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Rationale 

Access to electricity is a prerequisite for development. It is intrinsically linked to many aspects of the 
development agenda, including access to better health services, education and security. 

Some of the established and emerging concepts, systems and technologies combined under the term 
‘Smart Grids’ may offer an important contribution to accelerate national and regional electrification 
timeframes. At the same time they may help improve service and minimise costs and environmental 
impact. Employing a subset of the envisioned Smart Grid advances may enable Developing Countries 
and Emerging Markets (DCs/EMs) to leapfrog traditional power systems. While this is already true for 
some components, for others it will be essential to set the preconditions today to enable a transition to 
smarter networks as the technologies mature in the future. Given the economic lifetime of electric power 
equipment of up to 50 years and more, avoiding technology lock-in could be crucial. 

The Smart Grid is a very broad concept covering the entire electricity supply chain. Its precise scope is 
interpreted differently according to perspective and environment. Given the specific needs of DCs/EMs, it 
is obvious that a Smart Grid approach for such regions cannot simply be a copy of practices in 
industrialised countries - the starting points, challenges and opportunities are too different. 

Facts on Electrification 

• 1.4 billion people lack access to electricity. Over 1/3 of them live in sub-Saharan Africa, over 1/4 
in India and another 1/4 in other Asian countries. 85% of those without access live in rural areas. 
Global access to modern energy by 2030 requires additional investments of $36 bill./year (IEA). 

• Africa’s final electricity consumption is expected to double between 2007 and 2030. Within the 
same timeframe, South-East Asia may need to add 243 GW to currently 138 GW (IEA). 

• In order to limit climate change to a 2°C increase , the Middle East and North Africa would have to 
increase their renewable electricity generation from currently 3% to 26% in the Middle East and 
up to 58% in North Africa by 2035, requiring investments worth $400 billion (IEA). 

• With 68 GW, the entire generation capacity of sub-Saharan Africa is no more than that of Spain. 
Sub-Saharan Africa’s average generation capacity was only about 110 MW per million inhabitants 
in 2007 (< 15 MW in Togo; 880 MW in South Africa). This compares to, e.g., 1,650 MW in the EU. 

• The power that is lost when delivering 2000 MW from the Cahora Bassa hydropower plant, 
Mozambique, to South Africa is nearly equal to the entire consumption capacity of Mozambique. 

• In China there are four times more electric bicycles than cars on its roads, with 21 million bicycles 
bought in 2008 alone at prices typically below USD 300. 

Key assumptions 

The concept of Smart Grids for DCs/EMs should embrace all measures in support of short-term and 
future integration of advanced two-way communication, automation and control technologies into local, 
national and regional electricity infrastructure. In addition to being smart, socially just power systems are 
required to promote access to modern energy services without marginalising the poor. 

• In the future, Smart Grids for DCs/EMs could provide similar functionality to those in industrialised 
countries at full deployment, even though they may follow a different pathway and timeframe.  

• Constraints such as lack of good governance, limited investment capital, largely inadequate 
institutional and physical infrastructure, and a gap in well-trained power sector personnel are 
likely stifling innovative practices that could already be occurring organically.  

• While the costs for massively upgrading existing grids to Smart Grids may not be justifiable, the 
business case when investing in new infrastructure may be significantly better. It will be essential 
to prioritise specific smart solutions that help reduce costs and promote economic growth. 

• A balanced approach between regional grid integration (e.g., Tres Amigsa SuperStation in New 
Mexico by Alstom), national grid enhancements and decentralised mini-grids is required. Their 
future integration into each other should be an integral consideration. 
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Opportunities 

Generation: Especially DCs are often characterised by very high system losses of up to 40% (including 
non-technical losses), which Smart Grids can help reduce. Further, peak demand reduction (of potentially 
up to 13% - 24% until 2050 according to the IEA) offers considerable potential for cost reductions.  

Operation and Quality of Supply: Smart Grids can significantly contribute to reducing the costs of grid 
congestion, power outages and power quality disturbances (related costs amount to USD 25-80 billion 
annually in the U.S.). Further, adjusting quality of supply to consumer requirements will enable the 
release of latent network capacity. 

People: Smart Grids may play an important role in extending access to electricity and addressing the 
specific needs of the poor. Further, Smart Grids may help create new jobs. It will be important to ensure 
that DCs/EMs profit from sustainable job creation and do not merely “import” the expertise.  

Environment: Smart Grids in the U.S. could potentially reduce 60 – 211 Mt CO2 per year by 2030. This is 
equivalent to converting 14 to 50 million cars each year into zero-emission vehicles. 

Challenges 

Financing: Based on the IEA’s New Policies Scenario, total investment in transmission and distribution is 
expected to reach USD 7.0 trillion for the period 2010–2035. Solid business cases will be required. 

Technologies & Implementation: The technology deployment path will vary widely at regional and 
country levels due to diverse needs of different societies and markets. Pilot projects will help define these 
pathways. 

Human Capacities: Developing the human and institutional capacities to best respond to their redefined 
roles will be essential. Technical capacity has to be developed from relatively low levels in DCs (IEA). 

Policy, Regulation & Standards: Regulation needs to facilitate a balanced approach towards the 
sharing of costs, benefits and risks. DCs/EMs may offer fertile ground for a radical departure from 
traditional regulation to allow balancing asset- and performance-based options.  

Modelling: Given the increase in complexity of energy planning through Smart Grids, power system 
modelling increases in importance to inform multi-criteria decision making. 

Supportive Facts & International Initiatives 

• The UN Secretary-General emphasises universal access to reliable, affordable and sustainable 
modern energy services by 2030 as a main UN target.  

• The importance of regional and national electrification initiatives is clearly understood at the policy 
level (e.g., more than 75% of sub-Saharan countries having defined targets for electricity access.) 

• There are many existing and nascent Smart Grid alliances, which developments in DCs/EMs may 
profit from, e.g., ETP Smart Grids, GridWise Alliance, International Smart Grid Action Network, 
Global Smart Grid Federation. 

These international initiatives need to be effectively leveraged. They may contribute to translate the global 
understanding of the importance of electrification into provision of electricity services “on the ground”. 

Pilots 

Many initiatives exist, not only in the EU and the U.S. (e.g., in Boulder, Colorado; the TWENTIES and 
EcoGrid EU projects), but especially as well in the Asian region (e.g., in Yokohama, Japan; the island of 
Jeju, South Korea; Yunnan-Guangdong 800kV HVDC system, China; Masdar City with an with an 
investment target of $22 billion). India actively supports Smart Grid developments through the 
restructured accelerated power development and reforms programme. While not much precedence 
seems to exist in Africa, the Smart Grid technology company BPL Global has signed a 5-year modern grid 
contract with Ghana’s national utility, the Volta River Authority (VRA).  

Building on existing and upcoming experiences in industrialised countries will help DCs/EMs to assess 
their potential to profit from Smart Grids. Especially for DCs the experiences in EMs will provide valuable 
input on how to refine existing concepts and associated policies. This will allow lowering the risk 
associated with specific initiatives to optimise the cost-benefit balance in a sustainable manner. 
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Specific Options 

Particular elements of Smart Grids could offer tangible benefits for EMs and/or DCs. Some of them are 
mentioned below as a basis for discussion. They are sorted based on an attempt to quantitatively assess 
their potential in Annex 2. Different timeframes for their implementation apply. 

Local charging stations ensure a basic level of access to electricity, .e.g., for charging lanterns or 
batteries, and may help spawn local jobs. Such stations could be smartly integrated into local mini-grids. 

On-bill financing of energy-efficient and smart appliances may be an important tool to help consumers 
overcome high upfront costs.  

Mobile phones services may help address the specific needs of the poor, e.g., when charging prepaid 
consumption credits via mobile phones using scratch cards or comparable devices.  

Load control switches at industrial or institutional facilities can contribute significantly to optimising the 
quality of energy services (e.g., radio-controlled interruptible institutional water heaters or pumping 
systems). 

The integration of existing distributed generators is especially worth considering when expanding the 
grid to previously un-electrified areas. Portland General Electric estimates that integrating the installed 
distributed generation base in Portland, USA, could reduce the peak price per kWh by around 30% - 60%. 

A prioritisation of loads according to public importance may be considered. This could guarantee a 
higher security of supply for institutions such as hospitals rather than for enterprises or households.  

Improved power lines and transformers can help reduce technical losses, the scale of which can 
become considerable, especially for longer transmission lines.  

(DC) micro-grids, especially when combined with PV generation, can help reduce losses through saving 
layers of DC/AC power conversion. However, they require more expensive and complex protective 
devices. 

Smart appliances can have an important role in contributing to realising the benefits of Smart Grids. For 
example, smart refrigerators that hold enough thermal storage to withstand interruptions could be 
deployed. 

A basic time-of-use pricing scheme at household level may be introduced help balance demand. For 
energy-intensive industries, real-time pricing may be considered. 

Low-cost access during off-peak hours could facilitate the extension of access to electricity services to 
the poor. This could also encourage the adoption of energy-efficient practices for peak times, either due to 
higher tariffs or dependency on batteries.  

Smart data management tools and diagnostic software can help utilities distil relevant information and 
monitor the health of grid assets, predict problems and initiate corrective action. 

Wide-area monitoring and control can support the accurate information required for real-time decision 
making to respond better to disturbances within the system. 

Conceivably, delineating tariffs by service facilitated by the introduction of smart appliances may even 
allow for targeted subsidies. 

Distribution automation technologies could extend intelligent control and allow for increased levels of 
distributed generation. E.g., smart sensors, switches and interrupters may help minimise outages.  

Next Steps 

Some possible next steps include: road maps for conditions which are common to many DCs/EMs, e.g., 
for rural electrification; development of modelling tools to help assess costs and benefits; development of 
country-specific business and development cases; joint pilot projects based on fast-track solutions; 
promotion of supportive policy, regulatory, institutional, legal and commercial frameworks; capacity 
building of key stakeholders. 

The massive electricity infrastructure requirements, especially in DCs, offer a unique opportunity to learn 
from grid developments in industrialised countries and move forward without necessarily repeating all 
previous development stages. We should take advantage of this significant opportunity to ensure that 
future grids are designed in a way that is both smart and socially just. 
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Annex 1: Characteristics of selected Smart Grid options 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Local charging stations 

 ++ Expands access to those who can't 
afford connection; might help create 
jobs; can replace more expensive 
energy sources 

 + Adds storage capacity to (mini-) grid 
 o Demand increases may be covered 

with on-site generation 
 + May replace environmentally more 

harmfully produced energy services 

 + Existing experience, but not yet used 
to help balance the system 

 + Targeted modular investments allow 
testing the concept 

 + In-country expertise to be extended to 
enable better (mini-) grid integration 

 + No specific policy interventions 
required 

 o Expanded models required for pre-
assessments 

 

Mobile phone services 

 ++ Addresses especially the needs of 
those with lower or irregular incomes 

 + Reduced costs for meter readings 
 o No impact on generation 
 o More energy efficient billing with 

slightly positive environmental impact  
 o Existing experience with similar 

services, e.g., financial transactions; 
potentially good business case for 
phone companies 

 -  Requires smart meters - individually 
small, but wide-spread investments 

 + Phone companies have capacities to 
manage such services 

 + No specific policy interventions 
required 

 - Social studies required for reflecting 
effects within demand-side models 

 

On-bill financing 

 + Efficient (smart) appliances provide 
overall cost reductions for consumers 

 o No direct impact on quality of supply 
 + Reduction of (peak) demand through 

efficient (smart) appliances 
 + Reduction of associated 

environmental impact 
 ++ Little technology requirements, 

besides of appliances themselves 
 ++ Investments by utilities are directly 

passed on to consumers through bills 
 o Some capacity building required to 

develop attractive financing schemes 
 - Policy support beneficial, as such 

schemes might not be in the 
immediate interest of utilities 

 - Social studies required for reflecting 
effects within demand-side models 

 

Load control switches 

 - Reduces quality of service if electricity 
is not available instantly; 
compensation by utility required 

 + Helps improve system-wide quality of 
supply and system stability 

 + Reduction of peak demand possible 
 o Environmental impact dependent on 

how peak demand is generated 

 + Well known technologies can be 
integrated selectively for large loads 

 + Targeted selected investments  
 o Could be monitored centrally if only 

installed at large loads 
 o Requires some regulation to specify 

degree of consumer flexibility and 
associated compensation by utility 

 o Expanded models required for pre-
assessments 

Integration of existing  
distributed generators 

 o No direct impact on consumers, apart 
from profit for owners of generators 

 ++ Improves quality of supply and 
system load factor 

 + Helps utility to reduce its own peak 
generation 

 o Environmental impact of  diesel 
generation may be outweighed by 
reduced need for spinning reserve 

 - Requires installing control automation 
for existing generators 

 + Defers utility capacity investments  
 -- In-country expertise required for 

system design and operation 
 o Requires some regulation to specify 

profit for owner from grid integration 

 o Expanded models required for pre-
assessments 

 

Prioritisation of loads 

 o Effect on consumer dependent on 
consumer type and prioritisation 

 + Improved security of access for high 
priority loads, e.g., hospitals, police 

 o  No impact on generation 
 o No impact on environment 
 o Selective load control possible; might 

require separate distribution lines 
 o Type of investment strongly 

dependent on depth of system 
integration; targeted investments 
possible 

 o Could be monitored centrally if only 
installed for selected loads 

 - Policy decisions required to regulate 
prioritisation 

 + Existing model adaptions and runs 

Improved power lines  
and transformers 

 o No direct impact on consumers 
 + May improve system performance 

and efficiency 
 ++ May significantly contribute to 

technical loss reduction 
 ++ Improved transmission efficiency 

through loss reduction has positive 
environmental impact 

 - Builds to a large degree on complex 
technologies 

 -- Requires larger infrastructure 
investments 

 - Foreign expertise could facilitate 
implementation 

 - Development of technical standards 
required 

 o Can indirectly be included in system 
models as costs and loss reductions 

Time-of-use/Real time pricing 

 + Fairer, more cost-reflective prices 
eliminate hidden subsidies 

 + Higher load factor allows operation 
closer to the system optimum 

 + Reduces peak demand due to higher 
prices during peak hours 

 o Environmental impact dependent on 
how peak demand is generated 

 - Requires (smart) meter installations 
 - Individually small, but wide-spread 

investments 
 -- Human capacity requirements for set 

up of tariff scheme, installation and 
monitoring of effectiveness 

 - Requires some regulation to ensure 
just tariff scheme 

 o Expanded models required for pre-
assessments 

DC micro grids 

 o Grid set-up has no direct influence on 
consumer 

 o Only minor impact on grid operation 
 + Loss reduction through saving layers 

of DC/AC power conversion 
 + Improved transmission efficiency 

through loss reduction has positive 
environmental impact 

 - More complex fault management and 
control increases complexity 

 + Targeted investments allow testing 
the concept 

 -- Expertise also required at local level 
to maintain the grid 

 - Development of technical standards 
required 

 o Can indirectly be included in system 
models as costs and loss reductions 
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Tariffs by service 

 ++ Allows for targeted subsidies of 
essential services 

 o No direct impact on quality of supply 
 o No direct impact on generation 
 o No direct environmental impact, but 

could easily be linked to energy 
efficient smart appliances 

 -- Requires smart meter installations in 
connection with smart appliances 

 -- Individually small, but wide-spread 
investments; financing schemes 
beneficial to support customers 

 -- In-country expertise required for 
setting up tariff scheme, installations 
and monitoring of effectiveness 

 -- Strong policy dependence 

 - Social studies required to assess 
ability/willingness to pay for services 

Wide-area monitoring and 
control 

 
 o Has no direct impact on consumers  
 ++ Supports more efficient system 

operation and increased stability  
 o Only minor impact on generation, 

e.g., through better fault management 
 o Only minor impact on environment 
 - Requires integration throughout the 

transmission system; dependent on 
some form of data management tools 
and software 

 -- Overall larger investments required; 
difficult to test out the profitability of 
investments beforehand 

 - In-country expertise required, 
especially for system operation 

 - Technical standards required, e.g., for 
interoperability 

 -- Impacts are difficult to model 

 

Distribution automation 

 o Has no direct impact on consumers  
 ++ Can help minimise outages and 

increase speed of restoration 
 o Only minor impact on generation, 

e.g., through better fault management 
 o Only minor impact on environment 
 -- Requires integration throughout the 

distribution system; more challenging 
than for transmission system 

 -- Overall larger investments required; 
difficult to test out the profitability of 
investments beforehand 

 -- Significant in-country expertise 
required for both implementation and 
maintenance 

 - Technical standards required, e.g., for 
interoperability 

 --  Impacts are difficult to model 

Low cost access during  
off-peak hours 

 ++ Affordable, but less reliable tariffs, 
allow increasing access for the poor 

 + Higher load factor due to higher off-
peak demand allows operation closer 
to the system optimum 

 o Increase in overall demand, but as 
well average generation efficiency 

 + May replace environmentally more 
harmfully produced energy services  

 - Requires smart meter installations 
 - Individually small, but wide-spread 

investments 
 -- Human capacity requirements for set 

up of tariff scheme, installation and 
monitoring of effectiveness 

 - Policy support beneficial to ensure 
just implementation 

 + Existing model adaptions and runs 

Data management tools and 
diagnostic software 

 
 

 o Has no direct impact on consumers  
 ++ Help predict problems and initiate 

corrective action 
 o Only minor impact on generation, 

e.g., through better fault management 
 o Only minor impact on environment 
 - Complexity strongly dependent on 

types of tools; requires system-wide 
monitoring and control as a 
precondition! 

 - Difficult to test out the profitability of 
investments beforehand 

 - In-country expertise required, 
especially for system operation 

 - Interoperability standards required 
 -- Impacts are difficult to model 

 

Smart appliances 

 o Reduces quality of service if electricity 
is not available instantly; reduces 
costs through efficiency increases 

 ++ Increases system-wide quality of 
supply through demand management 

 + Helps reduces peak demand 
 + Minimum efficiency requirements will 

help reduce environmental  

 -- Complexity highly dependent on type 
of appliance; requires smart meters 

 -- Individually small, but wide-spread 
investments; financing schemes 
beneficial to support customers 

 - In-country expertise required, 
especially for system operation 

 -- Strong policy support required to 
ensure benefits for consumers 

 o Expanded models required 
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Annex 2: Quantitative categorisation of selected Smart Grid options 

Please note that this qualitative assessment cannot have the character of a rough cost-benefit analysis. 
The individual circumstances essentially influence the impact of, and requirements for, the integration of 
specific elements into the future grids. It will therefore vary when reassessed “on-the-ground”. 

“++” refers to strong potential drivers for the deployment of specific options, “--“ to very valid arguments against them. 
As such, “++” in the category “People” may refer to a very positive impact on consumers and especially the poor,  or “--“ 
in “Technologies & Implementation” to complex technologies with little existing experience. 
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Local charging stations ++ + o + + + + + o

On-bill financing + o + + ++ ++ o - -

Mobile phone services ++ + o o o - + + -

Load control switches - + + o + + o o o

Integration of existing 

distributed generators
o ++ + o - + -- o o

Prioritisation of loads o + o o o o o - +

Improved power lines 

and transformers
o + ++ ++ - -- - - o

DC micro grids o o + + - + -- - o

Time-of-use/Real time pricing + + + o - - -- - o

Low cost access during 

off-peak hours
++ + o + - - -- - +

Data management tools and 

diagnostic software
o ++ o o - - - - --

Smart appliances o ++ + + -- -- - -- o

Wide-area monitoring 

and control
o ++ o o - -- - - --

Tariffs by service ++ o o o -- -- -- -- -

Distribution automation o ++ o o -- -- -- - --

Impact Requirements

 


