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Acceptance	Angles	for		
Sensors	and	Concentrators	

Graphic: Alfred Hicks (NREL) Pyrheliometer, theta = 5 degrees 
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Optoelectronics of Solar Cells 
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118 pages; Pub. July 2002; 
Softcover; 
www.solideas.com/
SolarCellBook.html 
 



Outline	
•  Background 
•  Motivation 
•  Sources 
•  Least Developed Nations 
•  Bangladesh 
•  Grameen Shakti 

•  Technical and Non-Technical approach 
 
•  Conclusion - Understand the context of 

several case studies and projects, based on 
strategies being employed within the 
developing world. 

 



• What is our 
motivation? 

• Where are the 
markets? 

• What tools 
can we use? 

Courtesy: Paola de Cecco 



 
•  Other Resources: 
 

http://energymap-scu.org is an interactive web site with many case 
studies and general information about the energy technologies and 
relevant business models.  There are resources, an interactive world 
map, profiles and insights. 
 

http://www.solideas.com/bio/TeachingExperienceSCU.html 
 

Nasir El Bassam et al Nancy Wimmer 



hIp://energymap-scu.org/	

www.scu.edu/socialbenefit/entrepreneurship/energy/ 



Internationales 
Forschungszentrum für 
Erneuerbare Energien 
Deutschland (IFEED) 
International Research Center for 
Renewable Energy 
 
Prof. Dr. N. El Bassam  
  
IFEED e.V. Fabrikstraße 6, D-38159 
Vechelde-Wierthe, Germany 
www.ifeed.org/  
info@ifeed.org   
International Secretary: 
m.schlichting@ifeed.org 

SGI Quarterly: What are the positive expectations 
we can have of renewable energy? 
Nasir El Bassam: There are two key issues. First, 
nuclear energy and fossil energy supplies are based 
on limited resources, while renewable energy 
resources are unlimited. The resources available 
from solar, biomass and wind can provide several 
thousand times more energy than any foreseeable 
future energy demand, even if the distribution of 
solar, biomass and wind resources does not comply 
with the present distribution of the population 
worldwide.

Second, we should be prepared to meet 
challenges in the future through a change from 
exploiting resources to developing technology 
that harnesses renewable energy. The countries 
that invest in renewable energy technologies and 
endorse these technologies will be the winners in 
the future because the development of renewable 
energy is essential to ensuring the supply of energy 
to humankind.

For instance, there has been considerable 
development of technology in Germany to ensure 

the reduction of industrial pollution and boost 
the supply of renewable energy. This ensures 
employment in different fields. Germany is the 
biggest economy in Europe, and now gets 25 
percent of its energy from renewable energy 
resources, including bioenergy, solar energy, wind 
and biomass. The sector also employs 430,000 
people!

SGIQ: Are there any specific examples of where you 
feel this switch is already taking place effectively?
NEB: India has been the world leader in terms of 
family-size biogas plants for decades and is today 
among the world’s top 10 performers in terms 
of wind energy because it has a manufacturing 
sector. India is better positioned than the 
industrialized nations to take advantage of the 
emerging transformation. It has little to lose. Its 
infrastructure needs fixing badly. In terms of 
population, more than 300 million people in India 
have no electricity. The rest have intermittent 
supply. Yet in India only 1 percent of the total 

energy supply is produced by renewable energy. 
Other countries around the world that are investing 
in renewable energy include Ethiopia, China, 
Kenya, Mali and Burkina Faso.

The share of the world population without 
access to the power grid is increasing because the 
population grows faster than the construction 
of new power grids. Renewable energy is now 
spreading, not necessarily for idealistic reasons, 
but because it is the only available option. For 
many developing countries, the import of fossil 
fuels already represents 50 percent or more of 
their foreign trade balance. In the future, with the 
increased costs of oil and gas, it is realistic that 
energy imports will not be affordable for many 
low-income countries. The population will suffer 
accordingly. Energy investments are for 20- to 40-
year periods, which means that a renewable energy 
project can ensure long-term price stability.

SGIQ: How does the switch to renewable energy 
work in terms of centralized or decentralized power 
supply?

Preparing to Meet the 
Challenges of the Future
An interview with Nasir El Bassam 

Nasir El Bassam is president and 
director of the International Research 
Centre for Renewable Energy Germany 
(IFEED) and member of the Council 
of the World Congress for Renewable 
Energy. He recently coauthored a book 
titled Distributed Renewable Energies 
for Off-Grid Communities, which was 
published by Elsevier in 2012. See 
www.ifeed.org for more information.

Wind turbines and coal power plant in Saxony, Germany

SGI Quarterly 7April 2014
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1.   S4P	uses	PV	and	electrical	engineering	experts	that	
are	familiar	with	industrial	methods.	

2.   S4P	is	agnostic	to	religion,	ethnicity,	nationality;	
there	is	no	motive	beyond	enabling	PV.	

3.   They	work	with	country	experts	not	just	ex-pats.	
4.   PV	modules	are	not	grade	“A”	in	appearance;	they	

are	grade	“A”	TÜV	Rheinland	approved	for	
longevity	and	performance…	

5.   info@solarforpeace.org	
6.   Matthias	R.	Heinze	

SolarforPeace	



•  The Vatican City received 
first solar power plant in 
2008.  

•  2394 PV Modules,  
•  300 MWh/y, reducing 225 t/y 

CO2.  

•  Installation of 
solar panels on 
the Paul IV 
conference hall 
has saved 89.84 
tons of oil 
equivalent. 

 Source: Nasir El Bassam et al 



http://www.un.org/en/development/desa/policy/cdp/ldc/ldc_list.pdf 



http://www.un.org/en/development/desa/policy/cdp/ldc/ldc_list.pdf 





Figure 14.8 - Solar panels power street lights in Fallujah, Iraq. 
(U.S Army 2010) 

Source: Nasir El Bassam et al 



Example	of	Town	Development		

•  Street	Lights	
•  Qty	=	3800		
•  LED	lights	for	each	pole		
•  equivalent	to	60W	and	at	the	intersecUons	90W	

•  Total	Average	Power	requirement	=	68W	

•  3800	x	68	W	=	2,58	MW	Total	Power		

Courtesy: Attilio Dalvit, 
South Africa, MSC ITM, UK, SMSAIEE, 
Email: attiliodalvit@gmail.com 
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http://www.economist.com/blogs/dailychart/2010/11/energy_demand 
 





Source: Access to Energy for the Base of the Pyramid. Hystra, 2009.  

14

At the same time, the access to energy market is

large, and represents diverse needs. Around the world,

the 4b people who form the "Base of the Pyramid", living

on a few dollars a day, spend over $500b on energy

every year. In some countries poor customers form the

vast majority of the energy market. For their money,

they receive energy that is unreliable, expensive, hard to

access, and unsafe.

Source: Hystra analysis; The Next 4 Billion

Energy for the BOP is a >$500b market, with diverse business opportunities

Market size, proportionate (PPP $ b)
BOP energy needs

Urban
!Pop.: 1.4 billion
!%BOP2000+: 56%
!%BOP1500-: 44%
!Mtk. size (PPP $ b): >220
!Grid connected: 79%

Rural
!Pop.: 2.7 billion
!%BOP2000+: 14%
!%BOP1500-: 86%
!Mtk. size (PPP $ b): >290
!Grid connected: 51%

Income generation
and collectivities

Lighting +
communications

Cooking

Mtk size
(PPP $ b): >250

Mtk size
(PPP $ b): >160

Mtk size
(PPP $ b): >100

92 88 45

164 75 60

Figure 3 Energy market for BOP customers

investors, promoting the new solution through social

marketing, and setting up consumer finance

schemes.

Although the need is great, public investment

programs have been mostly unsuccessful to date.

There are notable exceptions: South Africa almost

doubled electricity access in less than 10 years.

However, most developing countries are more similar

to the case of India, which has met only ~50% of its

Serving low-income customers is challenging, as

the market is fragmented and immature. Energy is

needed for lighting, cooking, and income generation.

Within these categories, solutions differ based on

whether customers are rural or urban, working at

home during the day, mobile during the year, and a

number of other factors. There are high costs for first

entrants as they overcome the false promise of free

government help, and work to construct multiple

stages of a value chain-training staff, educating



Source: http://www.economist.com/blogs/dailychart/2010/11/cartography 



Opportunity	
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By 2030 roughly 1.3 billion people will remain un-electrified. With Africa’s un-electrified
projected to grow to 700 million, gains made in other regions will be largely negated. 

Note: Bubble size equals number of un-electrified population
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Solar	Resource	
 

Source:  
http://www.nrel.gov/ 
international/ra_india.html 
 



Focus	in	on	Bangladesh	



Bangladesh	
•  Approximately	150	million	people	inhabit	Bangladesh,	

which	has	a	land	area	of	55,598	square	miles,	slightly	
smaller	than	the	size	of	Iowa.		

•  This	seventh	most	populous	naUon	is	one	of	the	most	
crowded	countries	in	the	world,	ranked	fi`h	in	
populaUon	density.	

•  During	the	monsoon	season	from	June	to	October,	
between	30%	and	70%	of	the	country	is	under	water	due	
to	flooding	of	rivers.	

Source:	travel.state.gov/travel/cis_pa_tw/cis/cis_1011.html	



Waterways	
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http://www.globalwarmingart.com/wiki/Sea_Level_Rise_Maps_Gallery 
 







Rural	Environment	



farmers 
fishermen 
merchants 
craftsmen 

Courtesy: Nancy Wimmer 



Courtesy: Nancy Wimmer 



Solar	Home	System	

Courtesy: Nancy Wimmer 
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Courtesy: Alexis de Vos  

Courtesy: SunPower 



Figure 5.7 Flowchart of the main structure of a PV system. 

Source: Nasir El Bassam et al 



CHARGE	CONTROLLER	/	
REGULATOR	
q  A	charge	controller,	charge	regulator	or	

baIery	regulator	limits	the	rate	at	which	

electric	current	is	added	to	or	drawn	from	

baIeries.	

q  PV	systems	that	uUlize	baIeries	require	a	

solar	charge	controller.		

q  It	opUmizes	(via	MPP	or	Shunt)	the	power	

going	from	the	solar	panels	to	the	baIeries.		

q  A	solar	charge	controller	avoids	
overcharging	and	extends	baIery	life	

significantly.		



11,000 employees 

In over 1,500 branches 
Courtesy: Nancy Wimmer 



Operational model:  
 
•  Part of the assembly of key components is done in the 

villages (Technology Centers)  
•  Customer finance - 2 options for SHS:  
•  Down payments of 25% with 24 monthly installments 

 15% with 36 installments.  
•  A Branch becomes sustainable only if it acquires 

 350 customers over three years. 
•  Installation by trained technicians, checked every month 

by staff. 



Sustainability: The SHS system is well-
designed, with a 5 year guarantee on the 
battery and a 20 year guarantee on the PV 
panel 

Photos Courtesy:  
Nancy Wimmer 



finance 
installation 

maintenance 
repair 

training 

One Stop Service 



•  run branches 
•  master technology 
•  train staff 
•  fix daily problems 
•  assess the market 
•  discover new business 
•  take part in village life 
•  improve products 
•  counsel customers 

Young engineers 

Courtesy: Nancy Wimmer 



which system suits you? 
how much will you save? 
how much can you earn? 
can you pay 36 installments? 



Pricing (early stages): 
 
SHS priced at  
•  $140 for 10 W  
•  $412 for 50 W 
•  $1,000 for 130 W  

Biogas Plants starting from 
USD 187 for a 1.6 m3 plant to 
$422 for a 4.8 m3 plant 
Improved Cook Stoves at $11.76 

Courtesy: Nancy Wimmer 



Woman engineers & managers 
run rural technology centers 

Courtesy: Nancy Wimmer 



This engineer 

serves woman customers 
trains woman entrepreneurs 

Courtesy: Nancy Wimmer 



This Entrepreneur 

works in her village home 
Courtesy: Nancy Wimmer 



sells, installs, maintains 

This Entrepreneur 

Courtesy: Nancy Wimmer 



• Rely on Grameen Shakti for training, 
supply, loans, quality control, brand name, 
• Simplify logistics, cut cost & enable 
growth 

Courtesy: Nancy Wimmer 

Energy-Entrepreneurs  
 



GOLDEN 
RULE 

business does well  
if the village does well 



Courtesy: Nancy Wimmer 



…A spectacular success 

2012  1 million 
2014  2 million 



Source: Prof. Greg Smestad 

Systems	Diagram	



Most of the charge controllers currently used under 
the IDCOL solar program are locally assembled.   
Major assemblers are: 

•  Innovative Technologies,  
•  Grameen Shakti,  
•  Easy Electronics, 
•  Technosol,  
•  CMES,  
•  Energypac  

In terms of cost, 85% of the raw materials are imported. 
On an average, 40% on the import value of charge 
controller components need to be paid as custom duty, 
supplementary duty, AIT and ATV.  
Source: Sajed Kamal, Journal of Bangladesh Studies, Volume 10, Number 1, The Untapped 
Energy Mine: The Revolutionary Scope of Renewable Energy for Bangladesh, 2008, http://
www.bdiusa.org/journals/all-journals 



Partners	involved 
 
Infrastructure Development Company Limited 
(IDCOL),  
Kyocera Japan, 
Grameen Bank’s success and network 

Courtesy: Nancy Wimmer 



Want	More	Info.?	

www.microsolar.com 
 
Frau Nancy Wimmer 
 

www.microsolar.com 



Phones	and	Solar	
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Phones	and	Solar	

59 Figure 14.35 Solar charging unit for mobile phones in Africa. (Rolf-Peter Owsianowski 2011, 
Loccum Protestant Academy, Germany). 
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