficiency is a cost effective means of
reducing greenhouse gas emissions and energy dostging additional quality and production
benefits.

South Africa is chiefly dependent on fossil fuats its energy supply and in 2009 was ranked as the
13" highest carbon emitting country in the world. Whainore, industry is the largest contributor to
final energy consumption, at 32.2% (in 2006) anchébional greenhouse gas emissions, a trend
which has been projected to continue to 2030.

In December 2009, the President announced thah3dtita will implement mitigation actions that
will collectively result in a 34% and a 42% dewmtibelow its ‘Business As Usual’ emissions
growth trajectory by 2020 and 2025 respectivelyisTdommitment has been restated, with more
detail on the target level on emissions reductiantin the National Climate Change White Paper.
In addition, the Energy Efficiency Strategy setsagional final energy demand reduction target of
12% by 2015. The sectoral target for Industry andimg has been set at 15% by 2015 based on a
‘business as usual’ baseline scenario, where Stfitan Petroleum Industry Association (SAPIA)
members have entered into this voluntary agreeméhtthe government which acknowledges the
final national target.

Refiners worldwide are faced with many challengdsctv include rising energy costs, increasing
refinery energy intensity and increasing fuel gyalipecifications. These are in addition to the
concerns of increasing greenhouse gas emissions tlamdassociated costs and regulatory
requirements. Within industry worldwide, energyi@ént technologies and best practices are already
contributing to reducing energy demand and greest@as emissions. However, literature cites the
existence of an ‘energy efficiency gap’, which &dsto stem from numerous barriers which remain
to impede the uptake of energy best practices mvesiment in energy efficient technologies. This
thesis has provided a sector specific study ofrttexconnected dynamics which promote and inhibit
improvements in energy efficiency. Few such studi@sently exist and this thesis adds to current
literature in the field of ‘barriers and drivergirfenergy efficiency.

Refinery energy costs are significant, typically5% of operating costs. Therefore energy costs are
a major driver for energy efficiency improvemenawever South African crude oil refiners are in the
last 25% (fourth quartile) in terms of energy a#fitcy performance (Ell ranking) when compared to
the refining industry worldwide. Worldwide, the patial for energy improvements in petroleum
refineries has been cited to be between 10-25%irfdustrialised countries and 40-45% for
developing countries in 2007. The average improvenpetential for different energy efficiency
measures were found to range between 41 and 47Bisithesis, however these had large standard
error values of between 12 and 14% and this suwaesy indicative only, as this range could not be
extrapolated to the same improvement in overaltggnperformance. The values have been used as a
guideline of the most prominent improvement measared the large improvement which could be
made.



Refineries are differentiated from most other epdrgensive industries by the fact that thermal
energy requirements constitute a large proportioth@se energy costs, with electricity accounting
only to the order of 5 to 10% of total energy decha@Dpportunities for reducing energy consumption
generally arise in areas of utilities (30%), firedaters (20%), heat exchangers (15%), process
optimisation (15%), motor and motor application8%d, and other areas (10%). Target areas for
energy efficiency improvements typically includeah and power systems, and process units such
as the crude distillation or FCC units.

It was found that in general, improvements can laelenin energy management through behaviour
change, improved maintenance (steam traps, insaolaic.) and process control, but significant
changes in energy efficiency improvement need ahmipenditure. However, most notably,
organisational culture change and individual betnavchange for operational excellence were found
to be key steps to realising these opportunities.

The most significant barriers impeding the uptakeepergy efficient technologies were firstly
financial, economic and market barriers. These wawst notably: competition for available capital,
the slow rate of return of energy efficiency inveshts compared to other investments and high
specific installation costs. Secondly, uncertaibirriers were inhibiting the uptake of energy
efficiency technologies quite significantly. Thdasariers comprised of changing energy prices and
the uncertainty in the future of the refineriesh@timportant barriers included technologies fitin
into existing processes and configurations, andattadlability of skilled personnel is reduced doe t
a focus on daily production problems which leawss ltime for non-urgent items.

From the findings of this research, the overalbremendations for industry and government include
actions of implementing: i) long term governmemiaficial incentives ii) information initiatives such
as energy audits and training /information trangfigrincreasing corporate support for organisadb
energy objectives and iv) organisational cultured amdividual behaviour change. These
recommendations were substantiated from the rdsdidings of the most significant drivers and
energy efficiency measures with the greatest imgmuant potential.

Further recommendations were made to perform septmific case studies in other energy intensive
industries, in efforts to meet national energy greknhouse gas targets.
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1 INTRODUCTION

Growing concern around climate change, increasmeggy prices and concern for energy security are
important issues in today’s society. Energy efficie is being seen as the quickest way to reduce
greenhouse gas emissions, thereby contributingjr@mie change mitigation. It is also seen as a way
to meet growing energy demands and as a meansotecpreconomies from sharp energy price
increases, shortages and disruptions (World EcamoRdarum, 2010). Utilising energy more
efficiently has inherent financial benefits, andréhare well- documented cost-effective opportesiti
for energy reduction. Furthermore, the negotiatddrfuture action on greenhouse gas mitigation
requires that countries evaluate the potentialeimission reductions in their portfolio of emitting
activities, and the cost to make these reductiappén (Baron and others, 2007).

The industrial sector is a large contributor t@ta@ountry energy consumption and hence greenhouse
gas emissions. There is a debate over the existgheae ‘energy efficiency gap’ within industry
worldwide as many economically profitable energficefncy opportunities exist which are not
always realised. The energy efficiency gap sugghstisopportunities such as such as technologies,
methods, or processes that may reduce energy uae industry, are somewhat neglected. In the
theory of economic rationality, actors would sysaéically try to minimise their cost for energy
services and spontaneously take profitable econoreasures. In reality however, the fact that this i
only partially true shows the existence of impediiseto energy conservation measures. These
barriers obstruct the exhaustive exploitation efshvings potential (Weber, 1997).

This study aims to provide a greater insight imtdustrial energy efficiency potential in the South
African crude oil refining industry. This is donkrough trying to understand what drives energy
efficiency and to recognise barriers which challerigpprovement. In addition, opportunities to
improve the status quo of refinery energy consuonmpdire explored.

The results of this study add to literature in fieéd of barriers and drivers for energy efficienicy
energy intensive industries. Presently, there sden® a shortage of sector specific studies i@ thi
field, therefore this thesis aims to further thelenstanding of the crude oil refining industry st
context.

1.1 Scope & Research Limitations

The focus of this research is limited to the 4 erwd refineries in South Africa, namely, Sapref,
Enref, Calref and Natref. The study has not inatlttee GTL and CTL plants (PetroSA and Secunda
refineries), as they have substantially differerdcpss requirements, although they are part of the
refining industry. The scope of the study is thereffocused on crude oil refineries to give a simil
basis of process and energy requirements when sdisg opportunities, drivers and barriers to
energy efficiency improvement.



1.2 Research Objectives and Key Questions

The objectives of this thesis are twofold: Firsttyexplore opportunities to improve energy effinog

in a refinery, and secondly, to get a better urtdading of the uptake of energy efficiency
opportunities in South African crude oil refineridés clarifying the second objective, this studgnai

to recognise what influences promote or inhibitithplementation of energy efficiency opportunities
in the refining industry. In other words, the drsveand barriers of energy efficiency improvement
within the refinery environment will be investigdte

To meet these objectives, this thesis answerstlmving research questions:
1) What is the status quo of energy efficiency auth African crude oil refineries?
The following sub questions need to be answereddar to answer the above.

a. Where is energy used in a typical refinery?

b. What are the technical and practical opportunfoenergy savings in refineries and where
do they lie?

c. What is the potential for energy efficiency improvent in South African refineries and
where do South African refiners stand in comparisorefineries worldwide?

2) What are the major influences on the uptakenef@y efficiency projects in the South African
refining industry?

The following sub questions are posed to answerghestion:

a. What are the barriers to energy efficiency improgatfi
b. What are the drivers to energy efficiency improvatfie

This study utilises a methodological approach whictludes both qualitative and quantitative
aspects. Data for the study was collected via stméctured interviews. Respondents were also
required to complete a quantitative questionndihes approach was chosen so as to attain a holistic
view of the complex and interrelated set of factehich affect energy efficiency improvement.

Chapter 2 gives more detail of the methodology uselis research.

1.3 Thesis Structure
The remainder of this thesis is structured as fdlto
Chapter 2 discusses thilethodology used in this research.

Chapter 3 introducesnergy Efficiency in South African Industry. The intention of this chapter is
to give an overview of industrial energy consumptio the country and motivations for energy

efficiency improvement. A background to South Adincenergy policies is discussed in closing.

Chapter 4, Petroleum Refining Process and Energy Characterists aims to give a general
understanding of the refining process. This seagea backdrop to understanding how energy is used

in a refinery.



In Chapter 5, aBackground to the Oil Industry in South Africa discusses the refineries involved

in the study and the relative sizes of the plants.

A Review of Opportunities for Energy Efficiency in Rdineries is provided inChapter 6. This
aims to give an overview of both the technical &udt skills’ opportunities required to improve a
refinery’s energy performance. Citing literaturetims field, the beginning of the chapter initially
discusses the extent to which refineries worldwada improve on their current situation, by
implementing energy efficiency measures. This stuagive a basis of comparison when discussing
the status quo and improvement potential of Soutit#n refining industry in the results section of
Chapter 8. In addition, examples of opportunities presented with typical savings achieved in

refineries.

To understand the contributing factors to energprovement an initial literatur®eview of the

Drivers and Barriers to Energy Efficiency Improvement is given inChapter 7.
Following this,Chapter 8, theResults and Discussiomf this research are presented and discussed.

To bring the thesis to a close, tBenclusions and Recommendationare presented iGhapter 9.



2 METHODOLOGY

Figure 1 illustrates the research methodology ueethis thesis. Initially a literature review was
carried out in the field of barriers and driversewergy efficiency, and opportunities for energy
efficiency improvement. This then led to the depetent of a set of broad research questions. To
explore these research questions, an initial cquestire and preliminary set of interview questions
were then tested for relevance through a serigsatifninary pilot interviews. Links between indystr
practice and literature were identified from thes@dvations and interpretation of the initial fingln
from these pilot interviews. These initial findingslped to build a foundational basis to update and
focus the overall research questions. The questimmand interview questions were then refined and

finalised.

Eleven face-to-face and one telephonic semi-stredtunterviews were carried out with
representatives in the crude oil refining industiySouth Africa. Respondents were made up of
engineers and managers in the four crude refine@abef, Enref, Natref, and Sapref. At the same

time as conducting the interviewsgaestionnairevas completed by the respondents.

Literature Review

Research Questions

[ \
Energy Efficiency Barriers &

Opportunities Drivers

Preliminary Pilot
Interviews

Research Instruments:
Questionnaire and Semi-Structured
Interviews

Collect Data

A 4

Data Analysis and Interpretation

A 4

Report

Figure 1 Research Methodology Flow Scheme

Note: Adapted from Cooper & Schlinder (2003)




The interviews extracted information to provide an understandafighe factors involved in the
successful adoption of energy efficiency measurés. term ‘measures’ in this research is taken to
include capital, maintenance and optimisation faergy efficiency improvement. The main focus of
the interview questions was on the factors whidluémce the uptake afapital projects. However
consideration was also given to the low/no costrigntions of maintenance and optimisation, often

referred to as ‘low hanging fruit’.

The questionnairewas made up of rating questions to attempt toigeoa quantitative evaluation of
the factors addressed in the interviews. Consigegrdiere was given to:

O The improvement potential of energy efficiency meas,

0 The significance of influences involved in driviagproject forward,

0 The policy and institutional drivers to the uptaifeenergy efficient technologies,
O The significance of barriers to the adoption ofrggefficient technologies.

The study by de Groot, Verhoef & Nijkamp (2001) wesed as a basis for formulation the questions
relating to the rating of barriers and drivers. Hgeres range from 1 (completely insignificantbto
(very significant). The individual factors usedtire rating questions arose from the literatureewyi
and the policy and institutional drivers to the ak@ of energy efficient technologies was slightly
modified from Curras (2010).

2.1 Research Limitations

In interpreting the results of this study, certhmitations need to be taken into account. Firs#iy,
present there is hypersensitivity on sharing oingivout information by petroleum industry players
mainly due to restrictions imposed by the CompmtitiTribunal. The scope of this research has
therefore not included detailed energy data suchnasgy consumption, but has rather focused on
trends of energy usage in the industry. Within thissis measures such as indexing and aggregating
data have been employed.

According to Brace (2004), Social Desirability Big&DB) is a challenge when conducting research
involving people and social interactions. SDB cemsfrom the fact respondents may wish to appear
different to what they are. Another bias is thepmglent may try to maintain their own esteem,
convincing themselves that they think and behavesacially responsible ways. In addition,
instrumentation bias can occur, meaning the regpundives answers designed to bring about a
socially desirable outcome, for example a wishdanew energy policy to be put in action. Brace
(2004) states the SDB could be lowered by guaeamgethe respondent confidentiality. In order to
limit the SDB, therefore, within this thesis resgents were given full anonymity.

All the information was aggregated so as not t@lle to isolate individual companies, in line with
the requirements of confidentiality agreements. @dh&a thus serves to understand the industry in
totality with regards to energy efficiency improvemn.



3 ENERGY EFFICIENCY IN SOUTH AFRICAN INDUSTRY

When considering industry, the manufacturing seatorldwide contributes nearly one third of the
global energy demand and €®missions. This is especially in industries sushchemicals and
petrochemicals, iron and steel, cement, paper emdiraum. In addition, understanding how energy
is used in the manufacturing sector, the natiomal mnternational trends and the potential for
efficiency gains, is crucial (IEA, 2007).

South Africa is a fast growing developing countndanergy efficiency, to generate more economic
output with less energy input, is essential forsogs such as security of energy supply, economic
competitiveness, global warming and environmeniatanability (Taylor and others, 2008). There is
a major opportunity to abate energy demand growtla icost-effective way that offers investors
attractive returns. Of the opportunities availabléndustrial sectors worldwide, developing cousgri
are suggested to represent 80% of the total saeimgsrtunity (Farrell and others, 2008).

This section discusses i) Industrial Contributian Rinal Energy Demand in South Africa, ii)
Motivation for an Increased Focus on Energy Efficiein South Africa, and iii) Energy Efficiency
and South African Energy Policy.

3.1 Industrial Contribution to Final Energy Demand in South Africa
Industry is the largest contributor to final eneapnsumption in South Africa, representing a 32.2%

share in 2006. Figure 2 below illustrates the camepts of national energy use.

Non-energy use
0.7%

Non-
specified(other)
3.0%
Agriculture

2.6%

Transport
26.8%

Residential
19.4%

Commerce

Minin
d 7.8%

7.5%
Figure 2 Sectoral Consumption of Energy in South Afica, 2006

Source: (Subramoney and others, 2009)

The sub-sectoral contribution of industrial enempnsumption is illustrated in Figure 3. Energy

intensive users in the industrial sector includmiand steel, chemical and mining industries. The
chemical sector makes up a large contribution diigtrial energy consumption at 22%, with oil

refineries sitting in this sector.



Food & Tobacco,

9% Gold Mining, 6%

Cther industry,
9%
Iron and Steel,

29%
Fulp & Faper, 8%

MNon-metallic
minerals, 5%

MNon-ferrous
melals, 5%
Other mining, 6% .

Chemical, 22%

Figure 3 Final Industrial Energy Consumption by SubSector, 2001

Source: Winkler et al (2006) from (Haw & Hughe802)

3.2 Motivation for an Increased Focus on Energy Efficiacy in South Africa

Energy efficiency has become recognised as ondefntost cost effective ways of meeting the
demands for sustainable development. It reducenporse gas emissions and plant operating costs,
in addition to extending supply and affordabilifycmnventional energy sources (Sebitosi, 2008). The
IEA estimates that two thirds of the desired carb@xide emissions reductions worldwide must
come from improved energy efficiency, and the bedafrom changes in the mix of energy supply
technologie5(Taylor, la Grange & Gous, 2000; Taylor and oth26908).

The South African National Energy Association esties that a savings of between 10 and 20% of
current consumption could be achieved by greaterganefficiency, which in turn could lead to an
estimated increase in GDP of between 1.5 and 3%r(fdk(2006) from Govender (2008)).

Energy efficiency is defined in the context of ttiigsis as a reduction in the energy input requised
a process which provides the same level of act{Mtgrid Energy Council, 2010).

The following sections discuss the motivations émergy efficiency improvement in industry in
greater detalil.

3.2.1 Greenhouse Gas Emissions Reductions

South Africa is a significant contributor to greenke gas emissions and was listed in 2009 as the 13
highest emitter of carbon dioxide in the world I tinternational Energy Agency. It is one of the
largest developing country emitters (DEA- RSA, 201hhis is largely because of the economy’s
dependence on fossil fuels. In 2000, the nationargy intensity of South Africa stood about 3.3

! This is in an Alternative Policy Scenario by tiAldeveloped to investigate how a more sustaingloleal

energy supply could be developed by 2030.



times the average in OECD countries, despite hahif the energy consumption per capita as
OECD countries (Praetorius and Bleyl (2006) frosebi®si (2008)).
Figure 4, shows the increasing trend in carbonidermissions of South Africa from 1960 to 2006.

South Africa
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Figure 4 South African CO, Emissions (Kilotons) Per Year

Source: (World Bank)

Within the energy sector, industry was the majadpcer of GHG emissions in 2007, a trend that is
projected to continue to 2030. This is shown iruFegs below.
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Figure 5 Projected Baseline Energy-sector Greenhoessas Emissions in South Africa in 2030
Source: (Erickson, Heaps & Lazarus, 2009)
The dependency of South African energy supply odrdwarbons, as traditional and affordable

supply options, has serious consequences in tefnatintate change. The role played by £
global warming is becoming a major concern for gpeintensive industries, particularly due to



factors that could impact upon business models aadhe introduction of a proposed carbon tax and
other regulatory mechanisms which could be intredua an attempt to reduce emissions.

From a manufacturing company’s point of view, newimnmental regulations with associated costs
for CO, emissions are an important driver for energy ifficy. Companies that improve their energy

efficiency and consequently their carbon footpdah improve their position to face challenges and
costs resulting from CQegulations (Bunse and others, 2011).

3.211 South Africa’s Commitment to Reducing GreenhousesIamissions

Historically, commitments to greenhouse gas emmssiceductions in South Africa have been
voluntary. South Africa joined the Kyoto Protocol March 2002 although it is a Non-Annex 1
(developing) country, implying that it does not bde reduce its greenhouse gas emissions in gte fir
commitment period of 2008 to 2012, although thieagent is coming up for review.

At the Copenhagen summit, in 2009, South Africa witted to reduce its greenhouse gas emissions
by 34% by 2020 and 42% by 2025 below its busineassaal emissions growth trajectory, contingent
on technical support and funding from developechtiies (DEA- RSA, 2010). This has been restated
according to the National Climate Change Responkd&éAPaper, and a National GHG Emissions
Trajectory Range, projected to 2050, will be usedh®e benchmark against which to measure the
effectiveness of mitigation action.
In summary, South Africa’s GHG emissions will:

» peak in the period 2020 to 2025 in a range witbveel limit of 398 Megatonnes (Mt) Geq

and upper limits of 583 Mt CEeq and 614 Mt C&eq for 2020 and 2025 respectively.

» plateau for up to ten years after the peak with@range with a lower limit of 398 Mt Ge@q
and upper limit of 614 Mt C&eq.

» decline From 2036 onwards in absolute terms tangegavith lower limit of 212 Mt C@eq
and upper limit of 428 Mt C&eq by 2050.

The White Paper states further that “as part of Hreergy Efficiency and Energy Demand
Management Flagship Programme, the DoE will costitm develop and facilitate an aggressive
energy efficiency programme in industry, building the experience of Eskdom Demand Side
Management programme and the D¥INational Cleaner Production Centre, and covering-
electricity energy efficiency as well. A structurpdogramme will be established with appropriate
initiatives, incentives and regulation, and a we#lourced information collection and dissemination
process” (South African Government, 2011).

3.2.2 Contribution to Energy Security

South Africa has experienced blackouts (2008) ard $hortages in the past (2005), and this has
highlighted the vulnerability of the economy to Eneshortages. The electricity power crisis of 2008
saw a country capacity shortfall of over 10% (5000M leading to load shedding by Eskom, the
national power utility, to stabilise the nationawer grid (Sebitosi, 2008). As one of the measures

a strategy for meeting the consumer electricity aigsnand counteracting the shortfall in 2008, Eskom
responded with introducing demand side managenixsivj initiatives.



At present, South Africa is developing new, andragdmg older power plants. However, before new
supply capacity is brought online (2012-2015), Eskbas forewarned that peak demand for
electricity will outstrip supply, therefore givingse to load shedding such as those experienced in
2008. With these energy security concerns, industéahand side management has clear importance
for mitigating short-term supply shortages. Longrtenergy supply requirements and dependence on
fossil fuel can also be reduced through improvestgnefficiency.

The Energy Master Plan of Liquid Fuels recommerdg &s part of the energy security strategy,
energy efficiency be strongly promoted in all eryecgnsuming sectors of the economy. A major part
of energy security is managing the energy demaiyedll sectors in the economy (DME- RSA,
2007).

3.2.3 Reducing Operating Costs
“Energy prices are linked to efficiency and indiadtstructure” (US OTA, 1993).

Historically South Africa’s low electricity pricend labour cost has contributed towards a competitiv
industrial economy. South Africa’s electricity pribas been amongst the cheapest in the worldsthis
partially as a result of its abundant coal reseawsd over-investment in generating capacity in the
1980’s. This price is less than half that in the (Haw & Hughes, 2007). Low energy prices increase
energy intensity by attracting energy-intensiveustdes. Low energy prices also act as a disineenti
to save (US OTA, 1993). Like most traditional i, the primary objective of the power utility
(Eskom) has been to maximise sales (Sebitosi, 2008)

The price of electricity is set to increase in &angcrements in the next few years. This is to cove
new generating capacity required to meet on-gamegeases in demand as shown in Figure 4. The
National Energy Regulator of South Africa (NERSApeoved a tariff increase of 24.8% for the year
starting 1 April 2010, and subsequent increasezb@% and 25.9% in 2011 and 2012 respectively.
This results in an average standard price of 4k®%/ls, 52.30 c/kWh and 65.85 c/kWh for 2010/11,
2011/12 and 2012/13 financial years respectivegRSA, 2010).

In addition to electricity price increases, elastyi usage has been increasing which is largelyedri

by the increasing demand in the industrial sedtigure 6 shows the projected increasing South
African sectoral energy demand from 2001 to 203Bene industry is a key consumer (Haw &
Hughes, 2007b).

2 Reasons for the discrepancy between energy deamahdupply include poor planning, as older powan{s

are shut down periodically for maintenance and pewer plants progressively come online after camsion.
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Figure 6 Projected Electricity Demand by Sector

Source: (Haw & Hughes, 2007b)

Energy represents a strong factor for competitigerile energy-intensive manufacturing industries. In
downstream refining, energy costs are a signifipantion of operating costs, where the cost of erud
oil is a major contributor. The crude oil price has increasing trend in the long term as shown in
Figure 7.
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Source: (US EIA, 2011)

Furthermore, fuel consumption in industry is insiag as is shown in the historical and projected
demand from 2001 to 2030 (Figure 8).
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3.2.4 Improving Environmental Image

Energy efficiency in manufacturing can be a contidl to reducing the total environmental impact of
a product. Consumers’ purchasing behaviour is dhgng regards to ‘green’ and efficient products
and services, and more and more consumers woglddipurchase ‘green products’ (BCG 2009 from
Bunse and others (2011)).

Industrial energy efficiency can enhance envirortaleperformance by reducing G@nd other
emissions. In addition, energy efficiency can givanufacturing companies a competitive advantage
by mitigating energy price volatility. Thus energfficiency can enhance company reputation.

The following section aims to give an overview auth African energy policy, and energy efficiency
objectives for the country.

3.3 Energy Efficiency and South African Energy Policy

The White Paper on Energy Policy (1998) and therdgné\ct (2008) at present constitutes the
national energy policy. In support of some of thgeotives spelt out in the 1998 White Paper on
Energy Policy, the South African Department of Male and Energy (DME) published the National
Energy Efficiency Strategy of South Africa (2009he Strategy acknowledges that there exists,
“Significant potential for energy efficiency acraedissectors of our national econority

The Energy Efficiency Strategy has set a natioimall fenergy demand reduction target of 12% by
2015. The sectoral target for Industry and Miniag been set at 15% by 2015 based on a ‘business as
usual’ baseline scenafio

Within the petroleum refining industry, the topit this thesis, South African Petroleum Industry
Association (SAPIA) members have entered into aintalry Energy Efficiency Accord with the
government which acknowledges this target of aonatifinal energy demand reduction of 12% by

3 Starting with a baseline year of 2000.
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2015. This Energy Efficiency Strategy also setsatdrget improvement in energy intensity of 1%
per annum for chemical and petrochemical industna# 2015.

According to the Department of Minerals and En&(@ME), the assumptions made in arriving at

sectoral targets are considered conservative ae tire based solely on technical interventionsr Ove
and above these savings there exist non-technpyartunities for energy savings in the building,

industry and mining sectors. These are classifieddly as ‘Energy Management Best Practice’ and
revolve around behavioural change from increasedar@vess, training, accountability and

information systems (DME - RSA, 2008).

* This department no longer exists but has spliotm the Department of Energy and the Department of
Mineral Resources.
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4 PETROLEUM REFINING PROCESS AND ENERGY
CHARACTERISTICS

Chapter 3 provided a context of energy efficientysouth African industry. In this chapter a broad
overview of the crude refining process and its gneisage is presented.

4.1 Introduction to the Petroleum Refining Process

The process of refining crude oil to refined pradc&n be achieved via a diverse range of refinery
configurations. These configurations can be geisedlinto four types: simple, compound, complex
and petrochemical. The simplest type consists wdedistillation, catalytic reforming and refining
processes. The compound type includes the simfiteng units and units for vacuum distillation and
catalytic cracking. The complex refineries haveomplete slate of products including the production
of lube oils. Lastly, the petrochemical type in@sdpetrochemical plants and those which produce
aromatic hydrocarbons.

Refineries can also be categorised according toytyee of units it has within its operation. Thesa ¢

be seen in Table 1 below (Ocic, 2005).

Table 1 Type of Refinery and Typical Units

Refinery types Units

Crude unit, pretreatment, gas concentration by emin
Hydroskimming catalytic reforming and hydrodesulphurisation.
In addition to hydroskimming units include vacuum

distillation, vacuum residue visbreaking and cdtaly

Catalytic cracking cracking usually with alkylation.
Deep conversion refineries: In addition to hydroskimming units, deep conversion
— Hydrocracking- catalytic refineries include hydrogen generation by steamwrneing,
cracking vacuum distillation, hydrocracking, vacuum-residue
deasphaltation by solvent, hydrodesulfurization of
— Hydrocracking- coking deasphalted oil and catalytic cracking with allkigiat

Source: (Ocic, 2005)

The process flow diagram and products produced &dypical complex refinery are shown in Figure
9.

Although a large product slate is produced, théntiglume profitable products produced within a
refinery are: gasoline, diesel, jet fuel and tlyhtliheating oils, No.1 and No. 2 (Gary & Handwerk,
1994).
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Figure 9 Typical Petroleum Refining Process

Source: (Al-Muslim & Dincer, 2005)

During the process the crude oil feedstock isltstinto a number of different fractions. The ligh
fractions are the refinery gas liquids: naphthap&ene, and light gas oil cuts (diesel), respelgtive
These fractions only require slight to moderaterag@mg or processing to be used as fuels (LPG,
gasoline, jet fuel, diesel). The remaining fracti@me heavier than premium refined products, aed ar
a significant part of the crude barrel. These heravactions are transformed via cracking procegses
maximise the production of transportation fuelsiclirare premium products.

To process crude into products, most petroleurmeéfis use between ten and twenty different
processes. Refineries are set apart from othelggmefated industries by a number of factors, in
addition to plant complexity. These factors areevaht in understanding how energy is used in
refining, and how this is fundamentally differemt other industries. Marano (2007) cites Gary,
Handwerk & Kaiser (2007) with the following summarfydifferences (Table 2):

Table 2 Characteristics which set Petroleum Refiningpart from other Industries

1. Every individual refinery is unique, and no twocrude oils are the same.
— Refineries vary in complexity and size due to gpes of crudes they process and
products they produce. Often these differencesrbeabvious on a regional or
geographic scale.

— Crude gravity is decreasing and sulphur contectude is increasing.
— The processing configuration of a refinery evoluesr time.

2. Refineries are capital intensive, highly specifiand long-lived assets.

3. Refineries are energy intensive and operationsid products impact the environment.
4. Refiners are price takers.

— Refinery products are commodities which are solseigmented markets.

— Prices of refined products are volatile and cotesla crude oil prices
5. Optimisation of a refinery involves multiple trade-offs.

Source: (Marano, 2007)
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The next section aims to discuss the energy remeinés and COemissions of a refinery.

4.2 Refinery Energy Requirements and CQ Emissions

4.2.1 Refinery Energy Sources

Energy feedstock for a refinery can be classifieid ithermal and electrical energy. The thermal
energy requirement in a refinery far outweighs teleity consumption. Refineries are distinctive
within industry in that they produce most of thawn fuel and only use purchased fuel as supplement
(Hochhalter, 2008). The required power can alsgdrerated on site or purchased from a utility.

The fuel required for steam and electricity gernenats derived mainly from process wastes which
include: refinery gas, residual fuel oils (fuel,aibcuum wastes and asphalt wastes) and FCC coke.
These vary widely in composition and quality and #re outcome of a fine balance between energy
required by processes, type of crude processed@mtraints on emissions and economic analyses
(Szklo & Schaeffer, 2007).

The electricity requirements (to drive pumps, cossgors, motors, fans, cooling systems, lighting,
etc) for the average refinery approaches up to 8% total energy demand, whereas the steam
requirement is approximately 30%. The thermal neguénts (heat consumption rate) for an average
refinery are between 0.348-0.580 GJ/bbl (HydrocarBablishing Company, 2011). Together, the
cost of energy for heat and power in a typicalnefy is significant, and accounts for approximately
40% of operating costs (US DOE- OIT, 1998).

Figure 10 below shows the various energy feed staded in US refineries. It can be seen that
refinery fuel gas is the largest feedstock of em€d6%). This is then followed by natural gas (25%)
Electricity use within US refineries is approximgté% of the energy requirement.

B Refinery Gas

B Petroleum Coke
25.25% Natural Gas
B Electricity

B Other

Figure 10 Energy Feedstock in U.S. Refineries
Source: (US DOE, 2000)

4.2.2 Energy Consumption in Refineries

Energy consumption within the refining processyipidally greater in units which have a large
throughput, as opposed to units which are enertgyngive per barrel processed. The atmospheric and
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vacuum distillation units have a high throughputnomber of barrels processed and account for 35-
40% of energy use in a refinery, however they artethne most energy intensive per barrel processed.
Referring to Table 3, the most energy intensivegss is the manufacture of lube oils (1589 MJ/bbl)
although it only accounts for about 5% of the totfinery energy consumption as there is only a
small throughput. In advanced refining industrieshere there is a focus on fuels with low
contaminant content levels and considerable cormrecapacity, hydrotreating units are large energy
consumers. Hydrotreating, which removes sulphurpgeén and metal contaminants, accounts for
about 19% of energy consumption. This is followegd rbforming at approximately 15%. These
values are representative of the average energgptud§ refineries, and the top four highest energy
consuming units (atmospheric and vacuum distillgtibydrotreating and reforming) have been
highlighted in the table below (US DOE- OIT, 1998).

Table 3 Energy Use by Refinery Process in US Refined (1998)

Specific Energy Use Average Use Annual Energy
Process (MJ/bbl) (MJ/bbl) Use %)
Atmospheric Distillation 87-196 120.1 25.79
Vacuum Distillation 54-119 96.5 9.60
Visbreaking-Coll 143 143.5 0.04
-Soaker 26-100 66.5 0.04
Delayed Coking 120-243 175.1 4.61
Fluid Coking 272 272.2 0.29
Flexi Coking 176 176 0.27
Fluid Catalytic Cracking 53-172 105.5 7.66
Catalytic Hydrocracking 168-339 253.2 4.41
Catalytic Hydrotreating 64-173 126.6 18.83
Catalytic Reforming 225-361 299.6 15.13
Alkylation -Sulfuric acid 348-359 3534 2.14
-Hydrofluoric Acid 423 423 3.84
Ethers Production 311-595 425.2 1.34
Isomerizationlsobutane 379 379 0.52
-Isopentane/lsohexane 108-249 184.6 1.09
Isobutylene 502 502 n/a
Lube Oil Manufacture 1589 1589 4.40
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Source: (US DOE- OIT, 1998)

The actual energy consumed within a refinery watywwith configuration, feedstock and refinery
operation. In addition, higher fuel constraintslwicrease energy use in hydrotreatment, as thts un
is used to achieve quality specifications for odgucts.

4.2.3 CO, Emissions from Refinery Energy Use

Depending on factors which affect energy use (asudsed in 4.2.4), G@missions from refinery
process units can vary. Figure 11 below shows #dregmtage distribution of G@&missions from a
207 000 bbl/day refinery based on thermal energgesThe figure indicates the best units to target
for an emissions reduction program are the FC@rmedr and crude unit, which account for 75% of
CO, emissions produced in this case.

" B Atm Dist
B Vacuum

Naptha HDS
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Alkylation

Hydrodealkylation

9%

4%

41%

Figure 11 Breakdown of CQ Emissions by Refinery Process (Based on Thermal EngrdJsage for a 207 000 bbl/day
Refinery)

Source: (Habibullah, Rameshni & Passmore, 2009)

CO, emissions arising from thermal and electricity,usea typical 100 000 bbl/day refinery, are
generally between 1.2 and 1.5 million tons/yr. Appmately 50% of the COemissions would arise
from process heaters, 35% from FCC and hydrogemgland the remainder (15%) from steam and
power systems (Sheehan & Zhu, 2009).

4.2.4 Factors Affecting Energy Use in Refining

Within the crude oil refining process, the totalae oil input includes a contribution that is used
energy generation in the form of refinery fuel gilse amount of crude used for energy generation is
dependent on the complexity of the oil refineryd @his can range between 7 and 15% of crude oil
feedstock used by the refining process (Szklo &agffler, 2007). As the complexity of the plant is
increased, the energy requirements increase taramodate the range of products produced and the
increased number of secondary units. Refineriek thié same level of complexity can have vastly
different levels of energy efficiency. Energy inei#nt oil refineries can decrease their internal
energy consumption by 20-30% by including morecéadfit organisational, energy and technological
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solutions; this is a substantial opportunity fodueing operating costs, as a refinery whose crilde o
energy consumption is 5%, must operate 16 daysamjyst to meet its energy requirement (Ocic,
2005).

According to Petrick & Pellegrino (1999), a petroie refinery’s energy use, energy efficiency and
the type of fuels consumed are dictated by thewolig:

O The cost and availability of fuels and energy,
Quality of the crude feedstock processed,
Product slate produced,

The refinery configuration i.e. complexity and size
Capital availability, and

OooOooogoaod

Environmental regulations (specifications of pragic

The quality of crude oils processed is expectedeteriorate slowly in the future as sulphur corgent
and densities increase (Gary & Handwerk, 1994).efiogr with this shift toward cheaper sourer
crudes, increased regulation on more stringentdpetifications (cleaner fuels) has had an inceease
impact on energy consumption within refineries. Tweduction of ‘cleaner’ diesel and petrol, in
terms of sulphur content, results in higher energgy and carbon dioxide emissions as more advanced
processing capability is required as refining carjty is increased. On average, US refineries have
increased consumption of crude oil by 5% merelgdmply with stricter fuel specifications (Petrick

& Pellegrino, 1999; Szklo & Schaeffer, 2007).
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5 BACKGROUND TO THE OIL INDUSTRY IN SOUTH AFRICA

South Africa depends heavily on crude oil importgah are then refined locally- crude oil is South
Africa’s single largest import (Vanderschuren, Jgh#tra & Lane, 2008). The South African
Petroleum Industry Association (SAPIA) represerdstB Africa’s seven oil companies, namely BP,
Chevron, Engen, PetroSA, Sasol Oil, Shell and Tdiak members operate all South Africa’s six
refineries- four crude refineries, one coal-tod{CTL) refinery and one gas-to-liquid (GTL)

refinery. Table 4 below shows the capacity andtloneof refineries in South Africa.

Table 4 SAPIA Members and Refining Capacity

Refinery Type Owners Location ((EJ?)FI)IZZ;))/
Sapref Crude BP & Shell Durban 180 000
Enref Crude Engen Durban 125 000
Calref Crude Caltex Cape Town 100 000
Natref Crude Sasol &Total Sasolburg 92 000
Sasol CTL Sasol Secunda *150 000

PetroSA GTL State- owned Mossel Bgy *45 000

TOTAL 692 000

Source:(SAPIA, 2010)
Note: *Crude Oil Equivalent

These refineries make up the second largest aiesf system in Africa at 692 000 bbl/day and this
is only surpassed by Egypt at 726 250 bbl/day. Tdwtribute approximately 2% of South Africa’s
Gross Domestic Product and supply approximately 8%south Africa’s primary energy. The
petroleum industry is also an important sourceesenue for the government, collecting over R35-
billion in fuel taxes on petrol, diesel and panaffit also supports employment for over 100 000
people directly or indirectly. Energy is a key sdgic sector for South Africa because it under tiires
growth and developmental objectives set out by gowent (SAPIA, 2010).

South Africa’s current refining capability is sthed to capacity with the country unable to meet
current demand without product imports. In additioost of the refinery assets were built more than
40 years ago. A new 400,000 bbl/d refinery in Coegdhe Eastern Cape is under consideration to
meet rapidly growing product demand and energy régoctoncerns. The final investment decision,
on what would be Africa’s proposed refinerhas been deferred to 2012
(PricewaterhouseCoopers, 2010).

largest

5.1 General Challenges for the Refining Industry

The refining industry worldwide faces challengesclhaffect industry decision making. In the US,
key challenges facing the refining industry haverbeited as:

[0 Environmental regulations
[0 Increasing cleanliness standards for fuels
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Globalisation

The requirement for increasing yields from crudiedexreasing quality
Uncertainty about future consumer fuels of choice

Pressure to reduce emissions of,CO

Attaining adequate profit margins

OoOo0ooOoo0od

Proactively dealing with public scrutiny on envimantal, global warming and other issues
(US DOE, 2000).

Although these influences have been attributedftectathe US refining industry, they are also
relevant to the refining industry worldwide. Pautar regulatory and demand influences which will
impact energy intensity in South African refinerigmving into the future are discussed in the
following section.

5.1.1 Energy Challenges for South African Refineries

‘An important parallel issue, and a major potenti@rrier to making improvements/maodifications to
improve energy utilisation, is the fact that refmeare also being forced to modify refinery
processes/configurations to be able to refine csudd lower quality and to comply with
environmental dictates. Such changes can readiie handesirable impacts on energy usage and/or
emissions(Petrick & Pellegrino, 1999).

51.1.1 Clean Fuels Regulations

The South African refining industry faces influeadeom regulation in terms of cleaner fuels. The
current format of refineries operates at Euro Addiads, with regulatory authorities requiring refiy
upgrades to Euro 5; and the investment costs afadipgg from Euro 2 to Euro 5 are significant, even
without a significant increase in refining capag®yicewaterhouseCoopers, 2010). The specifications
for Clean Fuels are illustrated in the appendix.

Strict regulatory requirements towards cleanersfwéll have a significant effect on energy intepsit
of oil refineries and consequently will increasdinery CQO, emissions. This trade-off, between
sulphur and energy use, has objective implicatifmiscountries in view of current discussions
surrounding greenhouse gas reduction targets (Szl8chaeffer, 2007). To illustrate this, the Clean
Fuels 1 requirements imposed in the USA at the sfahe 1990s required an estimated 5% increase,
on average, of the total amount of crude oil preedsy US refineries. This was merely to comply
with stricter specifications for diesel and gaseli00 ppm sulphur) (Petrick & Pellegrino, 1999).
Furthermore, Valero Benicia California refineryaates an additional 16 000 metric tons of, CO
because of the extra energy needed to operateltteelldw Sulphur Diesel (ULSD) unit each year
(from 500 ppm to 15 ppm diesel) (Malik, 2011).

5.1.1.2 Marine Fuel Regulations (IMO)

The International Maritime Organisation (IMO) regtds the sulphur content of marine fuels on a
worldwide basis. The IMO’s Global standards fooathble levels of sulphur in fuels are set to be
reduced substantially in the future, moving frofs%.to 0.5% sulphur (by weight) by 2020 or 2025 at
the latest (subject to review in 2018). A propasas adopted to decrease global marine fuels sulphur
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cap to 3.5% by 2010 and down to 0.5% by 2020 ob2A2he latest. The IMO cap reduction proposal
leaves open the possibility of using seawater dmg as opposed to fuel desulphurisation at
refineries. The proposal does not directly mandhe indicated fuel sulphur content but rather
emissions consistent with these sulphur contensst{liung and others, 2008). The option for fuel
desulphurisation would have a notable increasesfinery energy intensity, as there will be increbase
bottom of the barrel processing.

51.1.3 Demand for Light Products

With increasing sulphur regulations there are tseiotvards decreased demand for heavy fuels. There
is an expected development of increased demanligfarproducts, and within the light products a
shift toward ‘middle distillates’, particularly aamnotive diesel and jet fuel with erosion in petrol
demand (Dastillung and others, 2008). This is prilmdrom expected increases in demand for
transportation fuel driven by economic growth (fgi use). Figure 12 shows the increasing trend in
the diesel/petrol consumption ratio for South Adric

Milllion Bres

rrand betw

of o

Figure 12 Diesel/Petrol Consumption Ratio

Source: (SAPIA, 2010b)
These demand shifts will affect refinery produettslin future years, and according to Dastillund an
others (2008) this will also increase refinery gyemtensity. Refinery C®emissions will thus
increase due to an increase in diesel demand.ighiistrated in Figure 13 below, which shows
Europe’s increasing diesel demand and the effecefomery CQ emissions.
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Figure 13 Europe’s Increasing Demand for Diesel Conibutes to Increased Refining Industrial CO, Emissions.

Source: (Dastillung and others, 2008)
51.1.4 Effect of Heavier Crude

In the long term, the quality of the world’s oilsexves will inevitably trend towards heavier, more
sulphurous crudes due to greater worldwide comgetior premium crudes as existing reserves of
oil are depleted. This will also have an effectimfreasing energy intensity in refineries, as these
crudes require more energy-intensive processingptain the same level of output light ‘premium’
products (Dastillung and others, 2008; US EPA, 2007

With these future challenges, opportunities forinexies to become more energy efficient will
become increasingly more important. The followimgyater aims to explore opportunities to improve
refinery energy efficiency.
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6 REVIEW OF REFINERY ENERGY EFFICIENCY OPPORTUNITIES

This chapter initially gives a background to unthmding energy efficiency improvement in
refineries. Subsequently, section 6.2 exploresovarienergy efficiency opportunities that are
currently available for refiners, as a means taicedcarbon emissions and reduce operating expenses
in the face of high energy costs. Section 6.3 thioes long term opportunities for energy efficiency
improvement which require further research and lbgveent.

There is a large body of literature which discusggsortunities for energy efficiency improvement in
industry, and these give a more comprehensive wfespportunities. This chapter does not intend to
give a comprehensive view but rather focus on thmrelements.

6.1 Background to Refinery Energy Efficiency Improvemert

Energy is a significant cost factor in downstreansibess; typically, refineries spend 50% of cash
operating costs on energy. Energy use is also arnsajurce of emissions in the petrochemical
industry; it is the refineries’ high energy consuiop due to the combustion of fossil fuels that
contributes significantly to the GHG emissidnsAs a result, energy efficiency is an attractive
opportunity for cost and GH@missions reductions (Worrell & Galitsky, 2005).rdajor incentive
for refineries is thus to fully implement energyi@éncy opportunities to access the likely finaici
benefit that will accrue to the business.

A large variety of opportunities exist to lower egye consumption. In addition to the cost saving,
some projects may offer strategic advantages, wakewthers may offer quantifiable yield and
capacity benefits while maintaining product qualf@urthermore, with marginal fuel cost increases
and environmental constraints, some previouslyctefeenergy projects may become economically
viable. However, the feasibility of selected oppaities and the applicability of these opportusitie
would have to be individually assessed for a setkctfinery, as each refinery is unique in its
configuration and the most favourable energy edficy opportunities will be refinery specific.

The following table from Worrell & Galitsky (200%j)ives a brief summary of energy efficiency
opportunities and where they can be applied gdgerithin the refining process.

> Although process emissions such as methane ard GHHGs also contribute to a refinery’s GHG emissio

® Greenhouse gas emissions in this context will kertdao include C@emissions from the combustion of fossil

fuels and not process emissions of methane and GtHEs.
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Table 5 Matrix of Energy Efficiency Opportunities in Petroleum Refineries.
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To provide a perspective on South African refinenergy efficiency improvement, the next two
sections (6.1.1 and 6.1.2) look at the potentialifigoroving refinery energy efficiency and where

Source: (Worrell & Galitsky, 2005)

*'x’ denotes areas where opportunities can be @m@nted

these opportunities are generally found, and sdgprehsons for inefficiencies in existing refiresi

6.1.1 The Potential for Improving Refinery Energy Efficiecy

“Refiners must deal with the expansion of in-hou€® €missions and energy use, as the first is an

increasing issue for industrial activities, and thater represent an important share of refiners’

operational costs.(Szklo & Schaeffer, 2007)

The average potential for refinery energy efficiemmprovements, globally, has been found to be
about 30% (based on European refineries). Of té 8fQergy cost saving potential, it is estimated
that 17% is attributable to cogeneration and tieairing 13% to refinery fuel savings. Therefore on

average, refineries worldwide should be able tacnenucally justify projects that could save 13% of

their fuel usage. Regardless of environmental bertssues, these savings are justifiable from a

purely energy cost reduction point of view (Milose& Cowart, 2002). According to a report by

UNIDO (2010), petroleum refineries located in deyi#hg countries had an energy improvement

potential of 40-45% whereas industrialised cousthiad a potential of 10-25% (in 2007).
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Similarly, according to a report by McKinsey andn@many, the US refining industry could reduce its
energy use by 13 % in 2020 by utilising and invesin commercially available technologies. These
are investments that provide an estimated interatd of return of at least 10% (Mckinsey &
Company, 2009).

6.1.1.1 Target Areas for Refinery Energy Efficiency Improweent

Energy efficiency opportunities can be categorigedvarious ways, including investment cost,
expected time to achieve identified savings, precast, or crosscutting areas within the plant.sThi
section aims to highlight some of these crossayittireas which are integrated in refinery processes.
(Worrell & Galitsky, 2005) emphasises the majoraardor efficiency improvement (and the
percentage of total energy saving opportunitieé¢tude:

O Utilities (30%),

Fired heaters (20%),

Heat exchangers (15%),

Process optimisation (15%),

Motor and motor applications (10%), and
Other areas (10%).

O 0Oo0ooOoagd

Of these, the lowest investment opportunities rigprioving energy efficiency are often found in areas
of utilities’, heat exchangers and fired heaters (Worrell &t€lali 2005). Furthermore, of refineries
worldwide, approximately 90% of the ‘performancedaan be directly related to inefficiencies in
these areas:

1. Steam and power systems (in utilitieEhe largest gap in efficiency is typically fouimdthe
efficiency of the steam and power systems, with anitvan 50% of potential benefits in

European refineries arising from improvements i@ast and power systems. This high
contribution of savings is related to benefits ofyeneration, and those benefits may be
smaller if a refinery already has a cogeneraticstesy installed (KBC Process Technology
Limited, 2008).

2. Process configuration (fired heaters/furnaces aad imtegration) Retrofitting process units
within European refineries can achieve roughly 28%rocess improvements. These projects

include process modifications, furnace improvemdets addition of air pre-heater), and
improved heat integration (eg. revamping and adteat exchangers to feed preheat train in
crude distillation units).

3. Residual areas of improvemerithese areas make up roughly 20% of benefits acldde
projects such as the optimisation of fuel systerd #are systems, LPG recovery and
reduction of losses (eg improved insulation) (KB@dess Technology Limited, 2008).

’ Utilities include steam generation and distribnfipower generation, compressors and various smalle
applications.

8 This can mean the difference between desired etudlzperformance.
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This distribution of potential benefits is typigalis illustrated in

Figure 14 below; this is concluded by KBC from o280 energy studies at European refineries.

B Steam & power system
improvements

B Process units energy
improvement

= Other energy savings

Figure 14 The Distribution of Benefits from Energy Eficiency Improvements in Three Main Areas

Source: (KBC Process Technology Limited, 2008)

Certain areas have been highlighted above, wherenidjor energy savings can be achieved. The
methods to achieve energy savings are varied ahadie:

0 Behavioural change,

Housekeeping and maintenance,

Operational improvements for optimisation,

Recovering more heat by heat integration of pragsnd

Investments in new process technology that fundéatignmproves the efficiency of the
operation.

U
U
U
u

The last three of these methods have been emptiasskey to achieving the most improvement in
efficiency (Sheehan & Zhu, 2009). Although the mssbstantial efficiency increases come from

investment in plants and equipment, greater attentd housekeeping and maintenance can still
improve energy efficiency. Smaller efficiency gaitem be obtained by retrofitting and optimising

existing facilities (US OTA, 1993).

6.1.1.2 Refinery Energy Efficiency Opportunities for GHG Adtement

Energy efficiency measures contribute to cost &ffecGHG mitigation in refineries. This is shown in

Figure 15 by (Mckinsey & Company, 2009). The figgirees an overall indication of the global GHG

abatement potential for measures within upstreangstream and downstream operations for
Petroleum and Gas sectors. However, more spetjfithe downstream GHG mitigation measures
which refineries can utilise include:
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Energy efficiency from behavioural changes
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Figure 15 Global GHG Abatement Curve for Petroleumand Gas Sectors

Source: (Mckinsey & Company, 2009)

In Figure 15, the opportunities below the zero lvam be achieved using existing technologies at a
marginal cost of less than zero (which can alsshmvn as a cost saving). This figure shows that
within the downstream segment (refining), enerdicieincy opportunities have a negative abatement
cost for GHG mitigation. These opportunities are:

» Energy efficiency fronbehavioural changes

* Energy efficiency frommproved maintenancandprocess control

* Energy efficiency requiringapital expenditurat process unit level (Mckinsey & Company,
2009).
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Although energy efficiency opportunities exist wh@are cost effective, there are a number of reasons
for inefficiencies in existing refineries. These adiscussed in the following section.

6.1.2 Reasons for Inefficiencies in Existing Refineries

While optimal energy performance can be achievegtass-roots designs, it is very difficult to bring
an existing refinery to the same efficiency (KB@¢&ass Technology Limited, 2008). Even a refinery
in the top 25% of energy efficient refineries wavide (a first quartile pace-setter), consumes 50%
more energy than an optimised refinery designed lauwitt today (Milosevic & Cowart, 2002).
Therefore it is very important to get things rightthe design phase (KBC Process Technology
Limited, 2008).

Reasons for inefficiency within the refining indysare generally cited as:

O Units were designed when the cost of energy was low

Phased expansion- new units were built stand-alodenot heat —integrated with older units.
Utility systems were seldom optimised when onstjga@sions were made.

Capital savings- units were designed for minimuwestment cost.

OO o0oad

Refineries rely on power import and have low in$®upower generation efficiency
(Milosevic & Cowart, 2002).

From the operational side, a number of well-knoanget interventions for energy efficiency include
effectively managing initiatives such as:

1. Steam traps and steam leaks

2. Furnace flue gas excess oxygen levels
3. Burner maintenance

4. Steam header control

According to Shell Global Solutions, many refinbes/e not been able to fully sustain the focus and

commitment for campaigns in these areas in the ghastto various reasons. Frequently however,

deteriorating performance with time arises partidyl from competitive pressures on budgets and

staff responsibilities. This can go somewhat urmastiwhen plant performance management systems
do not include sufficient detail on relevant enemgta and management attention is occupied

elsewhere (Heyman & Accattatis).

Understanding the causes of inefficiencies in efas is central to improving energy efficiency, in
addition to identifying the best areas to targgirovements and ways to perform improvements.

The way in which the following sections (6.2 an8)@re structured has been derived from (Petrick &
Pellegrino, 1999). They are structured into shmdium term and long term opportunities for energy
efficiency improvements for existing refineries.a®h mediuni term opportunities are considered

° The medium term is typically associated with thedification, retrofitting, replacement of near erfduseful
life and periodical major revamp of equipment toemenarket or environmental dictates. The short term
improvements are generally relatively straight farsvequipment, maintenance and operational chasdest
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those that can be implemented with commerciallylabie technologies, and long term opportunities,
although having significant potential, are stilltive research and development stages.

The information outlined in the following sectio6.2) highlights energy efficiency opportunities
together with examples of improvements and saviroge existing refineries.

6.2 Short- Medium Term Opportunities for Energy Efficiency Improvement in

Refineries

This section reviews opportunities for energy écy improvement. Consideration is given to both
behaviour and best practices (housekeeping andtenaimce) and capital expenditure projects;
however the focus has been on the latter.

Capital projects can be differentiated into twoegaties, ‘standard’ projects and ‘restructuring
renovation’ projects. ‘Standard’ energy efficienpgojects may be defined to include renovation
projects whose main objective is to improve enaffigiency and thereby reduce energy costs. These
projects tend to focus on renovation of energyensive processes, specific equipment and energy
service systems (Taylor, la Grange & Gous, 2000thiw European refineries, roughly 25% of
process improvements can be achieved by a rangsrofits of process units. These include process
modifications, furnace improvement (eg additiorawfpre-heater), and improved heat integration (eg
revamping and adding heat exchangers to feed grala@ain crude distillation units) (KBC Process
Technology Limited, 2008) .

Substantial energy efficiency gains may also beeael through ‘restructuring renovation projects’
of existing processes. These ‘restructuring renomngtrojects’ often have broader goals fundamental
to the company’s core business. They may inclugem®sions to incorporate greater economies of
scale, major transformations in production processel/or major changes in product quality or type.
The benefits of these projects may include grefigsability, reduction in input costs and higher
quality products (Taylor and others, 2008).

Often, efficiency improvements can be incorporatiesing an expansion project. This allows a
portion of the energy penalty of the older assdidaecuperated (Davis & Patel, 2004). In addition,
executing a project in conjunction with an expansmoject will lower the incremental cost of
expansion of affected units. Simultaneous execulsa provides some engineering and construction
economies and makes an improvement on the ovetaliron investment (Marano, 2007). However,
in this case, energy efficiency gains are oftems&e co- benefits to broader improvements in the
firm’s financial performance, which are the focisroject’s appraisal (Taylor and others, 2008).

6.2.1 Energy Management

Performance management processes, such as thel camefitoring of key performance indicators
(KPI's), the application of energy management systeand good housekeeping practices, are no to
low cost opportunities for improvement in refinari®©ther energy management solutions can consist

term improvements typically have longer paybackqaks than industry standards, but could producstantial
savings with appropriate investment incentivesr{@e® Pellegrino, 1999).
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of operational changes such as process optimisastgam system optimisation, fuel system
optimisation, reflux rate reduction and furnace essscair control. On average, the benefits from
non/minor investments, such as energy managemeurtioss, may amount to about 25% of the total
benefits achievable, and these are typically cemsil short term interventions (KBC Process
Technology Limited, 2008).

Training programs, energy awareness programs aeduatability are additional methods of
increasing energy efficiency with no to low investmhin human capital through behavioural change.
Low risk, low- tech solutions such as training fmoper maintenance and operation is especially
effective in reducing energy waste and increasiagtpprofitability. Training is often seen as atcos
and not an investment, although significant saviogs arise. Training has a high return, a quick
payback time and additional benefits such as isem@aproductivity, lower maintenance costs,
improved reliability and most importantly, planfety (Madan, 2002).

Behavioural changes however are always gradual #ondlarge companies, building increased
awareness of the importance of energy conservatidnCQ emissions reductions will take time and

continued reinforcement. High level managemenmn&tie will be required for this focus to remain

effective (Mckinsey & Company, 2009). Leadershipmut for energy efficiency can promote

implementation of projects, thereby integrating rgge efficiency into business operations.

Furthermore, training must be treated as a fundtaheequirement of comprehensive energy
management. Without the support of management fvigeg an environment to support

implementation, including understanding the focumsl gurpose of training, expected results are
greatly reduced. Management must be committed,cpvea and supportive, both attitudinally and

financially, to implement a successful traininggmam (Madan, 2002).

6.2.1.1 House-keeping, Maintenance and Operational Best Eraes

Surprisingly large amounts of energy can often &eed through housekeeping, particularly so in
older plants (US OTA, 1993). Housekeeping, mainteraand operational best practices are often
regarded as ‘low hanging fruit. These non/minowestment measures can lead to substantial
accumulated savings. These measures include:

[0 Carrying out inspections to encourage conservation;

Instituting training programs on operating enengiensive equipment;
Installing and using energy monitoring equipment;

Wrapping tanks and pipes with insulation; and

O Ooo0oad

Repairing leaks.

(US OTA, 1993)

Handbooks and manuals for maintenance best pracice numerous. These span topics such as
motor and motor applications, fans, compressedyaitems, steam systems etc and give a thorough
account of opportunities for energy savings throogtintaining plant equipment.

Other short term opportunities for energy best gremnce or ‘operations excellence’ of plant
equipment consist of operational best practicesciwban reduce energy consumption. These include
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maintaining optimum reflux ratios, low pressure @pien, wherever possible and optimising pump
arounds (Kumar, 2008). An example of an operatiexakllence type improvement is in the area of
fractionation. This is one of the areas where opmities are frequently found, from stripping steam
optimisation to adjusted fractionation settingsneain columns in both primary distillation and major
conversion units (Heyman & Accattatis).

Due to the comprehensive information found in mémaad handbooks, only some of the foremost
maintenance and operational opportunities for gneayings will be highlighted and acknowledged
here, and they can be carried out in the short éerdnon-going.

6.2.1.2 Monitoring Overall Performance

Improving energy use measurement and enhancingntherstanding of a refinery’s energy use, as a
whole, is fundamentally important to initiate retlans in energy consumption. By promoting energy
efficiency stewardship in the form of energy mamaget programs, estimates of savings that can be
realised range from 1- 4%.

Metering and monitoring equipment, process and alveefinery energy performance would
effectively estimate and evaluate net savings @amefits from identified opportunities. Energy usage
for key equipment and systems must be measuredangared to efficient, established performance
criteria. This approach identifies opportunitiesrbyealing energy use that is not required, regasdl
of the processes or technologies involved, andic#iate corrective action. Furthermore, it also
provides useful data for quality and productivityprovement (Australian Government, 2010; Petrick
& Pellegrino, 1999).

Energy management systems are already widely usechrious industrial sectors although the
performance can be improved to reduce costs amdadse savings. Optimising process performance
can be very low cost, for example, reduction ohdby equipment, turning off redundant equipment,
better start-up and shut-down procedures, andverithg activity but this requires good data and
communication with operational managers to manageegived risk (Australian Government, 2010).
The specific savings for implementation of an egengonitoring system will vary greatly for
different plants (Hydrocarbon Processing, 2001)e Téllowing table gives an example of typical
achievable cost savings for a refinery energy aptition and management system.
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Table 6 Example of Identified Energy Efficiency Opportinity in Monitoring Overall Performance

Refinery and Location | Description of Opportunity Savings
Valero Houston During a plant-wide energy assessment, a | Typical cost savings are
refinery refinery Energy Optimisation and Managemepbetween 2-8% of energy

System (OEMS) by Aspen Technology Inc. wasxpenditures.
developed. The OEMS is based on AspenTech’s

Aspen Utilities™ software and will be used in
assessing, implementing, and tracking results of
identified opportunities using real-time data to
reflect current performance.

Source: (Valero Energy Corporation, 2003)

6.2.2 Utility System Improvements

Utility generation accounts for around 40% of amerfy’s total operating costs and is one of the
largest consumers of energy in the plant. Utilitgriagement techniques can be applied in a refinery
with varying benefits and investment requirememitgdfocarbon Publishing Company, 2011). The
principle utility systems consisting of steam, fgek, power, and cooling systems, generally
speaking, do not receive the same level of atterd® critical refining process sub-systems as they
support these systems. By improving their funciod operation these supporting utility systems can
have a significant impact on refinery energy sasirand CQ emission reductions (Petrick &
Pellegrino, 1999).

As one example, a potential energy improvement -0B% from the use of Honeywell utilities
optimisation solutions would save between $1.55- rillion per year. The table below gives an
example of savings achieved in a refinery utilisingtility model and optimisation system.

Table 7 Example of Implemented Energy Efficiency Oppdunity in Utility System

Refinery and Location Description of Opportunity Savings
Sunoco Philadelphia refinery A computer-based utility model andin the last six months of 2005
optimisation program, known as | nearly $200,000 worth of
Visual MESA, was implemented. | energy was conserved.

Source: (Sunoco, 2011)
6.2.2.1 Fuel-gas Systems

Typically a refinery’s fuel- gas system suppliepmaximately half to two-thirds of the energy uis

in the refining process (Petrick & Pellegrino, 1R9Refinery fuel gas is generally referred to ag an
gas that is generated by a petroleum refinery goait, and also includes any gaseous mixture of
natural gas and fuel gas (Zanganeh, Shafeen & Tinauntitu).

9 The refinery is mid-sized with a throughput capaof approximately 136 000 bbl/day.
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Under certain conditions, the refinery can haveesgoenergy -this occurs when the heat content of
the fuel gases’ combustion products exceed theggnexquirement of the refinery. In the past,
inefficient combustion has been tolerated and twess fuel- gas has traditionally been flared and
used for generating excess steam. Moreover, instilemer months, this excess gas problem is
worsened, giving additional losses, as the lightdseseparation systems are overtaxed (Petrick &
Pellegrino, 1999). This valuable flammable gas mmayecycled back for its material value or into the
process for fuel (depending on the recovered gagposition). The specific savings for recovering
fuel gas will vary from refinery to refinery.

Hydrocarbon loss in refinery flare is a direct @yeoss; therefore the recovery of flare gas igectl
fuel recovery. Typically the vent gas is recovelgdusing a flare/vent gas recovery system, and
reclaiming gases from vent header systems havesarsed due to economic and environmental
considerations. By improving flare-gas recoverytays, flaring can be reduced. Furthermore the
additional fuel gas which is then recovered cawtiissed in other refinery processes such as psoces
furnaces, gas turbines, HRSGs (Heat Recovery Stamarators) and auxiliary boilers.

Improvements in flare-gas recovery include ingtgllirecovery compressors and collection and
storage tanks, and this technology is commerciallgilable. Improving process control equipment
and installing new flaring technology are additionaans to further reduce emissions. With new
flaring technology, flared gas can be reduced withdevelopment of ignition systems with low pilot

gas consumption or ballistic gas consumption. Atemefits from flare gas recovery (or zero flaring)
include reduced air pollution, less negative ptyliaround flaring, and increased energy efficiency
from fuel savings (PCRA; Worrell & Galitsky, 200Zadakbar, Karimpour & Zadakbar, 2006).

Furthermore, John Zink Co. reports that the paylpeiod for the installation of a flare gas recgver

system can be in some cases as short as one yeae(M& Galitsky, 2005).

Uncontrolled emissions can also lead to huge losB¥©C's to the atmosphere and this is caused by
internal leaking equipment such as pressure refifes, ball- and gate valves, in the absence of a
through monitoring and maintenance program. Thesisstons are the most significant cause of
losses of raw materials resulting from plant atitgi Companies and organizations have more
awareness to work on their flare emission monitpprograms from reasons such as:

0 The visible flame at the flare stack

0 The losses of raw materials

0 Unreliable stream balances and

O The environmental aspect

(The Sniffers NV/SA, 2011)

The following table provides examples of opportesitimplemented in refineries to reduce flaring
and fuel gas leaks.
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Table 8 Examples of Identified Energy Efficiency Opportinities in Flare- Gas Systems

Refinery and Location

Description of Opportunity

Savings

Tabriz Petroleum
Refinery

A study identifies 630 kg/hr flare gas to be
used as fuel gas.

A capital investment of $ 0.7
million corresponds to a paybac
period of approximately 20
months. In addition,
approximately 85% of gas
emissions will be decreased.

Shell Martinez refinery

Reduced flaring is achig\y installing
dedicated back up compressors. Compressq
capture excess gases which build up during
refining process and these gases are then re
routed back into the fuel-gas system.

)

the

Reduction of flaring by 74%.
s

=

Caltex Lytton refinery

Installation of a new smaller control valve
which has better control of flow of fuel gas tqg
the flare.

Estimated savings of 0.897
tonnes/hr of fuel gas relating to

400 000 GJ/yr in energy savings.

Upgrade of seven identified leaking control
valves, which vented fuel gas during

emergencies of process upsets. Valves were

upgrade to class v valves which give tighter
seal.

n)

Estimated energy savings of 45
tonnes fuel gas/annum.

DO

Source: (Australian Government, 2009; KTVU from \Widir& Galitsky, 2005; Zadakbar, Karimpour &

Zadakbar, 2006)

Recovering fuel gas also brings potential oppotiesito use the excess energy elsewhere. These

opportunities include:

O

utility purchases; (see cogeneration section)

Selling the gas to a nearby utility;
Purchased gas, methane, can be somewhat repladgedldiyng and utilising high hydrogen

containing streams as feed to the hydrogen plant; a

from the fuel streams (Petrick & Pellegrino, 1999).

6.2.2.2

Steam Systems

Utilising an on-site cogeneration plant to generadelitional electrical energy and reduce

Utilising waste- heat driven absorption refrigevatsystems to recover heavier hydrocarbons

Steam accounts for approximately 20-30% of enelgy in a refinery and can be generated onsite
from boilers, waste heat recovery from unit proeesand cogeneration. It is used throughout the
refinery for a number of purposes most importaptigcess heating, drying or concentrating, steam
cracking and distillation (Petrick & Pellegrino, 949 Worrell & Galitsky, 2005). The US Department

of Energy estimates that an energy savings of ab2% can be realised at most refineries from
optimising steam systems (Hydrocarbon Publishinopp@any, 2011).
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There are a number of opportunities for energy @st savings within steam systems. In general
these can be described to inclusteam generation, steam utilisation and distribotiand heat
recovery

Oftensteam generationccurs at higher pressures than neaddd larger volumes than needed at the
required time, therefore steam systems should briaed on their production schedule and use of
appropriate pressure levels. Through:

[0 Improved process integratipand
0 Improved management of steam flpthgs excess steam generation can be reduced.

Inefficiencies in steam systems can lead to thedetn of higher grade steam to lower pressures or
even venting of excess steam to the atmospherié.idf not possible to reduce steam generation
pressure, it may still be possible to recover endlgough a steam expansion turbine or turbo
expander (Worrell & Galitsky, 2005). In addition,ieduce energy use, new generation more efficient
electrical motors can replace steam driven ejesy@mtems and condensing turbines (Petrick &
Pellegrino, 1999).

In large boilersheat recoveryirom flue gases is common practice by means ofcama@niser. To
achieve additional savings there is often potemtidlrther recover heat by preheating the feedmwat
close to the acid dew point, before it enters tbenemiser. Savings are limited to 1% across all
boilers, as exhaust temperatures are already fitewith a payback of 2 years (IAC 1999 from
Worrell & Galitsky (2005)). A rise in boiler feedater temperature o6 by waste heat would offer
about 1% fuel savings (Kumar, 2010).

In petroleum refining with direct steam contact qgasses, only about 60-65% of steam can be
returned back to the boilerhouse (US DOE, 2006bweéver, recovering and reusing hot condensate
in the boiler can have substantial energy savifigs. maximum energy savings are estimated at 10%
by installing a condensate return piping systenthvei payback of about 1.1 years. Additional
benefits include: 1) reducing the need for tredieder feed water and 2) reducing the blowdown
flowrate from increasing feedwater quality (OIT 89AC 1999 from Worrell & Galitsky (2005)). In
addition, opportunities to recover low grade stdeom blowdown, to preheat feed water or used in
space heating, can save about 1.3% of boiler fsel'WPayback periods may range from 1 to 2.7
years (IAC 1999 from Worrell & Galitsky (2005)).

Table 9 presents an example of savings from a cwade recovery opportunity at a refinery in North
America.

" This is for boilers below 105.5 GJ/hr (100 MMBi)/h
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Table 9 Example of Implemented Opportunity for Condersate Recovery

Refinery and Location Description of Opportunity Savings

Refinery in North America Changing the routingtloé¢ steam Value of the change was
condensate streams enabled an enhancedestimated at some
overall condensate recovery. $200 000/year.

Implementation required operating
instructions for some diverter valves within
a thermal conversion unit and training of
relevant operators.

Source: (Heyman & Accattatis)

Within the utilisation and distribution of steanoptimisation of steam distribution can also il
energy savings and some of the most intense steapuming processes include steam cracking,
distillation, and process heating (Hydrocarbon RBaioklg Company, 2011). Other opportunities such
as rigorous maintenance and improving of steanstraglves and insulation, as well as the rapid
repair of steam leaks, will add up to significanergy savings. The savings from steam distribution
opportunities are summarised by (Worrell & GalitsR@05) in Table 10.

Table 10 Summary of Steam Distribution Savings and &efits

Payback
Measure Fuel saved Period (years) | Other Benefits
Improved insulation in
heat distribution system 3-13% 1.1
Improved steam traps na na Greater reliability
Steam trap maintenance 10-15% 0.5
Automated steam trap
monitoring 5% 1
Leak repairs 3-5% 0.4 Reduced requirement foonrapairs

Source: (Worrell & Galitsky, 2005)

The table above illustrates that monitoring stempg and the following maintenance can be the most
cost-effective opportunity when carried out effeely. Reduction in steam usage can be best
accomplished in conjunction with the implementationd integration of state of the art cogeneration
plant into the refinery (Petrick & Pellegrino, 199%team generation, distribution, recovery and
cogeneration can offer the most cost-effective ojmities in the near term (Worrell & Galitsky,
2005). Examples of savings from maintenance, opétion and distribution opportunities within
steam systems are highlighted in Table 11 .
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Table 11 Examples of Implemented Energy Efficiency Opgrtunities for Steam Systems

Refinery and Location | Description of Opportunity Savings

Flying J refinery (Utah)| Repairing leaking steaaps Annual savings of $ 147,000 (in 2002)
Valero Refinery Optimisation of blowdown steam use  Annual savioig$213,500 (in 2003)
(Houston)

Sunoco Philadelphia | A program was initiated to monitor | During 2005 the program reduced fyel
refinery steam turbine surface condenser | consumption with a savings of
efficiency. The monitoring indicates| approximately $170,000 per month.
when condenser efficiency is
dropping and heat exchangers are
then scheduled to be cleaned.
Maintaining a high efficiency reduces
the amount of steam needed.

Sunoco Eagle Point A project connected the steam This saved an estimated 226 billion
Refinery systems of two adjacent process unitBTUs per year in fuel, which is a

This enabled the refinery to transfer savings of approximately $1.7 million
surplus steam from one process unijtper year (in 2005).
to another

Source: (Sunoco, 2011; Brueske et al from Worre@b&litsky, 2005)
6.2.2.3 Power Recovery

Many processes run at high pressures allowing oppidy for power recovery from the pressure of
flue gases, of which the fluid catalytic cracke€() holds the most opportunity for power recovery.
High volumes of high temperature gases define poeasvery applications for FCC units. Typically
modern designs use power recovery turbines orbm texpander to recover energy from the pressure
(Worrell & Galitsky, 2005).

In a study involving a 60 000 bbl/d FCC, a powerorery system was identified to realise significant
energy efficiency savings. The flue gas was beisgduor steam generation via a waste heat steam
generator. Compared to a base case, a power rgdovbine installed together with a steam turbine,
were identified opportunities which would save $hlion per annum. Electricity would be
generated from the regenerator flue gas and atsn fiP steam let down to LP and MP steam
required in the FCC unit (Sheehan & Zhu, 2009).g@tunities for energy savings for fluid catalytic
cracking are discussed further in section 6.2.6)

Power recovery can also be applied to other uhiésexated pressure such as the hydrocracker where
power can be recovered from the pressure differbeteeen the reactor and fractionation stages.
Table 12 presents three examples of energy safiogspower recovery opportunities implemented
in refineries.

12 Base case uses a condensing steam turbine totdeiveain air blower and does not include a poweovery

turbine.
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Table 12 Examples of Implemented Energy Efficiency Opgrtunities in Power Recovery

Refinery and Location

Description of Opportunity

Savings

Petro Canada Edmontor
refinery

n Replacement of old turbo expander by a mo
efficient unit.

reEnergy savings of approximately
1.9x10 GJlyear (18 TBTU/ year

Valero Houston refinery

Power recovery train wasigned and

constructed to recover energy from flue gasesnd sales of up to 4MW through

from the FCC. A regenerator air blower

(24,000 hp) is driven by this recovered energygeneration.
avoiding the need to install a separate electrjc

motor.

Energy savings of up to 22MW

occasional excess power

Total Vlissengen
refinery (Netherlands)

A 910kW power recovery turbine was installedenerated approximately

to replace a throttle at the hydrocracker,
operating at 160 bars.

7.3kWh/year, and resulted in a
payback period of 2.5 years with
an inital investment of $1.2

million (in 1993).

Source: (Valero Energy Corporation, 2003; WorrelGalitsky, 2005)
6.2.2.4 Cooling Water Systems

Cooling water and boiler feed water makeup accéoné0-45% of water usage in refineries. The
main purpose of water use on refineries is to feanseat, and cooling water systems play a very
important role in rejecting heat from process stredSeneviratne, 2007). Therefore opportunities for
saving energy also lie in generating improvementthée cooling water systems and providing low-
temperature cooling. By cooling water temperatthie, lights ends which originate from towers can
be substantially reduced. This, in turn, decre#tseseboiler duty for a constant separation. Al¢G A
compressor electricity consumption may increase2f¥% with a IC increase in cooling water
temperature. Conversely a°@ drop in cooling water temperature can give a hatt saving of
5kCal/kwh in a thermal power plant (UNEP, 2006) .

Similarly, the amount of light hydrocarbons lost fteel gas would be reduced by lowering the
operating temperature of absorbers. Other benefitsmproved cooling include knock out of
additional liquid product and reduced energy constion by cooling feed to the suction of the
compressor. However, even if no liquid is removéte lowering of suction and intercooler
temperatures will also improve efficiency.

Typically revamping cooling water towers with a read fill material was the traditional method of
lowering cooling water temperature. A new generatmf waste-heat-driven absorption chiller
systems can further enhance cooling capabilityusthér reducing the temperature of cooling water
streams or directly cooling process streams. Exossgrade heat from stack gases of process units
such as crude distillation, catalytic reforminguidl catalytic cracking and boilers provide
opportunities for use in absorption chiller systefbe benefits of applying chilling in refineries
include reducing energy requirements for distifiatiand improving product yield (Petrick &
Pellegrino, 1999).
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6.2.3 Heat Integration and Fouling Mitigation

One of the most effective means of reducing enesage in a refinery comes from heat integration
and process heat recovery. The potential for ensapngs from heat integration far exceeds
conventional techniques such as insulation, steapnmanagement and heat recovery from boiler flue
gas(Worrell & Galitsky, 2005).

Energy efficiency can typically be improved by 4-8ough projects to improve process unit heat
recovery. For a typical 100 000 bbl/day refinehg CQreduction that results from these projects is
between 48 to 96 MMtons/year (Honeywell Internagidnc., 2011).

The application of pinch technology facilitates ttentification of opportunities for heat integuati
Pinch analysis involves identifying targets anddiwing a systematic procedure for designing heat
exchanger networks. In order to achieve these targwestment and energy are optimised to
determine the optimum approach temperature. Thitoige by linking hot and cold streams but not
crossing the ‘pinch’ (Worrell & Galitsky, 2005). fReeries have reported major fuel savings from
heat integration derived from pinch analysis. ONesavings in energy consumption from 20 to 40%
have been reported together with additional benediich as reductions in waste products and
pollutant emissions (Petrick & Pellegrino, 1999).

Separation systems, namely distillation columngragent primary opportunities for heat integration
(Petrick & Pellegrino, 1999). Older studies by Semd1996), Clayton (1994) and Lee 1989 (from
Worrell & Galitsky (2005)) have indicated reductsoim fuel savings from process integration for the
CDU range between 10 and 19%. By integrating heawden the crude and vacuum distillation
columns fuel savings from 10-20% can be achievedipared to non-integrated units. This is at
relatively short payback periods; however this wél highly dependent on changes in heat exchanger
networks, fuel prices, and refinery layout (Petd@ckellegrino, 1999; Worrell & Galitsky, 2005).

Heat exchangers, taking into account furnaceswar&horses within a refinery. There are hundreds
of heat exchangers found within a typical moderfimeey and the overall energy efficiency relies
heavily on heat integration achieved in feed/efitugeat exchangers that recover thermal energy from
high temperature process. Due to heat exchangéndoenergy savings achieved by heat integration
can be readily lost unless aggressive fouling mitan practices/programs are implemented. Fouling
significantly reduces energy-use efficiency aeduces thermal efficiency and heat transfer (Retric
& Pellegrino, 1999; Szklo & Schaeffer, 2007). Adalital gas must be burnt to compensate for the
lost energy, as well as increased capital and odiperating costs. About 6.5% of total energy
consumed within US refineries is lost due to fogland is expected to become more problematic as
heavier crude and residuum is processed in theefuigetrick & Pellegrino, 1999). A study by
(Panchal, 2000) analysed the effects of foulingaaf00 000 bbl/day crude distillation unit. The
analysis found an additional heating load of 13.@\dJdue to fouling, amounting to a significant
savings potential. The following table highlightssggs from identified opportunities in refinerites
mitigate fouling and to recover heat.
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Table 13 Examples of Identified Energy Efficiency Oppdunities for Heat Integration and Fouling Mitigati on

Refinery and Location

Description of Opportunity

Savings

Petro Canada refinery

A heat recovery system n&talled on a
crude unit to recover waste energy and re-us
fuel in feed furnaces.

The $750,000 project saved
s@pproximately $250,000 in fuel
costs (in 2001).

Shell Martinez refinery

Regular cleaning of heatteangers and
maintenance of insulation (short term).

Estimated annual cost savings @
over $14 million/year with an
investment of $9.85 million (in
2002).

=

BP Bulwer refinery

Upgrade of crude furnace sdower with
new design for regular removal of tube foulin

Estimated energy saving of 79
400 GJ/yr with reduction of CO
emissions by 4450 tonnes/yr an
increased process throughput.

Refinery in North
America (110 000
bbl/day)

An opportunity was found to add four heat
exchangers to a vintage 1970s diesel
hydrotreating unit to recover more heat from
the process and also generate steam. This
scheme reduced the product rundown
temperature by 10T and the temperature to
the products condenser by 2680which
reduced the amount of heat lost in the fin fan

Capital cost for this project was
$3 million but resulted in energy|
savings of $4.5 million /yr. Othe
benefits included impact on
operating flexibility, especially
with respect to start-up,
shutdown, maintenance and
gontrol.

Sources: (Australian Government, 2008; CIPEC, 208heehan & Zhu, 2009b; US DOE- OIT, 2002b)

6.2.4 Combustion Efficiency in Process Heaters/Boilers

Most of refinery fuel is used in process heaterd famnaces. These units account for over 60% of
energy used in refineries. Therefore a major tdigyednergy savings is improvement in the efficignc
of combustion systems of heaters and boilers. BEv&r? fuel savings in a 10.55x*G)/day heater
saves approximately 200 000 US $/year in fuel @ddstso, 2010).

Most furnaces in industry have a thermal efficiehejween 75% and 90%. The maximum achievable
improvement in thermal efficiency of most furnaces be approximately 10%. However, in this
area, even a 5% improvement is a very large paieioti energy and C{Oemissions savings. Furnace
thermal efficiency is restricted to a maximum obab92% and this is attributable to unavoidable
heat losses, economics and dewpoint considergfretack & Pellegrino, 1999).

For maximum energy efficiency, fuel use must be imised and heat recovery maximised.
Complicating the problem of increasing efficienoywever, combustion systems need to be fuel-
flexible and meet stringent environmental emissi@ugilations. There are a broad range of efficiency
opportunities from plausible to proven and varyimgconomic viability.

Air preheating offers an efficient way of improvirgdficiency of a process heater, especially for
higher temperature processes. Flue gases areaupeehieat air required for combustion with the use
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of recouperators. Typical fuel savings from airh@mating range between 8 -18% and the typical
payback period is estimated at 2.5 years. Theafgsteheating may vary strongly depending on the
layout of the refinery and furnace construction.abidition to this, an increase in NOx emissions
constrains the use of this approach (Petrick &dgeitho, 1999; Seebold, Waibel & Webster, 2001).

The table below (Worrell & Galitsky, 2005) summassfuel savings and benefits from energy
efficiency measures in boilers.

Table 14 Summary of Savings and Benefits from Energgfficiency Measures in Boilers

Payback
period
Measure Fuel Saved (years) Other Benefits
Improve Process Control 3% 0.6 Reduced emissions
Reduced Flue Gas 2-5% - Cheaper emission controls
Reduced Excess Air 1% improvement | -
for each 15% less
excess air
Improved Insulation 6-26% na Faster warm-up
Boiler Maintenance 10% 0 Reduced emissions
Alternative Fuels Variable - Reduces solid wagteasn at the cost
of increased air emissions

* Reducing excess flue gas can be achieved thraugigfleaks in the boiler and the flue. This candome by performing
periodic repair based on visual inspection. Theénggvfrom this measure are from the same lossdis@gas monitoring
(process control) and should not be double counted.

Source: (Worrell & Galitsky, 2005)

Table 14 indicates that boiler maintenance anddwgxt insulation can have the greatest potential for
energy savings for boiler operation.

Another opportunity to reduce fuel consumption boirners is to improve the heat-release profile.
Heat- release profiling seeks to match heat rele@bdoad and the flame shape with the process tub
configuration. It can be achieved with radiant lusnwhich concentrate heat where it is needed upon
design to match the shape of the load (Petrick &&eno, 1999). New burner technology also
reduces emissions dramatically and can be usedamhsdf installing expensive selective catalytic
reduction (SCR) flue gas treatment plants (Seetlaipel & Webster, 2001). Another opportunity
includes enhancing flame luminosity with a variefytechniques, which has had varying success on
improved heat-transfer characteristics. Potenftfaiency gains of 5-10% can be achieved in process
heater applications with the use of pulsed combng®etrick & Pellegrino, 1999).

The Table 15 following highlights two examples gfportunities for combustion efficiency within
burners, and the achieved savings.
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Table 15 Examples of Opportunities for Combustion Eftiency in Process Heaters/Boilers

Refinery and Location

Description of Opportunity

Savings

Paramount Petroleum
Corporation Asphalt
refinery (California)

Reduced excess draft air of burners by regu
maintenance.

aCost savings of $290, 000 per
year with payback period of
about 2 months (in 2003).

Chevron Texaco refinery

New low NOx burners were developed
achieving a reduction in emissions from 180

ppm to 20 ppm. The installation of the burne

in a reforming furnace reduced emissions by 2001).

over 90% and eliminated the need for a SCR.

The refinery saved $10 million ir
capital costs of the SCR and $1
rsnillion/year in operating costs (i

Il

=)

Source: (Seebold, Waibel & Webster, 2001; US DAB32

6.2.5 Distillation

Distillation is the largest energy consumer amorag@ss units in a refinery. Overall savings ofap t
55% ($5.9MM/yedr in a 100 000 bbl/day refinery) can be achievedntgyroving energy use in this
unit through fouling mitigation, heat integratiomdanovel technologies (Hydrocarbon Publishing
Company, 2011). Detailed energy analyses can fgesubstantive opportunities for energy savings
in distillation. The main developments in the mediterm are improved integration using heat
recovery technology and the integration of différdrstillation units (CDU and VDU) (Szklo &

Schaeffer, 2007).

The greatest potential areas for improvement haea dentified in an energy analysis as:

O The fired heater,

Condensate reflux system,

O
[0 Crude preheating train and
O Effluent cooling train (Rivero et al (1989) fromtRek & Pellegrino (1999).

A 10% reduction in energy use in the distillatiorogess would reduce overall refinery energy
consumption by approximately 4- 7%. This highlighitee importance of improving waste heat
recovery and enhancing combustion efficiency. Modtfons in distillation for energy efficiency

improvement units have been summarised in Tabl@&8ick & Pellegrino, 1999).

13 $5.9 Million
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Table 16 Energy Efficiency Measures for Distillation

Improving fired heater combustion efficiency thrbugodification of the burners, applying advancedticn
technology and using a recuperative air preheater.

Incorporating a staged crude preheat.

Replacing steam ejector vacuum pumps with efficieletctrically driven mechanical vacuum pumps.
Selectively introducing vapour recompression itiie overhead reflux condenser subsystem (eg depsapan
column).
Improving heat recovery and integration betweerderand vacuum distillation units with 10 -20% eyerg

savings.
Substituting reboilers heated by the main colunritie stripping steam in stripping columns.

Optimising number of trays or using more efficipatkings.
Major revamping of towers to increase number otf@agrated condensing steps, thereby reducingpts
on fired heater and main condenser.

Source: (Petrick & Pellegrino, 1999)

The following table gives examples of savings aahikthrough energy efficiency opportunities in the
distillation unit.

Table 17 Example of Identified Energy Efficiency Oppotunities in Distillation

Refinery and Location | Description of Opportunity Savings

BP Kwinana refinery Improved heat integration asrthe No.1 Estimated energy savings of
crude unit and replacement of the furnace. | 303,000 GJ/yr although paybach
would exceed 4 years.

Sunoco Tulsa Refinery Upgrading of insulationhia trude distillation Resulted in a reduction of 9.6
unit. million BTUs per hour of heater
fuel which was equivalent to a
savings of $550,000 for the year.

Source: (Australian Government, 2009b; Sunoco, 011

6.2.6 Fluid Catalytic Cracker

Typically within a refinery, the FCC flue gas stamcounts for 15 to 25% of overall g@missions
(Sheehan & Zhu, 2009b). The FCC produces the ntyjofithe gasoline pool and therefore, with an
increasing trend towards “white products”, is likéb be an attractive target of opportunity for rggye
savings. The increase in use of heavier crudesimgieases coke (carbon) laydown on the FCC
catalyst and thereby increase opportunities fort lgemeration from FCC (Petrick & Pellegrino,
1999). In the FCCU energy use can be reduced by [28%inimising heat loss, and implementing
power recovery operations and various other impr@rds (Hydrocarbon Publishing Company,
2011). Heat recovery from hot flue gas represetmésge source of energy savings and the high level
heat is recovered by flue gas coolers which geaexgperheated steam (Lucas, 2001).

Studies have shown that optimisation of the FCQ ceni increase the yield of gasoline and alkylate
from 3% to 7% by appropriate modification of equgmh and operating conditions. Increasing
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product yields per barrel of crude processed caa gi substantive reduction in energy usage per
barrel by increasing process efficiency (PetrickP&llegrino, 1999). The following table gives an

example of savings from an energy efficiency imgraent in the FCC unit at a refinery in Texas.
Table 18 Examples of an Implemented Energy EfficieycOpportunity for the FCC Unit

Refinery and Location | Description of Opportunity Savings
CITGO Corpus Christi | Combined an online optimiser with existing | Cost savings of $0.05/bbl was
refinery (Texas) control systems to improve operations of thel achieved (in 2000).

FCC unit.

Source: (Timmons, 2000)

6.2.7 Cogeneration

Combined heat and power generation (CHP) (otherkis®wvn as cogeneration) is a suite of
technologies that can use a portfolio of flfelin generating electricity and useful thermal eger
(Shipley and others, 2008). It is one of the mast-effective methods of reducing génissions as
it reduces the carbon footprint of separately gateelrheat and power (IEA, 2008).

CHP has a long history with the petrochemical amenucal industry. This is due to the numerous
processes that require a large amount of heat awerp(Saygin and others, 2009). Heat that would
normally be lost in the power generation processhmrecovered to provide needed heating and/or
cooling. This allows for much greater improvemanbverall fuel efficiency, resulting in lower costs
and CQ emissions (Shipley and others, 2008).

In general, the average efficiency for power geti@mnas in the range of 35-40% whereas combined
heat and power efficiency can approach 80%. Foraegrage furnace installed in a refinery,
efficiencies are estimated at 70-82%; where thabsut 80% for state-of-the-art steam boilers. €hes
efficiencies for utilities may be lower due to aldmits that were designed below current statethaf-
-art efficiency ratings and/or these units haveresed in efficiency over time due to natural
occurrences in service (ie fouling). When compacedenerating utilities separately, combined heat
and power generation can result in an overall iefficy improvement of 27% (Hydrocarbon
Publishing Company, 2011).

When compared against current generation of gngepocogeneration offers primary energy savings
of 209%°. The primary energy savings of cogeneration, wbempared to power generation from

natural gas, are 4- 10% (Saygin and others, 200®en comparing cogeneration to the separate
production of electricity and heat, total energwisgs of between 15- 40% of energy can be
achieved. However, cost savings for a cogenergtioject are dependent on the price of electricity
and the cost of primary energy fuel. Generallytatile heat requirement is a prime criterion for a

% These include fossil and renewable based — nagaslcoal, oil, biomass, wood, waste fuels (laaffid
digester gas) (Shipley and others, 2008).

15 Cogeneration compared to state-of-the-art poweeiggion by coal fuel type leads to primary enesayings
of 12%.
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cogeneration project, as its success depends ng tesiovered heat productivElyUNEP). However

if a refinery traditionally imports electricity thethe attractiveness of cogeneration technology may
not be as great. Thus, the sourcing of utilitiey im@ a limiting factor for a refiner compared taeon
who generates all utilities onsite. The value afateration technologies may also be limited by the
ability of refiners to polygenerate additional mils (eg hydrogen) and the ability to export esces
electricity, heat, hydrogen, and chemical feedstok other consumers (Hydrocarbon Publishing
Company, 2011; Sheehan & Zhu, 2009b).

Cogeneration plants operating life can span 20syead under favourable conditions a payback
period of 3 to 5 years can be achieved, althoughtdtal investment is dependent on the design and
scale of the plant (UNEP). The systems comprise wdriety of configurations including topping and
bottoming cycles or single-turbine systems (PetgidRellegrino, 1999).

Table 19 below gives examples of savings achieyedHbP plants in three US refineries.

Table 19 Examples of Identified Energy Efficiency Oppdunities for Cogeneration

Refinery and Location | Description of Opportunity Savings

Paramount Petroleum | A CHP plant would generate 6.5MW of Cost savings of an estimated
Corporation refinery electricity and 31.7GJ/hr steam in addition tq $3.79 million annually. The
(California) reliability of electricity supply. project was estimated to cost

$9.48 million with a payback of
2.5 years (in 2003)

Tesoro Petroleum A 22MW CHP plant was installed for The project cost $25 million
Corporation refinery reliability of electricity supply and uses naturalvhich paid for itself in 4 years. It
(Salt Lake) gas and refinery gas as sources of fuel. The| saves $6 million annually (in

plant provides 15MW peak load (14MW 2006). In addition, it has reduced
average load) and exports 7-10MW to the | GHG emissions by more than 500
utility grid. tons/yr.

Valero Houston refinery| A 34MW cogeneration plant was constructed Cost savings of approximately
in 1990 which supplied all electricity for the | $55, 000 per day.

refinery and electricity could be exported to the

grid.

Source: (US DOE- OIT, 2003; US DOE, 2006b; Valerneigy Corporation, 2003)

Other opportunities to provide power and heat idelexpansion turbines, natural gas fired turbines,
coke fired fluidised bed steam generators and gaed boilers. Developments such as advanced
turbine systems and fuel cells have the futuremiatieto increase overall efficiency in stand-alone
simple cogeneration plants by up to 13 percentamptg and 24 percentage points, respectively
(Petrick & Pellegrino, 1999). In the table belovificgencies of natural gas fired CHP systems are
shown together with their nominal capacities argidgl CQ emissions per MWh. These systems

16 A fairly constant demand of at least 4500 houri/yr general guide.
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have efficiencies which are greater than for curgameration for grid power, however with lower

capacities.
Table 20 Efficiencies of Natural Gas Fired CHP System
Effective Steam/Heat
Nominal Electrical Output, CHP CO,
Prime Mover Capacity, | Efficiency, | MM Btu/hr Power-to- | Efficiency, | Emissions
(fuel) MW % (MW) Heat Ratio | % kg/MWh
Gas Turbine 1-40 49-66 8.31 (2.4)- | 0.47-1.06 66.3-72.1| 2379-4138
W/HRSG (NG) 129.27
(37.8)
Microturbine 0.035- 46.7-58.9 0.17 (0.051)t 0.53-0.69 63.8-71.2 | 3036-3927
0.250 1.20 (0.351)
Reciprocating | 0.1-5 67-78 0.61 (0.179)r 0.56-0.79 73-79 2258-3094
Engine (NG)* 15.23
(4.500)
Steam Turbine | 0.5-15 75.1-77.8 19.6 (5.7)- | 0.09-0.13 79.5-79.7| NA
(chemical plant) 386.6
(113.2)
Fuel Cell 0.2 81.9 0.850 0.8 81 0.077
(PAFC) (0.249)
Fuel Cell 0.01-0.20 | 53.58-65.01 0.04 (0.012)0.85-0.95 65-72 0.13
(PEM) 0.72 (0.211)
Fuel cell 0.3-1.2 56.48-56.67 0.48 (0.141)-2.13-2.16 62 0.044
(MCFC) 1.90 (0.557)
Fuel cell 0.125 74.02 0.34 (0.1) 1.25 77 0.11
(SOFC)
Source: (Hydrocarbon Publishing Company, 2011)
6.2.7.1 Gasification

The increasing demand for lighter products and gssing of heavier crudes is giving rise to a
growing stream of refinery residues and heavy IbattoTo deal with these by-products refiners can
use gasification to process these heavy fractiand,coke, to synthesis gas. This synthesis gas can
then be used as a feedstock for chemical procesgengen production and generation of power in
an Integrated Gasification Combined Cycle (IGCQil@y & Worrell, 2005).

The IGCC is one cogeneration option, which can tallgantage of a wide range of available
feedstocks for the utility requirements of a refineEntrained bed IGCC technology was originally
developed for refinery applications, but is alsedu$or the gasification of coal. Low value residues
and petcoke can be processed for the generatipowér, steam and HThis will have an added
significance in a GHG-constrained world.

IGCC is considered the most efficient conversiorthoé to process solid feeds to yield electricity
and offers a more cost-effective approach to redpeimissions than other abatement technologies.
Reductions of up to 40% of G@®missions and 80% of SOx, NOx, CO and particulatesgons can

be achieved (Bailey & Worrell, 2005; Hydrocarbambkshing Company, 2011). The efficiency of
an IGCC using heavy fuel oil is estimated to beunth40%, whereas the efficiency for net power
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production from 3,664 kWh/t petroleum coke is ested at approximately 38.2% ((Marano, 2003)
from (Bailey & Worrell, 2005))

In addition, a significant supply of hydrogen gas de generated together with power and steam, by
integrating large efficient IGCC plants into refipefacilities. Within a typical refinery, many
processing units use large volumes gfwith hydrogen supply is becoming an increasingipaortant
issue in hydrocarbon processing (Hydrocarbon PuiblisCompany, 2011).

6.2.8 Hydrogen Management

Hydrogen management is becoming more of a priontyefineries with increasing demands for
hydrogen. These demands stem from reasons such as:

* Additional hydrotreating capacityequired for processing heavier and higher sulgiude
slates,

« Producing lower sulphur fuelgasoline and diesel) in the clean fuels enviramime

* Processing lighter fuel productsom cracking processes.

Hydrogen management implies being aware and irraloot all issues and opportunities relating to
the demand and supply of hydrogen (Phillips, 1989)s becoming more of a priority to achieve
higher hydrogen purities to boost hydrotreater cepaachieve product value improvements, and to
lengthen catalyst life cycles. Furthermore, in sonsances less hydrogen is generated, as refinerie
may reduce naphtha reforming to meet aromaticsdi(Biealing and others; Davis & Patel, 2004).

Typically a hydrogen management programme fits @itioer a catalytic reformer supplied network or
an on purpose hydrogen supply. More complex reaégerespecially those refineries with
hydrocracking units, may have on-purposgprbduction and a catalytic reformer supplying gdfs
H,. Typically this would be combined with the use afsteam methane reformer (SMR) which
utilises, as a feedstock, refinery offgas and spphtal natural gas (Davis & Patel, 2004).

Hydrogen production and distribution networks &teroseen by refiners as similar to a utility syste
and hydrogen ‘pinch’ analysis can be employed fiedration. Energy efficiency improvements
during hydrogen production in steam methane refsn(®MR) can increase overall energy savings
(Hydrocarbon Publishing Company, 2011). Opportasitior energy efficiency in large SMR based
H, plants can be identified througlydrogen managemerithese opportunities may include:

» Reforming process optimisation (eg reduced steaiydoa ratio and new inlet/outlet
temperature setpoints)

» Furnace optimisation (eg excess air control, highéiant efficiency, and improved waste
heat recovery)

* CO, removal system energy reduction

* H, PSA recovery enhancements

The benefit of a hydrogen management programmaéais it quantifies the economic benefits for
improvement options in recovery, purification, aptbduction of H. And this can be done in
categories of no, low and higher capital execuptans. The production and uses of hydrogen can
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also be made visible using the approach of compasiturves used in hydrogen pinch analysis
(Davis & Patel, 2004). The hydrogen pinch analysgiproach identifies the optimum hydrogen

network. The processing revenue in terms of hydiaystem operating costs and production benefits
is maximised, while minimising capital investmeAt a further benefit, minimising operating costs

also reduces C{emissions. Typical savings from hydrogen pinchyaisinclude:

* Hydrogen demand: up to 20%

* Hydrogen system operating costs: up to 15%

» Capital avoidance: up to 15%

* CO, emissions: up to 160 kg per 1000 barrels of c{@ametENERGY, 2003).

Hydrogen management has been proved to discoveahlal benefits for refinery operations. Process
optimisation improvements with minimum investmeiincreduce energy consumption by 0.373-
0.745 MJ/M Y. This reduction results in savings of $0.7 to $ fillion in energy bills a year.
Furthermore, nominal capital investment could resul$2.1 - $2.6 million a year in savings from
energy efficiency improvements of up to 1.12 MJHa

Another opportunity is the replacement of an agdigplant because of poor efficiency and high
maintenance costs. Up to 20% lower energy consomgtin be used in a new high efficiency SMR
plant at 1.4 million Nrifday as opposed to a conventional plant design.afmeial savings for the
new efficient plant can be between $4.5 to $5.5anilyear® (Davis & Patel, 2004).

6.2.9 Advanced Process Control

Multivariable predictive control and optimisatiorpmications have been commonly applied to
refinery and petrochemical processes. In mostegés, opportunities exist to operate unit processe
more efficiently. With little or no capital invesant, operational solutions can improve energy
efficiency by 2- 4%. The achievable reduction in,&@issions can range between 24000 - 48000 ton
per year for a typical 100 000 bbl/day refinery €8han & Zhu, 2009). Plants which do not have
updated process control systems typically may aehémergy savings of approximately 5% or more.
Many refineries may already have modern procestr@osystems but are often not solely designed
for energy efficiency, but rather for improved pueotlvity, product quality and efficiency of a
production line. By incorporating energy efficienalyjectives into existing strategies, controlless c
be used to minimise energy use and also to maxithiseighput and yield (Sheehan & Zhu, 2009b;
Worrell & Galitsky, 2005).

The benefits of modern control systems include:
« Reduced downtime,
¢« Reduced maintenance costs,

" For a conventional 1.4 million Niday plant with a current net efficiency of 18M3/Hy.
18 Using savings of 2.6 MJ/hand typical energy costs a $4.2 to $5.3/GJ (®5ttMMBTU).
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* Reduced processing time,
* Increased resource and energy efficiency, as well a

* Improved emissions control (Worrell & Galitsky, Z)0

Table 21 gives two examples of opportunities foraamted process control and achieved savings.
Table 21 Examples of Identified Opportunities for Ad/anced Process Control

Refinery and Location

Description of Opportunity

Savings

Refinery in North
America

An opportunity was identified for improving
steam usage of a naphtha feed fractionation
column reboiler, and optimising its steam
consumption. The reboiler steam rate was
controlled by an APC system, and was targe
at 30% reduction for the prevailing column
charge rate.

Total realised savings were
approximated at $4 million/yr.
This was due to processing
credits for downstream units
techich included lower fuel use
and a consequent reduction in
steam production, as well as
reduced steam usage.

BP Kwinana refinery

The catalytic reformer uniRQ) operates at
high severity to make motor spirit blending
component. An opportunity was identified to

reduce energy usage severity by improving the

control system software used to blend and
revamping of the model used to formulate th
blends.

Energy savings of 47 000 GJ/yr
with an expected payback of les
than 2 years.

n

Source: (Australian Government, 2009b; Heyman &a&iztis, 2006)

6.2.10Electric Motor Systems

Motor systems in a refinery include conventionalton® and motor use in pumps, fans and
compressors. They account for about 80% of elégtrised in a refinery. Therefore the optimisation
of the motor is a primary focus when optimisingcéiieal consumption on the plant. Conversion
inefficiencies and distribution problems cause at&&% of electricity used in motors to be lost. On
average, motor efficiency can be improved by 12-18%ough various improvements. Novel vacuum
generating technologies such as ejectors can &0 gfficiency improvements as the process of
creating a vacuum is often very energy-intensivgdfidcarbon Publishing Company, 2011).

When considering an upgrade at the end of equiphfienthere is opportunity for replacing it witima

energy saving option as opposed to replacemerihth Rreas for potential improvement, with regard
to the selection and operation of electric motorshe medium term include: energy efficient motors
variable speed drives and correctly sized moto& QT A, 1993).

6.2.10.1

Motor Systems

Motors are used in pumps (60%), air compressor%o],Lfans (9%) and other applications (16%)
(Worrell & Galitsky, 2005). A systematic approachanalysing a motor system on a plant is optimal
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to matching supply and demand of energy servickis dpproach yields savings of 20 to 50% when
compared to 3% to 15% with individual componeniceghcy improvement (CIPEC, 2001b). The
best way to improve efficiency within this areatlsis to use both a systems approach while also
looking to improve individual components.

Areas of motor systems that can lead to energyiamicies include:

— Incorrect sizing of the pump

— Unnecessary operation of backup pumps

— Varying flow rate requirements

— Excessive noise, heat or vibration

— Inadequate piping systems (Hydrocarbon Publishiogn@any, 2011).

Dealing with these inefficiencies can lead to natdtw accumulated savings. For example,
correcting for motor oversizing saves 1.2% of tregctricity consumption (on average for the U.S.
industry), and this can be an even larger percentagsmaller motors (Xenergy Inc, 1998). The
following table gives an example of correcting fiootor oversizing, with savings of $22 106/year.

Table 22 Cost Comparison for Oversized Motor

110 kw 75kW
Motor Size (68% loaded ie 75kW) (sized to match needs)
Annual Energy Use (kWh) 694 737 473 694
Annual Energy Cost ($) 69 474 47368
Annual Energy Savings ($ 22 106

Assumptions: Operating 2000hrs/year, electricityted 0 cents/kWh, 95% efficiency, power factor not
considered.

Source: (Queensland Government)

High efficiency motordHEM) are also a noteworthy energy saving oppdatyusnd use 1% to 4%
less energy than standard motors depending ongizeir They are generally more reliable, last longe
and result in lower transformer loading. A standawator costing $2400 may consume over $144000
in electricity costs over a 10 year period. An eglént HEM may save over 600% of its initial
incremental co$t over the same period, although it may cost 159%2G% more than a standard
motor. This relates to a payback of approximatebyykars or less (CIPEC, 2001). Although typically
high efficiency motors are not economically feasilthen replacing a motor that is still working
(CADDET, 1994).

Variable speed driveddany refineries use constant speed motors and anedily regulate process
flow through throttling valves, dampers, fluid cdings or variable inlet vanes. These devices
generally do not control flow efficiently as eneiigydissipated across the throttling device.

The installation of adjustable speed drives reduce®r energy consumption by adjusting the motor
speed continually to match the load of equipmenhss pumps, fans and compressors (Queensland
Government). Effective speed ranges are from 50%0@% of maximum speed which can give

¥ The incremental cost is the premium paid over dfiat lower efficiency component.
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substantial energy savings (CIPEC, 2001b). Thellason of adjustable speed drives also improves
overall productivity, control and product qualit)/érrell & Galitsky, 2005).

Variable speed drives have reduced maintenancernparison to DC systems and reduced noise
levels, however they have increased cost and coityleln addition, they tend to be more
economically viable on large motors (CIPEC, 200Qbieensland Government). However in cases
where a VSD is too expensive or when a motor igsized (so much so that the variable speed
controller would operate at very low speeds) tla@eetwo options which can be considered:

O Use of a multi- speed motor (which operates onraber of different speeds), or

O Installation of several smaller motors with condrab switch on the required number of

motors to meet the demand.

Enerqy efficient beltgan be installed such as cogged belts. They candoe efficient than smooth
belts due to less slippage. The energy consumptarbe reduced by 3-5% with an added benefit of a
longer service life (Queensland Government).

Power factor correctiorcan decrease power consumption and hence decededsgicity costs.

Improved power factors through correction can pngvextra current flows, decrease the chance of
cables overheating, increase equipment reliabifiéguce supply costs and reduce greenhouse gas
emissions (Queensland Government).

The power factor can be corrected by minimising:
[0 idling of electric motors,
0 avoiding operation of equipment over its rated agd,
O replacing motors by energy efficient motors (seavalp and
[0 installing capacitors in the AC circuit to redube tmagnitude of reactive power in the system
(Worrell & Galitsky, 2005).

With better motor management practices and impreatection of motors, 10-25% of motor energy
costs can be saved (Queensland Government). Tiheviioy table below describes an opportunity for
electricity savings within a US refinery’s motorssgm.

Table 23 Example of Identified Opportunity for Motor Systems

Refinery and Location | Description of Opportunity Savings

A West Coast refiner An industry-government partnership identifiedAnnual electricity savings of ove
(Us) near-term gains by adopting existing $700 000 and 12 million kWh.
technologies with the OIT's Motor Challenge|
The program used a 'systems approach’ for
motors, drives and motor-driven equipment.

Source: (US DOE- OIT, 2001)
6.2.10.2 Pumps

A pumping system is made up of a pump, driver, pgéallation and controls. As mentioned above
the pumping system should be evaluated using &rmgsapproach over the entire motor system of
pumps, compressors, motors and fans. This is reemet for optimal savings and performance.
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Significant opportunities exist to reduce pump egsenergy use though smart design, retrofitting and
operating practices (US DOE- OIT, 2004). Maintermaand operations can give typical savings of 2
to 7% of pumping electricity with a payback permfidmmediate to one year (Xenergy Inc, 1998).

Electricity use in pumps makes up approximately 660energy use in motors and 48% of total
electricity use in refineries. The initial choicé @ pumping system should consider the energy cost
over its lifetime, as energy costs may make up5%.9The initial capital cost makes up a modest
2.5% of the total cost (Xenergy Inc, 1998).

Variable speed drives are suitable for pumpingesystin which the pump is sized for an intermittent
maximum flow rate but runs mostly at a reduced @mtable) rate (US DOE- OIT, 2004). The
following table gives two examples of energy effitty opportunities for pumps.

Table 24 Examples of Identified Opportunities for Punps

Refinery and Location | Description of Opportunity Savings

Replan refinery (Brazil) | An opportunity for variatspeed drive Electricity savings potential of
installation was identified after an analysis of 2.6 GWh per year.

fixed speed pumps of an atmospheric
distillation column was carried out. The

distillation column operated at capacities
ranging from 125hp to 200hp.

A San Francisco refinery A variable frequency drive (VFDB§ was Each VFD saved $220 000/yr and
installed on a primary feed pump (2250 hp) ag120 000/yr respectively (in
on a product transfer pump (700 hp). 2004) with additional benefits of

reduced vibration an elimination
of mechanical seal and bearing
failures.

Source: (Szklo & Schaeffer, 2007; US DOE- OIT, 2004

6.2.10.3 Compressors and Compressed Air Systems

Considerable savings can be achieved by reducirggggnconsumption in compressors and
compressed air systems as typically, within a tinaene of 10 years, the cumulative costs of a
compressed air system are made up of 10% maintercast, 15% capital cost and 75% energy cost
(Energy Research Institute).

The largest single waste of energy associated edgthpressed air usage is air leakage. Air leakage
can account for 20% of total air usage in a typiedlstrial plant, and can be as high as 50% (CIPEC

% There are several types of variable speed drive®j. The most energy-efficient option for contirl
applications that require flow or pressure confpakticularly in systems with high friction loss,an electronic

VSD. This is referred to as a variable frequendyed(VFD).
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2001b). A properly managed compressed air systensaee energy, reduce maintenance, decrease
downtime, increase production throughput, and impneroduct quality. Addressing both the supply
and demand sides of the system (and the interadfiae two) is important in improving and
maintaining peak compressed air system perform@gu8eDOE, 2003).

An average savings of 35% has been obtained whasbie speed drives have been used to control
air compressors (CIPEC, 2001b). A VSD equipped gesgnr maintains a target pressure level of an
exact and constant pressure. It does so by vamimgompression flow in response to changes in
detected air system pressure (Control Techniqua29)1 The following table gives an example of an

opportunity for a compressed air system.

Table 25 Example of Implemented Opportunity for Compessed Air System

Refinery and Location

Description of Opportunity

Savings

Mobil lubrication plant
(California)

The retrofit of the compressed air system
included installing a new 50 hp air compress
and fixing air leaks in the system.

Annual cost savings of $20, 700
owith a reduction in plant energy
consumption by 517 000 kwh.
The $23, 000 investment paid fq

itself in just over a year (in 2002).

6.2.10.4 Fans

Source: (US DOE- OIT, 2002)

Fans often experience varying demand becauseoairrfites often change according factors such as
production level, occupancy, temperature, and binked. The most efficient control option to adjust
a fan’s output is a speed control mechanism suah\@ED. The inherent soft-start capabilities of a
VFD can also limit starting currents.

When loads vary over time by 30% of the full loadjustable speed drive (ASD) retrofits offer good
opportunities for cost savings. Energy savings @%5r more may be available when fixed speed
systems are modified to match variable loads requénts of a centrifugal fan or pump (US DOE,

2008).

In addition, fan system designers often tend todeservative and specify oversized fans greater tha
the system requirements. Oversized fans increasmiipg costs, noise levels and operating costs (US
DOE, 2008). Table 26 shows an example of an oppibytdor energy savings at a Californian

refinery for fan motors.
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Table 26 Example of Identified Opportunity for Fans

Refinery and Location | Description of Opportunity Savings

Paramount Petroleum | Six evaporative cooling towers supply coolingCost savings of approximately
Corporation refinery to process equipment. An opportunity was | $46,000/yr could be achieved
(California) identified for variable speed fan motors to | with electricity savings of 1.2

replace fixed speed fan motors ranging from| 4fillion kwh and payback period
hp to 125 hp which were properly sized for | of 5.8 years.

summer conditions but oversized for cooler
months. VSD's would be installed on all 6
motors and drives would be set to maintain
cold water temperature design set point.

Source: (US DOE- OIT, 2003)

2L Annual savings varies with the cost of natural gée payback period ranges from 4.2 to 7.7 years.
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6.3 Long Term Opportunities

Long term opportunities require novel breakthroughsresearch and development projects for

refinery processes. Increasing refinery compleaitg energy use for processing heavier crudes will
require new approaches to refining to counteraetdlpressures. Table 27 below summarises research

and development opportunities for reducing refinenergy use in the long term. These are not
considered further in this study.

Table 27 Long Term Research and Development Opporturiés for Energy Consumption and CQ emissions

Technology Developments

Savings and Benefits

Neyass

Distillation

Thermal Cracking Process

Potential net energyhgavef 65MJ/bbl
crude processed.

High- cost option & drastic
technological change.

Progressive distillation unit

Savings of up to 36#4otal energy use for
CDU and VDU.

Applicable to distillation units to be
constructed.

Dividing-wall distillation

Savings of up to 30% energy costs and
lower capital costs compared to convention
columns.

Further development in petroleum
alrefining industry still needed.

Hydrogen recovery

Membrane separation

Recovery yield of 85-95% and purity 95%.

Hydrogen content must be at leas

technology Lowest cost option for low product rates 25% for economic recovery. Not
lowest option for high flow rates.
Development still needed for low
cost membrane and lower
requirement of hydrogen content.
Hydrotreating

Olefin alkylation of thiphenic
sulphur (OATS) process

HDS process no longer necessary. Reduce
hydrogen and energy use. Takes place und
mild conditions. Hardly influences octane.

5 Further studies required.
er

Oxidative desulphurisation
process (ODP)

The combined approach of less severe HDS
and ODP, for diesel desulphurisation, woulg
imply energy savings of 40% when replacin
severe HDS units.

5 Process still under development
with prospects for gasoline not as
ggood as for diesel.

Catalytic distillation (CD)
process

Saves 52% of energy use in HDS and redu
hydrogen consumption by 81%. Avoids droj
in FCC gasoline octane number. Long catal
life cycle (5 years). Octane loss less than 14
and null gasoline yield loss. Already a
commercial option.

res
D
yst

(=)

Biodesulfurisation

Estimated decreased,@®issions by 70-
80% compared to conventional
hydrodesulphurisation. Mild processing
conditions and reduced need for hydrogen
make-up. In mid to long term,
biodesulphurisation would achieve 15-25%
lower operating costs and 50% lower capital
costs.

Still in research and development
stages. Further research is still
needed in biological mechanisms
biocatalysts and economically
suitable method for large scale
preparation of biocatalysts.

I

Source: (Szklo & Schaeffer, 2007)
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According to (Szklo & Schaeffer, 2007), with stectsulphur regulations in the future, the most

promising desulphurisation alternatives for the nddong term appear to be the ODP process for
diesel treating, and the CD process for gasoleatitig.

Other opportunities for the long term include tlew@&opment of improved catalysts for key energy-
intensive processes such as hydrotreating andytatatacking. This area of research can improve
product yields or lower activation energies leadiagsignificant improvements in energy use and
therefore CQemissions reductions (Petrick & Pellegrino, 1999).
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7 REVIEW OF DRIVERS AND BARRIERS TO ENERGY EFFICIENCY
IMPROVEMENT

The previous chapter provided an in-depth discassio opportunities to improve energy efficiency
in the refining industry. In addition, there aredies which identify a variety of energy efficiency
opportunities across different sectors of indufittggsanbeigi, 2010; Martin and others, 2000; Warrell
Martin & Price, 2001). These opportunities alsolude low-cost or no-cost options for reducing
fossil fuel energy use. However, there is a reinathat a significant number of these opportesiti
are not undertaken in industry, despite the nungeopportunities to invest in cost-effective, energy
efficient technologies (Brown and others, 1998)isTdap, between the level of energy efficiency
actually achieved and the theoretically optimunelesf energy efficiency provided cost effectively
for the same products, is identified as the ‘enerfjiciency gap’ (Brown, 2001; Jaffe & Stavins,
1994b; Levine and others, 1994).

There are numerous challenges to increasing ergffipgiency and, in addition to technical and
economic aspects, consumer behaviour is very mecirat to understanding the efficiency gap
(World Economic Forum, 2010). The paradox of whygfipable energy-saving investments are not
undertaken continues to provoke debate and rese@atates there is a reluctance to adopt proven
technologies that can significantly improve thegess. It is often argued that ‘transaction’ cosid a
other hidden costs reduce the seemingly high rettinat can be realised from energy efficiency
investments (DeCanio, 1998; Sanstad & Howarth, 19%4ere are two contrary views as to the
potential of cost-effective improvements for enesgyings or the existence of the ‘energy efficiency
gap’ in industry. One view is based upon the assiomphat all managers make rational, cost-
minimising, decisions. Analysts with this view aegthat companies are already as efficient as the
market demands. Managers minimise all costs by ntakieg all improvements which are cost-
effective. All unimplemented energy savings musréiiore, by definition, not be cost-effective.
They find that additional energy savings will bgersive and harmful to competitiveness as industry
is already economically efficient.

Analysts, who take the counter viewpoint, are galhemore optimistic of the level of cost-effective
savings which can be achieved in industry. In Wesvpoint, companies, in practice, do not minimise
total costs, and are therefore economically inigffic The cost-effective improvements are not
implemented because of impediments such as geaeeasion to change, lack of information on
technologies, capital constraints and budgetinghaust. These manifest due to disparate goals of
stockholders and managers, and manager's persesadis they relate to organisational culture,
managerial inertia and external competitive press(@S OTA, 1993).

In this chapter, barriers (which aid an explanationhe existence of an energy efficiency gap) and
drivers to improving energy efficiency in industse reviewed.

Sorrell and others (2004) defines a barrier to gnesfficiency as “a postulated mechanism that
inhibits a decision or behaviour that appears tbdith energy and economically efficient”. To build

on this definition, within the context of this peaf, barriers are defined as factors that negatively
affect a firm’s intention for energy efficiency imgvements, andirivers are defined as factors that

positively impact on a firm’s intention for energfficiency improvements.
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To reiterate, consideration is given here to betthhology and best practices/house-keeping; these
improvements are distinguished when presentingabats.

7.1 Drivers for Energy Efficiency Improvement

Tapping into energy efficiency is challenging anelquires a significant, if unconventional,
infrastructure. Energy efficiency requires “softements like public policy support, education and
awareness and innovative financing tools. In additio the development of a wide-scale support
infrastructure, deploying energy efficiency alsquiees the investment of capital (World Economic
Forum, 2010). It is the motivating forces for impirg energy efficiency that are as important to
understand as ‘barriers’. Understanding consundgt@sion-making behaviour and preferences, as
well as those of other stakeholders, would alse givbetter comprehension of the drivers that push
energy efficiency measures (Reddy & Assenza, 2007).

Drivers for energy efficiency improvement include:

Decrease in Technology Price LevelEhe price of a technology is an important fagtopenetration

of energy efficient technologies into the markedbnpetition can lead to a decrease in the cost of a
technology (Reddy & Assenza, 2007).

Increase in Energy Prices According to Reddy & Assenza (2007) a continuansl predictable
increase in energy prices affects purchasing anestment decisions for energy efficient equipment,
where the direct cost savings in energy bills tgtoteduced energy consumption is a motivation to
adopt energy efficient equipment (Reddy & Asse087).

Awareness The high level of awareness created by a stimuaich as an advertising campaign by a
technology manufacturer, is an important driverdpergy efficiency (Reddy & Assenza, 2007).
Technology Appeal Non economic motivators, such as the impresdluat energy-efficient
equipment gives, is a factor worth considering.Hfedogies ‘smartness’, such as it looks ‘appealing’
‘fashionable’, and ‘modern’, can be a dominatingdiain high-income groups, where technology
appeal is a major driving factor (Reddy & Asser2@)7).

Non-Energy Benefits From an end-user perspective, non-energy benedit also motivate energy
efficiency. These can be direct or indirect ecomorbenefits such as from i) downsizing or
elimination of equipment, ii) labour and time saysn or iii) increased reliability, convenience and
productivity (Reddy & Assenza, 2007).

Environmental Regulations In the absence of environmental regulations,rggneroducers or
consumers do not bear the societal costs of eatfyeneration and do not see the true costs &ir th
consumption or production decisions. However, ratjohs can drive internalised environmental
costs which can make energy efficiency investmemige financially attractive (Reddy & Assenza,
2007).

Values and Culture An organisation’s culture may be seen as the sfimdividual's values. The
values of workers who have influence within theamigation, such as executives’ values, may have
more impact on the organisations culture than warke ‘lower status’ positions (Sorrell and others,
2000). Concern for the environment, helping otharg] a moral commitment to using energy more
efficiently are examples of values which influerindividuals to adopt energy efficiency measures
(Stern & Aronson, 1984).
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Credibility and Trust Credibility and trust in an information providaids in the effective spread of
information for energy efficiency investments (8t Aronson, 1984). Information providers or
energy actors such as energy consultants or sexanisations may be important intermediaries in
industry. Their trustworthiness can be a driver famergy efficiency improvement (Rohdin,
Thollander & Solding, 2007; Stern & Aronson, 1984).

7.2 Barriers to Energy Efficiency Improvement

Challenges or ‘barriers’ to improving energy eticcy have been identified and discussed in several
studies (de Groot, Verhoef & Nijkamp, 2001; De@a& Watkins, 1998b; Reddy, 1991,
Sardianou, 2008; Sorrell and others, 2004). Tihesgers can be categorised in a number of ways.
In this study, energy efficiency barriers are ldpsategorised into i) financial, economic and nedrk
barriers, ii) institutional, organisational and betoural barriers, iii) technological barriers, and
uncertainty.

7.2.1 Financial, Economic and Market Barriers

Financial, economic and market barriers to investnreenergy efficiency include:

Availability of Capital- When considering energy efficiency improvemeants improvements in
general, businesses do not have unlimited fundsoudh, in theory, firms might be able to borrow
capital when a profitable investment presentsfit3éiere is also competition for available capite,
capital is a scarce resource. Organisations impdsenal limits through capital rationing, theredor
energy efficiency investments compete with otheegtment priorities such as projects that achieve
company goals and against familiar technologiesisGmers can only invest in some, and not all, of
the investments that promise a positive return. ddtory investments, such as those required to meet
environmental regulations, and those central topteeluct line are often made first as a result of
capital rationing (Canepa & Stoneman, 2004; Natigxmademies, 2010; World Economic Forum,
2010).

Competition for capital is one of the main concefoss industrial energy efficiency investments,
particularly large, capital intensive projects. Bvenergy efficiency improvements through making
operating changes may also require investmenttiainéng of personnel. Due to this competition for
potential uses of capital, energy projects musirbestment grade” (World Economic Forum, 2010).
High Hurdle Rates- Corporations often require high internal hurdleesafor investment to be
undertaken, which are set at greater levels thanctst of capital (DeCanio, 1993). Investment
decisions are subject to budget constraints. tigpgcal for a corporation to specify a hurdle réate
new investments as refining assets are capitahsite and long- lived in nature, and are thereby
subject to considerable financial risk. It is a e decision to invest in new refinery processing
capacity as the decision is highly dependent oagmieasset performance and expectations about the
future (Marano, 2007).0On the other hand, HassaWl&&calf (1993) argue that “what appears to be
myopic behaviour, ie a high discount rate, may $ympflect an optimal investment strategy in the
face of uncertainty”, and therefore the high hurdke is simply a manifestation of future uncerain
The payback period is a financial tool that canuled to inform investment decisions and it is
generally termed as the time required recoup thestment cost through energy savings. Energy
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consumers generally insist on relatively short paibperiods of approximately 2 years (Reddy,
1991). Some energy efficiency improvements havelatively short payback period, however “deep
retrofits” which save the most energy, require Bgkr time to pay back (World Economic Forum,
2010). According to Sorrell and others (2004), shoaybacks required for energy efficiency
investments may represent a rational responsesko This could be a result of business and market
uncertainty which encourages short term horizonbgcause energy efficiency investments represent
higher technical or financial risk than other typpésvestment.

Consumers often fall back on simpler first- costesuof thumb, even while recognising the
importance of life-cycle calculations and many e@yeefficient products cannot compete on a first-
cost basis (Brown, 2001). Even if a consumer iy fihowledgeable about the net benefits from an
energy efficiency improvement, it does not necdlgséollow that an investment will be made
(Reddy, 1991).

In addition, although an energy efficiency projeaght be technically feasible it does not meanilit w
be automatically undertaken. Most projects withigindér rate of return out-compete other lower return
projects for capital financing, therefore givingpartial account for the efficiency gap (World
Economic Forum, 2010).

Competing Investment Priorities Firms may have competing investment prioriti8pending on

mandatory environmental projects can detract framestments in the core business, which yields
flexibility and reliability improvements as well gwoviding capacity growth (Szklo & Schaeffer,
2007). Moreover, most capital goods have no altemaapplications and therefore capital
investments are mostly irreversible (Hassett & MEtd 993).

A company’s core business may focus on market andugtion expansion as this may be more
effective than efficiency improvements to genenatefit maximisation (Worrell & Price, 2001b).
Capital investment in new capacity can lead toghdu internal rate of return and more sales, and
therefore are often first to receive available wirfRen, 2009). Typically, projects which introduce
new products into the market or increase capaete Ipriority over energy cost-cutting investments
(National Academies, 2010). Figure 16 below hightiggthe African oil and gas industry’s focus for
capital expenditure on exploration and productiothe next three years.
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Figure 16 The African Oil & Gas Survey 2010
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Economic Trend or Market SituationAn important obstacle for energy efficiency istreents to
take place is the external risk of the economimate or market situation, such as an economic
downturn. If a firm has difficulty raising additiahfunds through borrowing or share issues, energy
efficient investments may be prevented from goihgaal due to lack of available capital (Sorrell and
others, 2004). In a stagnating market situatiomgestment in new technologies may be overshadowed

by maintenance and minor improvements to extendlitbeéme of existing technologies (Curras,
2010).

Delayed Investment DecisionA firm may also ‘hold’ an option to invest by itiag for new
information that could affect the timing or atti@eness of the expenditure. This “ability to delay

irreversible investment expenditure can profouraffect the decision to invest”. The investor holds
an option not to invest, prior to making an investindecision. This option of not investing is
valuable because once the investment is made ptinds lost, as the investment cannot be undone
(irreversibility of the investment). This option eth becomes more valuable with increasing
uncertainty in future energy costs (Hassett & Migtd®93). Due to a lack of confidence consumers
will see an adequate return on their investmengti® energy prices can cause consumers to delay
purchasing more efficient technologies (Nationahdemies, 2010).

Perceived Cost of Energy Saving Measw&3enerally, a higher initial cost is incurred tagher
energy efficiency equipment (Reddy, 1991). Them erception that these first costs are too tigh f
energy efficiency measures. Despite the possillitppng term savings, these high upfront costs can
deter investment (National Academies, 2010). Thasiin maker has to decide whether to minimise
upfront costs or minimise energy costs in the ®iiteddy, 1991).

In addition, energy saving projects rarely rankaquith projects to capture new markets or increase
production in fast growing economies. The mainritial benefits of energy efficiency investments
are focused on energy cost savings, as opposesibdevnew production assets. The slow rate of
return of investments and uncertainty about futemergy prices, especially in the short term, can
result in higher perceived risk and this risk lesmsore stringent investment criteria associatéd w
projects (Sardianou, 2008; Taylor, la Grange & GQ@90).

Transaction Costs Small incremental opportunities in energy eéi@y can lead to big savings,
although as opposed to one large investment, thetiens have transaction costs (World Economic
Forum, 2010).

Collecting relevant information and researching rteshnology uses valuable time and resources,
where many industries may prefer to focus finanaral human capital on other investment priorities
(National Academies, 2010). These transaction cassoften omitted in cost evaluations without
justification. They mostly comprise of informati@osts such as search costs, data collection costs,

negotiating and monitoring costs. These costs dkparthe organisational set-up and the routines for
making and implementing decisions. Transactionscasé sometimes confused with hidden costs
although in the true sense, transaction costs subsget of hidden costs (Ostertag, 1999).

Hidden costs are generally referred to in energynemics literature as any costs which are not
conventionally included within engineering-economiiodels (Sorrell and others, 2004). The various
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types of neglected or ‘hiddef’costs can include ‘production’ type costs sucthascost of possible
production disruption or the embedded cost of ghistipersonnel for installation or maintenance due
to energy efficiency measures (Ostertag, 1999).

Significance of Cost of EnergyCompanies may be knowledgeable about energgiasifiy benefits
and in a position to afford upfront costs, althoughy still be indifferent to investing in energy
efficiency improvements. This may stem from thet that, relative to total expenditure, the savings
made by energy efficiency improvements are notitgmt enough to motivate improvement.
Similarly, a consumer has multiple factors to cdasi when purchasing energy-consuming
equipment, of which, energy cost is often not tlesihimportant (Reddy, 1991).

Regulation and Financial IncentivesRegulation may be an important driver to innaatalthough

it may sometimes, indirectly, be a barrier to gegepractices. For example, cogeneration may be
hindered by lack of clear policies for buy-backexicess power for the national grid or other users
(Casten, 1998). Supply monopofitare seen as barriers to energy efficiency imprevemOften,
there are laws which prevent the production of gnéry other producers. Incentives, which reward
and encourage independent power producers to peogluergy carriers, have been recommended to
overcome this barrier type (Reddy, 1991). Howewesfrong regulatory and enforcement regime in
addition to incentives to make energy conservatefforts profitable, are generally lacking
(Niederberger & Spalding-Fecher, 2006).

Government regulated prices of energy carriers sischlectricity, coal and petroleum products can
discourage investments in the efficiency of utiima of energy. The rate-setting formulae are often
biased towards the supply of energy. This is thsilteof profits being coupled to sales so that if
investments are made on demand-side programmesjues can be lost. It not only loses revenues
due to decreased sales, but also returns on ingasdrby demand reduction (Reddy, 1991).

In addition, government can place constraints argynsaving initiatives, which should be planned
and implemented according to set standards, whigp Ipe a barrier in some instances (Govender,
2008).

7.2.2 Institutional, Organisational and Behavioural Barers

Lack of Skilled Personnellt has been suggested that the number one Vg$hiéncreasing end-use
efficiency is the “shortage of qualified energy ragers and analysts” (Brown and others, 2008). In
many industrial firms there is often a shortagé&raihed technical staff, with the development tadgar
‘lean’ firms (Ren, 2009; US OTA, 1993). Informati@ollection and processing requires time and
resources, where most personnel are busy maingaipioduction. This can lead to difficulties
selecting and installing new energy efficient equémt when compared to simply buying energy
(Reddy, 1991).

Lack of Staff Awareness Many decision makers (consumers) are simply @amawof the cost-
effectiveness of efficiency measures and the pilisigid of improvement (National Academies,

22 Refers to any costs which are not conventionaltyuided within engineering- economic models(Soaati
others, 2004).
% A market where there are many buyers and onlysetier.
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2010). Additionally, the rapid technological changethe field of energy efficiency improvement
does not assist in fostering awareness (Reddy,)188iustrial decision makers can be overwhelmed
by numerous products and programs which facilgatergy efficiency (Brown and others, 2008).
Bounded Rationality Decision makers do not always behave “perfecéiiffonal” in the sense of
economic theory. The related notion of “boundedorzlity” is closely linked to the cost of
information. To avoid further information cost,ritay seem rational to take a ‘satisficing’ option
rather than a theoretically optimal decision. Simd®79) argues that utility maximization in
economic theory is not essential in the search esfisibn alternatives and ‘approximation must
replace exactness in reaching a decision’.

Simon (1957; 1979) describes bounded rationalitydesision making which deems satisfactory
outcomes acceptable. This notion acknowledges tumitive limitations of decision-makers in
complex situations. An aspiration level of how gaodalternative which should be found is formed
by the decision maker and the search would end thatespiration level has been met. This mode of
selection is referred to as satisficing. This i® @rocedure of ‘bounded rationality’, to choose
satisfactory choices instead of optimal ones. Aosdgrocedure is to subdivide abstract and global
goals into tangible sub goals, whose achievemeamtbeaobserved and measured. A third procedure
can be to divide up the decision making task anspagialists.

In the face of complexity and uncertainty, thisiiidual bounded rationality is conflicted with the
firm’'s aggregate behaviour of profit maximisatidrne notion of bounded rationality is a barrier to
energy efficiency as the decision maker will chotsatisfactory’ alternatives, instead of optimal
ones. A business can only approach profit maxirgidsehaviour because of complexity of the
environment and limitations on decision making teses they command (DeCanio, 1993; Simon,
1979).

Lack of Specialised KnowledgeAccording to Tonn & Martin (2000) and de Grodgrhoef &
Nijkamp (2001), the lack of knowledge by decisioakers is one of the main causes of market failure
to implement energy efficiency opportunities . Tihability to account for the economic benefits of
energy efficiency improvements is an additionabinfation challenge and adequate management
techniques, tools and procedures are often lackitign companies (Worrell & Price, 2001b).

Lack of Credibility and Trust The energy user may not undertake energy effigieneasures due to
a lack of confidence in information. They cannava}s easily gain accurate information about the
ultimate comparative cost of different investmerdad therefore will rely on the most credible
information available (Reddy, 1991; Rohdin, Thotlan & Solding, 2007). The perception of
credibility of the information source depends uptire expertise and trustworthiness in the
information provider (Sorrell and others, 2004)r legample, industrial sectors may distrust energy
services companies (ESCOs) although they specialisenergy efficiency technologies. This is
because these companies may not have industryfisgemwledge as a basis for providing accurate
estimates to the company (Brown and others, 2008).

Split Incentives According to Sorrell and others (2004), if asteannot appropriate the benefits of
an investment, energy efficiency opportunitiesliey to be forgone. An example which is given is
the lack of incentive to improve energy efficierimyindividual departments within an organisation if
they are not accountable for their energy use.
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In addition, within businesses, operating and ehtdgeting are often handled separately in the
accounting and budgeting process. There may beispéntives or a disconnect between the party
who makes the initial investment or procurementisiecs and the party who pays the on-going
operating costs. Therefore projects may still bected in the capital budget even though they
provide investment-grade returns to the operatindgbt (World Economic Forum, 2010). This
fundamental contradiction in incentives can leathkritors of inefficient equipment (Reddy, 1991).
Furthermore, according to DeCanio (1993) the istsref managers and shareholders may also not
always coincide. Managers are induced to act iman®ar as consistent as possible with the intefest o
the shareholders of the corporation, through tlgamisational design. Due to this principal agent
problem many profitable investments might not bdeutaken (Statman & Sepe, 1984).

Short Term Thinking and Planning of Ownerinderinvestment in energy saving technologies ha
been frequently claimed to stem from short-sighésgnof management. This short-termism is
considered to manifest in very short payback periedjuired of investments (DeCanio, 1993). Often
short run earnings, earnings per share or saletgrame rewarded, and may encourage management
to forego investment in the maximization of long malue of the firm (Pinches, 1982).

In addition, investment in human capital for enecgpservation expertise ie retraining, will be libw
the compensation and prestige of the managersneigp® for energy use (facilities personnel) are
less than the rewards for other positions (DeCdti83).

Energy Management not Core Business Activityhe behaviour of individuals within the induatri
firm affects the decision making process for inmestt decisions. Investment in energy efficiency
improvement is thus linked to managerial attituttegards energy conservation. With this in mind,
there is a common view that energy efficiency igmfoverlooked by management because it is not a
core business activity, thus it is not worth muttkration (Sardianou, 2008).

Bureaucratic Procedures to get Governmental Finah8upport- If a firm has difficulty raising
additional sources of funding, energy efficiencydstments may be prevented from going ahead
(Sorrell and others, 2004). Financial incentivé® liax breaks and interest subsidies are important
tools in encouraging investment; however, admiaiste procedures to get government financial
support can be preventative (Sardianou, 2008).

7.2.3 Technological Barriers

Technical Risks Reliability and operational risks represent magoncerns for industry, where
decision makers can be averse to new technologypaactices. Their preferences for familiar
technologies and the status quo can sometimes Hwgy against energy efficient choices. This
aversion can be attributed to risk, knowledge, wadion and also their ability to implement new
technologies and procedures (National AcademieslO;20WNorld Economic Forum, 2010).
Commercial business managers, as opposed to iiausisiness managers, are more likely to adopt
new technologies although both face knowledge &axriThe main energy efficiency improvements
in the commercial sector are related to commonniglcigies such as air-conditioning and lighting,
whereas firms in the industrial sector often use/ wpecific energy consuming technologies which
are not necessarily “off- the -shelf” (Brown andhets, 2008). Lengthy and larger scale field testing
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of new technologies, a slower pace of technolo@fusior™ and more stringent investment criteria
are as a result of the perceived technical riskeaated in industry (National Academies, 2010).
Technology Fitting into ProcessOld equipment can add to the difficulties of anmorating new
technology into the existing production processafi, 2004). When retrofitting new equipment, the
process layout often may not allow for retrofittingy. there are spatial restrictions (limited space
Therefore, this often leads to the use of new ayeknown’ equipment rather than achieving the full
benefits from installing new technology in existiconfigurations (Curras, 2010).

Resistance to Replacing Existing Machineryhe resistance to replace existing machinergns
important obstacle to energy efficiency improvemglet Groot, Verhoef & Nijkamp, 2001). The long
life time of energy intensive industrial equipmergn hamper replacements for new technology
(Worrell & Price, 2001b). In many cases, equipmeotild be used as long as their functioning can be
preserved by regular maintenance (Zilahy, 2004).

When a company invests in a new technology, itdakéo account the depreciation costs of the

existing machine that is not fully depreciated. sTtmfluences the payback period of the new
technology as these costs for early depreciati@u ne be added to the operating costs of the new
technology (Masselink, 2008).

Fear of Losing Flexibility in ProcessWhen considering the adoption of new technolqgies

particularly in large integrated plants, small tealogy changes can lead to major changes in process
and product performance. Therefore the uncertainge the impacts and benefits on existing
processes can be significant (National Academi@$QR Integrating new technologies with existing
technologies in operation may add complexity togteess and reduce flexibility (Curras, 2010).
Irreversibility of Technology Chang®ue to the irreversible nature of an investmérnhe long term
benefits of a better technology can be enjoyetiénfiture, the investment may be postponed (Rogers
(1995) from Curras (2010)).

7.2.4 Uncertainty

Uncertainty in Energy Price Energy efficiency decisions involve the analysfisuture energy prices
and potential energy savings. Understanding thenpial for future savings can be difficult as the

variation and unpredictability of future prices aignificant areas of uncertainty (World Economic
Forum, 2010). Energy prices, and therefore themstfrom an investment (avoided energy costs), are
subject to fluctuations. This uncertainty seembda particularly important barrier in the shortiie
(Velthuijsen, 1995).

More stringent investment criteria are often thauheof higher perceived risk from these uncertamt
(Worrell & Price, 2001b). Investors tend to avorveéstments by playing it safe, leading them to
postpone the decision during times of economicaliity when uncertainties are aggravated (Reddy,

2 Research has consistently shown that diffusionneW economically superior technologies is never
instantaneous and typically follows a sigmoid @hsped curve. This diffusion curve starts with siaitial
rates of adoption, then faster rates and ending slitw rates as the saturation point of the teauyls reached
(Jaffe & Stavins, 1994).
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1991). Hassett & Metcalf (1993) suggest that tlwevsiiffusion of new energy technologies may be
the result of rational cost minimising behaviouthe light of uncertain future conservation savijngs
rather than the result of consumer/investor ignoean

Uncertainty Related to Policy such as Future Subsidr Environmental Requirementsincertainty
related to policy such as uncertainty about fusulesidies or environmental requirements is a lrarrie
to investing in new technologies (de Groot, Verh®dijkamp, 2001).

Uncertainty about Future Technologie&ears that future technologies will be signifitta better or
cheaper can be a rational reason for decision makeidelay an investment in energy efficient
technology. Delaying an investment means short esvergy savings may be foregone. But due to the
irreversibility of an investment, a firm with betteechnology options in the future may benefit (van
Soest & Bulte, 2001).

This chapter has provided a base summary for baraied drivers- these barriers and drivers have
been synthesised to generate the questionnaireirusbis thesis. The questionnaire can be found in
the appendix.
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8 RESULTS AND DISCUSSION

In the following sections, the results of this ikeare presented, ending with a synthesis of the
findings. This Chapter begins with an overview loé £nergy efficiency performance in the refining

industry. This is followed by the outcomes of tliedy as they relate to opportunities, drivers and
barriers, in regards to energy efficiency improvamé&om both interview and questionnaire results.

As a general comment it is noted there was a limiaccess of numerical energy data due to the
limitations set by the regulated price of fuel hetcountry. In addition, respondents of a lower
seniority were more cautious to discuss energyieficy performance, where more candid views
surfaced through gquestionnaire responses. This alss shown by very few respondents adding
comments to questionnaires. Therefore it was inaporto have both the qualitative and quantitative
aspects in the method of research.

8.1 Energy Efficiency Performance of South African Cruce Oil Refineries

The Solomon’s Energy Intensity Index (Ell) is a e¢oon benchmark used to compare energy
performance across refineries worldwide. Solom&Werld's Best” is a weighted average of six of
the best individual refineries from three groupedion$®. The composite World’s Best Ell in 2008
was 73.5 (Proops, 2010). South African crude refseare placed within in the bottom 25% of the
world’'s refineries when comparing energy perforn@aiidnonymous, 2010). The average EIll for
South African refineries in 2008 was around 120sgen in Figure 19).

In order to further demonstrate the poor performasfche South African refining industry, the figur
below shows the Ell fband 98' percentile and average for different regions. Tfigere highlights
that Asia export has the lowest average Ell compéoeall regions (below 100). In 2008, if the RSA
value, of approximately 120, was to be comparethéoregions in Figure 17, South Africa would

have the second highest average Ell, with the fo@ogiet Union having the highest.

% Two each from: 1) North and South America, 2) PeroAfrica and Middle East, and 3) Asia/Pacificiard

Ocean, respectively.
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Figure 17 Solomon Energy Intensity Index (Ell)- 10th+90th Percentile & Average 2008.
Source: (Beddoes, 2010)

Various reasons for inefficiencies in existing mefies worldwide have been highlighted in the
literature review (section 5.3.1). South Africarfimeries are 40+ years in age, whereas the best
individual refinery in the world today has an Efl approximately 60. These newer state-of-the-art
‘mega’ refineries have greater economies of seald,therefore benefit from better energy efficiency

Referring to the literature review (section 4.1.4efy Challenges for South African Refineries),
stricter sulphur regulations of Clean Fuels upgsadave had a marked adverse effect on refinery
energy intensity, and this is also true in Southio&f This can be seen in the figure below, with
refineries producing Euro 2 standard fuels by 2@@6éan Fuels 1).
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Figure 18 Percentage Increase on RSA Average Ell (ba year 1998)

The graph shows a 10 % increase in Ell in 2006 ewetp to the base year (1998). This large
incremental increase in refinery energy intensian de mainly attributed to the Clean Fuels 1
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upgrade, whereby sulphur limits for diesel and glewere reduced to 500 ppm. The average
performance of refiners in a similar grouping wasvaver superior to South African refiners when
comparing average Ell. The following graph shows ihcreasing trend of Ell in comparison to

South Africa’s competition.
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Figure 19 Trend Line for Average EIl of South African Refineries

Figure 19 shows an increasing trend in energy sityfrom both regions (South Africa and refineries
in a similar grouping) over the period 1998 to 20B8th regions were exposed to making higher
quality fuel; however, South Africa deteriorated rex¢han its competition, making the region more
inefficient and consequently less competitive. Tdaa be attributed to the approach of South African
refiners to investments over the last ten yeargrevthey have tended to be more capital constrained
and to an extent have done the minimum requirezbboply with legislation. Competitor refiners on
the other hand have taken the opportunity of largegrades such as clean fuels to also improve
energy efficiency. In 2008, the South African ager&ll was 14 points above its competition. This is
a notable difference, as an Ell reduction of oniatge worth approximately $1.7 million/yr (2007) a
$4.74/GJ fuel pric8in a typical 100 000 bbl/day refinery (Zhang atidess, 2007).

With refinery energy intensity increasing, the negttion unpacks the findings from the interviews

conducted as part of this thesis of opportunitiegéfiners to improve energy efficiency.

8.2 Opportunities for Energy Efficiency Improvement

The literature review of opportunities for enerdffogency improvement (Chapter 6) discussed means
of achieving energy savings through capex and ragex improvements in refineries. This review
serves as a backdrop for the findings in this study

% This is equivalent to a fuel price of $5/MMBTU.
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This section is laid out as i) findings from intews (qualitative) (8.2.1), and ii) findings from
guestionnaires (quantitative) (8.2.2).

8.2.1 Qualitative Results from Interviews

8.21.1 Opportunities through Capital Projects

Expansion projectsvere identified as having the potential to give thrgest step changes in energy
efficiency performance. Upgrades or increase iracey projects are multi million, sometimes billion
rand projects. These projects could give some @btst opportunities to increase energy efficiency,
by energy efficiency projects ‘piggybacking’ on tjustification of the upgrades or expansions. One
respondent said there were opportunities to addggnerojects to Clean Fuels upgrades but this
would make a serious restriction on resources (tpresonnel available, financial etc).

Opportunities which were also identified include:

* Replacement of End of Life EquipmeTihe replacement of end of life equipment as this can
be one of the biggest or cheapest opportunitieggaihing large savings. With term
replacement, one does not have to apply for newtataperm replacement is replacing ‘like
for like’ and this is accounted for in a differemly, and money is budgeted for in the
lifecycle of equipment. When making a change whagjuires new capital, a project gets put
onto the budget, after which, the project compeiiels other investment priorities.

» Advanced Process Contreln opportunity identified which could be used inaldindustry
was the application of advanced process contr@iscé the technical side and flow schemes
are right then APC can make a big difference’.

8.2.1.2 Opportunities through Energy Management

Energy management consists of the ‘soft skills’hsas awareness, taking ownership etc. These
opportunities allow personnel to use the existefqery structure but in an optimal way.

Opportunities for improvement through energy managg which were highlighted by respondents
include:

» Organisational culture change terms of energy efficiency- ‘constant focus’needed to
meet and sustain targets, ultimately to sustainréorgment. The energy efficiency focus
needed to be driven from the top down to reacltbdtm levels.

» Greater operat@wareness there is room for improvement.

» Responsibilityfor energy efficiency by personnel is requiredthaménergy efficiency being
defined in individuals’ job scopes.

» Training would have a significant effect on energy projettss would be mostly at the
operational level.

Respondents highlighted areas for improvement piateas:
» Utilities - ‘low hanging fruits’ can be attained here.
» Flare and loss the elimination of hydrocarbons in the flarais activity which is on-going.
However operating problems increase flaring, amlithlinked with operating know-how.
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8.2.2 Quantitative Results from Questionnaires

Respondents were asked to rate the improvemenntmiten the current energy performance
associated with various energy efficiency interiarg. (This being 0% for no room for improvement,
and 50% meaning a refinery can improve by 50% ®mwutrent situation). Results from respondents
showed a large variation in opinion and this carséen by the standard error bars shown in Figure
20.

Organisational culture chang

Individual behaviour change- operational excellen

Utilities and cross cutting opportunities (eg pum
fans, motors)

Process specific opportuntie —
Optimisation —
Maintenance best practice —

0 10 20 30 40 50 60 70 80 90 10C
Percentage (%)

Figure 20 Average Improvement Potential for Energy Hiciency Measures

The most notable finding is that refineries canriowe on the individual energy efficiency measures
listed in Figure 20 from between 41.4- 47.7 %. Wtaking into account the standard error tolerance,
this ranges between 28.9- 62.1%. This large imprnave potential of at least 28.9% is in agreement
with the 4" quartile performance of South African refineries described in section 8.1. The
percentage rating used has been used a guideligigg@ perceived improvement potential. This is
indicative only, as for example a 41.4% improvemenimplementing maintenance practices does not
correspond to a 41.4% improvement in overall enpegjormance.

Organisational culture change was found to havegteatest improvement potential of 47.7% (+-
14.4). Following closely, individual behaviour clggn(47.3% +-14.3), and utilities and cross cutting
opportunities (45.9% +-13.8), respectively, were thmext highest measures for the potential to
improve. Optimisation and maintenance best praxtigere found to have the lowest averages of
43.2% (+-13.0) and 41.4% (+- 12.5). This could tigkbatable to refiners being more involved with

these measures at present, and perhaps indicatdsthise opportunities are more easily
accessible/prominent. This measure also had aegreagteement by respondents for improvement
potential, as seen by the lowest standard errb2 &%.

The next section unpacks drivers for the increagedke of energy efficiency measures, as found in
the study.
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8.3 Drivers for Energy Efficiency Improvement

This section is presented as i) qualitative findifrgm interviews (8.3.1) and ii) quantitative riksu

from questionnaires (8.3.2).
8.3.1 Quialitative Results from Interviews

An analysis of the outcomes of the interviews idiet two main drivers or influences for energy
efficiency in the industry. These are:

1) Legislation - It is vital that the regulatory/environmentaljuirements are met for a refiner's
license to operate. In general, companies tendke & precautionary approach and stay ahead of
regulatory requirements.

2) Competitiveness- Cost is a chief determinant for a refinery taystn business versus better
efficiency, and thus competitiveness. As part ahpetitiveness, particularly for energy efficiency,
the cost of technologies is important.

Further drivers for energy efficiency improvementtbe plant include:

» Corporate Support The endorsement of energy efficiency at a higiell with energy
guidelines driven to lower levels was highlightedome of the most important drivers, if not
the most important, for energy efficiency improvendy a majority of respondents.

« Operations ExcellenceThe main aim is to cut costs as South Africdimegies are in the
guartile in terms of energy efficiency. Operatiagcellently’ cuts costs and achieves other
benefits such as quality assurance etc. On thé tdvihe operator and engineer, there are
rewards and initiatives to realise higher standafdserformance. Rewards and performance
management act as drivers for operational excallenocluding energy efficiency
improvement. However, this is linked to the supgdooin corporate for energy efficiency

initiatives. Key performance indicators (KPI's) agenerally used for monitoring refinery
operations.

» Energy Efficiency Information At the refinery they have many knowledge sources
Information is abundant for energy efficiency impements and best practices. The challenge

is to implement opportunities without increasingtc@as some projects need downtime to
implement which increases costs. In addition, suiisg to forums works very well for ‘best
practices’ across the industry. Refiners can glerrimmation of tried and tested opportunities
that have been implemented elsewhere. By belongirtgchnology alliances or having an
agreement with a technical design house, refinems be informed of opportunities
implemented by other world leading refineries. Thisnchmarking’ or comparing with other
refineries would inform them of commercially usedhnologies that have been implemented
elsewhere.
» Increasing Energy Prices The steady increase in electricity prices wasibto be driving

implementation of electricity saving projects ir ttefinery environment, as Eskom prices are
set to increase at roughly 25% for the next 3 years
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» Financial Incentives- Return on investment (ROI) is the biggest driver approvals,
although projects must meet the hurdle rate. En@riges should further increase in the
future to get the ROI required for project uptaliad incentives will help this. In addition,
although the tax incentives (35-55%) for large stdal projects have a short life span until
2015, it was seen as a driver as it ‘gives a basich was not there before’. Also the
awareness of opportunities such as Clean DeveldapMenhanism (CDM), tax incentives
etc, was said to be critical.

* Reporting- Other important drivers which were mentionedinyithe research which would
promote energy efficiency improvements includedrtpg of sustainability and initiatives to
reduce greenhouse gas emissions.

Within the refinery environment, opportunities fenergy improvement are driven by several
instruments; however the involvement of actorsha uptake of energy projects is important to
understand. An energy coordinator/manager or teasponsible for energy performance are
important to energy efficiency improvement on tHanp Typically, team members have other
responsibilities and roles on the plant, in additio energy performance improvement.

According to interview respondents, the plant eaegmand his/her team of operators are in the best
position to identify energy saving opportunities em this can include the plant energy
coordinator/manager. However in the short term, dperations and maintenance personnel are
generally more involved in identifying gaps and ogipnities. Process engineers/ technical staff look
at projects for the medium to long term. The enginveill work up an idea and apply for money to do
a preliminary study. One respondent said ‘it conl@sn to how you motivate the project, if you have
technical skill you can propose the idea in suarag to get buy in’.

The individual, together with the team and vendear @mbined in the process for implementing a
project. Benchmarking would be the first step wiemking on the concept for a project; they would
compare equipment with similar products elsewheZempanies would generally implement
something that has been used elsewhere beforasltancommon theme that refineries took a very
precautious approach in South Africa, and generxadisd proven technology quickly. This stemmed
from the age of the plants, and the high risk ratirthe industry. Information sources would beduse
to come up with a concept, and from there they @ad to vendors for solutions. On occasion,
higher level or management level could identify agppnities, for example from attending a
conference, but this is less so than from the diosra level.

The following section presents the results from theestionnaire which aims to quantify the
significance of some of these drivers to the uptakenergy efficiency projects in a refinery.

8.3.2 Quantitative Results from Questionnaires

The significance of drivers for the uptake of eyegfficiency projects is presented in Figure 2lthwi
ratings between 1 (completely insignificant) an@éry significant).
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Corporate support was the greatest driver for fhtake of energy efficiency projects at a rating of
4.75. This driver also showed the highest agreernent respondents with a standard error of 0.13.
Corporate support was essential to implementingggt because of the financial means to make the
final investment decision. The organisation’s egguglicy or strategic energy objectives were also
found to be very important to driving the uptakeeokrgy efficiency projects, with an average score
of 4.42. Essentially, a fundamental alignment o$ibess objectives with that of energy efficiency
objectives is a priority for driving a sustainedalfe of energy efficiency projects.

Awareness and knowledge of energy efficiency oppmuties from external sources such as
conferences and visiting other refineries were e@vas a marginally more significant driver than
awareness and knowledge from training, with avesad@.50 and 3.25 respectively.

The figure also shows that from an actor perspectveam or group, followed by vendors providing
solutions are more significant in driving an eneggficiency project than an individual trying to
motivate a project. Findings from the interviewsligate that individuals such as operators and
engineers are the best position for identifying apymities. However from the surveys it is
distinguished that corporate support is requiredHfese opportunities to be fully attained.

Therefore in summary, from these results from Sadtitan refineries, driving an energy efficiency
project is a top-down approach. Corporate supputtemforcement of organisational strategic energy
objectives are crucial for the enhanced uptakenefgy efficiency projects.
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8.3.2.1 The Role of Policy and Institutional Instruments

The objective of this section of the questionnaires to quantify the significance of policy and
institutional instruments as additional means o¥idg energy efficiency improvement, through the
increased uptake of energy efficiency technologigse following table shows the grouping of
instruments explored via this questionnaire.

Table 28 Grouping of Policy and Institutional Instruments for Driving Energy Efficient Technologies

Grouping Policy and Institutional Instruments
Regulation Energy performance standards for industrial teatieb

Mandatory targets for demand side managemenMjDS
Labelling of industrial technologies such as premgfficiency or
standard motors

Financial Financial instruments such as subsidy schemegd¢artives
Energy tax deductions

Information Training/ information/knowledge transfer
Energy Audits

Voluntary Agreements | Voluntary agreements to improve energy efficiency
Source: (Curras, 2010)

The two instruments within the information group &maining and energy audits, where these may be

carried out internally or externally to a refinimpmpany. The remaining groups of instruments

(financial, regulation and voluntary) in the talle considered in this study to be external drit@rs

energy efficiency technologies.

Respondents rated the significance of policy artitirtional instruments to driving the uptake of
energy efficiency technologies both currently, andhe future. The following figure shows the
results from this section of the questionnairesTitirated from 1 (completely insignificant) tovey
significant).

76



5
45 T T
g g
s ]
3 S _[ -
2.5 T —
T B Current
2 - _—
Future
1.5 —
1 I T T T T T T T 1
d . > > . >
o & s & & & & &
& &? NS &S &»" & had &
@ : he & F S $
F N 4 N v
< Q\Q < '&% @d
‘iy& \OQ
K 49

Figure 22 The Significance of Policy and Institutioal Instruments on the Uptake of Energy Efficient Techologies

The most significant to the least significant ppliand institutional instruments, currently, are as
follows:

1)

Information

Training and/or information refiners find that training and/or informatiorom policy and
institutional measures were the most significarftuence currently to adopting energy
efficient technologies. However this was only madely significant with an average score of
3.

Energy audits- firms do internal energy audits to evaluate gpgrerformance. This is in
addition to an external energy audit by Solomorssdtiates every 2 years. This performance
is benchmarked using the Energy Intensity Index)(Eliscussed previously. Currently
however the significance of audits on uptake ofrgneefficient technologies is relatively
low, at 2.6.

2) Voluntary Agreements
Voluntary agreementssuch as the Energy Efficiency Accord, currently éhaa lower
significance (at 2.33) to influencing the uptake=otrgy efficiency projects than information
instruments.

3) Regulation

The significance of influence omandatory target$or demand side management (DSbh)
the uptake of energy efficiency projects are shaavibe fairly low at an average of 2.3.
Mandatory requirements are prioritised in a refmemnd are ‘must do’ projects. Therefore
regulatory requirements for a refiner’s licenseofmerate would need to be met. Currently
from an energy perspective there are no mandatequirements to reduce energy
consumption. Eskom’s power conservation programP)P€quires energy intensive users to
reduce electricity use by 10%, however this ismandatory, Eskom only threatens to cut off
a user’s power supply.

Labelling and energy performance standamfsindustrial technologies are found to have a
very insignificant role in the uptake of energyi@éncy technologies, with average scores of
1.8 and 1.7 respectively.
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4) Financial
Financial instrumentsuch as tax incentives and subsidy schemes wenel to be somewhat
insignificant currently, to influencing the uptakEenergy efficient technologies in refineries
with an average of 1.7. This was also foundeioergy tax deductionsuch as tax breaks for
energy efficiency in the Industrial Policy ProjeSgction 12-1 of Income Tax Act No. 58)
In the future, however, respondents indicated akethincrease in the significance of policy and
institutional instruments to driving the uptakeeofergy efficient technologies. This could be dua to
number of reasons including: i) an increasing trehdegulatory requirements for the industry in
recent years, ii) an increased focus on energyaugment and GHG mitigation by government and
institutions, and iii) an increasing trend in tlusicof energy.

The most to least significant future policy anditasional drivers have been found to be:

1) Financial
Respondents viewefthancial instrumentsandenergy tax deductionss the most significant
in the future to driving energy efficient technadkg with an average of 4.3 and 4.2
respectively. It is interesting to note how this lthanged from the current situation, as these
measures were the worst ranked drivers for cupelity and institutional instruments.

2) Information
Training and/or informatiorin addition toenergy auditsvere rated as significant to driving
technologies in the future, both of which have @erage score of 4.

3) Regulation
The future use of regulatory instruments is seerbdoa significant driver, wittenergy
performance standard$abelling of industrial technologieandmandatory targetfiaving an
average score of 3.8, 3.7 and 3.6, respectively.

4) Voluntary Agreements
Voluntary agreementwere ranked as the lowest influence for the eféahstruments in the
future. Although it is ranked last it is still pefeed to have a moderately significant effect
(average score of 3.0) in driving energy efficimmtthnologies in the future.

The following section unpacks findings from int&wis and questionnaires of barriers to energy

efficiency improvement.

8.4 Barriers to Energy Efficiency Improvement

While keeping in mind the opportunities for enegfficiency improvement, and what drives these
opportunities to be adopted, what is equally asoimamt is to understand the different factors which
act as barriers to improving energy efficiency irredinery. This section presents results from
interviews, followed by results from questionnairdsquantitative perspective is provided on the
relative significance of barriers from the respagethe questionnaire. However, there is a teryden
for barriers to interact and thereby reinforce eattter which is difficult to capture within a suywe
(Sorrell, Mallet & Nye, 2011). Therefore a more lijaéive approach is given by a discussion of
findings from interviews to supplement the quatitequestionnaire results.
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8.4.1 Qualitative Results from Interviews

Findings from interviews draw attention to a numbgbarriers to the adoption of energy efficiency

measures. Once again, measures are defined hwrénatude both technologies and best practices.
The focus within this section will be on projeceqjuiring capital. However, mention is given to

maintenance or best practice opportunities whictevaeghlighted during interviews.

Operating Stability- A number of respondents indicated that operatiagildty of the plant
can be a serious problem, and this is linked toetkgerience of managers and engineers.
Within the refinery, plant upsets can divert resesr away from energy improvement.
Operational instability leads to a greater focuslaity production problems, and to a certain
extent this is tied into a lack of technical skillsny energy improvements that have been
made can be overshadowed or masked by operatiostability, and achievements will not
be truly reflected in performance results. Resautisancial and personnel) can be shifted to
focus on production problems. Moreover, when resesiiare limited, the focus will always
be on the immediate urgent item. This would be lvesbin the medium to short term by
personnel, and consequently less time is left fi@rgy improvement.

Availability of Skilled Personnel According to the interviewees, staff resources scarce
and this was due to focus on daily production moid and a tendency towards leaner firms.
During periods of recession in the market, refinmrget reductions on fixed and variable
costs to improve on profitability. Staff costs #ne next highest operating costs, after energy
costs, and personnel numbers are usually firsettatgeted when reducing fixed costs. This
leaves personnel with less discretionary time foprovements that are not an immediate
priority.

Technical availability at the operational level dam a concern. Several respondents have
pointed to other ‘compliance’ projects that usethg plant’s technical resources. Regulation
or environmental ‘must do’ projects for licence dperate leave fewer resources for other
areas of improvement on the plant. In recent ydssefining industry in South Africa has
been ‘overwhelmed’ with regulatory requirementse Bmount of technical energy and time
required for clean fuels has overshadowed the gnargna. ‘There is limited capacity to
implement new technology mainly due to clean faald environmental regulations. There is
never enough time for process engineers to sit damwestigate and work on energy
projects’. This comes back to company energy poliog guidelines and how these are
prioritised and put into effect. ‘Personnel are a& in a rush and when it comes to the
crunch, energy improvement is last on the listtifall. Some companies had a dedicated
‘energy coordinator’ with other personnel (not ofulk time basis) supporting his/her role.
However, companies might only have one person tapkit both plant support and energy
improvement ideas, and problems on the plant castradt from energy efficiency
optimisation.

Experience and Technical Skillinterviews revealed that in the industry in $oAfrica in
general technical skill was lacking at the operala@and technical level.

As mentioned in the first point, operational stipils influenced by a lack of technical skill
and experience. Two respondents said that witl@nrttlustry, a large number of experienced
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managers and engineers had retired, and this hadhgect on operations, as ‘the new
generation is not experienced enough’. One respiiradso explained that the skills gap is
becoming a bigger challenge as experienced perst@ae for opportunities in the Middle
East, which highlights a greater necessity to na@intxperienced people within the industry.
In addition, one respondent said that there ne¢alde integration between theoretical and
practical knowledge. ‘Inexperienced graduates dmeepl onto the plants who have limited
practical experience to identify these things’'.

In addition, during the formulation of concepts drygineers at the beginning of a project, a
lack of technical skill is a concern as engineeradito make numerous assumptions due to
uncertainties in measurement. The identificatiorth&f energy gap is the biggest factor in
making improvements, and older refineries havenédid number of meters on the plant. This
lack of measurement equipment gives rise to diftfjcim determining the baseline for energy.
The assumptions made by engineers and the corssctighose assumptions are therefore
very important as mass and energy balance dev&atian have a significant impact on the
entire refinery analysis.

When it comes to seeking outside support on a teahlevel, technical skill is not readily
available in South Africa, for example, refinersedeo go to the big licensing technology
companies abroad for large energy projects suginak/heat integration etc.

The skills gap is also becoming a bigger challewigle respect to maintenance and operations
technical personnel. The external maintenancesskélve dropped substantially, for example
the weld failure rate is up to 25% whereas it stidnd 2%. Tank cleaning, welding etc should
be straightforward but the skills are not ther@ldothe job properly, or in the required time.
This has a knock-on effect on operational exceieand stability, and hence energy
improvement.

Availability of Baseline Data As mentioned, measurement of energy forms ttséstar
engineering assumptions, and uncertainty in enenjgrmation provides an uncertain

baseline.

Several respondents said that in terms of measutertiere was poor information quality,
the reason being that ‘for many years energy wasidered free’. It is very expensive to put
in measurement equipment throughout the planty‘theed to draw the line, as energy
savings might not be justified’. However, ‘t0 mamagnergy properly you need the
equipment. There is no return initially, but itequired to run the business responsibly’.
Enforcement of Energy Guidelinaad Corporate SupportEnergy is a key area in terms of

supporting sustainable improvement, and sustaingbdditability. Although times have
changed in the energy arena, with rising energyscasd a growing emphasis on greenhouse
gas emissions, for many firms the focus on enargyrovement was ‘not serious enough’.
Several respondents indicated a lack of corponap@art for energy improvements. Energy
was considered at executive levels and provisi@us been made, but this was not really a
driver in the lower levels. There was a notion tpatting a focus on energy projects and
objectives may be expensive and efforts may notamaras much return. One company had
recently put a particular focus on energy relatpdrating expenditure and gross margin
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improvement that was driven from corporate, althotigere was room still for improvement
as part of continuous improvement on the plant.

One respondent indicated that there are effortsnemgy focus but the minute the focus goes
away they would be back to where they started. 8fbez management support is central to
sustained energy improvement, and one respondgiceted that many initiatives are driven
from the top down, therefore ‘if it's not a key &y, you won't get buy in’. The
endorsement of energy efficiency at a high leved Wwighlighted as an important prerequisite
by majority of respondents, for most firms to impean current energy performance.
Available Capital and Investment PrioritiesFindings from interviews indicate a lack of

capital available for energy investments. Refinprgjects compete for capital allocated
through budgeting, as well with as other downstre@arastments. Capital is required for ‘stay
in business’ projects in order to meet the requinets for licence to operate. Mandatory
‘compliance’ projects are first on the list e.gvieonmental requirements, this impacts where
capital is spent and ‘energy efficiency can be qutthe backburner’. Energy investments
compete with investments in line with product dsification and quality, reliability etc. In
addition, energy efficient equipment has a greapdront cost and ‘in general, there is not as
much return from energy efficiency projects as @gabto yield improving'. ‘Projects which
save money are generally not as lucrative as gyefierating projects’.

Several respondents had the view that capital ahiditly was a barrier, as energy efficiency
comes down to priorities, and ‘there is only so meapital’. Largely, business cash flow
determines capital availability, and this is drivgnthe commercial world. Other areas of the
business might also compete for funds, which mayddess for the refinery. Different areas
of more promising investment opportunities in tlmvdstream, like retail networks, might
get more investment.

Several respondents said the greatest influencéuioding of capital projects is that of
refining margins, particularly in South Africa wieethere is a regulated margin. Companies
have to cut back on capital investment when refimegirgins are reduced; they then eliminate
certain projects from the budget list. ‘It's allalh margins’ and this has its short falls in the
short term thinking and planning of owners.

On the other hand, if an improvement made finansa&tse, then resources outside the
budgeting protocol could be assigned quickly. Hosvelarge capital projects would have to
wait for an improved economic climate, as there m@saccess to vast amounts of capital.
High Hurdle Rate for InvestmentsA consequence of capital rationing is that prtgemust

meet a high hurdle rate in order to be approvedifgrlementation. Many projects are
proposed, and are nice to have, but they are rastomgically justifiable. ‘Even mandatory
compliance projects are still about making mon&p. the other hand, projects that mitigate
high risk will still go ahead, even though they nm¢ meet the hurdle.

During project selection, senior personnel williittize projects and go for the economically
justifiable ones. There is a tendency towards ‘nvalee and instant gratification’.

Within three out of four companies in this studyrdie rates varied roughly between 14-17%
for weighted average cost of capital (WACC) or reton capital employed (ROCE). One
company had more recently made capital availalslerf@all energy efficiency projects for up
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to R20 million. This allowed for implementation @fhergy projects which may not meet high
hurdle rates of competing investments. The maxintypical payback period was generally
no more than 5 years as a rule of thumb.

Economic Situation and Market TrendsThe economic downturn was found to have an
impact in availability of capital. Large investmgmjects were on hold until the economic
climate improved as there was ‘no access to hugdirig currently’. Opportunities were
implemented with resources available, but the keyed was to maintain production flow
during periods when the market slumps. ‘Low cosaglcan come in e.g. optimization to
reduce the gap, but all high level investment hadlhalted- not just energy efficiency ones’.
The economic climate affected factors such as cpré and rand dollar exchange rates
however sales or demand for finished product whectd very little, if price increases were
made in small increments. Furthermore, the unceytan the economic climate affected the
thinking and planning of owners which was gearedhtals a shorter horizon.

Significance of Cost of EnergyAccording to the interviewees, the relativelyvl@ost of
energy in South Africa historically ‘did not creageburning platform for improvement’. In
the past, ‘energy did not get much attention’. Tisidecause plants were designed when
energy was very cheap, the design optimised pipsts etc. ‘Energy cost in the past was not
significant, but now this is different- the costeriergy, especially electricity, is significant’

and ‘it makes incentive sense to implement eneffigiency nowadays’. However, several
respondents said that there was a notion that sineegy is reasonably cheap and because
there was no access to a vast amount of fundingemtly, they were not going to spend
capital on large projects e.g energy integratian rather go for the low-hanging fruits.

In addition, energy costs fluctuate vastly, thigenainty in the cost of energy was a barrier
to energy efficiency investments, and ‘when the cb€nergy is low they look at other more
promising investment opportunities’. For exampl@&ergy costs can vary from R180
million/month to R20 million/month for natural gasthe equivalent GJ consumption.

Many respondents indicated that although energyeprivere uncertain on the short term, in
the longer term it was the end of ‘cheap energgw& costs were increasing, but no
improvement can offset the increases. Energy (¢rpdees did not have as much of an
impact on the refinery as ‘to some extent it'd stilyour control’.

Old Design/ Brownfields According to the interviews, the biggest chajjerwith energy
efficiency improvement is inherent in the desigheTrefineries are old 1960s designs and
you ‘cannot compare existing vs. new designs ims$eof energy efficiency; there is a big gap
between the two'. There are difficulties to addimg refineries 40+ in age (brownfields).
They are ‘really stretching the limits, as infrasture has been added on so many times’. The
biggest challenge would be to retrofit the old plarhere stand-alone energy efficiency
projects are often difficult to integrate with ald @esign. One of the biggest challenges is
instrumentation- many older systems are not dedigméncorporate new technologies easily.
New retrofit designs need to incorporate the olotic system with the new equipment.

One respondent said there is a large gap betwegramne old technologies for refiners. The
old refineries in the country are at least thredfoar technology generations behind. For
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example, one refiner’'s furnace efficiency went @¥2after replacement- that is how big the
gap is.

In addition, the level of energy integration fedsits limited at a plant that has been around
some time. The configuration is the net outcomer@famps throughout its lifetime.
Therefore, there is a trade-off between integrasiod flexibility on the plant. ‘There is very
little process recovery between units- and theycarestrained by the old design’.

Limited Space - Findings indicate two of the refineries had ted space for
expansion/modification however, in the other refiee the space limitation was not
significant. Site congestion, together with techhidsks of the old 1960s design, has an
effect on the level of energy integration betwegitsu

Financial Incentives Financial incentives for energy efficiency canasignificant driver for
improvement; however limitations may exist in thgplementation of the financial incentives
therefore hindering their uptake by industry. Fingdi from interviews identify one of the
main concerns with the tax incentives is spendiafpte a major upgrade, namely Clean
Fuels, which could lead to regret capital. The tagentives for brownfields projects
(Industrial Policy Project, Section 12-1 of Incorfiax Act No. 58) will be around until 2015,
whereas Euro 5 specifications and standards fanelefuels should be implemented by
2017. With respect to electricity-based incentivesmpanies do factor in demand side
management (DSM) savings from Eskom. However, ey cautious to implement these
arrangements as it sets a threshold level for grmmgsumption. Eskom penalises if the quota
is exceeded.

Resistance Several respondents said that there was a differbetween resistance to and
awareness of energy efficiency measures. The lacktalf awareness was not seen as a
significant barrier but more so resistance. ‘I khipeople are aware, but doing something
about it is another thing'. ‘In practice, peopletbe plant prefer to be pushed than proactive’.
Uncertainty- According to the interviews, there are a numifeaspects of uncertainty with
regards to energy efficiency investment and eneagt. As discussed above, the cost of
energy or crude is highly uncertain due to the reatii the economic market. There are large
fluctuations in energy prices (crude); however tlast of electricity is more certain with
steady increases within the next several yearadthtion, in terms of a carbon tax, ‘they are
not ready to factor in a cost of carbon into apgalai as there is no certainty yet'.

Several respondents agreed there was uncertaiotgan fuels investment. ‘Shall we do it, or
shall we just import it'. Clean Fuels is driven the need for lower sulphur requirements,
however changes in fuel specifications require imseeinvestments for upgrading refineries
and ‘there is ho economic incentive’. ‘Why go aheatkss its regulation’. As an alternative
to Clean Fuels upgrades they could spend monewfoastructure e.g. tanks for importing.
Importing finished product from Middle East ‘megafineries could be an option, as they
have economies of scale (up to 1 million bbl/d#&yyiewpoint was that this depends on how
significant government sees refineries as beingffi@rgy security.

Similarly, several respondents shared the same wiethe uncertainty in the future of the
respective refineries. This comes back to returfingastment, it might make more sense to
shut the refinery down and build one which is tgtabw technology and energy efficient.
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The following section presents findings from quastiaires for the significance of barriers withie th
refinery environment, to adopting energy efficissthnologies.

8.4.2 Quantitative Results from Questionnaires

This section of the questionnaire was develope@édas the grouping of barriers and drivers from
literature. These barriers have been rated by nelpits on a scale of 1 (completely insignificaoth t
(very significant) for their influence on the uptasf energy efficient technologies.

8.4.2.1 Financial, Economic and Market Barriers

The following figure presents the results from theestionnaire given to respondents in the refining
industry.

Energy costs are sufficiently importan

Slow rate of return of the investment

Specific installation costs

Economic trend or market situatio

Increased perceived cost of energy saving meas

Existence of more promising investment opportusit

Cost of acquiring information and incorporating ne
technologies greater than expected saving on erltg

High transaction costs

Cost of possible production disruptio

Cost of identifying opportunities, analysing co
effectiveness

1 15 2 25 3 3.5 4 4.5 5
Average Score

Note: Refineries are energy intensive and energis @e substantial at between 40-50% of operatistscA typical
barrier to the improvement of energy efficiencynfréiterature is thatEnergy costs are not significanparticularly for non-
energy intensive companies. Therefore in this oistance, as this barrier was not suitable, thterstant was adapted in the

questionnaire toEnergy costs are significant’

Figure 23 The Significance of Financial, Economic anfarket Barriers

‘Energy costs are sufficiently important’ was thesnsignificant result with a high average ratirig o
4.58, in addition to showing strong agreement behwespondents (standard error of 0.19). The slow
rate of return for energy efficiency investmentswaso a significant factor in the decision to stye
with an average rating of 4.08. Compared to othmejepts, investments in energy efficiency have a
slow pay out. In addition, specific installationst®were seen as a significant barrier with anameer
rating of 4.00. However, this had a large standardr (0.35) as respondents noted these costs are

84



accounted for in the initial project cost estimatioProjects must meet the hurdle rate, and woeild b
filtered out if they are not economically viable.

The economic trend or market situation is a comalde factor in the decision to adopt energy

efficient technologies with an average rating d323.This factor is noted to affect all investment

decisions, as funds available for companies arergéwn restricted in a recession. In addition, high

upfront costs, or the increased cost of energyngamieasures compared to other profit generating
projects, are a significant barrier to adopt enegfiicient technologies. This is seen by an average
rating of 3.75.

The following barriers were ranked in descendindeorof significance (from 3.17 to 3.00): i)
existence of more promising investment opportusjti@) cost of acquiring information and
incorporating new technologies greater than expesa®ing on energy bill, iii) high transaction cost

The least important barriers seen from the figuecfimally: iv) cost of possible production disrigst
(2.75), v) the cost of identifying opportunitiesdaainalysing cost effectiveness (2.5).

8.4.2.2 Institutional, Organisational and Behavioural Barers

The following figure presents the findings for timdluence of institutional, organisational and
behavioural barriers to the uptake of energy edffittechnologies.

Focus on daily production problems
Short term thinking and planning of owners
Bureacratic procedures to get governmental financial support

Lean organisation

Resistance to technology adoption- technology can only be
implemented after end of life of existing equipment

Energy management - not core business activity

Lack of technical skill

Poor information quality regarding energy efficiency
opportunities

Lack of staff awareness
Long decision chains
Cost of staff replacement, retraining

Conflict of interest

1 L5 2 25 3 3.5 4 4.5 5
Average Score

Figure 24 The Significance of Institutional, Organigtional and Behavioural Barriers
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The most important finding from this category ofris is the significance of the focus on daily
production problems, having an average rating 82.3This is linked to the availability of personnel
on the plant as discussed in 8.4.1. The barrieshoft term thinking and planning of owners, and
bureaucratic procedures to get governmental fimhrsipport, were also found to be moderately
significant with a rating of 3.25 and 3.18 respesiy.

There was a large difference in viewpoints fronpagglents for barriers: bureaucratic procedures to
get government financial support, lack of staff eemess, and energy management as not a core
business activity. This is shown by the standardreof 0.46, 0.42, and 0.41 respectively in the
appendix. These barriers were rated with a modévdtev significance in influence.

8.4.2.3 Technological Barriers

The following figure presents the results of trgndficance of technological barriers on the uptake
energy efficient technologies.

Technology fitting into process
Limited space
Irreversibility of technological change

Fear of losing flexibility in process

Technical risks
Resistance to replacing existing machinery —
1 L5 2 2.5 3 3.5 4 4.5 5
Average Score

Figure 25 The Significance of Technological Barriers

The technological barrier with the most significanfluence on the uptake of energy efficient
technology is technology fitting into the proceshis had a moderately significant influence with a
score of 3.50. South African refineries are 40 yemnd above in age, and many units have older
technology. Incorporating new technology with oédhinology is technically challenging, and many
older refiners tend to be fast followers with teglogy that is proven, as opposed to ‘on the cutting
edge’.

As mentioned in the previous section of interviéwdings, limited space was a concern for two out of
four refineries. This is reflected quantitativelgr, with a moderately significant influence (3.aAd
with the largest standard error of 0.44 for thikegary.

The findings also present the barriers of irreveligy of technological change, fear of losing
flexibility in process, technical risks and resigta to replacing existing machinery with a modetate
low significance of influence. The barrier of tectat risk however has a large standard error 03.0.4
This can be assumed to be owed to the fact thhhitea risks are very important when considering
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implementing technology; however risks are gengnalhnaged during the project development and
technology selection.

8.4.24 Uncertainty

The figure below presents the results for the fiicarice of four uncertainties to the uptake of gger
efficient technologies. This is presented on aesa#l 1 (completely insignificant) to 5 (very
significant).

Uncertainty regarding future of the refinery

environmental requirements

Change in energy prices - uncertainty about economic
benefits of energy efficiency improvement

Uncertainty related to policy and future subsidies/ _

Fears that future technologies will be cheaper and better F%

L5 2 25 3 3.5 4 4.5 5
Average Score

—

Figure 26 The Significance of Uncertainty to the Ugtke of Energy Efficient Technologies

The uncertainty regarding the future of each ofréfeeries was seen to be an important barrier to
the adoption of energy efficient technologies. Timgertainty could manifest in the delay of further

investment. Similarly, uncertainty related to pgliand future subsidies or environmental

requirements was also very significant with an agerof 3.92. Respondents noted there was little
uncertainty about the economic benefits of enefffigiency investments and energy prices were

increasing (the ‘end of cheap energy’). Howeveth short term, energy prices, particularly crude
prices, fluctuate substantially.

8.5 Discussion

The study revealed noteworthy results to supporeatanation of the energy efficiency gap in the
refining industry in South Africa.

8.5.1 Integrating Qualitative and Quantitative FindingsroBarriers and Drivers

Barriers are categorised in this study as: i) faian economic and market barriers, ii) instituagn
organisational and behavioural barriers, iii) tegbgical barriers, and v) uncertainty. The follogi
figure presents the overall significance of eachhef different barrier categories from a scale of 1
(completely insignificant) to 5 (very significani)his is specifically for energy efficient techngies.
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Figure 27 The Average Significance of Barrier Categtes

Figure 27 shows the most significant group of leasriasfinancial, economic and markégrriers,
with an average rating of 3.46. This observatiomisigreement with findings relating to the most
influential policy and institutional drivers in tHature- which are théinancial instruments (such as
subsidy schemes, tax incentives) and energy tanatieds. Furthermore, these findings are in line
with de Groot, Verhoef & Nijkamp (2001) and Sardian(2008) who find that policy instruments,
such as subsidies and fiscal arrangements, maydpogive in steering investments towards higher
energy efficiency.

The questionnaire results famrrent institutional and policy drivers supplement thdemmiew
findings for drivers. The most significant institutal and policy driver currently wasformation
This was firstly from training and/information sees, and secondly, through energy audits.
Interviews highlighted the actions for obtainingommation are related to dealings with refining
industry experts, such as by belonging to technolalliances or having an agreement with a
technical design house. In addition, energy aud#se carried out every two years by Solomons
Associates, and refiners utilised the Solomonsitgthodology to perform internal energy audits on a
more frequent basis. According to Sorrell, MalletNgye (2011), large energy intensive firms are
typically better informed about energy efficiengyportunities than small and medium-sized entities
(SMEs). This is in line with findings from this sty that information for energy efficiency
improvement opportunities is abundantly availableréfineries.

Closely following the financial, economic and mdrkarriers category is the categoryunfcertainty
with an average significance rating of 3.29. Theautainty about the future of refineries and energy
prices has its effect in the long term decision imglof refiners into energy efficiency investment,
and whether refiners invest or divest in currergets These two uncertainties are tied into the
fluctuating nature of the global economy. In aligmmhwith recent literature, findings by (Ren, 2009)
specify two areas with the highest uncertainty,clvhaire analogous to uncertainties found in this
study, being firstly, the costs and supply of epeog feedstocks and secondly, the prospects of
economic growth and market demand.
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Another uncertainty particular to the South Africsituation is that of South African policy, finaati
incentives and/or environmental requirements. Tinisertainty can be more so controllable through
adequate government planning and support.

In summary, these findings indicate that finaneintl government policy support would stimulate
energy efficiency investment further. This parallehe of the conclusions from a study by (Hepbasli,
2003). According to this study, in Turkey and adlae Asia, the two most important features behind
successful policies and programs, which have beeated to promote energy conservation, are i)
government policy support and ii) long run selftairsability of financial support to the programs

(Hepbasli, 2003).

In the results of this study, an important dynathiat emerged is that although financial incentives

were found as a driver for energy efficiency immgment, they could be a barrier in some instances.
For example, spending on energy efficiency beforeajor upgrade with Clean Fuels could lead to

regret capital. Also incentives which set a thréshionit such as Eskom demand- side-management
savings for electricity consumption reductions bana barrier. Companies are cautious to enter into
agreements where penalties might be incurred feratjmg above a threshold.

8.5.2 Discussion of Specific Drivers, Barriers and Opportities

Certain individual barriers and drivers are mormgniicant than others, and making a distinction
between these assists in the forming a holisticetstdnding of energy efficiency improvement. In
this section, the significant drivers and barri@ns presented and discussed. Lastly in this sedtien
findings of opportunities and potential for improvent are discussed.

8.5.2.1 Significant Barriers

The following table presents the ten most significedividual barriers to the adoption of energy
efficient technologies.

Table 29 Most Significant Barriers to the Adoption & Energy Efficient Technologies

Significant Individual Barriers Average | Std Error
Energy costs are sufficiently important 4.58 0.19
Slow rate of return of the investments 4.08 0.31
Specific installation costs 4.00 0.35
Uncertainty regarding future of the refinery 392 0.23
Focus on daily production problems 3.92 0.26
Economic trend or market situation 3.92 0.29
Uncertainty related to policy and future subsides/ironmental

requirements 3.92 0.36
Increased perceived cost of energy saving measures 3.75 0.28
Technology fitting into process 3.50 0.29
Change in energy prices - uncertainty about econbemefits of

energy efficiency improvement 3.50 0.36

The table shows the three most significant factorgnergy efficient technology adoption as the
financial, economic and market barriers of:
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Energy Costs are Sufficiently Importan®his is the most prominent result. For refingrie
energy costs are between 40 to 50% of operatintgs,casnd therefore a major business
expense and driver for energy improvement. Howavenust also be noted, that in practice,
energy that is derived from crude is usually ngioréed as an operating cost and typically
shows as a yield loss or loss in gross margin. ,Tthastrue cost of energy is often hidden in
the reports and typically only the imported enecggt (mainly electricity) is reflected in the
cost report. As a result, although energy costdage, the energy costs may not seem as
important as they are often not fully reported.

Slow Rate of Return of Investmentccording to respondents, compared with other
investment opportunities, energy efficiency (‘ptadiaving’) investments typically gave a
slower pay-out than ‘profit generating’ investmeméso investments in other parts of the
business may take priority such as retail networks.

Specific Installation CostsThe specific costs of installing technologiesaisnoteworthy

barrier and these add to high upfront costs whiomganies must provide for energy
efficiency projects.

The following barriers are equivalent in significarto the uptake of energy efficient technologies:

Economic Trend or Market SituationThe economic climate has a large impact on the
availability of funds for large capital investments

Focus on Daily Production ProblemsThe shortage of staff and time on the plantistable
factor in energy efficiency improvement as resosirege focused on daily production
problems. This is more so if available capitaldstricted, as the focus will be towards the

immediate urgent item.

Uncertainty Future of the RefineryThis is linked to the old age of the refineriesSouth
Africa, increasing regulatory requirements in tberry and the global economic market.
Uncertainty Related to Policy and Future Subsidiesironmental RequiremertsThere has
been an increasing trend in regulatory requiremfamtghe refining industry in recent years.
However findings show a high significance for thecertainty in policy, future regulatory
requirements and access to external financial ihas) such as subsidies.

The following barriers decrease in order of sigrifice to the adoption of energy efficient
technologies:

Technology Fitting into ProcessThe age of existing refineries in South Africakas energy
integration difficult between units, due to the diesigns. In addition, older technology makes
up a large contingent of existing equipment, whictreases the difficulty of integrating
newer technology into the process.

Increased Perceived Cost of Energy Saving MeasurBise higher cost of energy saving
measures was found to be a significant barrier,thisdis reflected in the slow rate of return
of energy efficiency technologies, compared to oifreestment opportunities.

Change in Energy PricesThere is also uncertainty about the precise éuteturns from
energy efficiency improvement which arises frontfiating energy prices.

Coherent with findings from this thesBorrell, Mallet & Nye (2011) state that large eneigensive
firms typically still face important barriers to proving energy efficiency, most notably in relation
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the hidden costs of staff time and the risk of piibn interruptions. Findings from this thesisrioi
out that personnel available for working on enegfficiency projects, are limited, as there i®aus

on daily production problemsMore importantly, this lack of available persohie driven by
operating instability of the plant (which requiretaff resources), and a decline in technical
experience.

Moreover, a study by Ren (2009) on improving erigtprocesses in petrochemical plants specifies
the shortage of staff and time as an importantidrarfroubleshooting often occupies the valuable
time of engineers in petrochemical plants. Thivdsdittle time for understanding current energg us
or collecting information on innovative energy ei@int technologies. Also within larger firms, not
many (no more than 10) personnel are specialiseédniergy efficiency improvement related
coordination and management and finding experiemregineers to replace retired personnel or to
meet labour demand is often difficult (Ren, 2009).

Additional barriers found in this study were indiwith the study by Ren (2009). These are: i)
existing configurationsald design/brownfieldsand ii) competition from other prioritised proisc
(available capital and investment prioritlesAccording to Ren (2009) and references therein,
applying widely commercialised technologies andimegring, are generally focus activities for
improving existing processes, as opposed to R&De diisruptions and shutdowns of a plant can
create economic losses which are usually in thgerarfi hundreds of thousands to millions of dollars
per month (Burchmore and others (1993) from (Re@09)). Therefore relying on proven
configurations and operation control, are consideocbe more important than the potential benefits
of energy savings from implementing energy effitiéechnologies. Also integration within the
refinery adds complexity. Increasing complexityuees plant flexibility. This can sometimes cause
upsets, as when units are linked (directly or imctiy), an upset in a unit can cause unexpected
disruptions in one unit or shut down of the whdlenp (Ren, 2009). Secondly, competition for capital
is an important barrier. According to Ren (2009)orities such as capital investment in new capacit
are often first to receive investment funds. Inmesits such as these give a higher internal rate of
return and more sales than those which improveggrefficiency. From this thesis, must-do projects
which refiners require to meet the requirementdiéense to operate, and maintain the running ef th
plant, are priorities for capital. These must-doidetory projects include projects to meet
environmental, health, safety, and plant secumguirements, and maintenance (Marano, 2007).
Budget funds which are remaining are thereforeriised for investments which are more lucrative
and meet investment hurdle rates. Ren (2009) itelicihat improving energy efficiency in existing
processes is appreciated as giving a competitivarddge, although it is not always a top priority.

Furthermore, in unity with the findings from thisesis of barriersnvestment prioritie@ndchange

in energy pricesSzklo & Schaeffer (2007) re-iterate the view tbapital needs in the refining sector

compete with capital needs in other petroleum seggnef a corporation. Therefore refiners tend to
present risk aversion for investing in technolobigaovations, whose return depends on the
uncertain premium price of oil products (Szklo &&effer, 2007).
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8.5.2.2 Significant Drivers

Major drivers for energy efficiency projects whitiave emerged from this study acerporate
supportandorganisational energy policy or strategic energyemtives These both have a very high
significance rating for the influence on the uptakeenergy efficiency project (4.75 and 4.42
respectively, on a 5 point scale). This is consistgith Sorrell, Mallet & Nye (2011) where a
company-wide energy policy, with prominent supgortn senior management, is the foundation for
an energy management system (EMS). This is iniaddid dedicated energy management personnel.
Likewise, according to Ferland (2005) and Zark&0&) (from Ren (2009)) commitment from the top
leadership or a leading coordinator in energy sg/oan also be important.

In terms of actor dynamics, findings in this thesighlight that opportunities are mainly identified
from the bottom-up (at the plant level), howeveramtorsement of energy projects from the top-
down, viacorporate supportis the most significant influence to improving timplementation rate of
energy efficiency projects. Furthermore in thissthethe barrier of resistance was highlighted more
so than lack of awareness of opportunities on thatpAs highlighted previously in the review on
opportunities, a study by Mckinsey & Company (20D@)icates that the driver of building increased
awarenessof the importance of energy conservation and, @missions reductions, for large
companies, will take time and continued reinforcemBehavioural changes are always gradual, and
high level management attention will be requiredtifids focus to remain effective.

Two key drivers which were highlighted from intevis are i)legislationand ii) competitiveness
with cost as a very important part of business atitipeness. This is in agreement with Reddy &
Assenza (2007) who discusses a decrease in the @itechnology as an important factor in the
penetration of energy efficient technologies irtte tmarket. Similarly, Ren (2009) states the most
important driver for improving existing processsscost savingsas a result of reducing process
energy use per ton of product. Business earninfigdoencome tax, a key indicator of performance,
are increased directly by the reduction of eneggt< (Strohrman (2005) from Ren (2009)).

Lastly, the findings within this thesis highlightpaominent difference between the current and &utur
significance of instruments to adopting energyce#fit technologies. Refiners view the stimulus of
policy and institutional instruments as driversrtocrease overall in the future, compared to theecur
situation. This outlook can be assumed to be drémem the increasing trend of regulatory
requirements in the country in recent years.

8.5.2.3 Potential and Opportunities for Improvement

From the literature review presented, a study byl (2010) gives an estimate of potential for
energy efficiency improvement at between 40-45%itHer refining industry in developing countries.
This is somewhat in agreement with the findingshis thesis for the potential for energy efficiency
improvement in the South African crude oil refinimglustry as South African refiners are in the
fourth quartile in terms of energy performance (Edting). Different energy efficiency measures
(such as optimisation, organisational culture cleangjlities and cross cutting opportunities eterev
found to have an improvement potential in the raofyd1-47% (29-62% when including standard
error). In contrast to this, other literature dseed presented values of approximately 13% overall
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improvement potential (or in the range of 10-20%bpnf cost-effective energy efficiency
opportunities, for the refining industry world-wid@eveloped countries included).

Opportunities which could be implemented were friooth energy management and investment in
capital projects. Capital projects provide the émtgstep change for improvement; however improved
energy management practices (i.e. ‘soft skills’hswas awareness and behavioural change) are
required to sustain an energy focus, and thus greagings. This is driven from the top-down, by
corporate support and strategic energy objectagsljscussed earlier in the findings.

Findings which arose from interviews highlight oppoities from capital projects to be: i) the
replacement of end of life equipménit energy efficient alternatives, ii) energy eféncy projects to
‘piggyback’ on the justification ofestructuring renovationsuch as expansion projects and iii)
application of advanced process controls. As dseaisn the literature review, the energy savings
achievable from applyingdvanced process controt&n range between 2-4%. Plants which do not
have updated process control systems can typiaalyeve energy savings of approximately 5% or
more (Sheehan & Zhu, 2009; Worrell & Galitsky, 2R05

Findings from interviews and the questionnaire digghlight opportunities from advancing energy
management. These webehaviourbased opportunities of: awareness, responsibtliining and
organisational culture change, in addition to inyeraents in utilities and for flare and hydrocarbon
loss.

Behavioural changes offer no-low cost opportuniteesCO, abatement; however it requires support
from upper management. Building increased awarenietbe importance of energy conservation and
reduction in CQ emissions will take time and continued reinforcam@Vickinsey & Company,
2009). From the review of literature for opportigstfor energy efficiency improvement, estimates of
energy savings frorbehaviouralchanges that can be realised range from 1- 496.i$ oy promoting
energy efficiency stewardship in the form of enermggnagement programs (Petrick & Pellegrino,
1999).

It is interesting to note that these opportunitydings correspond with the study by (McKinsey &
Company, 2009). This study highlights that enerfficiency from behavioural changesmproved
maintenanceandprocess controland energy efficiency requirirgapital expenditureat process unit
level, to have the highest cost savings potential reducing GHG emissions (negative GHG
abatement costs) in the downstream segment (rgjinkefer to Figure 14, Global GHG Abatement
Curve for Petroleum and Gas Sectors.

Furthermore, organisational, institutional and vtnaral barriers have been found in this thesibgo
the least significant grouping of barriers fromways (rating of 2.71 seen in Figure 27, sectionl.5
However, this is in contrast to the largest posnitmprovement for measures of organisational
culture change and individual behaviour changechviaire approximately 47% (as seen in Figure 20
in section 8.2.2.). This suggests that culturahgesand operational excellence (individual behaviou
change) are seen &ey stepsto identify and realise other (technical) oppoities for energy
efficiency improvement in the industry.
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9 CONCLUSIONS

This thesis explored current opportunities to imprg energy efficiency in a refinery, and
established an understanding of the influenceshwhiomote or inhibit the implementation of energy
efficiency opportunities in the refining industry $outh Africa. The aim of this thesis was motidate
by increasing challenges faced by refiners suchtraster sulphur regulation of Clean Fuels 3, the
IMO marine fuel standards, and an increasing $tifiards middle distillates, which all contribute to
increasing refinery energy intensity. Furthermat®llenges of increasing energy costs, in particula
electricity costs in the context of South Africaibstantiate the need for mitigating some of these
impacts on South African refiners, who are curgedt! quartile with respect to energy efficiency
performance .

Although energy costs are significant in refineriasd are therefore a major driver for energy
improvement, the study has identified a range ofié@ to improving energy performance. These
include available capital and investment prioriti@gailability of skilled personnel and baselingaga
old design/brownfield refineries, operating stapiand uncertainty of the future of refineriespnome

a few. There are many opportunities which refiveosild like to implement, however the two biggest
challenges are found to be firstly, available apitvhere energy efficiency projects typically have
slow rate of return compared to competing projeatsl, high specific installation costs. Secondlg, th
availability of skilled personnel is reduced duetéocus on daily production problems which leaves
less time for non-urgent items. From the synthi¢gssestablished that the most significant catisgor
of barriers that arose were firstly financial, eaonc and market barriers, and secondly, uncertainty
barriers.

Understanding the drivers, barriers and opportesiifor energy efficiency improvement from this
thesis contributes to understanding future induattyon required for mitigating GHG emissions and
rising energy costs. These results have importapti¢ations since they suggest that future energy
policy can improve on the situation within industby providing long term financial incentives. In
addition, increased certainty in financial instrumse and campaigns should promote energy
efficiency measures. This includes increased catpasupport for energy efficiency objectives, one
where energy improvement is one of the top presitias improvement is strongly driven by a top-
down approach.

The opportunities which were emphasised includerawvgd energy management practices, where
energy efficiency is a constant focus. In additiomprovements in utilities, including flare and $os
and cross cutting opportunities were also highigh® larger step change in energy performance can
be achieved through investment in capital projadien replacing end-of-life equipment, and during
restructuring/expansion renovation projects. Adeahcprocess controls were an additional
opportunity which could be implemented in the fetut was noted that there was a large potential fo
organisational culture change and individual betxavichange (operational excellence), in the
industry and these were key steps to achievingnteehand energy management opportunities for
energy efficiency improvement.
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9.1 Recommendations

To ensure the achievement of the greenhouse gassiens targets set out in the National Climate
Change Response White Paper in addition to thestsrget out in the national energy efficiency
accord, government and industry need to delivetep-shange in energy demand trends, of which
industry is a key energy consumer. Companies shouglafporate programme design strategies that
work to remove near- and long-term barriers to gynefficiency improvement from motivations of
cost reductions and greenhouse gas mitigationniRgfindustry specific barriers have been iderdifie
in this thesis, and more importantly, the most ificgmt drivers to improving energy efficiency
should be taken into consideration to overcomesthasriers.

The recommendations for government, based on tignfyis from future institutional and policy
drivers, are to implement further: i) financial tinenents (incentives, subsidies) and energy tax
deductions, and ii) energy auditing and trainind/aninformation initiatives.

Typically energy management has the greatest impdwn organisations address the three
dimensions of technical, organisational and humamaiioural. These include aspects of awareness
of energy efficiency as corporate priority, valwesl attitudes towards energy use, in addition ¢o th
skills and knowledge related to the managementusiedof energy consuming equipment and energy
systems. But comparing different sectors, “ther@adsone size fits all” when it comes to energy
management. A portfolio of industrial policies igetled to assist companies in developing a
supporting context for energy efficiency improvensetdowever, if government provides technology
based incentives in the absence of energy managemeill not result in significant market shifts.
An organisational context to respond and integtiaéeopportunity into on-going business practice is
required (Christoffersen, Larsen & Togeby, 2006; Kdoe, Price & De La Ru Can, 2008).
Incorporating organisational culture and individubehaviour change (including operational
excellence) mechanisms into the refining industey key steps to implementing improvements and
realising energy and GHG emissions reductions.

A study which explores energy efficiency in the Caihd GTL plants within the oil and gas sector
would add significant meaning to the findings aétstudy. CTL and GTL processes are more energy
intensive than crude oil refining, where typicatrims to improving energy efficiency in CTL and
GTL are likely to be around technological uncetaias more complex technology is used in the
process. To aid in bringing energy intensities @fan industrial sectors into line with internatibna
standards and best practice, similar studies insgrduel refineries in addition to other energy
intensive sectors such as within the minerals &ednical industries, should be performed.
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APPENDIX

Fuel Quality Specifications

Table 30 Proposed Petrol Specifications

Peatrol

Units

Current

Mational

Specification

Clean
Fuels 2

Clean Fuels

3 (CF3)

Vehicle emissions standards — “Euro 2" “Eurg 4" “Eurg 5"
BANS specifications roughly
equivalent to EU

Sulphur, max. ppm {mim} 500 50 10

Research Octane Number (RON), o5; §3; 21 9593 91 | 45 93;91

min.,

Beanzene, max. vl % 5 2 1

Aromatic content, max. wial % 50 45 42

Olefins, max. val % - 24 21

RVP (summer), max, kPa 75 65 (+5 65 (+5
sthanal} ethanal}

Source: (SAPIA, 2011)

Table 31 Proposed Diesel Specifications

Clean Fuels

Mational 3 (CF3)
Specification
Vehicle emissions standards — “Euro 2" “Eurag 4" “Euro 5"
SANS specifications roughly
equivalent to EU
Sulphur, max. pEm (rim) 5001 501 50/ 10° 10
Polycyelic Aromatic Hydrocarbons mass % 1 11 112
| {PAH]}, max.
Ta0, max. " 362 na na
T35, max. na 360 360

Source: (SAPIA, 2011)
M Niche grade

) Currently being reviewed by EU

Diesel Sulphur SA

<2001

2002 2006

M Diesel SG

M Diesel LSG

1000+

(ppm)

800
600
400
200

Sulphur mg/kg

< 2004

ULP Petrol Sulphur SA

Figure 28 Sulphur Reduction in Petrol and Diesel

Source: (SAPIA, 2011)

2005

2006
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Results

Table 32 The Significance of Drivers for Energy Efficiacy Projects

Drivers for Energy Efficiency Projects Average St Error
Corporate support 4.75 0.13
Organisational energy policy/ strategic energy cibjes 4.42 0.26
Awareness and knowledge - from information sousteh as
conferences, visiting other refineries etc 3.50 0.23
Team/group motivating a project 3.42 0.19
Awareness and knowledge- from training 3.25 0.25
Vendors offering/ providing solutions 3.25 0.25
Individual motivating a project 2.50 0.23
Table 33 The Significance of Financial, Economic and ktket Barriers
FINANCIAL, ECONOMIC AND MARKET Average | Std Error
Energy costs are sufficiently important 4.59 0.19
Slow rate of return of the investments 4.08 0.31
Specific installation costs 4.00 0.35
Economic trend or market situation 3.92 0.29
Increased perceived cost of energy saving measures 3.75 0.28
Existence of more promising investment opportusitie 3.17 0.30
Cost of acquiring information and incorporating neaehnologies
greater than expected saving on energy bill 3.17 39 0.
High transaction costs 3.00 0.41
Cost of possible production disruption 2.75 0.39
Cost of identifying opportunities, analysing coeetiveness 2.50 0.26

Table 34 The Significance of Organisational and Behl@ural Barriers on the Uptake of Energy Efficient

Technologies

ORGANISATIONAL AND BEHAVIOURAL Average | Std Error
Focus on daily production problems 3.92 0.26
Short term thinking and planning of owners 3.25 350.
Bureaucratic procedures to get governmental firsuscipport 3.18 0.46
Lean organisation 2.83 0.32
Resistance to technology adoption- technology c¢éw lze implemented

after end of life of existing equipment 2.83 0.32
Energy management - not core business activity 726 041
Lack of technical skill 2.58 0.38
Poor information quality regarding energy efficigrapportunities 2.50 0.29
Lack of staff awareness 2.42 0.42
Long decision chains 2.25 0.22
Cost of staff replacement, retraining 2.17 0.21
Conflict of interest 2.00 0.35
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Table 35 The Significance of Technological Barriers

TECHNOLOGICAL Average | Std Error
Technology fitting into process 3.50 0.29
Limited space 3.17 0.44
Irreversibility of technological change 2.67 0.38
Fear of losing flexibility in process 2.67 0.38
Technical risks 2.58 0.43
Resistance to replacing existing machinery 2.33 60.3
Table 36 The Significance of Uncertainty to the Uptad of Energy Efficient Technologies
UNCERTAINTY Average | Std Error
Uncertainty regarding future of the refinery 3.92 0.23
Uncertainty related to policy and future subsidesfironmental
requirements 3.92 0.36
Change in energy prices - uncertainty about econbmmefits of energy
efficiency improvement 3.50 0.36
Fears that future technologies will be cheaperlzaiter 1.83 0.30
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Raw Data
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Respondent Ratings
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Resistance to technology adoption- technology cdy lwe
implemented after end of life existing equipment
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Economic trend or market situation

Cost of acquiring information and incorporatingtteologies greate
than expected saving on energy bill

Cost of identifying opportunities, analysing coeetiveness

Lack of staff awareness

(@]

Poor information quality regarding energy efficigrapportunities

Fear of losing flexibility in the process

Technology fitting into process

Limited space

Uncertainty regarding future of the refinery

Change in energy prices- uncertainty about econbemefits of

energy efficiency improvement
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Opportunities Respondents Ratings
Maintenance best practices 30 [30 |50 |80 (20 | 35 | 80| &| 10| 50
Individual behaviour change-
operational excellence 30 40 80 [0 (10 |30 100 | 20| 5| 60
Organisational culture change ?0 [10 |80 |90 |30 | 300 |100| 65| 30f 60
Optimisation 500 19 50 8p 30 35 7JO0 B0 BO |10 |30
Utilities and cross cutting opportunitiess
eg pumps, fans, motors 20| 10| 50| 80 15 30 100 30 90 20 pgO
Process specific opportunities B0 B0 |50 (90 |15 | 260 |150| 50| 20| 20
Current Respondent Ratings
Energy performance standards for industrial
Regulation technologies 2 1 3 1 P Q1
Mandatory targets for Demand Side
Management 1 3 8 2 p [1 |2
Labelling of industrial technologies 1133 (1(1(3]|1
Financial instruments such as subsidy
Financial schemes, tax incentives 2 1 ]/5]2]1]1]1
Energy tax deductions 2 11|52 (1 |1]1
Information Training/Information/Knowledge transfe 314 2| 3] 3] 1] 3 3 *
Energy Audits 4 3 2 8 B3 1 PR
Voluntary agreements to improve energy
Voluntary Agreements efficiency 2112 -] 2] 2] 3 1 3
Future
Energy performance standards for industrial
Regulation technologies 3/3|5/3 3 3 5 3 5 5
Mandatory targets for Demand Side
Management 3 3 4 4 4 2 |4
Labelling of industrial technologies 2 |5|5]14|1|4|4
Financial instruments such as subsidy
Financial schemes, tax incentives 5|5|5|5|3
Energy tax deductions 5 5 |51(4|3|3|5
Information Training/Information/Knowledge transfe 4|1 4] 3| 4] 4 2| 4 5
Energy Audits 4 3 3 5 4 P A
Voluntary agreements to improve energy
Voluntary Agreements efficiency 311 3 -] 3 3 4 2 5
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uestionnaire

Please rate the relative importance of identifaztdrs towards the adoption of readily available

energy efficient technologies.
(complete insignificancé - very significant)

Energy costs are sufficiently important

Increased perceived cost of energy saving measures

High transaction costs

Slow rate of return of the investments

Existence of more promising investment opportusitie

Long decision chains

Lack of technical skill

Short term thinking and planning of owners

Technical risks

Resistance to replacing existing machinery

Irreversibility of technological change

Focus on daily production problems

Cost of staff replacement, retraining

Fears that future technologies will be cheaperlsatter

Uncertainty related to policy and future subsid&s/ironmental requirements

Conflict of interest within the company

Cost of possible production disruption

Bureaucratic procedures to get governmental firsuscipport

Resistance to technology adoption- technology ey lze implemented after end of life of
existing equipment

Lean organisation

Energy management not core business activity

Specific installation costs

Economic trend or market situation

Cost of acquiring information and incorporating rneeshnologies greater than expected
saving on energy bill

Cost of identifying opportunities, analysing coeetiveness

Lack of staff awareness

Poor information quality regarding energy efficigrapportunities

Fear of losing flexibility in process

Technology fitting into process

Limited space

Uncertainty regarding future of the refinery

Change in energy prices - uncertainty about econbemefits of energy efficiency

improvement

Comments:
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Please rate the significance of the following om tiptake of energy efficiency projects.
(1 complete insignificance5 very significant)

Corporate support

Organisational energy policy/strategic energy dibjes

Awareness and knowledge — from training

Awareness and knowledge -from information source$ s1s
conferences, visiting other refineries etc

Individual motivating a project

Team/group motivating a project

Vendors offering/providing solutions

Comments and or/other:

Please rate the potential for improvement in ttieiong: (%)

Maintenance best practices

Individual behaviour change- operational excellence

Organisational culture change

Optimisation

Utilities and Cross cutting opportunities — egnms, fans, motors|

Process specific opportunities

Comments and or/other:

(0% being operations excellence and no room foravgment. 50% meaning we can improve by
50% on current situation) Column does not havexdb up to 100%.
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Please rate the relative influence of listed paiistruments to the adoption of readily available
energy efficient technologies.
(complete insignificancé - very significant)

Policy instruments Rating
Current | Future

Energy performance standards for
Regulation | industrial technologies

Mandatory targets for Demand Side
Management (DSM)

Labelling of industrial technologies *

Financial instruments such as subsidy
Financial schemes, tax incentives

Energy tax deductions

=

Information | Training/Information/Knowledge transfe

Energy Audits

Voluntary Voluntary agreements to improve energy
Agreements | efficiency

*Example- high or premium efficiency motors
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Interview Questions (Semi Structured)

Organisational structure/decision processes

What is your role in the company? How do you fibithe organisation? What kind of
decisions do you make?

Who are the main decision makers of the companywahgking a major change in the
refinery? (Large capital investment)

To what extent does head office play a role? Dbestmpany have complete autonomy or
does head office (overseas) dictate what shouttbhe( technology, mandatory targets etc)
Are there any particularly influential people iretdecision making process? For example
stakeholders, CEO, head of finance? or key inflaenwith respect to personality or perhaps
strong political connection that influence decisidowards a yes or no.

How are the decision processes different for daapital expenditure & 2) maintenance
expenditure.

Are there different classes of decision? Limitawofhority? ie less than R5 million refinery
manager should sign off, greater than R10 milli&@OCshould sign off etc

Are there company heuristics that should be folkbwhen making a decision? - For example
a gate stage model? What are the criteria thatdtheumet when making a decision? Cost
benefit analysis, payback , shutdown criteria ?

Investment

Could you identify the top 3 or 4 factors that havarge impact on profitability? (for
example crude price, Rand/dollar exchange rateitiopst ) What are the main objectives for
profitability of the business? (sales/yield etc)

How does the availability of capital affect investmh decisions? Are there any financing
constraints? (for example source of funds , cas)fl

How far in advance does the company plan invessfent

What is the preferred financial tool for analysingestments? ( for example IRR/profits,
payback, WACC)

What are your internal hurdle rates? How do théfedfor different investments?

What are the hurdle rates for energy efficiencyestients (as opposed to capital expansion)?
How long is turnaround on a decision for large @pnvestment?

In terms of uncertainty, what kind of uncertainti@pact decisions made within the
company? (Mthombo/Coega, peak oil, regulatory emvirent/policy, prices, economic
climate)

How is risk handled during decision making? Arer¢gheompany guidelines? l.e. risk matrix
How does carbon tax/ future GHG emission regulatiéect investment decisions?

How are capital budgets set up? (How is capitaiqa for)

What internal procedures are in place to identiiptlertake capital projects (utility systems,
heat integration, process controls, combustiormieficy)

Who decides what projects are to be undertaken?

How are projects ranked or prioritised?

How many alternatives are designed for in the pessibility stage? How is information about
energy efficient technologies incorporated? vendamergy tech company, internal database
How are maintenance budgets set up? (How is maintenplanned for)
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What internal procedures are in place to identiipéelertake maintenance
projects/opportunities (How are opportunities idfeed?) motor systems, pumps, fans,
blowers, fouling, leaking, insulation)

Who sets the task of checks? Is this routine based-hoc decision?

Who decides when a piece of equipment (or unitiisee be replaced or fixed? How are
opportunities prioritised?

Status Quo Energy Efficiency
Have there been any energy efficiency initiatived have been adopted by your company?
(energy management programs etc) What factors thivénitiative? Is this cost
driven/emission driven/environmental image driven.
Is there an energy manager? Who formulates endvjggtives within the refinery? Who
approves energy objectives?
Is there a specific internal target for energy otiyes? or energy efficiency accord driven
(15%) ? Who sets the targets?
Do you have an energy monitoring system?
Are energy minimisation objectives are integrated:i

o0 purchasing programs ( for example ee motors)?

0 maintenance programs (maintenance checks suchaas stap leaks) ?

0 operating procedures (temperature, pressure ojptiioig ?
Are there incentives provided for energy savinghwvithe refinery?
What is the most recent energy saving a projettiths been implemented in the refinery?
What have you done so far in terms of energy efficy, relative savings?
Are there any technologies that you are considdtiagare out of the norm?
How do you become aware of any new technologiglsdgleindustry specific or cross cutting)
which have not been used before?

Opportunities
What are some of the opportunities which couldryglémented in the industry?

Drivers

Are there any particular measures that would imfbgecompanies to invest more in energy
efficiency?

How much influence do engineers/staff have on ragittg or driving a project?

Do current and or anticipated regulatory requireis@nesent any significant opportunities
for the business?

Barriers

What are some of the challenges that you or thedixperience concerning energy saving
measures (investment or process improvements)?

How significant is energy cost within the company?

What role does uncertainty have in your decisions?

Are there any challenges relating to shut downgratity of projects?

How long is turnover of a decision? Does this intgficiency?

Can you talk me through challenges around reducielggas use and flaring? excess fuel
gas?
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