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Abstract Researchers and educators in engineering and sciences face a serious “man” power shortage that must be addressed 
if the US is to continue to be a leader in technology. This shortage is particularly acute within several fields concerned with critical 
infrastructures, such as, energy and electric power systems. Part of the shortage stems from the generally low number of domestic 
students entering the more technical fields but also represents a failure to attract women and under-represented minorities to these 
areas. Often, prospective students do not see these fields as relevant to addressing societal concerns. There is also a shortage of 
trained faculty who could run programs in, for example, electric power even should enrollments be allowed to increase or research 
programs greatly expanded. At the same time, there are a large number of international students and researchers who could 
contribute to addressing the research problems of concern within the US. To the extent that many of these problems are global in 
nature, this international workforce of researchers and educators can provide a valuable resource. Indeed, there are already many 
isolated instances of international cooperation; however, these do not fully create the level of cooperation needed to make a 
significant impact. We have established a research center from the authors efforts over several years of collaboration with 
researchers around the world through conferences, workshops and short-term visits. In particular, initial endeavors have focused 
on collaboration with African researchers through a series of conferences on the African continent and more recently through 
research exchanges at U.S. universities.  The objective in our on-going work is to engage in more substantial exchanges and to help 
develop a research and education infrastructure that can take advantage of a wealth of under-utilized knowledge and man-power in 
Africa as well as a region whose energy and information technology infrastructure can be used as a test bed. We believe the center 
can serve as a model of international cooperation in research and education. This paper describes the initial organization of our 
center and our plans for activities. 
 
Key Words Energy systems, international education, international research cooperation, up to 5, alphabetical order and, 
separated by commas.  
 
 
INTRODUCTION 
 
Researchers and educators in engineering and sciences face a 
serious “man” power shortage that must be addressed if the US 
is to continue to be a leader in technology. This shortage is 
particularly acute within several fields concerned with critical 
infrastructures, such as, energy and electric power systems. 
Part of the shortage stems from the generally low number of 
domestic students entering the more technical fields but also 
represents a failure to attract women and under-represented 
minorities to these areas. Often, prospective students do not see 
these fields as relevant to addressing societal concerns. There 
is also a shortage of trained faculty who could run programs in, 
for example, electric power even should enrollments be 
allowed to increase or research programs greatly expanded [1]. 
At the same time, there are a large number of international 
students and researchers who could contribute to addressing 
the research problems of concern within the US. To the extent 
that many of these problems are global in nature, this 
international workforce of researchers and educators can 
provide a valuable resource. Indeed, there are already many 
isolated instances of international cooperation; however, these 
do not fully create the level of cooperation needed to make a 

significant impact. We propose to establish a framework that 
addresses these problems on the one hand by increasing the 
interest of domestic students and on the other by expanding the 
base of educators and researchers who can contribute to the 
research. 
 
Our collaborative research center emerges from the PIs efforts 
over several years of collaboration with researchers around the 
world through conferences [2-4], workshops [5] and short-term 
visits. In particular, initial endeavours have focused on 
collaboration with African researchers through a series of 
conferences on the African continent and more recently 
through research exchanges at U.S. universities.  The objective 
in this center is to engage in more substantial exchanges and to 
help develop a research and education infrastructure that can 
take advantage of a wealth of under-utilized knowledge and 
man-power in Africa as well as a region whose energy and 
information technology infrastructure can be used as a test bed. 
The authors believe the center can serve as a model of 
international cooperation in research and education. The 
specific research will be directed toward sustainable energy 
systems and the required information technology 
infrastructure. 
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The proposed research is of vital importance not only because 
the potential for substantial economic growth in Africa 
depends on an effective electricity supply but also because 
Africa finds itself in a unique situation to be the model for a 
modern electric power supply system. That is, without the 
burden of an infrastructure developed using older technology 
and centralized planning that exists in the U.S. and elsewhere, 
Africa can research and implement a wholly modern power 
system infrastructure. The electric power system of the future 
will likely employ a host of new generation technologies, 
including alternative energy and other dispersed energy 
resources, rely on advanced decentralized control 
methodologies using new communication and information 
technologies, and apply market based concepts that encourage 
investment in transmission and generation. The proposed 
research areas seek to encourage a comprehensive 
development of this type of modern electric power system on 
the African continent. The results of which would be directly 
applicable to the US power system. 
 
Beyond the necessary political and macro economic conditions 
needed to realize such a goal, a body of trained engineers and 
researchers both in the US and on the African continent is 
needed. The African engineers must not only be trained in the 
latest technologies but also in the spirit of entrepreneurship 
needed to form the requisite businesses. Thus, two 
fundamental institutions are needed:  
 
1) a research and education infrastructure in energy systems 

in the US relying on input from colleagues and expertise 
in Africa, which, as illustrated in Fig. 1, develops new 
curriculum and scholarship; and  

2) an active program of international cooperation to provide 
an influx of new ideas and guidance on new technology. 
The center seeks to initiate these institutions not only 
through U.S./Africa exchanges but also by assisting intra-
African cooperation among universities and utilities.  

 
Specifically, we will carry out focused research projects in the 
areas of: information technology for power system automation 
and control, advanced power system controls, power system 
planning under deregulation and new energy policies, 
environmental impacts, and distributed and alternative 
generation technologies. These research areas are of immediate 
importance in them selves but will also be used to establish our 
longer term goals for research collaboration. With the 
cooperation of African research and industry, there will be 
African test beds created for demonstrating and validating the 
research. These research efforts will also be supported by short 
courses and symposia covering a broader array of topics. This 
will include course modules available through the Web, or on 
video, that the PIs have prepared. The PIs plan to draw upon 
the larger power systems community in the US where needed 
to support this material. We will also draw on industry 
representatives who can provide practical business and 
implementation concerns.  
 
BENEFITS OF COOPERATION 
 
We believe this center can serve as a model for other efforts in 
international cooperation both in developing countries as well 
as regions with more developed economies. The unique 
approach and emphasis on developing an education/research 
infrastructure may have a particularly significant impact on 
future cooperative efforts. The specific research projects 
themselves are all directed at critical issues, such as energy 
policy, for effective electric energy delivery, which if 
successful can greatly impact the general well-being of people 
in both Africa and the US. There are a number of other benefits 
we summarize below [5]: 
 
Benefits to US from Cooperation 
 
• There are areas of expertise with electric power systems 

that are more advanced in Africa. This includes the greater 
reliance on distributed generation technologies due to the 
weaker transmission links. It also includes particular 
operational experience in weakly meshed systems, such as, 
greater familiarity and experience with restoration 
procedures following a blackout or brownout. 

• Africa has a large pool of manpower that is not being fully 
utilized. This includes a well-educated student population 
that is anxious to be involved in research. 

• Previous international cooperation efforts have shown 
great interest from US students in being involved in such 
projects. This is particularly so for under represented 
groups, including women and African-Americans. 

• This cooperation is an opportunity to give students a 
different perspective on engineering issues, thus, 
enhancing their educational experience.  

• Addressing the challenges faced by African nations in 
developing the electric supply system, may provide new 
perspective and ideas for US problems. For example, the 
successful development of distributed generation within 
Africa could be translated to the US. As another example, 
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there are subsystems within the US, such as Alaska, that 
may have similar infrastructures.  

• The energy market is growing much faster in Africa than 
in the US and provides new business opportunities for US 
enterprises. 

 
Benefits to Africa from Cooperation 
 
• The US is generally more experienced in the use and 

application of advanced technologies. This experience 
would be useful for engineering needed changes to the 
African power networks, such as, greater interconnection. 

• The US has a more developed research and education 
infrastructure in the University. 

• The US has more experience with the process of electricity 
deregulation. 

 
GENERAL RESEARCH CHALLENGES 
 
There are several general considerations for the development 
of research cooperation that we plan to address through our 
management structure and proposed research projects. These 
ideas are summarized below: 
 
• There is a need for greater cooperation among African 

nations in both research and education that can be 
facilitated by cooperation with the US. 

• There are numerous benefits to greater interconnection 
among the West African electric systems. These links may 
even benefit from either newer advance DC systems or 
more traditional AC links. Research is needed on the 
appropriate controls as weakly meshed systems are 
interconnected. 

• It is importance to allow competition in generation supply, 
such as from Independent Power Producers (IPPs).  

• African universities need to be involved and visible in the 
decision-making process of regulatory changes to the 
electric supply system. 

• Technology developments need to consider the special 
circumstances within various countries on the African 
continent. This includes focus on appropriate technology, 
such as, solar refrigerators or alternative technologies for 
irrigation pumps. 

• There must be a business structure to encourage small and 
medium sized enterprises. Such business considerations 
should be integrated into engineering education. 

• The process of deregulation must have a realistic roadmap 
that takes into consideration the existing infrastructure 
within Africa. 

• The possibility should be explored in the manufacturing 
and development of small turbines and electrical 
machinery appropriate for Africa.  

• Greater investment in, and application of, Information 
Technologies (IT) is needed both within the electric 
systems and the educational facilities. There are 
possibilities, such as the use of “thin” clients, for using 
less costly alternatives in the communication and 

computation infrastructure. More than just equipment, the 
technology gap among students must be bridged. 

• The importance of the power system in critical aspects of 
the economy (agricultural, food processing, transportation) 
must be kept in mind. 

 
Each African nation faces very different conditions internally 
both economically and politically. Rather than attempt to force 
a monolithic structure on each institution, the teams will be 
headed by two consortia, one in the US and the other in Africa.  
Each consortium will be led by a Hub University, which will 
lead the overall coordination of the university activities in its 
own region.  Under this structure, a US university can explore 
the best match with an African university or multiple African 
universities to carry out research activities that are beneficial to 
both parties. The technical project management will then be 
decentralized.  The institutions will be assigned to carry out 
directed research projects with the autonomy needed to address 
local concerns. The assignments, as shown in Fig. 2, are based 
on existing cooperative research efforts and expertise within 
the regions. This structure will help us to foster our goal of 
greater exchange between countries within Africa by using the 
US schools as a conduit. That is, we will take advantage of the 
fact that is often easier to communicate between the US and 
Africa then between countries in Africa. So, we will use our 
management structure to help initiate exchanges that would 
otherwise be difficult to achieve. 
 
There are also a number of unique challenges in managing the 
proposed projects. To begin, there are serious infrastructure 
issues for most African universities. Most obviously, this 
includes equipment, such as computers, and communication 
technology. It is not uncommon, for example, for many of the 
faculty and students to rely on private Internet cafés for Web 
access rather than university facilities. Where necessary, we 
may need to provide equipment and assist implementation of 
the needed IT infrastructure. In addition, most of the 
universities lack a research tradition. Most schools do not have 
the logistical and administrative support to initiate new 
programs nor do they have significant support for their 
graduate students. Our objective will be to help create a 
productive research environment within the US that relies on 
the African schools not merely bringing students and faculty 
over to the U.S. for training. 
 
There will also be a number of curriculum issues that need to 
be addressed. To begin, recent advances in energy 
deregulation, generation technology, advanced controls and 
power system analysis need to be integrated into the courses. 
At the same time, we plan to work with our colleagues to 
develop a comprehensive curriculum that includes business 
and entrepreneurial considerations. New technology, primarily 
the Internet, allows for much more efficient teaching of courses 
and workshops, although connection speeds may limit the 
practicality of certain material being taught over the web.  
 
Finally, our objective in managing the projects is to lay down a 
foundation for sustained efforts.   We believe the three 
components  needed to  create this  legacy are:   1) people, both  
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FIGURE 2 
ORGANIZATIONAL STRUCTURE FOR US-AFRICA RESEARCH AND 
EDUCATION COLLABORATION 
 
students and faculty within Africa and the those within the 
U.S., who after working on the project will have a vested 
interest in continuing their efforts; 2) tools, the project should 
leave behind a set of educational and research tools of lasting 
value; and 3) new intellectual ideas, these will not be merely a 
copy of existing U.S. concepts but new ideas appropriate for 
the institutions within Africa.  
 
SPECIFIC RESEARCH PROJECTS 
 
Initially, research will be carried out by the host universities in 
the areas detailed in the following. Each of the projects will 
emphasize involving undergraduate students as well as 
graduate students in the efforts.  
 
Effective use of information technology for power system 
automation and control 
 
The digital revolution has drastically improved the capability 
for computing and transmission of information.  Furthermore, 
low-cost distributed sensors and data recording devices have 
increased the availability and quality of system data.  The 
technology can be applied to many systems, including power 
systems, environmental monitoring systems, traffic 
management systems, and manufacturing systems [6,7].   
 
In power systems, the new digital environment would allow 
power plants, transmission facilities, and control centers in 
West African power systems to put in an infrastructure that 
will leapfrog legacy systems that have been used in the US.  
For examples, phasor measurement technology deployed over 
a wide area will offer system operators insights into system 
security and dynamics [8].  In particular, it will allow the 

monitoring of system transfer conditions in neighboring 
systems where most traditional state estimators in control areas 
have not been capable of performing.  The efficacy of phasor 
measurements can be further enhanced by using computational 
intelligence techniques, such as recognizing system 
disturbances [9, 10].  Such techniques will supplement 
operation information that may need to come from remote 
locations.   
 
Power system controls 
 
Interconnections of isolated West African power systems may 
present an interesting situation since the power regions will, in 
the beginning, be connected through very few major 
transmission lines.  There are several control issues at hand: 
 
1. When the regions are undertaking economic power 

transfer, disturbances causing these tie lines to trip may 
create islands with generation and load imbalances.  
Generation-rich islands may need to run back the 
generation rapidly to prevent machine tripping on 
overspeeds, and generation-poor islands may need to shed 
the right amount of load.  

2. Faults near generator terminal buses may cause a machine 
to be transiently unstable.  

3. Under heavy transfer, the interarea modes between the 
weakly connected areas may become unstable.   

 
Thus, such an interconnected African power system would 
require controls for generators, excitation systems, and power 
system stabilizers, as well as flexible AC transmission system 
controllers [11, 12].  A full array of control strategies, such as 
feedforward and feedback controls and gain scheduling, 
arranged in a hierarchy may be required to deliver the required 
control performance. In particular, the control innovations to 
solve an instability problem and improve the system 
performance in a small power system are relevant [13, 14].  
There will be abundant opportunities for developing new 
control schemes in the interconnected West African power 
system, including:  
 
• control strategies that are adaptive and coordinated in real 

time using of adaptive programming techniques [15], 
• effective handling of outages, through causal analysis 

based on simulations and data collected from the grid 
network via new sensors, and 

• proper control coordination using Information Technology 
(IT) infrastructure. 

 
Emerging tools for power system planning in the 
competitive environment 
 
Deterministic approaches for power system planning are not 
sufficient for planning in a competitive environment [16]. The 
uncertainty in load requirements, generation sources and 
factors impacting profit margin must be modeled for efficient 
planning. In order to address these shortfalls, we are proposing 
to develop tools that are multifaceted. The proposed analytical 
tools will be used to investigate: 
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• an understanding of the impact on planning of distributed 

generation (DG) and FACTS technology and the resulting 
uncertainty in network loading [17], 

• new market structures for efficient pricing of transmission 
and ancillary services in real time making planning over 
time more efficient, 

• longer term “dynamics” of planning under uncertainty, 
including regulatory issues to minimize “boom-and-bust” 
cycles that tend to occur in open markets [18].  

 
The research proposed will be interdisciplinary using emerging 
methods from economics, environmental, information 
technology, optimization and computational intelligence 
disciplines.  The heart of the proposed work will involve 
developing advanced value-based modeling techniques for 
accommodating Distributed Generation (DG) and Flexible AC 
Transmission Systems (FACTS) technology. This will involve 
determining location and optimization schemes to site and size 
the devices to guarantee secured operation of the transmission 
system [19, 20].  
 
Second phase of our research is to develop data mining 
capabilities to collect outage data and faults condition using 
information technology via wireless networks.  Several indices 
will be developed to measure the impact of contingency on 
citizens, the national economy and the environment. We plan 
to employ current state of the art technology in information 
technology to gather data and use this to design the failure 
statistics. Data from the environment including gaseous 
emissions from power plants and other system components will 
be utilized in analyzing the effect on the overall behavior of the 
power system. 
 
A third phase of the work will involve the design of studies for 
dynamics of planning over time using concepts from the field 
of “system dynamics” [21]. This work will study incentives for 
transmission enhancement, including such regulatory concerns 
as the delay in building and permit process that can lead to 
longer-term instability in prices and capacity, the so-called 
“boom-and-bust” cycle. We will develop a model for a West 
Africa system as a supplement to our on-going work in this 
area.  Based on inputs from our West African collaborators, we 
will develop a multiple area representation of their system for 
generation resources in the different areas, and transmission 
constraints as well as models of social and regulatory factors. 
With regards to market and regulatory issues, we will model 
pricing schemes as proposed by such ideas as the West Africa 
Power Pool. As a further area of concern, demand response 
and investor behavior in their market will be modeled based on 
a shared understanding of the cultural and economic influences 
on the West Africa system. Given the complexity of such 
modeling, our objective is not to develop precise detailed 
models for all such entities but instead identify areas of 
concern in the planning process. The modeling results will be 
compared against our Western system benchmarks to evaluate 
unusual and particularly interesting phenomena.   
 

Optimization techniques for Available Transfer Capability 
and market calculations 
 
The recent movement toward an open, competitive market 
environment has created a need for several new optimization 
problems, such as the market clearing mechanism, bidding 
decisions and Available Transfer Capability (ATC) 
calculations. These optimization problems are characterized by 
the complexity of power systems and the uncertainties in the 
electricity market. Accurate evaluation of the transfer 
capability of a transmission system is required to maximize the 
utilization of the existing transmission systems in a competitive 
market environment. The transfer capability of the 
transmission networks can be limited by various system 
constraints such as thermal, voltage and stability limits.  
 
The ability to incorporate such limits into the optimization 
problem is a challenge in the ATC calculation from an 
engineering point of view. In the competitive market 
environment, a power supplier needs to find an optimal 
strategy that maximizes its own profits under various 
uncertainties such as electricity prices and load. On the other 
hand, an efficient market clearing mechanism is needed to 
increase the social welfare, i.e., the sum of the consumers’ and 
producers’ surplus. The need to maximize the social welfare 
subject to system operational constraints is also a major 
challenge from a societal point of view. This research will 
build on the work reported in [22-24]. This approach applies 
state-of-the-art optimization techniques: (i) to maximize the 
power transfer between areas, (ii) to maximize the expected 
profit for a power supplier, and (iii) to maximize social welfare 
in a competitive market environment. The essential work here 
is investigate the effectiveness of these develop methods for 
highly constrained or loosely connected systems as occurs in 
the developing countries. Understanding these conditions may 
help to understand the increasingly stressed operations of 
systems in the US.  
 
Education and Training Activities 
 
The primary objective of this center is to establish the 
mechanism for research and educational cooperation, and the 
close interaction with our West African colleagues needed to 
research the technical issues will serve to develop the lines of 
communication. Central to this project is the education 
component and the development of human resources to address 
the needs of the targeted technology areas in the future.  We 
plan to particularly emphasize the role of undergraduate 
students. The specific items to be included are: 
 
• Development of tracks in undergraduate and graduate 

curricula that specialize in the targeted technology areas. 
• Exchange of US and African graduate and undergraduate 

students to perform joint research. 
• Tutorials, workshops and short courses will be prepared as 

an effective means to disseminate relevant information to a 
large audience ranging from practicing engineers and 
college students.  The materials will be tailored to assume 
only basic knowledge of a discipline, such as positive-
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sequence power systems.  Video copies of the workshops 
will be made available to participating universities in this 
US-African university consortium.  Professors in the 
participating universities will be able to show the video 
workshops locally within their regions and act as on-site 
coordinators.  In this way, we can achieve a wide coverage 
of technical people relatively inexpensively and in a short 
amount of time.  

• The research results will be consolidated into design 
problems suitable for incorporation into classroom 
instruction. The design problems may be constructed at 
several levels.  For example, a design problem targeted for 
undergraduate students may contain detailed instructions 
and very specific tasks, whereas the same design problem 
for graduate students may be much more open-ended, 
allowing the more curious students to seek alternative 
approaches.  The power system stabilizer design projects 
at Rensselaer [25] in a senior-level undergraduate course 
belong to the first category.  WSU also has experience in 
integrating simulation tools into course materials [26]. 
Eventually an extension of these projects will be 
developed for graduate students.  Design projects are 
extremely effective for students to think through and 
assimilate the important concepts.  Furthermore, they also 
bring industry practice into the classroom.    

• Together with the tutorials, promotional events will be 
held to attract undergraduate and graduate students into 
the joint research programs. 

• Development of online and off-line video-based courses 
on the targeted technology areas to be used either 
synchronously or asynchronously by both US and African 
students and researchers located remote to the site of 
origination.   

• Development of several experimental facilities that can be 
accessed remotely via the internet, allowing universities to 
share experimental facilities that are too expensive to build 
individually.  

• Sharing of library resources.  
• Development of young professionals with technical 

expertise who will become researchers in national and 
industrial organizations, professors in universities, and 
teachers in middle and high schools.  This new generation 
will carry on the mission of the US-Africa collaboration.  

 
Finally, each of the projects will be required to engage both 
undergraduate and graduate students in the research. The 
undergraduate student involvement will necessarily focus more 
on assisting the PIs and advanced graduate students in 
literature reviews, testing and debugging of developed 
software and logistical support for teaching courses. They may 
also provide the researchers with support in the development of 
outreach programs for recruitment of highly qualified high 
school students to Electrical Engineering. Graduate student 
roles will be similar to typical projects but they will also be 
expected to travel to visit their African colleagues in order to 
gain a more practical understanding of the issues faced in 
development of their power system. From Africa, students will 
also be invited for short term stay at host universities to work 
on the projects.  

 
SUMMARY 
 
This paper describes the formation of a center for cooperative 
research and education between the US and Africa. The 
objective in our on-going work is to engage in substantial 
exchanges and to help develop a research and education 
infrastructure that can take advantage of a wealth of under-
utilized knowledge and man-power in Africa as well as a 
region whose energy and information technology infrastructure 
can be used as a test bed. We believe the center can serve as a 
model of international cooperation in research and education.  
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