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Power systems were originally developed 
in the form of local generators supplying 
local demands, the individual systems 
being built and operated by independent 
companies [1]. This is exemplified by the 
lighting of Cape Town’s harbour, which was 
commissioned on 3 October 1882. The 
lamps were supplied by a generating plant 
installed in a building in St Andrew's Square. 
These lights "proved of great service, not 
only in minimising accidents, but also in 
facilitating the working of vessels at night" 
[2]. During the early years of development, 
a small generating station supplying local 
loads proved quite sufficient. However, it 
was soon recognised that an integrated 
system, planned and operated by a 
specific organisation, was needed to 
create an effective system that was both 
reasonably secure and economic [1]. 
Modern electrical power systems have 
developed over a period of about 70 
years [3] based on economy of scale and 
efficiency. This is because modern society 
is highly dependent on the availability of 
cheap and reliable electricity [4] which 
warranted the replacement of small 
generating stations with large centralised 
generators.

Since around 1990 there has been a 
revival of interest in connecting generation 
to the distribution network [3]. This is viewed 
by [4] as the introduction of new types 
of production into the power system. 
This is equivalent to a return to the early 
days of electricity supply. As observed 
by [1] a full circle has therefore evolved 
wi th generat ion being “embedded” 
in distribution systems and “dispersed” 
around the system rather than being 
located and dispatched central ly or 
globally. This development is in tandem 
with the history of industrial revolutions that 
started from energy and moved through 
services and communication and back to 
energy as shown in Fig. 1.

The reasons necessitating this full circle 
in electricity generation from the OECD 
countries’ perspectives are: 

 Electricity market liberalisation

 Developments in DG technology
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In the beginning generation was local  and supplied local demand. That changed because of technological advancements with improved 
efficiency and economies of scale. Modern society is highly dependent on the availability of cheap and reliable electricity. A revival of interest 
in distributed generation implies a full circle in the generation of electricity.

Fig. 1: Visual history of industrial revolutions [5].

Fig. 2: Carbon dioxide emission per capita [7].
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Fig. 3: South Africa's per capita CO2 emissions.

 Constraints on the construction of new 
transmission lines

 Increased customer demand for highly 
reliable electricity

 Concerns about climate change [6]

Bu t  on ly  th ree reasons  have been 
considered:

 Open or liberalised electricity market

 Environment

 Reserve margin. This is obviously an 
important driving factor in fast-growing 
economies such as Brazil, South Africa, 
and India. North America and Europe 
the margin is also getting rather small 
for some regions or countries [4].

Currently, environment and energy security,  
evidenced by reduced reserve margin,  
are potent ial  compel l ing factors for 
South Africa to return to the beginning of 
electricity generation mode. South Africa 
is the largest emitter of GHGs in Africa 
and one of the most carbon emission-
intensive countries in the world, annually 
emitting some 7 t of CO2 per capita [7] 
based on International Energy Agency (IEA) 
2001 report (Fig. 2). South Africa’s energy 
intensive economy and high dependence 
on coal for primary energy are responsible 
for its emission status.

According to an International Energy 
Information Administration (IEIA) study 
published in 2009, South Afr ica’s per 
capita emissions are 9,18 t of CO2 [8]. 
The study estimated that South Africa 
is the 12th highest CO2 emitter globally 
with China as the greatest contributor, 
and USA in second position. While South 
Africa only contributes 1,49% to global 
CO2 emissions, its per capita emissions 
are high relat ive to many countr ies. 
Fig. 3 shows South Africa’s per capita 

CO2 emissions in relation to other BRICS 
member countries and the USA [8].

It is evident that South Africa exceeds the 
world average of 4,49 t of CO2 per capita 
and is higher than China, Brazil and India. 
The study further re-echoes that South 
Africa is Africa’s largest emitter contributing 
over 40% of Africa‘s total CO2 emissions. 
Egypt is the second highest at 17% of the 
continent’s emissions.

The challenge posed by reduced reserve 
margin in South Africa’s power system really 
manifested recently. Since 2007, Eskom 
has experienced a lack of capacity in the 
generation and reticulation of electricity 
[9 ]  wh ich resu l ted in  the b lackouts 
experienced in the first quarter of 2008, 
with resultant economic downturn. The 
economic growth of the first quarter of 
2008 fell to 1,57% from 5,4% in the last 
quarter of 2007. At the peak of the crisis, 
the generation net reserve margin fell 
below 10% – well below conventional 
industr y benchmark of at least 15%. 
The main reason for the 2007 – 2008 
energy crisis was the imbalance between 
electricity supply and demand. 

This is attributable to: 

 The delayed decision (in 2004) by 
government to fund the building of 
a new power station which failed to 
give Eskom enough time to prevent 
the crisis.

 The increase (50%) of e lect r ic i ty 
demand in the countr y between 
1994 and 2007 which might have 
been partially a consequence of the 
implementation of the Free Basic 
Electricity Policy in 2001. Coupled to 
this was the expansion of the economy 
after the lifting of the sanctions [9].

The Department of Energy (DoE) through 
its Integrated Resource Plan (IRP) that 

will guide the development of the future 
energy mix is proposing that coal contribute 
46% to the energy mix by 2030, renewable 
energy 26%, nuclear 13%, open cycle gas 
turbines 8%, pumped storage 3%, and 
combined cycle gas turbines 3%. The IRP 
aims to balance affordability with the need 
to reduce carbon emissions and ensure 
security of supply [10].

The obvious tendency is for this renewable 
energy and other low capacity generators 
to be connected to the distribution system 
given that extension of transmission lines 
to accommodate them is not feasible. 
Therefore, this paper aims to highlight how 
smart grid or grid modernisation could 
facilitate distributed generation rebirth.

Distributed generation

Connecting generation to the distribution 
network  has come to be known as 
dist r ibuted power generat ion system 
(DPGS) – most  s imply as dis t r ibuted 
g e n e r a t i o n  ( D G )  –  o r  t h e  u s e  o f 
distributed energy resources (DER). The 
term “d is t r ibuted energy resources ” 
includes both distributed generation and 
controllable load [3, 11]: DG is a subset 
of DER. DG is not a new concept because 
originally, all energy was produced at or 
near the process that required it [12]. For 
instance a fireplace, wood stove, and 
candle are all forms of distributed, small 
scale, demand-sited energy. So is a 
pocket watch, alarm clock, or car battery. 
However,  the key to today ’s  energy 
revolution involves turning the resource 
clock backwards (from large power plants 
hundreds or thousands of kms away to a 
heat engine in the building) by riding the 
rapidly accelerating technology-wave 
forward.

The term “distributed generation” can 
be  cons ide red  to  be  synonymous 

Table 1: Difference between distributed 
generation and dispersed generation 

based on capacity.

Distributed 
generation

Dispersed generation

15 – 10 000 kW 10 – 250 kW [15]

2 – 5 MW <500 kW [16]

10 – 10 000 kW 1 – 100 kW [17]

Renewables Non-renewables

Solar Internal combustion engine (ICE)

Wind Combined cycle

Geothermal Combustion turbine

Ocean Microturbine

Fuel cell

Table 2: Distributed generation technologies [13].
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and interchangeable with the terms 
“embedded generation” and “dispersed 
generation”, which are now falling into 
disuse [11, 13]. The term “embedded 
generation” comes from the concept of 
generation embedded in the distribution 
network while “dispersed generation” 
is used to dist inguish i t  f rom central 
generation [1, 14]. However, some authors 

be l ieve d i s t r ibuted generat ion and 
dispersed generation are not the same, 
even though same abbreviation – DG – as 
shown in Table 1.

DG technologies can be categorised 
as renewable and non-renewable as 
depicted in Table 2.

Although they represent a small share of 
the electricity market, DG technologies 

already play a key role for applications 
where reliability is crucial, as a source 
of emergency capaci ty,  and as an 
alternative to expansion of a local network. 
DG has some economic advantages over 
power from the grid, particularly for on-site 
power production: 

 On-site production avoids transmission 
and distribution costs, which otherwise 
amount to about 30% of the cost of 
delivered electricity

 Onsite power production by fossil fuels 
generates waste heat that can be 
used by the customer

 Distributed generation may also be 
better positioned to use inexpensive 
fuels such as landfill gas [6]

Distributed energy resources add new 
challenges to the distr ibution system 
design process in the areas of safety, fault 
sensing, and protection, among others. 
These issues are a function of: 

 The nature of the DG resources

 The structure of the distribution system

 The DG penetration level

 The strength of the system at the point 
of DG connection [18]

Smart grid

Given its different definitions and sobriquets 
we simply view smart grid as a process of 
electric power system modernisation that 
relies mainly on ICT. It resembles electric 
power system’s silver-bullet because of its 
inherent capability in accommodating all 
generation kinds especially DER. Therefore, 
one of the ways of our journey back to 
the beginning through smart grid is the 
concept of the microgrid as shown in 
Fig. 4.

Microgrid

Basical ly, a microgrid is a system of 
operating distribution networks based on 
various distributed energy resources such 
as photovoltaic (PV) systems, fuel cells, 
micro turbines or small wind generators. It 
also includes energy storage devices and 
controllable loads. Most of these resources 
are connected to the microgrid circuit 
through power electronic converters.

A microgrid can operate in grid-connected 
or islanded mode, and hence increase 
the re l iabi l i ty  of  energy suppl ies by 
disconnecting from the main distribution 
network in the case of network faults or 
reduced power quality. It can also reduce 
transmission and distribution losses by 
supplying loads from local generation and 
form a benign element of the distribution 
system [3].

The advantages of microgrid have been 
highlighted in [20]. From the grid point of 
view, the main advantage of a microgrid is 

Fig. 4: The future electric grid [19].

Fig. 5: CERTS microgrid topology [3].
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that it is treated as a controlled entity within 
the power system. It can be operated as 
a single aggregated load. This ascertains 
its easy controllability and compliance 
with grid rules and regulations without 
hampering the reliability and security of 
the power utility.

From a customer’s perspective, microgrids 
are beneficial for locally meeting their 
energy requirements. Microgrids can 
supply uninterruptible power, improve local 
reliability (disconnecting from the main 
distribution network in the case of network 
faults or reduced power quality [3]), reduce 
feeder losses and provide local voltage 
support. From an environmental position, 
microgrids reduce environmental pollution 
and global warming through the utilisation 
of low-carbon technologies.

Fig. 5 shows a typical microgrid topology 
w i th  the  s ta te  o f  the  s ta t ic  sw i tch 
determining the microgrid’s mode – grid-
connected or islanded. The individual 
microgrid is capable of self management 
under  in terconnected and i so lated 
conditions as well as performing automatic 
islanding (resynchronisation) in events of 
contingency (restoration) [21].

However, to achieve a stable and secure 
operat ion,  a  number  o f  techn ica l, 
regulatory and economic issues have to be 
resolved before microgrids can become 
commonplace [20] .  Some problem 
areas that would require attention are 
the intermittent and climate-dependent 
nature of generation of the DERs, low 
energy content of the fuels and lack of 
standards and regulations for operating 
the microgrids in synchronism with the 
power ut i l i ty. The concern of [20] on 
standards has been addressed by IEEE 
Std 1547.4-2011(IEEE Guide for Design, 
Operation, and Integration of Distributed 
Resource Island Systems with Electr ic 
Power Systems). But a major challenge is 
a protection system for microgrid which 
must respond to both main grid and 
microgrid faults.

Virtual power plant

Fig. 6 shows another concept – virtual 
power  p lant  (VPP )  –  th rough wh ich 
smart grid facilitates development and 
deployment of DER.

Often individual capacities of DER are 
so small that they cannot participate 
in the various markets for energy and 
ancillary services. Consequently, they are 
aggregated similar to the formation of a 
co-operative thereby performing as one 
transmission-connected generation plant 
as illustrated in Fig. 7.

Through aggregation into a VPP: 

 Individual distributed generators can 

become visible, gain access to energy 
markets and so maximise revenue 
opportunities.

 Sys tem operat ion  benef i t s  f rom 
effect ive use of the capacity of 
distributed generators and increased 
efficiency of operation [3].

A VPP is classified as commercial VPP 
(CVPP) when its basic role is participation 
in energy market. A technical VPP (TVPP) 
permits DERs to contr ibute to system 
management due to their visibility to the 
system operator.

Concise differences between microgrid 
and VPP

Smart grid through VPP and microgrids 
facil i tates DER integration into power 
systems. However, both have different aims 
[21]. The VPP promotes active provisions of 
energy and system support services from 
DER, while microgrids focus on network 
operation control concerning both active 
and reactive power using many distributed 
resources existing within one local grid. 
It is clear that the VPP is developed for 
DERs type participants in the electricity 
business, while the microgrids is developed 

Fig. 6: Grid of the future [22].

Fig. 7: Aggregation of generators (G) and loads (L) into a virtual power plant [3, 21].
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for system operators whose priority is to 
secure operation of the local grids with a 
high penetration of DER.

Disruptive threats of DG

The cur rent c lamour for  DG and by 
extension DER based on their benefits 
appears  to over look the i r  f inancia l 
implications to retail energy business. But 
distributed generation has been described 
as a disruptive technology that could 
fundamentally alter the organisation of the 
electricity-supply industry [6]. A disruptive 
innovation is defined as an innovation 
that helps create a new market and value 
network, and eventually goes on to disrupt 
an existing market and value network (over 
a few years or decades), displacing an 
earlier technology [23]. The term is used 
in business and technology l i terature 
to describe innovations that improve 
a product or service in ways that the 
market does not expect, typically first by 
designing for a different set of consumers 
in the new market and later by lowering 
prices in the existing market. Technically 
DG has a disruptive effect on distribution 
network previously planned for passive or 
unidirectional operation. Also it is disruptive 
to the utility whose revenues are directly 
correlated to customer levels or sales.

Fig. 8 illustrates the interplay between 
technology innovat ion,  government 
programmes and behavioural change. 
Ordinarily, customer rates are a function 
of usage or unit sales. In such a model, 
customer rate levels must increase via 
increased demand when usage declines, 
which from a financial perspective is 
intended to keep the company viable [23].

However, this may lead to a challenging 
cycle since an increase in customer 

Fig. 8: Vicious cycle from disruptive forces [23].

rates over time to support investment 
spending in a declining sales environment 
(due to disrupt ive forces) wi l l  further 
enhance the competitive dynamics of 
competing technologies and supply/
demand efficiency programs. This set of 
dynamics can become a vicious cycle 
that, in the worst-case scenario, would 
leave few(er) customers remaining to 
support the costs of a large embedded 
infrastructure system, some of which may 
be stranded investment but most of the 
costs will continue to be incurred in order 
to manage the flows between supply and 
customers.

Conclusion

The crucial role of energy in economic 
g rowth  has  war ran ted i t s  cons tan t 
transformation. In the field of electric 
power system this change has gone full 
circle with a return to the beginning – 
distributed or neighbourhood generation. 
Smart grid’s inbuilt concepts of microgrid 
and VPP possess the capabilities to quicken 
this return to decentralised generation. 
South Africa will benefit greatly from these 
concepts by urgent deployment of smart 
grid in view of its high CO2 emission and low 
reserve margin. However, these benefits 
will be illusive in the current regulated 
market because of the economic threats 
of DER.
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