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	General 
	
	
	The provision of energy for poor people can help to achieve the MDGs through a number of both direct and indirect roles. DFID’s report ‘Energy for the Poor’ summarized the major benefits as follows[footnoteRef:1]: [1:  DFID 2002, p 1] 

To halve extreme poverty - access to energy services facilitates economic development - micro-enterprise, livelihood activities beyond daylight hours, locally owned businesses, which will create employment - and assists in bridging the ‘digital divide’. 
To reduce hunger and improve access to safe drinking water - energy services can improve access to pumped drinking water clean water and cooked food reducing hunger (95% of food needs cooking). 
To reduce child and maternal mortality, and to reduce diseases – energy is a key component of a functioning health system, for example, operating theatres, refrigeration of vaccines and other medicines, lighting, sterile equipment and transport to health clinics.
Environmental sustainability – improved energy services help to reduce emissions, protecting the local and global environment; efficient use of energy sources and good management can help to achieve sustainable use of natural resources and reduce deforestation. 

However while the access to affordable energy is critical for achieving the MDGs, this needs specific policy interventions that target poor people as increasing the availability of energy at a national level will not necessarily benefit poor people unless they are targeted. In a review of the relationship between poverty and energy in Latin America and the Caribbean, a UN report found that in the national development plans, poverty reduction strategies and energy plans and strategies of a large number of countries the relationship between energy and poverty is hardly mentioned. If MDGs are to be attained, the energy policy of States much give priority to the goal of providing access to energy services for the poor, at prices they can afford.[footnoteRef:2] [2:  UN ECLAC 2009, p17] 

Experiences of power sector reform shows that though many developing countries have introduced extensive power sector reforms many of these reforms have failed to provide poor people with affordable energy. Poverty reduction cannot be achieved by energy access alone but needs targeted interventions. A report by the Global Network on Energy for Sustainable Development identified some of the key criteria for pro-poor power sector reform which have important lessons for renewable energy:
· Governments need to have an explicit focus on the poor. Market led power sector reforms have failed to address the needs of the poor and this failure is largely the result of a policy vacuum. Pro-poor policies are needed which include targeted funding, designing tariffs and connection charges that are affordable for poor people, and also promoting economic opportunities for communities through access to electricity.[footnoteRef:3] [3:  GNESD p8] 

· Rural electrification funds need to be protected from misappropriation and misdirection. Countries which have ‘ring-fenced’ funds for rural communities have achieved much higher rates of coverage. This requires transparent project selection processes, stringent monitoring of fund disbursement and detailed standards and guidelines that ensure low costs.[footnoteRef:4] [4:  GNESD p11] 

· Participation of local communities in power sector reform can significantly improve poor people’s use of energy through ensuring that programme design is pro-poor and appropriate to the local context, improving community awareness of new technologies and overcoming perceived barriers, and developing economic opportunities.[footnoteRef:5] [5:  GNESD p 17, DFID p11] 



	Access to better energy services can improve women’s social, economic and political life, by reducing the time and effort within domestic work, enhancing health and educational conditions, expanding income-generating opportunities, and facilitating their participation in public affairs. Furthermore energy programmes and policies will be more effective, when they are gender-sensitive, by ensuring that the needs and concerns of both men and women are taken into account.

To promote gender equality and empowerment of women and to achieve universal primary education.[footnoteRef:6]  Energy services reduce the time spent by women and children (especially girls) on basic survival activities (gathering firewood, fetching water, cooking, etc.), increases their educational and employment possibilities and allows them to participate in community (and political) affairs. Lighting permits home study, increases security and enables the use of educational media and communications in schools (including information and communication technologies, ICTs). [6:  DFID, 2002.] 

To achieve Environmental sustainability - in their traditional roles as managers of environmental resources (wood, biomass fuel supplies, etc.), women affect the sustainability of land and natural resources.

Men and women are affected differently by energy policies as soon as their home, work and community roles are different.
Gender blind policies may reinforce gender inequalities.

The international network on gender and sustainable energy (ENERGIA) identified some recommendations to promote gender-sensitive energy policies, such as[footnoteRef:7]  [7:  (http://www.energia.org/fileadmin/files/media/factsheets/factsheet_policies.pdf)] 

· Focusing on expanding energy services for the poorest citizens – women and men— that reach beyond urban and industrial markets and support wider development goals, 
· Collect  and use gender-disaggregated data in defining issues, examining and selecting policy alternatives, implementing policies, and evaluating results 

	Urban transport
	1. Bus Rapid Transit System
	The implementation of the TransMilenio Bus Rapid Transit (BRT) system in the City of Bogota, Columbia has improved air quality (40% reduction in air emissions in the 1st 12 months of operation). [footnoteRef:8]  The following reductions have been reported: SO2 decline by 43%; NOx by 18%; particulate matter by 12%.[footnoteRef:9] [8:  ESMAP. 2009. http://www.esmap.org/filez/pubs/2122010124215_Bogota_Case_Study_020310.pdf . (Accessed on April 29, 2010). See also, Ardila, Arturo and Menckhoff, Gerhard. 2002. “Transportation Policies in Bogotá: Building a Transportation System for the People”. Transportation Research Record. No. 1817, pp. 130-136.]  [9:  ESMAP. 2009. http://www.esmap.org/filez/pubs/2122010124215_Bogota_Case_Study_020310.pdf . (Accessed on April 29, 2010). See also, Ardila, Arturo and Menckhoff, Gerhard. 2002. “Transportation Policies in Bogotá: Building a Transportation System for the People”. Transportation Research Record. No. 1817, pp. 130-136.] 



	Due to TransMilenio BRT, city traffic fatalities have fallen by 92%, injuries by 75%, and collisions by 79% in Bogota. The number of robberies has also fallen, by 47%.[footnoteRef:10]  [10:  ESMAP. 2009. http://www.esmap.org/filez/pubs/2122010124215_Bogota_Case_Study_020310.pdf . (Accessed on April 29, 2010)] 

With the TransMilenio BRT system’s implementation, there has been a 32% reduction in overall travel time in corridors where the TransMilenio system operates. Post-BRT Bogota has recorded an increase in throughput by 60%. [footnoteRef:11] [11:  ESMAP. 2009. http://www.esmap.org/filez/pubs/2122010124215_Bogota_Case_Study_020310.pdf . (Accessed on April 29, 2010). See also, Ardila, Arturo and Menckhoff, Gerhard. 2002. “Transportation Policies in Bogotá: Building a Transportation System for the People”. Transportation Research Record. No. 1817, pp. 130-136.] 

Curitiba, Brazil, has the highest rate of public transport ridership in Brazil (45%) and the lowest congestion-related economic losses due to innovative transport planning, urban planning, and city management.[footnoteRef:12] [12: World Bank. News and Broadcast. June 26, 2009. Sustainable Urbanization – Economically and Ecologically - Is Focus of New Program. http://go.worldbank.org/5M8SYBHQ20 (Accessed on April 29, 2010).] 

	As women are usually the last to have access to modern and expensive forms of transport, they walk because there is no other option. Urban transport needs to be responsive to female and male customer’s needs. 

Addressing Gender in urban transportation measures has the following benefits:[footnoteRef:13] [13: http://www2.gtz.de/dokumente/bib/07-1025.pdf] 

· It increases economic rates of return on investment in infrastructure and increasing the profitability of mass transport systems
· It meets demand for transportation services through a better understanding of the divergent needs, preferences and constraints of end users, both women and men
· It lowers transaction costs by optimizing the transport system for all users
· It increases access to employment, education and services  that ultimately raise productivity and 
· It enables women to better meet the needs of the household, for which they have primary responsibility and ultimately strengthens the base economic unit of the household.


	
	
	
	
The main social benefits of BRT can be reducing journey times, cutting transport costs and improving employment opportunities. The Curitiba BRT in Brazil and Bogota BRT in Colombia are much cited examples of successful BRTs.[footnoteRef:14]  [14:  ESMAP  Good Practices in City Energy Bogota, Colombia – BRT for Urban Transport 2009m p 4-5] 


In order to maximize the social benefits following measures needed: stakeholder consultation and analysis at planning stage; locating BRT routes to maximize coverage for poor urban areas and targeting poor people; integrating BRT and land use planning to promote economic development around stations.[footnoteRef:15] [15:  GTZ 2004, p24] 


It is important to understand the political economy obstacles to reforming urban transport and introducing BRTs .This includes breaking political patronage systems that support existing urban transports and which would oppose the introduction of more efficient, equitable BRTs.[footnoteRef:16] [16:  World Bank 2009c, p. 4ff] 


In the field of transport, motorized traffic may induce congestion, noise and accidents.[footnoteRef:17]  BRT system can reduce the congestion, noise and accidents. [17:  Kahn Ribeiro, S. et al. 2007. IPCC WG III. Ch 5. Page 378] 



	




	Urban transport
	2. Metro
	
	
	Surveys, taken in Santiago de Chile show that almost 30% of the women’s income went into travelling to and from work every week despite using the bus and not the more expensive METRO. No women reported using the Metro.
It is essential to take into consideration the different transport needs, travel behaviors and levels of access of men and women.[footnoteRef:18]   [18:  http://www2.gtz.de/dokumente/bib/07-1025.pdf] 


	Urban Transport
	3. Light Rail
	
	
	

	Urban Transport
	4. Fuel switching
	Switching to compressed natural gas (CNG) from other fossil fuel sources reduces air pollution.
CNG-fueled vehicles emit no lead and produce fewer NOx, CO, and HC emissions than gasoline-fueled vehicles.[footnoteRef:19] [19:  Faiz, Weaver and Walsh 1996. Box 5.4. Page 196] 

Controlled tests conducted by AQIRP on catalyst-equipped light-duty vehicles (U.S. 1992 and 1993 models) showed that toxic air pollutant emissions were dramatically lower with CNG; formaldehyde emissions were reduced by 50 percent and acetaldehyde emissions by 80 percent for CNG vehicles compared to their gasoline counterparts.  Benzene and 1, 3 butadiene are virtually nonexistent in CNG exhaust.[footnoteRef:20] [20:  AQIRP 1995. Cited in Faiz, Weaver and Walsh 1996. Page 197] 

Diesel-derived lean-burn natural gas engines for use in emissions-critical applications such as urban transit buses and delivery trucks are capable of achieving very low level of NOx, and particulate matter (less than 2.0 g/bhp-hr NOx and 0.03 g/bhp-hr PM) with high efficiency, high power output, and long life.[footnoteRef:21]   [21:  Faiz, Weaver and Walsh 1996. Page 197] 

In the shipping industry, a switch from diesel to natural gas also reduces emissions of SOx and NOx that contribute to local air pollution in the vicinity of ports.[footnoteRef:22] [22:  Kahn Ribeiro, S. et al. 2007. IPCC WG III. Ch 5. Page 357] 

	
	

	Urban Transport
	5. Biofuels
	In the case of ethanol combustion as a fuel in place of gasoline, carbon monoxide emissions tend to be lower as are hydrocarbon emissions.  Aldehyde emissions are significantly higher, though, and this may cause a significant problem as many are carcinogens and irritants.

In the case of ethanol from sugarcane, the burning of sugar cane residues on plantations may cause concern, particularly if they are located near urban areas.  Stillage from distilleries may also result in increased water pollution unless treated.[footnoteRef:23] [23:  Ahmed, K. 1994. Page 15.] 


	Biofuels are seen as a controversial issue in many countries with a number of negative social impacts of biofuels. They have been held partially responsible for the increase in food prices resulting in lower food consumption for many poor people and exacerbating food insecurity.[footnoteRef:24] Furthermore, in some places they have affected rural people’s access to land as companies compete for land for biofuels production. [footnoteRef:25] This can also apply over competition for water as some biofuel technologies require high water inputs. Concerns have also been raised over violation of labor rights for plantation workers[footnoteRef:26] [24:  Von Braun, 2008, p 5,  Oxfam 2008, p19]  [25:  Oxfam 2008, p 21]  [26:  Oxfam 2008, 24] 


However, biofuels can present opportunities for poor people through providing income generation opportunities as out growers and employment. Pro-poor policies and regulation are necessary for achieving this to protect food security for poor people.[footnoteRef:27] [27:  Oxfam 2008, 25] 

	

	Renewable energy resources development
	6. Geother-mal energy project
	Geothermal infrastructure development operations will modify the surface morphology of the area and could damage local plants and wildlife.[footnoteRef:28] Blow-outs can pollute surface water. During drilling or flow-tests undesirable gases may be discharged into the atmosphere.  The scenic view will be modified.[footnoteRef:29] [28:  Dickson and Fanelli 2004. Page 54]  [29:  Dickson and Fanelli 2004. Page 54] 

Geothermal fluids (steam or hot water) contain gases such as carbon dioxide, hydrogen sulphide, ammonia, methane, and trace amounts of other gases, as well as dissolved chemicals whose concentrations usually increase with temperature and which are a source of pollution if discharged into the environment. The waste waters from geothermal plants also have a higher temperature than the environment and therefore constitute a potential thermal pollutant.[footnoteRef:30]  [30:  Dickson and Fanelli 2004. Page 55] 

Hydrogen sulphide is one of the main air pollutants in terms of odor during electricity generation. [footnoteRef:31] [31:  Dickson and Fanelli 2004. Page 55] 


Extraction of large quantities of fluids from geothermal reservoirs may give rise to subsidence phenomena, i.e. a gradual sinking of the land surface. This is an irreversible phenomenon, but by no means catastrophic, as it is a slow process distributed over vast areas. The noise associated with operating geothermal plants could be a problem where the plant in question generates electricity. [footnoteRef:32] [32:  Dickson and Fanelli 2004. Page 56] 


The North East Olkaria Power Development Project in Kenya identified that, geothermal construction affects local flora, through removal and destruction of vegetation in areas to be cleared for roads, buildings, sump ponds and other structures.[footnoteRef:33]  In terms of fauna, the main areas of concern are the loss of habitat from a variety of causes, the potentially toxic effect of brine if used for drinking water, the death of animals through road accidents and the conflicts caused by the presence of human settlements and activity within the project area.[footnoteRef:34] The potential for soil erosion by water from geothermal power plant is found to be high in the North East Olkaria. However, if appropriate and timely erosion control techniques are used, impacts can be kept to a minimum and acceptable level.[footnoteRef:35] [33:  Environmental Assessment. Executive Summary. North East Olkaria Power Development Project. Kenya. 1993. Page 13.]  [34:  World Bank. 1993. Environmental Assessment. Executive Summary. North East Olkaria Power Development Project. Kenya. Page 13]  [35:  World Bank. 1993. Environmental Assessment. Executive Summary. North East Olkaria Power Development Project. Kenya. Page 13] 

	Geothermal projects may lead to resettlement. During the implementation of the Leyte-Cebu Geothermal Project in the Philippines, 106 households were affected by the geothermal project activities in Leyte, and the resettlement program was successfully implemented, with about half of the affected households transferred to the newly constructed relocation site.[footnoteRef:36] [36:  World Bank. 2000. Implementation Completion Report. Philippine Leyte-Cebu Geothermal Project. Page 7.] 




	If resettlement is required, this may adversely affect women.  Lack of landownership and property rights denies women equal access to compensation. In most projects, compensation. Resettlement, and rehabilitation are based on legal ownership of land and property,  In many societies, women may not have
legal rights to land and property, even though they may have enjoyed usufructory rights or been dependent on them. Hence, they are not eligible for compensation and other benefits that may be available[footnoteRef:37] [37:  ADB, Gender Checklist for Resettlement.] 


“among groups affected by displacement “…indigenous peoples, the elderly and women--have been found to be more vulnerable to impoverishment. This pattern has been observed in indigenous (tribal) areas in India, Peru, Papua New Guinea, Australia, the western United States, Canada, and northeastern Brazil”.  Also, Pandey (1998; quoted in Koenig 2001: 38) notes that “older people and women, who often had jobs in old sites but not in new, became dependent on the few other family members who did get jobs post-resettlement”. As a result, displacement often leads to the disempowerment and material impoverishment of women. Koenig (1995: 22-27, 2001: 54) observes that “those interested in the effects of gender on the ability to benefit from development projects have suggested that women have not benefited from development in the same ways as men, even losing ground in some cases”[footnoteRef:38].   [38:  Koenig, Dolores 1995, Women and Resettlement. In The Women and International Development  Annual, Vol. 4. Edited by Rita S. Gallin, Anne Ferguson and Janice Harper. Boulder: Westview Press, pp. 21-49.
] 



	
	
	A mere 2-3 °C increase in the temperature of a body of water as a result of discharging the waste water from a geothermal energy utilization plant could damage its ecosystem. The plant and animal organisms that are most sensitive to temperature variations could gradually disappear, leaving a fish species without its food source. An increase in water temperature could impair development of the eggs of other fish species. If these fish are edible and provide the necessary support for a community of fishermen, then their disappearance could be critical for the community at large.[footnoteRef:39] [39:  Dickson and Fanelli 2004. Page 53-54] 


	
	

	Renewable energy resources development
	7. Wind power project
	The operation of onshore wind turbines may result in collisions of birds and bats with wind turbine rotor blades and / or towers, potentially causing bird and bat mortality or injury. Potential indirect impacts to birds may include changes in quantity and type of prey species resulting from habitat modification at the
wind farm project site, and changes in the type and number of perching and nesting sites due to either natural habitat modification or the use of wind turbines by birds.[footnoteRef:40]  [40:  NWCC (1999) cited in World Bank Group/IFC, Environmental, Health and Safety Guidelines for Wind Energy (2007), p. 3 http://www.ifc.org/ifcext/sustainability.nsf/AttachmentsByTitle/gui_EHSGuidelines2007_WindEnergy/$FILE/Final+-+Wind+Energy.pdf  (accessed on June 8, 2010)] 


Based on the project on the Design and Manufacture of Small-scale Wind Turbines for Water Pumping and Electrification in rural Egypt, electricity generation through wind power avoids the use of kerosene or traditional lighting sources, resulting in better indoor air quality.[footnoteRef:41] [41:  Ebrahimian, E. 2003.  Page 33] 

	
In South Africa, partnerships are being developed between private sector and communities to ensure that local communities in the areas where wind farms are situated benefit through access to energy and setting up community trust funds to support local community projects.[footnoteRef:42] [42:  For example, Just Energy, www.just-energy.org] 


The impact of noise levels from wind farms on local communities also needs to be considered in the siting of wind farms. 

Based on the project on the Design and Manufacture of Small-scale Wind Turbines for Water Pumping and Electrification in rural Egypt, electricity generation through wind power avoids the use of kerosene or traditional lighting sources, resulting in better indoor air quality, which leads to improved respiratory health.[footnoteRef:43] [43:  Ebrahimian, E. 2003.  Page 33] 

	

	
	
	
	Due to the project on the Design and Manufacture of Small-scale Wind Turbines for Water Pumping and Electrification in rural Egypt, two Bedouin tribes in Neweibaa, Aquaba Gulf benefit from the wind powered electricity.[footnoteRef:44] [44:  Ebrahimian, E. 2003.  Page 33] 


The project on the Design and Manufacture of Small-scale Wind Turbines for Water Pumping and Electrification in rural Egypt was implemented by the Egyptian Solar Energy Society (ESES), an NGO, and the design concepts and technical information were made available on the website.  ESES also worked closely with a major Egyptian manufacturing company in the production process, so this company is now better prepared to produce similar wind energy equipments in future. This project shows how an NGO can help introduce new technology that is designed to meet development need.[footnoteRef:45] Thus, wind power projects can provide opportunities to new employment and access to new markets for local manufacture companies. [45:  Ebrahimian, E. 2003.  Page 33-34] 

	

	Renewable energy resources development
	8. Small hydropower project
	
	
The UNDP assessment of the development impact of micro hydropower in Nepal found the following[footnoteRef:46]: [46:  UNDP 2010, p40] 

MDG 1. Household income is 26% higher and agricultural income is 64 %greater in communities with electricity due to a number of factors including cheaper energy, use of MHS water for irrigation and the opportunities to participate in new productive activities that have been created due to  electrification.
MDG 2. A 200% increase in the number of teachers as communities with electricity better able to attract and retain teachers. Communities with electricity show greater educational attainment.
MDG 3. Girl’s educational attainment is higher in communities with electricity
Time savings for women are substantial.
MDG 4,5&6. Communities with electricity have better access to health services due to being able to attract and retain health workers.
Communities with electricity have access to better sanitation.
MDG 7. Communities with MHS electricity use less kerosene and batteries and less GHG emissions.
MDG 8. Communities with electricity have better access to information and communication technologies as prerequisite for mobile phone, computers etc.

A study on the social impact of MHS in Peru also found that the installation of MHS generated significant improvements in the livelihoods of people covered by these schemes. Most of the people survey considered that their family incomes had improved with the installation of MHS. There were also significant benefits in health care through lighting for health centres and power for equipment.[footnoteRef:47] [47:  Cockburn,2005 p32] 


The Rural Energy Development Programme (REDP), initiated in 1996 in Nepal,  provides access to electricity in the steep terrain in Nepal where settlement patterns are scattered and where expansion of the national grid is deterred due the hilly areas.[footnoteRef:48] REDP stresses community mobilization, bottom-up participatory planning and decentralized decision-making. [footnoteRef:49]  At least 10 private sector companies produce and install micro hydro systems on a commercial basis, and local bodies, such as municipalities, village and district development committees, NGOs and community based organisations, are also involved in micro hydro projects for rural development.[footnoteRef:50] [48:  UNDP 2001. Page 72]  [49:  UNDP 2001. Page 71]  [50:  UNDP 2001. Page 72] 


The livelihoods of the women and their families have vastly improved as a result of the income-generating activities undertaken. Attitudes towards women are also changing due to the programme. For example, two out of the five micro hydro schemes in a remote district in far western Nepal (an area where women have the lowest social status) are chaired by women, and a woman has been accepted as the leader of a mixed group of men and women involved in a nursery project in remote Achham.[footnoteRef:51]  Thus small hydro projects can be designed in socially responsive ways. [51:  UNDP 2001. Page 74] 


Productive income generating activities are targeted under REDP as the intended end uses of the energy supplied, and skills training is provided to promote agricultural and home-based businesses.[footnoteRef:52]  Thus, small hydro projects can be a vehicle for new employment and skill-building opportunities in other relevant sectors. [52:  UNDP 2001. Page 71] 


	REDP project was designed to be gender responsive. 
Under REDP, equity and empowerment of both men and women from every target household are ensured through the establishment of separate male and female community organizations.[footnoteRef:53] [53:  UNDP 2001. Page 71] 

The equal opportunities offered have had a visible and positive impact in mobilizing women and integrating them into mainstream activities. The women in community organizations have a distinct voice in local affairs and their self-confidence has increased, as has their capability for independent and collective action. Almost 700 women have taken in-country study tours conducted by the programme. It was the first time most of them had travelled outside of their villages. Attitudes towards women are also changing due to the programme. For example, two out of the five micro hydro schemes in a remote district in far western Nepal (an area where women have the lowest social status) are chaired by women, and a woman has been accepted as the leader of a mixed group of men and women involved in a nursery project in remote Achham.[footnoteRef:54]  [54:  UNDP 2001. Page 74] 


	Renewable energy resources development
	9. Concent-rated solar power or solar thermal power plants
	From an environmental viewpoint, solar-thermal technologies are benign. There are no emissions to the atmosphere.[footnoteRef:55]  [55:  Ahmed, K. et al. 2005. Page 32] 


There is a water requirement, since areas of high insolation are usually dry.[footnoteRef:56] However, that problem can be minimized by using recycling systems, such as those commonly used in thermal power plants.[footnoteRef:57] [56:  U.S. Congress 1992; unpublished IFC data. Cited in Ahmed, K. et al. 2005. Page 32]  [57:  Ahmed, K. et al. 2005. Page 32] 

	Most CSPs are currently in deserts with very low population densities and the risk of displacing people from productive land is fairly minimal. One square kilometer of land is enough to generate as much as 100-130 gigawatt hours of solar electricity per year, equivalent to the annual output of a 50 MW coal or gas power plant.[footnoteRef:58] However if CSPs expands into semi-arid areas which are used for pastoralism or even agriculture then the issue of competing land use will need to be examined. Some CSP technologies require less land although with reduced efficiency and may be more appropriate where there are competing land use requirements.[footnoteRef:59] [58:  Greenpeace, ESTIA, Solar Paces 2005, p8]  [59:  Greenpeace, ESTIA, Solar Paces 2005, p15] 

	

	Renewable energy resources development
	10. Solar photo-
voltaic 
	Under  the Uganda Photovoltaic Pilot Project for Rural Electrification (UPPPRE), started in 1998, switching from use of wood fuel, kerosene and paraffin to solar photovoltaic systems helped reduce  deforestation. The shift from kerosene and paraffin lanterns to solar lanterns also helps to improve the quality of indoor air.[footnoteRef:60] [60:  UNDP 2001. Page 90] 

The Rural Energy Development Programme (REDP), initiated in 1996 in Nepal, provides support for conserving and maintaining the environment through various interventions such as solar photovoltaics. Thus far, 704 solar systems have been installed by the programme. The technologies introduced help conserve the environment.[footnoteRef:61] [61:  UNDP 2001. Page 74] 


	UPPPRE project provided trainings and allowed people to acquire new skills. Technicians, trained under UPPPRE, have had an opportunity to participate in private sector delivery of PV electrification. Under the project, the participants were trained in design improvement, and the trainees participated in management and company improvement training at Uganda Management Institute in Nakawa.[footnoteRef:62] Under UPPPRE, women and men who bought solar PV systems have reported improved living conditions. The benefits of solar PV include: provision of energy for equipment that could improve on the quality and effectiveness of work done for purposes of income generation (e.g., refrigeration and battery charging); reduced drudgery while performing daily tasks; improved health conditions; greater opportunities for income generation; and greater conservation of natural resources.[footnoteRef:63] [62:  UNDP 2001. Page 90]  [63:  UNDP 2001. Page 90] 


 
	UPPPRE Project staff made an effort to involve female electricians, installers and researchers in the design process, and to encourage training of women
entrepreneurs and technicians, although women were viewed primarily as users rather than manufacturers or distributors of the solar equipment. Emphasis was placed on women in order to address their roles, needs, rights and responsibilities, and to address discrimination against them as project actors and beneficiaries.[footnoteRef:64]  [64:  UNDP 2001. Page 88] 

Under the project, three female and 30 male technicians were trained in design improvement, and four women and 20 men participated in management and company improvement training.[footnoteRef:65] [65:  UNDP 2001. Page 90] 



Development opportunities can come through training local people in maintenance of solar power systems..For example, the DFID-funded Orissa Tribal Empowerment and Livelihoods Programme (OTELP), is providing training in solar power technology to village women. These women are now the “barefoot” solar engineers who have put their skills to use, introducing electric lighting to the village and providing a green 12 volt energy supply.[footnoteRef:66]                 [66: DFID   http://www.dfid.gov.uk/Media-Room/Case-Studies/2009/India-meenakshi/] 


	
	
	Under UPPPRE, concerns were raised about the current use of disposable dry cell batteries because they contaminate soil and water sources and thus affect local health conditions. The project made arrangements to establish mechanisms for recycling lead acid batteries used in connection with solar systems, which can cause heavy metal poisoning.[footnoteRef:67] [67:  UNDP 2001. Page 90] 


Solar cells are made from silicon and silicon dust is an important occupational hazard at the manufacturing stage, but its risk can be minimized with careful handling.[footnoteRef:68] [68:  Holdren, Morris, and Mintzer 1980. Cited in Ahmed, K. 1994.  Page 63] 

Solar cell are also made from certain heavy metals, such as gallium arsenide, cadmium telluride, and copper indium diselenide. These heavy metals pose occupational risks and a hazard to the public if the solar photovoltaic arrays are consumed by fire. Arsenic, a constituent of gallium arsenide solar cells, is very poisonous.[footnoteRef:69] [69:  Holdren, Morris, and Mintzer 1980; Zweibel and Barnett 1993; and U.S. DOE 1991. Cited in Ahmed, K. 1994. Page 63-64] 

Hydrogen selenide, used as a feedstock in copper indium diselenide thin-cell manufacture, is an extremely toxic gas.  If documented safety procedures are followed, it can be used safely.[footnoteRef:70]  After manufacture, sealed modules of copper indium diselenide contain small amount of selenium between the glass layers.  This Selenium could threaten groundwater if modules are disposed of improperly.[footnoteRef:71] [70:  Ahmed, K. 1994. Page 64]  [71:  Zweibel and Barnett 1993. Cited in Ahmed, K. 1994. Page 64] 


Cadmium is another toxin, which is both poisonous and a possible carcinogen.  Both at the manufacturing stage and at the disposal stage, health and safety issues and environmental concerns must be addressed, as the technology matures, for cadmium telluride solar cells.  However, the quantities are small relative to the amounts of cadmium waste from disposal of nickel-cadmium batteries and the cadmium entering the food stream from phosphate fertilizers.[footnoteRef:72] [72:  Ahmed, K. 1994. Page 64] 


	Under the Senegal Rural Area Energy Efficient Lighting Program, solar electrification is provided to rural households as well as to primary schools and local health clinics. Access to electricity results in a significant improvement in the living conditions in the communities through reduction in indoor pollution; increase in safety by reducing the incidence of theft and night aggressions; reduction on the pressure on fire wood used for lightning etc. One of its most significant impacts has been on improving the health conditions of both women and children in the households. Women also reported that access to lighting has increased their time for socialization and social networking in the evenings.[footnoteRef:73] [73:  World Bank. 2009b. Page 27-28.] 

	Under the Senegal Rural Area Energy Efficient Lighting Program, solar electrification is provided to rural households. Women reported that access to lighting has increased their time for socialization and social networking in the evenings.[footnoteRef:74] [74:  World Bank. 2009b. Page 27-28.] 


	Renewable energy resources development
	11. Landfill gas capture and use system
	The potential to generate revenue through the sale and transfer of emission reduction credit provides an incentive and means to improve the design and operation of the landfill and to develop a better overall waste management system[footnoteRef:75], which improves environmental quality.  [75:  The World Bank – ESMAP. 2004. Page 20] 

With most LFG management, there is a very significant benefit in reducing the emissions of volatile organic compounds, as they are both GHG contributors and toxic gas emissions.  There are typically slight increases in NOx and SOx emissions from LFG management projects but the overall air quality benefits far exceed the implications of these minor increases.[footnoteRef:76] [76:  The World Bank – ESMAP. 2004. Page 83] 

	Waste pickers may lose their job due to a LFG capture/use project, since they rely on the landfill as a direct source of income.  LFG management project can include a provision to organize waste pickers such that they can recover material from the waste prior to it being landfilled.[footnoteRef:77] [77:  Johannessen 1999. The World Bank – ESMAP. 2004. Page 142-143] 


Waste pickers are exposed to occupational hazards due to the presence of potentially flammable and/or explosive LFG. LFG management project can improve occupational safety by including a provision to organize waste pickers such that they can recover material from the waste prior to it being landfilled.[footnoteRef:78] [78:  Johannessen 1999. The World Bank – ESMAP. 2004. Page 142-143] 

	“Waste pickers and collectors constitute the bottom layer of waste recycling in the metropolis of Delhi and mostly women and children.” Most lost their livelihoods with landfill projects.”[footnoteRef:79] [79:  Yujiro Hayami, A. Dikshit, S. Mishra, 2003, FASID, Discussion Paper on International Development, Tokyo] 


	Renewable energy resources development
	12. Biomass cogenerat-ion for industrial application
	Biomass, in general, has a far lower sulfur content than coal. Thus, acid deposition from sulfur dioxide emissions on combustion is significantly lower than for coal.[footnoteRef:80]  [80:  Ahmed, K. 1994. Page 14] 


The NOx emissions of biomass are higher than those of coal, and this may be something to consider in terms of their effect on the atmosphere.[footnoteRef:81] Biomass power plants also have far higher particulate emissions than conventional coal-fired plants.[footnoteRef:82] [81:  Ahmed, K. 1994. Page 14]  [82:  Terrado 1985. Cited in Ahmed, K. 1994. Page 14] 

	
	

	Renewable energy resources development
	13. Improved  cook stove
	Evidence shows that rural people themselves perceive that fuelwood is fast disappearing from their local environment.[footnoteRef:83] The NCAER study reveals, people are increasingly turning to logs instead of relying on twigs to meet their fuelwood needs. Log consumption to meet rural energy needs has almost doubled over the past two decades, while twig consumption has declined. Thus, concerns about land degradation are very real and valid.[footnoteRef:84]  The Rural Energy Development Programme (REDP), initiated in 1996 in Nepal,  provides support for conserving and maintaining the environment through various interventions such as improved cook-stoves. Thus far, 3,440 improved cook stoves have been installed by the programme that help conserve the environment.[footnoteRef:85] Improved cook stoves could reduce the pressure on local forestry, land degradation and environment, as they require less fuel.    [83:  Barnes and Sen 2004. Page 31]  [84:  NCAER 1998.  Cited in Barnes and Sen 2004. Page 44.  ]  [85:  UNDP 2001. Page 74] 


A number of studies report that the indoor air pollution levels in homes using traditional stoves far exceeds levels recommended by the World Health Organization.[footnoteRef:86]  Exposure to respirable suspended particles is especially high during cooking in badly ventilated kitchens. A study involving 5,028 households in Tamil Nadu, India found that the respirable dust concentration levels were as high as 2,000 micrograms per cubic meter.[footnoteRef:87]  Improved cook stove can reduce the level of IAP significantly. [86:  Smith 1987. Cited in Barnes and Sen 2004. Page 43]  [87:  Parikh and Laxmi 2000. Cited in Barnes and Sen 2004. Page 43] 


	Under the Rural Energy Development Programme (REDP), initiated in 1996 in Nepal, 3,440 improved cook stoves have been installed. The technology introduced increased productivity and reduced drudgery for the men, women and children targeted by the programme.[footnoteRef:88]  [88:  UNDP 2001. Page 74] 


An improved cook stove programme in India showed substantial health benefits in reducing lower respiratory infection in children, chronic obstructive pulmonary disease and ischaemic heart disease. Through a reduction in house-smoke[footnoteRef:89]. [89:  Wilkinson, P. et al 1925] 


Studies across various developing countries have documented that women who cook on an indoor open fire using biofuels suffer from chronic obstructive pulmonary diseases.[footnoteRef:90] Some recent research indicates that the biofuel use has been found to have a dire impact on women and children’s health because they are exposed for a long duration to the smoke emanating from the traditional stoves while the women cook.[footnoteRef:91] Epidemiological studies have begun to document various kinds of chronic lung diseases including cancer, eye problems, and other illnesses from smoke inhalation and exposure.[footnoteRef:92]  Researchers have found a high incidence of acute respiratory infection (ARI), chronic obstructive pulmonary disease (COPD), chronic bronchitis, and damage to the eyes among women in such households.[footnoteRef:93] Some studies indicate that there is a 50 percent greater chance of stillborn births for women cooking on traditional stoves.[footnoteRef:94] The smoke carries many pollutants ranging from carbon monoxide to suspended particulate matter that can be extremely damaging to one's lungs over the long run. Traditional stoves have been found to be extremely polluting in this respect.[footnoteRef:95]   Because most improved chulhas also have a chimney, at least theoretically the exposure to cooking smoke also was reduced for the households that used them.[footnoteRef:96] The use of appropriate stove technologies with chimneys can possibly reduce their harmful effect.[footnoteRef:97] [90:  Ostro, Aranda, and Eskeland 1995; Parikh and Laxmi 2000; Smith 1987, 1998; Smith and Mehta 2000; NFHS 1995. Cited in Barnes and Sen 2004. Page 10.]  [91:  Agarwal and others 1999; Mavalankar 1991; Smith 1987, 1993; Smith and Mehta 2000. Citied in Barnes and Sen 2004. Page 32]  [92:  Mishra and others 1997; Smith 1987. Cited in Barnes and Sen 2004. Page 32]  [93:  Smith 1987; Parikh and Laxmi 2000; Shailaja 2000. Citied in Barnes and Sen 2004. Page 43]  [94:  Mavalankar 1991. Citied in Barnes and Sen 2004. Page 43]  [95:  Barnes and Sen 2004. Page 34]  [96:  Barnes and Sen 2004. Executive Summary. Page 4]  [97:  Barnes and Sen 2004. Page 32] 

	With well-maintained improved chulhas or cook stoves, women need only a third of the time they used to spend to collect fuelwood.[footnoteRef:98] Time saved can be used for human development, social networking and economic opportunities. [98:  Barnes and Sen 2004. Page 34-35] 


Sixty percent of the adult deaths due to chronic lung disease and lung cancer from solid fuel use occurs in women in developing countries.[footnoteRef:99] A shift to improved cook stoves can reduce the mortality rate due to solid fuel use among women by reducing the amount of fuel use for cooking, as women are the primary users of solid fuel for cooking.  [99:  WHO-UNDP. 2009. Executive Summary. Page 2. ] 


The work of collecting fuel is arduous at best and improved cook stoves definitely seem to cut down on the amount of drudgery women suffer from collecting bio fuel.[footnoteRef:100] [100:  Barnes and Sen 2004. Page 35] 


The improved cook stove projects can be designed in a gender-responsive way by including awareness raising and motivation providing components for women. For example, women were extensively consulted under the Tezulutlán program for improved cook stoves (1999 – 2005) in Guatemala for identifying appropriate cook stoves models. Under the South Asia Energy Sector Assistance Program (1999–2012) in Nepal, women are encouraged to become stove promoters or builders.[footnoteRef:101] [101:  ESMAP. Draft Final Report: October 2009. Page 54. Table 5.1.] 


	Renewable energy resources development
	14. Solar water heater
	A large scale institutional level (school, community center, hospital, etc.) solar water heater project in Côte d’Ivoire shows that for each 200 liters of water heated using solar energy, 50 kg of firewood is saved in comparison to heating water over a “3-stone” fire, and 16 kg of firewood is saved compare to improved stove.  Reducing dependence upon firewood in rural areas would lift the pressure off from the local forests and ecosystems, which could result in local environmental improvements.[footnoteRef:102] [102:  Ebrahimian 2003.  Page 4] 

	Under the solar water heater project in Côte d’Ivoire, a cooperative of 30 previously unemployed young people was formed and was trained to produce solar water heaters adapted for local use. The project helps young people learn to trade their technical skills and increases their opportunities to generate income.  After they complete their training, the members of this cooperative are expected to form their own micro-enterprises and train other apprentices.[footnoteRef:103]  Thus, solar water heater projects can build new skills, generate employment opportunities and empower the trained people to create more jobs.   [103:  Ebrahimian 2003.  Page 3] 


Sanitary conditions are improved due to the access to hot water using solar water heater in urban areas, where electric water heaters in health centers and schools are often in need of repair, and in rural areas where only a limited amount of firewood is available.[footnoteRef:104] [104:  Ebrahimian 2003.  Page 4] 


	

	Renewable energy resources development
	15. Solar cookers
	Based on a study of indoor air pollution in Andhra Pradesh, India, women cooks in rural India are exposed to high levels of pollutants harmful to their health on a daily basis. The findings show that exposure levels for the wood and mixed fuel (e.g. mix of dung, straw, and wood) users range from about 400 to 700 μg/m3 of air, whereas the US EPA recommended exposure level is below 50 μg/m3 of air.[footnoteRef:105]  Switching to solar cooking reduces the level of indoor air pollution. [105:  World Bank. 2002. Citied Barnes and Sen 2004. Page 33] 


Under Sol de Vida project in Costa Rica, those who have switched to solar cooking have reduced their use of wood from local forests.[footnoteRef:106] [106:  Ebrahimian, E. 2003.  Page 115] 


	Smoke inhalation is one of the main causes of death due to respiratory complications following fires.[footnoteRef:107]  Indoor smoke from solid fuels causes an estimated 1.6 million deaths annually and accounts for 2.7 percent of the global burden of disease.[footnoteRef:108]  Studies across various developing countries have documented that women who cook on an indoor open fire using biofuels suffer from chronic obstructive [107:  Dantzker and Scharf 2000; Restrepo and others 1983. Cited in Ahmed, K. et al. 2005. Page 11.]  [108:  Ahmed, K. et al. 2005. Executive Summary. Page xiii] 

pulmonary diseases.[footnoteRef:109] Studies in Nicaragua have recently shown that acute respiratory infections (ARIs), in many cases linked to fuel wood smoke exposure, are the second leading cause of death among infants, after diarrhea. Respiratory illnesses associated with IAP are also one of the main burdens of disease treated by the public health system: The cost of treating ARIs directly caused by fuel wood smoke reaches a conservative minimum estimate of US$4 million annually in Nicaragua.[footnoteRef:110] In the Guatemalan highlands, it is calculated that for children under age five living in homes in which open fires are used for heating and cooking, there are about 24,000 cases of ALRI and 1000 deaths from ALRI annually that would be eliminated if indoor PM10 levels were reduced to less than 200 μg/m3.[footnoteRef:111] Technology shift from solid fuel to solar cooking system avoids the environmental health risks of indoor air pollution all together. [109:  Ostro, Aranda, and Eskeland 1995; Parikh and Laxmi 2000; Smith 1987, 1998; Smith and Mehta 2000; NFHS 1995. Cited in Barnes and Sen 2004. Page 10.]  [110:  Ahmed, K. et al. 2005. Page 11]  [111:  Ahmed, K. et al. 2005. Page 41] 


Costa Rica’s Sol de Vida Solar Cooking project is led almost completely by women,[footnoteRef:112]  providing valuable leadership and management skill-building opportunities.  The project engaged women in personal development in ways that are difficult to achieve otherwise. The project builds social as well as individual capacity by developing local groups and encouraging women to work together on other projects not related to cooking. For example, some of the groups now raise awareness about domestic violence and help women in this situation.[footnoteRef:113] Women benefit from educational components of the construction workshops.[footnoteRef:114] [112:  Ebrahimian, E. 2003.  Page 116]  [113:  Ebrahimian, E. 2003.  Page 115]  [114:  Ebrahimian, E. 2003.  Page 115] 

	Traditionally one of the primary responsibilities of women is cooking.  Sol de Vida project targeted women who are the primary user of cook stoves to achieve the targeted technology shift.

Rural households have changed their traditional three-stone fires for energy-efficient stoves. About two million people in Uganda have been provided with efficient cooking energy. An impact study showed that 200,000 tons of wood were saved in 2006. Women spend less on average for cooking and collecting firewood. [footnoteRef:115] [115:  http://www.gtz.de/en/themen/umwelt-infrastruktur/energie/13898.htm] 

Sol de Vida project engaged women in personal development in ways that are difficult to achieve otherwise. A critical element that enables women to take advantage of the time saved is the fact that the project builds social as well as individual capacity by developing local groups and encouraging women to work together on other projects not related to cooking. For example, some of the groups now raise awareness about domestic violence and help women in this situation.[footnoteRef:116]  [116:  Ebrahimian, E. 2003.  Page 115] 


Women benefit from educational components of the construction workshops for Sol de Vida project,[footnoteRef:117] as they help women acquire new skills. [117:  Ebrahimian, E. 2003.  Page 115] 


Sixty percent of the adult deaths due to chronic lung disease and lung cancer from solid fuel use occur in women in developing countries.[footnoteRef:118] A shift to solar cooker can reduce the mortality due to solid fuel use among women by eliminating solid fuel use for cooking, as women are the primary users of solid fuel for cooking. [118:  WHO-UNDP. 2009. Executive Summary. Page 2. ] 





	Energy efficiency
	16. Energy efficiency through demand side management
	Energy efficiency measures will reduce local and regional air pollution (IPCC 2007).[footnoteRef:119] [119:  GEF. Investing in Energy Efficiency: The GEF Experience. Forward. Page 5.  http://www.thegef.org/gef/sites/thegef.org/files/publication/Investing-Energy-Efficiency-English.pdf (Accessed on May 3, 2010)] 

	Energy efficiency measures will not only limit demand and improve energy security, but enhance economic competitiveness, and generate employment (IPCC 2007).[footnoteRef:120] [120:  GEF. Investing in Energy Efficiency: The GEF Experience. Forward. Page 5.  http://www.thegef.org/gef/sites/thegef.org/files/publication/Investing-Energy-Efficiency-English.pdf (Accessed on May 3, 2010)] 


In terms of demand-side management (DSM), GEF projects rely on the financial, organizational, and technical strengths of local utility companies to deliver small-scale energy efficiency investments in the utility, building, and municipal sectors.[footnoteRef:121] Thus, local capacity is enhanced as a result of the project activities. [121:  GEF. Investing in Energy Efficiency: The GEF Experience. Forward. Page 11.  http://www.thegef.org/gef/sites/thegef.org/files/publication/Investing-Energy-Efficiency-English.pdf (Accessed on May 3, 2010)] 


	

	Energy efficiency
	17. Energy efficient lighting and appliances
	Energy efficiency measures will reduce local and regional air pollution (IPCC 2007).[footnoteRef:122] [122:  GEF. Investing in Energy Efficiency: The GEF Experience. Forward. Page 5.  http://www.thegef.org/gef/sites/thegef.org/files/publication/Investing-Energy-Efficiency-English.pdf (Accessed on May 3, 2010)] 

	Energy efficient lighting and appliances can provide the skill-building opportunities in the local manufacturing sector. For example, the Efficient Use of Energy project in Egypt provided training for young people in maintaining and installing energy efficient lighting equipment that has been the major capacity development activity. The young people trained as technicians gain skills that help them find employment in an area where unemployment is widespread.[footnoteRef:123] [123:  Ebrahimian, E. 2003.  Page 31] 

GEF invests in energy efficiency projects by implementing its barrier-removal strategy and promotes replication that encourages market transformation using the strategy. To sustain such transformation, all GEF EE projects strive to develop local capacity, disseminate best practices, and build public awareness.[footnoteRef:124] [124:  GEF. Investing in Energy Efficiency: The GEF Experience. Forward. Page 7.  http://www.thegef.org/gef/sites/thegef.org/files/publication/Investing-Energy-Efficiency-English.pdf (Accessed on May 3, 2010)] 


	

	Energy efficiency
	18. Energy conservation in the industry sector
	Energy efficiency measures will reduce local and regional air pollution (IPCC 2007).[footnoteRef:125] [125:  GEF. Investing in Energy Efficiency: The GEF Experience. Forward. Page 5.  http://www.thegef.org/gef/sites/thegef.org/files/publication/Investing-Energy-Efficiency-English.pdf (Accessed on May 3, 2010)] 

Improving the efficiency of energy use by industries may result in local air quality and environmental improvement.[footnoteRef:126] [126:  Ebrahimian, E. 2003.  Page 37] 

	Based on the appraisal of the Integrated Safeguards Datasheet for the thermal power efficiency project in China, closure of inefficient small coal-fired units may lead to negative social impacts on unemployment of plant workers in some of the cases. Data from the Social Economic Survey conducted in 2007, covering 15 small power companies including 13 plants in Shandong and Shanxi provinces, indicated that, on average, about 2.38 worker might be laid off for each MW closed. Additional financial support would be needed to ensure closure of the small units on schedule and satisfactory settlement of the affected workers.[footnoteRef:127] [127:  World Bank. 2009. Integrated Safeguards Data Sheet. Appraisal Stage. GEF China Thermal Power Efficiency Project] 


	

	
	
	
	If legalized, EE in the industry sector could provide young engineers with new source of employment, since industries of a certain size would be required to employ an EE specialist.[footnoteRef:128] [128:  Ebrahimian, E. 2003.  Page 37] 

	





The environmental, social and gender aspects linked to clean technologies to be financed under the CIFs (Work-in-Progress Draft, June 28)

This matrix is still under preparation.  It attempts to show the linkages between the specified technology and local environmental, social and gender effects. We would welcome suggestions for additional sources to complete this matrix. We are striving to ensure that all quoted sources are formal publications or papers in peer reviewed journals or impact evaluations of projects. Please contact Kulsum Ahmed (kahmed4@worldbank.org) with additional suggestions directly linked with this matrix by cob September 18, 2010.
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