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Abstract

This study applies the translog production functiorinvestigate technical change and energy
substitution possibilities among petroleum, coad aectricity over the period 1980-2012.
Ridge regression technique is introduced to cori@cmulticollinearity in the data. The study
documents several findings: first, electricity avwhl are found to be the major drivers of South
African output and also have a faster technologicagress over petroleum. Second, all energy
inputs were found to be substitutes; thereforeoreng all price ceilings and subsidies on
petroleum will decrease the demand for petroleurafiact protecting South African economy
from external petroleum price shocks while redudd@?2 emissions. This will also increase the
demand for electricity from renewable sources; h@wehe success of this substitution will
depend on policies geared towards large scalerieieciproduction to meet demand. Third and
finally, this study points to evidence that, evleaugh coal dominates as the main energy source
of South Africa, enhancement in research and dpwedmt of renewable energy technologies
could present opportunities for electricity as ateptial replacer of coal; and as such,
accelerating the CO2 mitigation effort of the SoAfhican government.
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1 Introduction

South Africa being the second largest economy fricA has embarked on heavy
industrialization Vis a Vis high energy usage. Abhall economic sectors in South Africa
including transport, mining, electricity, commurtica, production, agriculture, fishery, health,
education and tourism relies heavily on energyuttcfion. Besides the energy sectors immense
contribution to the gross domestic product (GDBQdf security, employment, trade, regional
and sub-regional development are other contribstienjoyed from the energy sector. Even
though the energy sector has become the bedroSkwh Africa’s development, it has become
the most strenuous sector with regards to solvimgate change, environmental pollution and
energy security issues due to the reliance on aoaloil and the search for an alternate cleaner
energy source. According to IEA,[1] coal and oitsntribution to the global primary energy
consumption accounted for 29.9 % and 33% in 20%Paetively with coal generating 41% of
electricity globally. Energy consumption in emeigiaconomies like South Africa has been on
the increase in recent years. South Africa’s t@aérgy consumption rose from 2.72828
quadrillion Btu in 1980 to 5. 77122 quadrillion Bt 2008 with its attendant CO2 emissions
almost doubling from 44.46181million metric tonsiA80 to 78.98331 million metric tons in
2008 due to higher percentage of coal and oilgrertergy mix (seen in fig 1). South Africa is
the largest CO2 emitter in Africa and the"llargest in the world (source IEA estimate 2011).
The rapid development growth of South Africa hasuled in an increasing trend of demand for
energy and factor inputs see Fig 2.

Currently, the energy mix of South Africa is domtied by coal. South Africa’s energy
consumption mix is made up of 72% coal due tovalability and the fact that the country has
only a little amount of proven crude oil reservebolit 62% of coal is used for electricity
generation with coal powered plants dotted all dlaercountry with installed capacity of 45,710
megawatts (source Eskom February 2013 and IHS wodrtket energy [2]). Beside electricity
generation, about 23% of coal is used by the peémical sector and about 8% in other
industries.

Petroleum which is predominantly used in the tpanissector accounts for about 22% of
South Africa’s energy consumption mix and 75% usedhe transport sector. Petroleum is
imported in crude form and refined domestically dmmestic use. South Africa has the second
largest refinery in Africa with a total refinerygacity of 485,000 barrels per day and crude oil
imported largely from Saudi Arabia and other comestiike Nigeria, Angola and Ghana are
refined for its domestic consumption.

South Africa’s electricity generation mix is madp of 90% coal, 5% nuclear and 5%
hydro with very small amount generated from winergy. Electricity is largely consumed by
the industrial sector accounting for about 45%hef total consumption with the manufacturing,
commercial mining and residential sectors accogrfiom 20%, 20%, 10% and 5% respectively.

The dominance of coal and petroleum in the eneogygumption mix of South Africa is a



major concern not to only the South African econdmoy to the world at large. South Africa
being at the 1% position in terms of CO2 emission should raisee“dyows” since its
contribution to global warming and climate changeignificant enough to be neglected on the
global scale. Looking at the cursory plot of outad@see Fig 2), there is a clear indication that as
the economy grows, the demand for energy input$ widrease which implies that CO2
emissions will further increase; and as such, tecrgavorsening environmental pollution which
is already having a toll on the economy. Governsiamid other environmental activist groups
are calling for the use of cleaner energy sourdés mumerous policies put in place to control
the emission menace (see Table 1).

However the effectiveness and the realizationheté goals will largely depend on the
substitutability possibilities among the variousrgy inputs. Substitutability among different
energy types and other factors of production wilatlarge extent determine the effect of output
growth and changes in fuel prices on the demandefugrgy. These energy and factor
substitutability studies have attracted a lot e¢iiest due to risks of global warming and climate
change in recent years with a number of researatiest focusing on these areas. Even though
there have been a number of publications on intergubstitution, most of these studies target
the highly industrialized and developed countri@e must not neglect the importance of
directing attention to emerging economies like SoAfrica which is at its fastest stage of
development.

Conducting this study for South Africa will presexery important contribution
especially in terms of the country’s energy econoRisst the dominance of petroleum and coal
in South Africa’s energy consumption mix shouldabsajor concern and looking at the demand
trend of energy and factor inputs, there is cladrication that the demand for these inputs will
further increase as the economy grows over time fEsults of this study could be used to
facilitate future forecast that will match the demand supply of energy inputs that is base not
only on total energy consumption, but a categdomainto renewables, petroleum and coal. This
should not be taken for granted since reliable demaodels must take into account the
elasticities of substitution among various energyrses. Second, with the knowledge of which
energy types are close substitutes, estimatioheif technical progress over time will provide
valuable insights on which energy sources shouldiSAfrica prioritize for the development of
cleaner energy and also to be sure of the sucéess/@®nergy reform policy geared towards the
promotion of cleaner energy and the control of G@ftssions. Third the construction of energy
— oriented computable general equilibrium (CGE) 8wouth Africa could be based on the
estimate from this paper since this varies fromrtbemal CGE model where the former takes
into account different energy and factor input fertm come out with a reliable CES which could
be used to assess the impact of other energy-tghalecies (e.g. taxes and subsidies, price hikes
and price regulations) on the economy. Finallhalgh there has been research works related to
energy substitution on emerging economies like €lrhich can be sighted in the work of Ma et
al. [3] and Wesseh et al.[4], to the best of mywdaolge, there has been no related publication
directly on inter- fuel substitution with estimati@f their differences in technical progress on



South Africa. Moreover, unlike the above two stsdighich utilized data on total electricity
consumption, the present study has consideredrenigwable electric power data. This means
that any substitution possibility would imply ditesubstitution of renewable energy for non-
renewable energy. This will make it easier for pplmakers to ascertain whether committing
resources into cleaner energy development will éeesible. Hence, the present study brings
valuable insight to the empirical literature and Wwelp in filling the literature gap that existsrf
South Africa.

The remaining of our work is structured as follaWe second section contains a brief
literature review. The third section contains tlesaiption of data set and how it was processed.
The fourth part contains description and expansibthe model framework. The fifth section
contains the empirical result and discussion amdsilkth and the finale section contains the
conclusion of the paper and policy discussion.
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Fig 1. CO2 emissions from energy use in South Africal{tMi Metric Tons) Source US IEA
database

2 Literature Review

After the seminal research work byBerndt and wohdgbergy and factor substitutability has
been a consistent topic among energy research waeitks different empirical methods and
different data sets employed to estimate the dubshility among energy and factor inputs
however the most popular method used in estimaditime transcendental logarithmic (trans-log)
cost function due to its preference for flexibilityactable methodology, understandable and
satisfaction of desired properties of productiod aast function.Berndt and wood’s [5] findings
of complementarity relationship between energy eeqital in the US manufacturing sector has
received a wide range of support from other re$eamorks and notable among them
are;Anderson R.[6], Fuss[7], Danny et al[8] andi®r${9] however their findings was refuted by
other researchers who suggest there exists subbility relation between energy and capital
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inputs. Notable among them who supports the exdsteri substitutability relationship among
energy and capital are; Pindyck [10], Thompson daraylor [11], Koetse et al [12],
Christopoulos[13], Griffen[14], Lin and Wesseh 18] Lin and Xie[16], Wesseh Jr and
Zoumara[17] and Truong.[18] All these works adoptieel translog production function. In fact
this capital and energy substitutability hypothdss not got a one-sided result with all findings
having a mix results. To delve further into thipital energy hypothesis, Chakir and Thomas
[19], Serletis and Timilsina [20], Bjorne and Jemi@i Jadopted different methods to estimate the
relationship among energy and factor inputs butkmed with mix result which implies a mix
relationship among energy and factor inputs in ganén an attempt to delve into the mix result
from different works on capital and energy subsaibility, Stern[22] carried out a review work
on 47 different studies and concluded that, theeghisesult from different studies is due to the
level of aggregation (e.g. regional, national seatph data used (i.e. time series, panel, cross
section, pooled data), methodology used and theassi situation of the country of study
however Smyth et al also criticized his resulingjtout datedness of his literature since most of
his studies he reviewed used data prior to 197@soaty one-third of the studies he examined
used data after 1990.In fact there have been limitéer-factor and inter-energy substitution
studies on developing countries. The very few &xasts includes; Wesseh Jr and Zoumara[17],
Wesseh Jr. et al[4] and Serletis et al[23]. Sefl2B]analyzed substitution possibilities of energy
and factor inputs in six high income countries.efimniddle income countries and four low
income countries in their transport and industsattor and concluded that there is a higher
inter-fuel substitution possibilities in high incensountries compared to middle and low income
countries which is consistent with Stern’s condusi This implies, inter-fuel substitution
depends not on the level of economic developmeataafuntry but the structure of the economy.
Literatures related to inter-factor and inter —fgebstitution with emphasis on their relative
differences in their technical progress is very fearticularly on emerging economies like South
Africa. Ma et al[3] attempted analyzing the intactor substitutability possibilities in China and
concluded with suggested possibilities of capital énergy on regional level and labor for
energy on national level with capital having highebstitutability possibilities than labor. Smyth
et al[24] also estimated the substitutability amaagital stock, energy and labor in Chinese
steel sector and concluded with substitutabilitggaoilities between capital and energy and also
labor and energy.

With the literature presented above, there is cmadence that though South Africa relies
heavily on coal for its power production with itgh emissions potentials, littles or no attention
has been given to South Africa in term of energg &ctor inputs substitutability research.
Carrying out this study will be very relevant tolipg makers in formulating constructive and
achievable energy policies to promote cleaner gnesg and control emissions.



Table 1: Some policies put in place by governmemromote the use and development of
cleaner energy sources in South Africa (Sourc25) [

Year Policy
1977 National building réagion and building standard Act 103 (NRBS):
Empowering the isiry of trade and industry to regulate building
Standards to comfdo energy sustainability and efficiency form.
1998 Income tax Act 12i: Tr&bate for companies promoting and engaging in
the improvement of energy efficiency.
2000 National Environmentait82 (NEMA): Promoting and development of
energy generation in a non-harmful envirenn
2003 White paper on rendev@mergy: Setting target for the production of
Production of 1@0GWh of energy from renewable energy resources
Mainly from wingplar, biomass, and small scale hydro by 2013.
2005 Introduction of ond-cépital subsidies for projects aims at producing
Energy from enetgghnologies which includes: landfill gas extraoti
Mini hydroelectschemes, commercial and domestic water heaters and
Sugar-cane badgaggenerating power from sugar cane fiber)
2008 National Energy Adt 3Promoting efficient and economic use of energy

Generated fronmuepleting energy resources this includes ;( wind,
Biomass, solatal, hydro, geothermal and biological waste).

3 Description of Dataset and transfor mation

Dataset in this study is a yearly time series dataitical observations on Petroleum
consumption, coal consumption, electricity consuamptlabor, capital formation and GDP in
South Africa from 1980 to 2012. For the avoidantspurious results of our analysis, all
datasets were taking through several transformatioth all variables transformed into
logarithmic form however, some variables were fonntbe stationary. We therefore
transformed the data to a stationary one by takisgorder differencing to satisfy the box-
cox transformation requirement.



3.1 Output

Output in this study is represented by GDP of thatl$ African economy from 1980-2012. To
eliminate the impact of inflation, the GDP in cargtterms was chosen and the calculation was
based on constant price (2000=100). This studyehgdoyed a pure production approach where
output is a function of capital, labor and enengffect, this model incorporates wages, returns,
investment and depreciation in the GDP calculati®@DP data was taking from World
development indicators databank.

3.2 Capital formation

Getting data on capital at WDI databank [26] webdias been difficult so we adopted
calculation of capital stock employed by Goldsmi#7] for the first time in 1951 and we
employed the perpetual inventory method (PIM) withiculations based on constant price
(2000=100). The perpetual inventory method is giasrfiollows:

Kt = Kt—l (1_6) + It (1)

Where K, is the current capital stock,_,is capital stock of the previous yea¥js the capital
depreciation rate, andl, is the capital investment in the current year. Base World Bank’s

total wealth estimate and per capita wealth esgrf@t124 countries including South Africa, we
computed initial capital stock using the followiaguations.

Ko =1,/(g+9) (2)

Where K,represents initial capital stockl,represents the initial capital investmeng,
represents the capital depreciation rate agcepresents average growth rate of capital
investment over the period of the study.

3.3 Consumption of petroleum and electricity

Data on electricity consumption and petroleum camsion in this study was taken from US
Energy Information Administration (IEA) data ba#dl energy inputs are expressed in British
thermal unit (BTU). It is the amount of energy ne@do increase the temperature of one pound
of water by one degree F. It's the standard measeme for stating the amount of energy that a
fuel has as well as the amount of output of any geaerating device. Electricity consumption
in this study represents only electricity from nembéle sources. This was also taken from IEA
database.

3.4 Coal consumption

Data on coal consumption was taken from US Enenfiyrination Administration Database and
digest of South African energy statistics from 12802. All coal data was converted into
British Thermal Unit (BTU) as a standard unit fepresenting energy inputs.



3.5 Labor

Data on labor was adopted from World developmedicators databank however we did some
transformation of the data to get the near accuiaber data. In our study we calculated
employment ratio to population ratio multipliedby the active population to represent labor
over the period of the study.
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4 Resear ch method and estimation procedure

Adopting the approach used by Smyth et al [24]ewsloyed the log linear trans-log production
function to investigate substitutability among eyerinputs namely; coal, electricity and
petroleum. This method was chosen instead of ti@nsost function to avoid including data of
prices of the inputs which are not available over sample period.As a second order Taylor
series [28], the trans-log production function ¢@nused to investigate the interaction of input
factors in production function. This can be expeesas follows:

4.1

1
InYt:Inao+Za1InXit+§ZZajlnXitlant (3)
i ! J
Where Y, denotes output at time B,shows the state of technical knowledgg and X,

represents inputs | and j respectively at tirhe,and a;are technologically determined

parameters. Here it is assumed that there existwice differentiable aggregate trans-log
production function relating gross output to caalpital, labor, petroleum, and electricity inputs
in South Africa. As sighted in Pavelescu[29], imtioa of assumptions like perfect competition
or perfect substitution among inputs can be avoi&én using functional forms. Trans-log
production function is usually the preferred chdice most researchers due to the presence of
guadratic terms which allows for nonlinear relasbips between the output and inputs and due
to its flexibility compared to other forms. With ounputs, we can specify the trans-log
production function for South Africa as follows:
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InY=a,+a, InK,+a InL, +a.InC, +a,InP, +a.InE, +a, InC,InK, +a, InC,InL, +a,, InC, InP,
taInC,InE, +a, InRPInK, +a, NP InL, +a,INnPInE, +a, InE, InK, +a_ InE, InL,
+2,cINE INC, +a,, NE R +a, (INC)? +a, (INR)* +a. (INE,)?

In the expression abov¥, represents the output of South African economyeiilC, L, P, and
E,are capital, coal, labor, petroleum and electrigiiputs in the South African economy

respectively whiletis the time index.
Classifying the South African economic region dm@ar homogeneous production function, the
output elasticity g, ) of the ith input from equation (3) can be caloethas follows:

_ aInY,
= 5 X,
Hence, the output elasticity for capital stock braes:

=a +) a;InX; >0 (5)
j

fe = diny, _
“dInkK,
The output elasticity of coal becomes:

ac ta,InC, +a, InL, +a,Ink +a,.InE +2a, InK, >0 (6)

_diny,
e dinC,

=8 +8g INK, +ag INL, +ac, INR +ac INE, +2a.InC, >0 (7)

The output elasticity of Labor becomes:

_ diny,

Ut dinL, =a =a,InK,+a.InC, +a,InP +a_.InE +2a,InL, >0 (8)

The output elasticity for petroleum becomes:
n. = dinY,
" dinP

=a, tay InK, +a,.InC, +a, InL, +a, InE, +2a,,InP, >0 9)

The output elasticity of electricity becomes:

_ diny,
" dInE,
We expect the output elasticity to vary acrossshmples because they are function of energy
consumption per period. Elasticity between two daghputs and two energy inputs can be
calculated as:

Ne =a. tag InK, +a,.InC, +a, InL, +a,,InR, +2a.InE >0 (10)
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o, = %A(Xit/\/xjt) (11)
' %A(P,/R)

Assuming the firms in South African economy aretaogimization entities, Eq (11) can be
written as:

_ A X)) _{ d(X, /X,) j[(MF’jJMRt)J 12]

g. = =
" T %AMP, /MR, [ d(MP, /MR J| (X, /X,)

From Eq (12), the final formula for the computatioihsubstitution elasticities between input i
and j in this study becomes:

-1
o ={1+_a“ + (7, /”i)ah} (13)
/s

Because of the number of variables, this papemvestigating only inter fuel substitution
restricting the variable to Coal, Petroleum andcEieityhence, the substitution elasticity among
these variables in South Africa can be written as:

- 4-1

O = 1+_aCP+(,7C/,7P)aPP (14)
L 1 *17p
- 4-1

O = 1+ — A +(’7c /”E)aEE (15)
L =1 e i
- .\ . a

o, =| 1+ e + (175 ”E)aEEj| (16)
N —Ip e

In the equation abovey ., o 0, represents inter-fuel substitution between CoalefRaum,
Coal-Electricity and Petroleum- Electricity respeely.

4.2 Estimation procedure

Looking at the cursory representation of our inputs expect some likelihood of the existence
of multicolinearity in our model due to the preseraf interactions and square terms in the
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model.This is a statistical happening where twonwre predictor variables in a multiple
regression model are highly correlated. This phesrman can change the coefficient estimate of
a result of a small change in the model or the.dataeduce the number of parameters to be
estimated in the model, we adopted the model fraosneywroposed by Smyth et al[24]. The
trans-log aspect of capital and labor and the gubish elasticities between these factors and
energy inputs were not estimated to enable us otrate only on the inter-fuel elasticities of
substitution.To be able to contain the problem ailtizollinearity, we adopted the ridge
regression[34] technique proposed by Hoel and Ketjd@] for our computation. This ridge

technique is obtained calculatifx' X +kl)B=h to give 8= (X'X +k)™h; where h=X’X, k

is the ridge parameter which satisfiks 0 and | is the identity matrix. Generally, therethe
highest value of k for any problem however therthesneed to observe the ridge solution for a
range of admissible values of k. Positive and smallle of k improves the condition of the
problem and lowers the estimates of the variancéeMiased, the reduced variance of ridge
estimate often results in a smaller mean squarer ewhencompared to least-squares
estimates.Hoerl[30] gave the name ridge regredsidns procedure because of similarity of its
mathematics to methods he used earlier,i.e. ‘Ridgalysis’, for graphically depicting the
characteristics of second order responds surfacatieq in many predictor variables. In the
econometric literature, several methods of obtagirtimee optimal value of the ridge parameter
have been proposed. This paper uses the ridge gtacenethod which is the most used in the

O
literature. Coefficients are estimated with varidesels of k from zero to one. The,
coefficients are then plotted with respect to takigs of k and the optimal value is chosen at the

m}
point where theg, coefficients seems stabilize. After the computatibthe output elasticities of

the various pair of energy inputs and their elég® of substitution, we calculated the technical
progress of vaious energy input pairs using thetfans as follows:

RD, =(a/17,)~ (3, /1))
In the above equatiorRD; represents the difference between technical pregremputsi andj
aanda; are estimated coefficients from Eq (4) whitpand 17, shows the output state of
technical knowledge. IfRD; is positive it shows a direct indication that thets of technical
progress for inputiis faster than input. Negative RD; however means that the state of
technical progress for inputis faster than input while when RD,; become zero it implies there
is equality in technical progress for both inputs.

5. Estimated results and discussion.

To begin investigating our estimations, we subjdtes log variables to a unit root test which
became necessary after 4 out of the 5 log variable found not to be stationary as can be seen
in Table 3. We further tried to compute the Peassaorrelation coefficient for each of our
predictor variables to enable us measure the rlimedependence between the two pair of

13



variables giving the value between + and -linclesivhough this method has been refuted by
some Authors (eg.Ahlgren et al)[31] with the explon it is too sensitive to zeros,
Bensman[32] and White[33] have strongly defendesl rirethod with the argument that the
differences resulting from the use of different ikanity measure can be neglected in research.
Also, pearson’s correlation coefficient involveg tise of multivariate statistics which allows for
negative value which can be sited in the cosineSalton and McGill[33]. Result of our
correlation estimate can be seen in Table.2.Thssltrendicates some evidence of multi-
collinearity among our variable which has competagmploy the ridge regression method to
attempt solving the problem of multicollinearityofn the estimation and investigating of multi-
collinearity, we present the ridge trace plot (B)gand adopted 0.4 as our ridge parameter since
it is at this value that the coefficient becomessized. Our ridge regression estimate (Table 3)
actually reflects the situation in South Africa'seegy economy with all parameters having the
expected signs except petroleum which has negsitiwe The result in Table 4 shows that 16 out
of the 20 parameters estimated coefficient werenifsignt which suggest a reasonable
specification. In addition, diagnostic tests paried on the model showed that, about 72% of the
independent variables as indicated by adjustédvalue and the Durbin-Watson statistic value
closer to 2 which suggests that the model did affesfrom serial correlation. Our argument is
based on the major parameters which are the maijogrd of the South African economy to
deem the model specification being appropriate. fitlge regression estimate table clearly
shows that, all parameter are major contributorsStuth Africa’s output (GDP) except
petroleum. In fact, this result is a true reflentmf South Africa’s energy economy. South Africa
does not have crude oil deposit and relies on itedgpetroleum which worsens its balance of
payment deficits without contributing directly tbet output (GDP) of the economy with coal,
labor, electricity and capital playing the majoteri its output growth. This result must not be
interpreted to mean petroleum is not important outS Africa’s economy but rather the
importation of petroleum exerts pressure on the @@wth of the economy.

Table 2 Stationarity Test

Variables Level Fidstference
Capital -0.11 -3.26

Coal -1.95 -6.19
Electricity -374

Labor -1.4 3.44
Petroleum -0.11 -7.23

14



Table 3.correlation analysis

Variables DLCAP DLCOAL DLELEC DLLABOR DLPET
DLCAP 1.000000
DLCOAL 0.126793 1.000000
0.4892 -
DLELEC 0.230700 0.196134 1.000000
0.2040 0.2820 -
DLLABOR -0.124528 -0.038203 0.074897 1.000000
0.4971 0.8356 0.6837 -
DLPET 0.093064 0.223977 0.268624 0.136592 1.000000
0.6124 0.2178 0.1371 0.4560 -

Fig 3 Ridge trace plot

Ridge trace plot

0.035 T
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Table 4. Ridge coefficient estimates

Variables Coefficient Probability values
InK 0.0244 0.042
InC 0.0025 0.018
InE 0.0012 0.009
InL 0.0008 0.014
InP -0.0067 0.228
InC*InK 0.0042 0.006
INC*InE 0.0030 0.025
INC*InL 0.0076 0.032
INC*InP -0.0004 0.338
INE*INK 0.0012 0.023
InE*InL 0.0058 0.004
InL*InK 0.0049 0.038
INP*InK -0.0027 0.446
INP*InE -0.0032 0.244
INP*InL -0.0064 0.322
InK”2 0.0064 0.004
InCA2 0.0030 0.025
InEA2 0.0075 0.048
InLA2 0.0017 0.034
InPA2 -0.0053 0.442

Ridge K 0.4

Coefficient of determination  0.687

F-statistics 72.6842

Table 5 Model diagnostics

R? 0.72

Durbin- Watson 1.56

Since the focus of this paper is to investigate ither-fuel substitution possibilities in South
Africa’s energy economy, our estimate of elastaitof substitution has been limited to inter-fuel
substitution possibilities among Coal, Electricégd Petroleum use in South Africa. Table 4
presents the results of the output elasticity foalcelectricity and petroleum in South Africa.
Our result clearly shows that apart from petroletime, other two energy inputs have positive
elasticity with coal having the highest degree autgasticity value. This is a clear indication
that, as the economy grows the demand for thisggnmputs will increase over time with

petroleum having adverse effect on output in eftberre, is the need to look for a suitable
substitute among these three energy inputs foeaner environment. With the results from table
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4, we tried to estimate the output elasticity ob&tuution for these energy inputs. Our
computations indicated all the three pair of enanguts to be substitutes (see Table 5) which
implies the degree of responsiveness for a unihghaf one input will have a proportionate
change in the other pair of input. From table Srgleum-electricity, coal-petroleum, and coal-
electricity pairs are positive with petroleum-etegty and coal petroleum having the highest
degree of substitution. Even though the degreeillo$tgution between coal and electricity is less,
it is much of importance since it indicates thegpoitity of renewable electricity replacing coal
in the near future if more resources are allocd#tedesearch and development of renewable
energy technologies. The substitutability relati@mtween petroleum and electricity in our study
is consistent with the findings in Smyth et al[2#) Chinese iron and steel industry which
implies the removal of petroleum subsidies andeasing petroleum taxes to reflect the actual
cost of petroleum products will decrease the demfandoetroleum and increase the use of
electricity which is a cleaner energy and proteatith Africa’s energy economy from external
oil price shocks and speed up its CO2 mitigatioforef however the sustainability of this
analysis will largely depend on the availabilitydawillingness to use electric cars since
petroleum is mainly use in the transportation seatw also the switch of industries from the
use of petroleum to electricity since it comeshwat cost. Petroleum and coal have the highest
degree of substitutability in our computation artdstindicate petroleum-coal are close
substitutes which is also consistent with the figdi of Seletis et al[23] in analyzing inter-fuel
substitution possibilities in six high income caues, five middle income countries and four low
income countries but substituting coal for petraleor otherwise is just like substituting ‘Coca
cola for Pepsi cola’ because both petroleum and a@ahigh CO2 emitters however should
policy makers adopt clean coal technologies e.gs®an capture and save method, then there is
a possibility of substituting coal for petroleumthre industrial sector. Shifting our focus to the
substitution between electricity and coal, thera igreat opportunity for South Africa to shift
from the use of coal to electricity. This resdtaf a great importance to the South African’s
energy economy since its total electricity generais made up of 90% of coal with the other
10% generated from renewable energy sources. $nsthdy, the electricity we used represents
only the 10% of electricity generated from the rkgable sources with the 90% representing
coal. From our computation, electricity is a clesstitute to coal which implies the existence
of great opportunity for South Africa to generateaelectricity from renewable sources however
the technological progress of these input pair$ @etermine the possibility of replacing coal
with electricity in the future. Should South Afridacrease its amount of electricity from
renewable sources, there is still the need to fantthe cost of generating electricity from both
sources or has to subsidize a large percentadpe @ioist of electricity from renewables.
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Table 6 Output elasticity of energy inputs in Soéthca’s economy

Year  /C, 7E, R
1980 NA NA NA

1981 0.003739 0.009120 -0.010882
1982 0.001945 0.008786 -0.013595
1983 0.001841 0.008997 -0.013637
1984 0.002535 0.008840 -0.012360
1985 0.002556 0.008940 -0.011656
1986 0.003138 0.008684 -0.008787
1987 0.002570 0.008927 -0.012109
1988 0.003971 0.009037 -0.010446
1989 0.002778 0.008587 -0.012659
1990 0.001222 0.008514 -0.015082
1991 0.003230 0.008664 -0.009937
1992 0.001242 0.008821 -0.014991
1993 0.000592 0.009154 -0.017064
1994 0.005594 0.008926 -0.006445
1995 0.002205 0.008909 -0.014568
1996 0.004330 0.008948 -0.009540
1997 0.003575 0.009205 -0.010970
1998 0.002654 0.008636 -0.012902
1999 0.001511 0.008731 -0.014031
2000 0.003652 0.009086 -0.010572
2001 0.003308 0.008928 -0.011122
2002 0.002918 0.008560 -0.011876
2003 0.001592 0.008889 -0.014872
2004 0.002979 0.008865 -0.011807
2005 0.003548 0.008727 -0.011716
2006 0.004033 0.008947 -0.010506
2007 0.001724 0.008817 -0.015330
2008 0.003553 0.009163 -0.011817
2009 0.002337 0.008703 -0.011392
2010 0.002713 0.008305 -0.010786
2011 0.002726 0.008583 -0.012270
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2012 0.002854 0.008786 -0.012267
Average 0.002786  0.008837 -0.01212

Table 7. Substitution elasticity of energy inpuSauth Africa

Year oCE oCP oPE
1980 NA NA NA
1981 0.337779 1.003037 0.994082
1982 0.414246 1.003866 1.013650
1983 0.410617 1.004685 1.012271
1984 -0.066168 1.003065 0.943075
1985 -0.072992 1.003004 0.983138
1986 0.744638 1.001931 0.995714
1987 -0.099382 1.003231 0.972917
1988 0.492426 1.002794 0.994913
1989 -0.063737 1.003179 0.942795
1990 0.773836 1.004928 1.005751
1991 0.554958 1.002036 0.993294
1992 0.739677 1.004648 1.006531
1993 0.861886 1.088626 1.003294
1994 0.906664 1.001870 0.997413
1995 0.510338 1.004058 1.011774
1996 0.687580 1.002251 0.995195
1997 0.276380 1.002607 0.991527
1998 0.008979 1.002698 2.981327
1999 0.605156 1.003016 1.010929
2000 0.415527 1.002407 0.992507
2001 0.209438 1.002412 0.989644
2002 -0.049692 1.002273 0.978488
2003 0.663002 1.003884 1.008912
2004 -0.063582 1.002528 0.981067
2005 0.105213 1.002213 0.985754
2006 0.496802 1.002155 0.992130
2007 0.694855 1.003430 1.009213
2008 0.030240 1.002390 0.984779
2009 -0.052639 1.002133 0.975958
2010 0.237868 1.001664 0.984526
2011 -0.089794 1.002027 0.949545
2012 -0.102467 1.002125 0.960701
Average 0.328677 1.005537 1.051338
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After the analyzing the possibilities of substitutiof various input pairs, we also made an
attempt to assess the relative difference in teahmprogress of all input pairs considered over
time. In this attempt, we employed the aggregadestiog production function of the South

African economy and combined them with the outpastecities and estimated coefficients from

Eq 4. The function we used in this calculation bargiven as

RD, = (a /1)~ (a, /7, (19)

In the above equatiorRD; represents the difference between technical pregremputsi andj
aanda; are estimated coefficients from Eq (4) whiteand 57, shows the output state of
technical knowledge. IfRD; is positive it shows a direct indication that thats of technical
progress for inputiis faster than input. Negative RD,; however means that the state of
technical progress for inputis faster than input while whenRD, become zero it implies there

is equality in technical progress for both inpdise result of this analysis is presented in Fig 4.
From fig 4 there is a clear evidence of the teabgichl progress of coal faster than petroleum
and electricity almost equal to petroleum howewd#lrinput pairs appear to be converging which
implies that any of the inputs could dominate as riain energy source of South Africa with
enhancement of research and development of thehintdogy. This result implies that, South
Africa could allocate more resources into reseanott development into renewable electricity
technology to replace coal as their major sourcer@rgy in the near future. This will mean
fueling the South African economy in a clean enwinent and mitigating CO2 emissions as
well.
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6. Conclusion and policy suggestions

The focus of this study is to investigate technid@nge and inter-fuel substitution possibilities
in the South African Energy economy among Coakgbetim and electricity. Other factor input
like labor and fix capital formation were includéml compute the production model for South
Africa since they are important variable in  SoAfinca’s production economy. We employed
the trans-log production function however; we idtroed the ridge regression technique to try to
solve the problem of multicollinearity in our dafdese technics were applied to a yearly energy
and factor inputs over the period 1980-2012. Oamedions and analysis brought out several
findings. First, we found electricity and coal te the main drivers of South African energy
economy which implies that as the economy growsdémand for these energy inputs will
increase over time. Second, all the energy inputsur study i.e. petroleum, electricity and coal
are close substitutes which implies that any of¢éhenergy inputs can be substituted for the other
in effect removing subsidies and price ceilingsame input to reflect the right cost of it will
increase the demand for the other favored inputrergoving the price ceiling and subsidies on
petroleum products will increase the demand forctaldty and vice versa. Third our
investigation found the rate of technological pesgr of coal to be faster than electricity and
petroleum however, the rate of technological presgref all the input pairs appears to be
converging which implies an improvement in the testbgy of any of these energy inputs could
make it the main energy source of South Africairggrovement in the technology of renewable
electricity, could make it a potential energy seuin effect, protecting the economy from
external oil price shocks and mitigating of CO2 &sions on both national and global front
which is in fulfilment of article 4.1of United Natns framework on climate change and South
Africa’s emission reduction target of 34% by 202@ a&2% by 2025. In fact South Africa has
targeted increasing its renewable energy produ¢tid2GW by 2020 which is also in line with
policy recommendations from this study howevetladise policies cannot be implemented at the
expense of the growth of the economy.

21



In the first place, all energy inputs employedhiststudy were found to be substitutes however
the focus of this paper is finding a cleaner enesgurce for development in a cleaner
environment therefore our interest is more in thssbility of substituting renewable electricity
for petroleum and coal. With electricity being dstitute for petroleum, South African policy
makers can formulate policies to remove all petnolgrice ceilings and subsidies to reflect the
actual price of petroleum products which will inrriudecrease the demand for petroleum and
increase the demand for electricity especiallyhia industrial sector in effect protecting South
African economy from external oil price shocks aaduction of CO2 emissions however with
the transport sector, there is the need to changsumers taste for petroleum cars to electric
cars through price subsidies for electric carsiastallation of sufficient charging stations.

Second, electricity generation from renewable semittirns to be expensive which will need
governments support in terms of developing elatyrimfrastructure, giving production cost
subsidies and duty waiver policies on the impastabf machinery and other renewable energy
installation equipment to help in reducing prdéet cost of electricity from renewable
sources.

Third, the switch from the use of petroleum to #leity especially in the industrial sector will
come with a cost since there is the need for nelkni@ogy and installations to enable the
industries adjust to the new energy use which aldb need governments policies to ‘cushion’
the industries from high cost of production to avahis cost being passed on to the final
consumers of their products.

Forth, our study concluded that, with the enhancegnoé research and development in the
technology of renewable electricity, there is tresgbility of renewable electricity replacing
coal as the main energy source of South Africa vlwdl help accelerate the CO2 mitigation
agenda.

The contribution of this study to South Africa’seegy economy is immersing however there is a
limitation that has to be pointed out. In fact thtady fail to forecast how long it will take the
South African economy to switch from coal to renblgeelectricity however it is deemed to be a
new door to further research into this area.
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Table2 Stationarity Test

Variables Leve First difference
Capital -0.11 -3.26

Coa -1.95 -6.19
Electricity -374

L abor -14 -3.44

Petroleum -0.11 -7.23




Table 3.correlation analysis

Variables DLCAP DLCOAL DLELEC DLLABOR DLPET
DLCAP 1.000000
DLCOAL 0.126793 1.000000
04892 -
DLELEC 0.230700 0.196134 1.000000
0.2040 02820 -
DLLABOR -0.124528 -0.038203 0.074897  1.000000
0.4971 0.8356 06837 -
DLPET 0.093064 0.223977 0.268624  0.136592  1.000000
0.6124 0.2178 0.1371 04560 -




Table 4. Ridge coefficient estimates

Variables Coefficient Probability values
InK 0.0244 0.042
InC 0.0025 0.018
InE 0.0012 0.009
InL 0.0008 0.014
InP -0.0067 0.228
InC*InK 0.0042 0.006
InC*InE 0.0030 0.025
InC*InL 0.0076 0.032
InC*InP -0.0004 0.338
InE*InK 0.0012 0.023
InE*InL 0.0058 0.004
InL*InK 0.0049 0.038
InP*InK -0.0027 0.446
InP*InE -0.0032 0.244
InP*InL -0.0064 0.322
InKA2 0.0064 0.004
InCA2 0.0030 0.025
InEA2 0.0075 0.048
InLA2 0.0017 0.034
InPA2 -0.0053 0.442

Ridge K 0.4

Coefficient of determination 0.687
F-statistics 72.6842




ACCEPTED MANUSCRIPT

Table 5 Model diagnostics

R? 0.72

Durbin- Watson 1.56




Table 6 Output elasticity of energy inputs in Soéthca’s economy

Year nc, nE, R
1980 NA NA NA
1981  0.003739 0.009120 -0.010882
1982  0.001945 0.008786 -0.013595
1983  0.001841 0.008997 -0.013637
1984  0.002535 0.008840 -0.012360
1985  0.002556 0.008940 -0.011656
1986  0.003138 0.008684 -0.008787
1987  0.002570 0.008927 -0.012109
1988  0.003971 0.009037 -0.010446
1989  0.002778 0.008587 -0.012659
1990  0.001222 0.008514 -0.015082
1991  0.003230 0.008664 -0.009937
1992  0.001242 0.008821 -0.014991
1993  0.000592 0.009154 -0.017064
1994  0.005594 0.008926 -0.006445
1995  0.002205 0.008909 -0.014568
1996  0.004330 0.008948 -0.009540
1997  0.003575 0.009205 -0.010970
1998  0.002654 0.008636 -0.012902
1999  0.001511 0.008731 -0.014031
2000  0.003652 0.009086 -0.010572
2001  0.003308 0.008928 -0.011122
2002  0.002918 0.008560 -0.011876
2003  0.001592 0.008889 -0.014872
2004  0.002979 0.008865 -0.011807
2005  0.003548 0.008727 -0.011716
2006  0.004033 0.008947 -0.010506
2007  0.001724 0.008817 -0.015330
2008  0.003553 0.009163 -0.011817
2009  0.002337 0.008703 -0.011392
2010  0.002713 0.008305 -0.010786
2011  0.002726 0.008583 -0.012270
2012 0.002854 0.008786 -0.012267
Average 0.002786  0.008837 -0.01212




Table 7. Substitution elasticity of energy input in South Africa

Year oCE oCP oPE

1980 NA NA NA
1981 0.337779 1.003037 0.994082
1982 0.414246 1.003866 1.013650
1983 0.410617 1.004685 1.012271
1984 -0.066168 1.003065 0.943075
1985 -0.072992 1.003004 0.983138
1986 0.744638 1.001931 0.995714
1987 -0.099382 1.003231 0.972917
1988 0.492426 1.002794 0.994913
1989 -0.063737 1.003179 0.942795
1990 0.773836 1.004928 1.005751
1991 0.554958 1.002036 0.993294
1992 0.739677 1.004648 1.006531
1993 0.861886 1.088626 1.003294
1994 0.906664 1.001870 0.997413
1995 0.510338 1.004058 1.011774
1996 0.687580 1.002251 0.995195
1997 0.276380 1.002607 0.991527
1998 0.008979 1.002698 2.981327
1999 0.605156 1.003016 1.010929
2000 0.415527 1.002407 0.992507
2001 0.209438 1.002412 0.989644
2002 -0.049692 1.002273 0.978488
2003 0.663002 1.003884 1.008912
2004 -0.063582 1.002528 0.981067
2005 0.105213 1.002213 0.985754
2006 0.496802 1.002155 0.992130
2007 0.694855 1.003430 1.009213
2008 0.030240 1.002390 0.984779
2009 -0.052639 1.002133 0.975958
2010 0.237868 1.001664 0.984526
2011 -0.089794 1.002027 0.949545
2012 -0.102467 1.002125 0.960701

Average 0.328677 1.005537 1.051338




Table 1: Some policies put in place by government to promote the use and development of
cleaner energy sources in South Africa (Source:) [25]

Y ear Policy

1977 National building regulation and building standard Act 103 (NRBYS):
Empowering the ministry of trade and industry to regulate building
Standards to conform to energy sustainability and efficiency form.

1998 Income tax Act 12i: Tax rebate for companies promoting and engaging in
the improvement of energy efficiency.
2000 National Environmental Act 32 (NEMA): Promoting and devel opment of

energy generation in a non-harmful environment.

2003 White paper on renewable energy: Setting target for the production of
Production of 10,000GWh of energy from renewable energy resources
Mainly from wind, solar, biomass, and small scale hydro by 2013.

2005 Introduction of one-off capital subsidies for projects aims at producing
Energy from energy technologies which includes: landfill gas extraction,
Mini hydroel ectric schemes, commercial and domestic water heaters and
Sugar-cane bagasseh (generating power from sugar cane fiber)

2008 National Energy Act 34: Promoting efficient and economic use of energy
Generated from non-depl eting energy resources thisincludes ;( wind,
Biomass, solar, tidal, hydro, geotherma and biological waste).




CO2 Emissions From 1980-2013

o
o

T T T T
(o] [©] (o] o
[0} N~ © n

SuUOl ODI1418N UOI||IN

o
<



Gross Capital Formation

|z
| TICE —
| Oz TIE
| 6002 | oe
| 502 | e
| 2002 | soe
| 902 | 2002
| | 002
| vere | aoce m
| 002 | taoe -
| aoce | e m_.
e
e 3
r £ | Tooe £
| oo 0 e 3
| ea5T ol p— 0
| BT m r c
r o]
| Z65T m | z66T 0
| ST 0 | 96T
| SB5T 0 | 96T
| t65T | 66T >
-
66T - 6T -
K T i 5
| FB5T o] | JB6T -
| TesL 0 | T&SL -
-
| st | cBsT 0
| essT | 68T [0
st L
86T
96T 3
M (=335
96T "
3 | sB6T
| =BT | vaBT
| vaBT -
| e36T | z5r
| SBL TS6L
| TS5 os5T
T T T T T T
, ot ©o o ©o© o o 9o o© © 9 2 @ 9 9 9 9 O
0 o) 0 o) o) o) o) © 06 60 6 6 o © o 0o
© © © o o © o] © o C o C C o °© 6 6 o © ¢ o o ©
O A S 8 8 8 8 8 8 3888888 ¢8¢
oW W oW W oW oow ¥ 6 @ «§« ® ¥ 0o ¥ ® § A © ® ©
N © 0 < ® N o < < o V) N N N d 4 4 4 H

sJte||jod sNuol|IN nlig uoltlg nlig uoljlg



Labor

28,000,000

26,000,000 -

24,000,000 -
22,000,000
20,000,000 -

@|doad po0 DL

18,000,000

16,000,000 |

14,000,000 +——T—T—T—T—T T T T T T T T T T T T T T T T T T T T T T T T T T T

Consumption

Petroleum

35,000

30,000 -

25,000 -
20,000 -
15,000 —

nig uollig

10,000 —

5,000 -

ouTPUT

| TIcE
| o
lexe
| soe
| 202
| coe
| axe
| vae
| soce
| e
| e
|axe
| es5r
| sBBT
| 65T
| sB5T
| aBBr
| vesT
| sB6T
| ZB5T
| Tesr
| aesr
| 685 N
|sssr
e &
ot
e X
\vesr <1
B
R
, , > .W
I : 12
+ + + + + + o
N8 s oo ¢ N O
" N N [\ o o o
R=y
sre|loa SN uolIn L



CCEPTED MANUSCRIP
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*  We investigate inter-fuel substitution in South Africa
e All energy inputs employed were found to be substitutes
e There is possibility of substituting electricity for other energy inputs



