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Higher utilisation of power systems
By M Sanne, Siemens South Africa

Automation and control come to power systems. Smart grid technologies 
are permeating our distribution and transmission systems, including 
industrial sites. Smart grids ensure better quality and reliability of the 
supply by dynamically matching supply to load.

This article introduces the reader to the realm of Smart Grid 
technology which ranges from Smart Generation, Smart 
Distribution and Smart Transmission to Smart Consumption.

Higher utilisation of power systems is imperative for assisting major 
cities in Africa prepare for the millions of people that are expected to 
seek residence in urban areas. It is projected that by 2050 there will 
be more than 1,2 billion African city dwellers. The majority of Africa’s 
urban residents, it is predicted, will live in slums and informal settle-
ments unless radical corrective measures are taken.

We need to focus on integrating technologies and providing tailored 
energy efficiency solutions for private and public infrastructure. These 
will include intelligent power distribution systems, building technologies 
and integrated mobility solutions. Cities already consume 75% of the 
world’s energy and account for 80% of the greenhouse gases. Cities 
and metropolitan regions are, of course, key drivers for global econom-
ic growth. They are increasingly challenged by modern megatrends 
such as urbanisation, globalisation, demographic and climate change. 
Today, 51% of worldwide GDP is generated in 600 cities. Until 2025 
40% of worldwide GDP will be produced in middleweight cities in 
emerging markets according to a study released by McKinsey.

Smart Grid solutions are transforming the entire energy conversion 
chain into a living infrastructure that possesses the intelligence and 
automation to respond quickly, flexibly and comprehensively to the 
diversity of providers’ and customers’ needs. The Smart Grid represents 
a more efficient use of resources to achieve business and policy ob-
jectives. Integrating automation, wired and wireless networking and 
high-powered computing enable previously unimagined capabilities.

Solutions for today’s challenges across the energy value chain need 
to be driven by answering the question: where to invest in the Smart 
Grid for real and best returns?

Smart Generation taps the potential of wind and solar power, ge-
othermal energy and clean coal technologies. Smart Grid solutions 

strive to integrate renewable energy sources and cleaner fossil fuels 
into the grid, making access to energy more dependable, consistent 
and sustainable. Solutions cover the full range from utility-scale to 
micro-renewable generation. Smart Grid technologies thus provide 
solutions to help power producers, grid operators, industries, multi-util-
ities, cities and rail operators to expand intelligence in energy transmis-
sion and distribution grids as well as in efficiently and effectively inte-
grating centralised and decentralised power generation. This is result-
ing in a growing market for products, solutions and services for pro-
tection, automation, planning, control, monitoring and diagnostics of 
grid infrastructure as well as products, complete turnkey solutions and 
services for railway electrification. With this, software and end-to-end 
solutions from Enterprise IT solutions through to Smart Metering 
solutions are becoming more and more important. 

On the user side, Smart Consumption is when end users change 
their normal usage patterns to take advantage of dynamic pricing or 
incentive payments intended to reduce peak power demand in times 
when it is economically beneficial or when the power grid is in jeopardy. 
This has fuelled the development of turnkey demand response mar-
keting and operations solutions to industrial and residential customers. 
Residential direct load control solutions have been developed for utili-
ties seeking to manage consumption at the residential level (e.g. 
switching off geysers at peak consumption times). Similarly, loads in 
factories and large buildings can be controlled. 

Smart Consumption is achieved via con-
trol strategies to dynamically change con-
sumption patterns based upon incentive-driv-
en demand response program signals, 
price- or time-based demand response pro-
gram signals, or any ‘micro-grid’ solution for 
a campus or building complex that balances 
and optimises all on-site generation, energy 
storage and consumption loads. Consumers 
are becoming active participants in the  
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energy network as so-called prosumers. They consume and generate 
power which has triggered the need for Smart Generation solutions. 
This has been made possible by using modern communications and 
management technology. Power monitoring is enabling intelligent 
demand and energy management solutions for utilities. Distribution 
networks are becoming more efficient, reliable and self-healing. Syn-
chrophasors will help keep the grid in balance, avoid large outages and 
allow safe transfer of energy between systems. New solutions are 
improving safety and reliability through real time energy management 
systems, distribution automation, demand response, substation auto-
mation, protection, control and SCADA solutions.

Distributed energy resources can be used in a number of different 
roles on the utility and customer side of the electricity metering point. 
Deploying distributed generation can provide ancillary services on 
specific circuits, relieve transmission congestion, and simply improve 
situation specific power provisioning. 

In the sense of: What you don’t measure you don’t control, Smart 
Metering solutions now allow the collection of metering data in cen-
tralised data management solutions with specialised back-office utility 
software. This can be combined or expanded with sub-metering net-
work infrastructure for institutional, industrial and commercial applica-
tions. Web portals now allow home or business energy monitoring and 
allow control and automation to optimise electrical loads. This is being 
extended to Electric Vehicle (EV) infrastructure, which will introduce 
complex challenges and exciting possibilities with the increased use 
of electric vehicles. Charging solutions are being created for residential, 
fleet and commercial use with applications that integrate a user-friend-
ly interface into a feature rich design that provides optimal charging 
scenarios for both charging station host and electric vehicle driver.

Improvements are achieved by the integration of sensor and con-
trols technology, communications and information technology (IT) into 
the distribution grid. Grid optimisation permits aware-
ness, control and automation of the electricity distri-
bution network. 

Communications technology is viewed as the underlying glue of the 
Smart Grid. This facilitates integration across the entire energy conver-
sion chain to provide a ‘grid-up’ approach for performance, asset and 
configuration management. With the integration of numerous applica-
tions into the grid, the utility’s control systems need to make a contin-
uously increasing number of optimisation decisions, from generation 
to consumption, every day. An increase in computer control on the 
electrical grid also creates an increase in susceptibility to cyber attack 
and is driving the need for smart security solutions.

Innovative Energy Automation technology across the entire energy 
conversion chain – from power transmission right to the customer – 
makes it possible to adapt power grids to future demands, to modern-

ise and further develop them, or to 
construct new power grids. This 
includes products, systems, stand-
ard solutions, and services – from 
individual components to turnkey 
solutions. Technology simplifies the 
control of power grids and ensures 
their stability and availability. Highly 
profitable grid operation is made 
possible through systems for sub-
station automation. Instruments 
and applications deliver data for 
precise analyses. Proven protection 
technology ensures availability and 
security on all voltage levels.

Integrating automation, wired and wireless net-
working and high-powered computing enable 

previously unimagined capabilities.
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age or low-voltage level; in some cases even directly into the high 
voltage network.

Another essential feature of renewables like wind power and 
photovoltaics is the stochastic availability. This has a great influence 
on the requirement for the network to manage the overall power,  
especially in terms of an existing distribution system.
• Changed direction of energy flow
• Changed cable load
• Higher short-circuit currents
• More difficulties with power quality 
• Additional demand for balancing energy
• Changed requirements on the protection concept
As electricity grids evolve, power consumption will tend to follow 
power generation rather than vice versa. Take the simple future exam-
ple of electric cars that could be charged or operated at night drawing 
on inexpensive wind power. This means a ‘grid’ paradigm shift: from 
unidirectional energy flows to bidirectional power flows. This will not 
be possible without the key module of the future Smart Grid, namely 
the intelligent transformer substation that takes into account this new 
trend and still enables automatic and fast fault clearance whilst allow-
ing active load management in secondary distribution systems.

Statistics from power supply companies referring to supply inter-
ruptions at the end customer show that most supply interruptions 
are caused by failures in the medium-voltage system. The grids 
are far from the ideal of 10 minutes of annual outage per cus-
tomer. In reality, many regions of the world have outage times 
ranging from hours to days. Therefore, as secondary transform-
er substations are usually not equipped with communication links 
to the network control centres, monitoring of faults as well as 
remote control are not possible. This can cause long supply in-
terruptions, restricting the reliability and security of supply. Fault 
detection is also impaired by the long distances to the secondary 
transformer substations, which leads to even longer outage times. 

Generally, the proce-
dure for fault clearance 
requires a lot of time 
and a large number of 
personnel. A highly 
qualified service expert 
has to drive to many 
substations to identify 
the fault prior to supply-
ing all customers with 
power again. The re-
sulting financial ineffi-
ciencies for utilities by 
not supplying energy to 

households and companies mean that there is a great need for intelli-
gent and automated Smart Grid solutions.

The last section of this article delves a little deeper into the Intel-
ligent Substation to give the uninitiated reader a flavour of the engi-
neering issues involved to bring a higher degree of ‘intelligence’ to 
bear. Typical medium-voltage systems for the secondary distribution 
level now need to include a decentralised power supply on the medi-
um-voltage and low-voltage side. The key data for the circuit breaker 

Higher use of the power systems, variable load flows due to decen-
tralised power generation from renewable energy sources and a 
growing need for information of the regulating authorities, place high-
er demands on fault detection and acquisition of system operating data. 
This translates into higher intelligence in transformer substations 
moving from a merely passive substation to the future of complete 
automation. For example, with a gas insulated medium-voltage switch-
gear, electrical engineering companies like Siemens offer the basis for 
intelligent transformer substations. These are optionally equipped with 
motorised operating mechanisms, short- circuit indicators and voltage 
detecting systems, as well as a variety of other sensors. They are plug 
connected to a Remote Terminal Unit (RTU) in a separated wall  mount-
ing cabinet, the switchgear fulfilling all preconditions for integration in 
an intelligent network infrastructure.

So, Smart Grid technology allows further differentiation in intelli-
gence levels and communication to the telecontrol system to meet the 
requirements of future intelligent transformer substations. In the past 
there was only one principle: “power generation follows load” resulting 
in the paradigm of one direction of energy flow: from the power plant 
to the consumer. As mentioned previously, much has changed, renew-
able energies are generated in a decentralised way according to suita-
ble locations. Energy is usually fed into the network at the medium-volt-
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switchgear of the primary distribution level and for the distribution 
system basically result from the data of the power transformer. Circuit 
breaker switchgear of the primary distribution level is fully automated 
and integrated in the ‘substation automation system’. At the secondary 
medium-voltage level, cable systems with compact HV/LV-transformer 
substations are mostly used. Presently, secondary transformer substa-
tions are often not included in the ‘substation automation system’, and 
can therefore not be monitored or tele-controlled. The secondary dis-
tribution system is operated mostly as an open ring, ie with an open 
sectionaliser in one transformer substation.

The topic ‘Intelligent Transformer Substations’ is intensively dis-
cussed at many technical conferences and expert circles at the moment. 
There are three different levels of an intelligent transformer substation: 
• Level 1: Monitoring -> higher availability by faster fault localisation
• Level 2: Monitoring+ remote control -> minimises breakdown times 

by fast fault clearance 
• Level 3: Monitoring + remote control + load flow control = load 

flow control -> minimises losses -> manages decentralised power 
supplies
Depending on the objective, in an Intelligent Transformer Substation 

different components are used for monitoring and control:
• The voltage detecting system shows whether the outgoing feeders 

are live or not; 
• Short-circuit/earth-fault indicators signal a distribution short-circuit 

or earth-fault in accordance with the transformer adjusted operat-
ing threshold

• Depending on the network structure and the direction of the ener-
gy flow, it may be necessary to use devices with detection of di-
rection which require adequate voltage information

• Overcurrent-time protection systems with auxiliary contacts are 
used for transformer protection
Of course there are auxiliary switches, eg for position indications, 

interlocks, releases, gas pressure. Stored energy operating mechanisms 
with solenoids and motor operating mechanisms are available for re-
mote closing and opening; voltage and current sensors transmit the 
voltage and current signal for the purpose of load flow control. The 
signals are derived from conventional voltage or current transformers 
or from modern sensors.

Modern gas-insulated medium-voltage switchgear provides all 
functions for applications in intelligent substations and fulfils all pre-
conditions for integration in an intelligent network infrastructure. Later 
retrofitting of components for remote control can be performed easily 
and quickly.

The components of an intelligent transformer substation require a 
reliable auxiliary voltage supply. If the auxiliary voltage fails, an energy 
store supplies the components for time periods reaching from a few 
minutes to two hours. The size of the energy store results from the 
power demand to maintain the remote functions and the communica-
tion modules. In contrast to this, the energy consumption for motor 
operated CLOSING and OPENING of such ‘disconnector’ operating 
mechanisms is very low.

Conventional batteries and capacitor stores with double layer  
capacitors (ultracaps) or a combination thereof are used as energy 
stores. Special batteries are also available for extreme environmental 
conditions.

Communication from the RTU in the transformer substation can take 
place in different ways, via wire (eg Ethernet TCP/IP), optical fibre,or 
wireless (eg GSM/GPRS) to the network control centre. There the in-
formation is processed, and control commands are communicated back 
to the RTUs, if required. In the future, communication via WiMAX or 
BBPL (Broad Band Power Line) will become more important.

Communication protocols follow the standards of IEC 60870- 5 – 
101 [1] and – 104 [2]. With a WiMAX or BBPL communication infra-
structure, communication standards as per IEC 61850 [3] could be used 
in the future. The use of these protocols ensures interoperability be-
tween devices from different manufacturers. The following points are 
also important for selecting the communication medium:
• Availability and reliability of the communication channels; type of 

redundancy required; management of the data flood; data security/
encryption protection against hacker attacks; costs for investment 
and running operating costs; risk of ‘ageing of technology’ that is 
used due to fast IT evolution.

Conclusion
In conclusion, increased demand for reliable electricity and achieving 
climate protection targets are leading to increased use of renewable 
energies with points of in feed in the medium-voltage and low-voltage 
systems. Maintaining the necessary power quality and network stabil-
ity requires an active distribution system with intelligent transformer 
substations. Possible measures range from pure monitoring via remote 
control to targeted distribution network management, which means 
complete remote control of the transformer substations.
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