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Access to Energy and Sustainable Development”

Stefano Pareglio and Jacopo Bonan

1. Stylized facts

Energy is a key condition to guarantee access to clean water, sani-
tation, schooling and business in developing countries and represents
akey factor for growth and development. From a general point of view,
t is still debatable whether access to affordable, reliable, safe and clean
as fundamental needs may be guaranteed through energy. However, not
only the clear correlation patterns between modern energy and econom-
c and human development, but also the strong evidence on the causal
- relationship of access to modern energy on welfare and quality of life
. are sufficient elements to clearly underline the crucial role of access to
. modern energy in sustainable development. :

Access to modern energy services is intended as access to electrici-
'ty and to modern and clean cooking facilities. Access to modern energy
. may allow reallocation of household time (especially by women and
hildren) from energy provision to improved education and income
generation. People can benefit, through better lighting, from greater
- flexibility in time allocation through the day and evening. It also allows
-access to IT and media. When combined with other infrastructures,

" We are very thankful to Laboratorio Expo, to Fondazione Eni Enrico Mattei (FEEM) and

to all colleagues who contributed to the discussion on the topic; Stefano Bologna, Valentina Bo-

 setti, Carlo Carraro, Ujjayant Chakravorty, Emanuela Colombo, Latira Cazzi, Edoardo Croci, Tvan

- Faiella, Tlaria Lenzi, Andrea Mandelli, Lucius Mayer-Tasch, Mushfiq Mobarak, Nicola Morganti,

Stephen O'Connell, Shonali Pachauri, Alberto Piatti, Andrea Poggio, Pippo Ranci, Stefano Russo,
Hussain Samad, Massimo Tavoni, Pacla Valbonesi, Tasos Xepapadeas.

65

z
g
|
;




- of worldwide popuilation) lack access to electricity and 2.64 billion-

. stoves and fuels are concentrated in developlng Asia (72%) and A

Stefano Pareglto a,nd Jacopo Bonan

access to modem energy services lowers transportatlon and comy
cation costs, favors better access to markets and information. Acc
electricity may also improve rural productivity, due to the introdu
of technology and therefore may directly contribute to househo
come and push labor supply in non-agrlcultural activities, Tt is
key elemnent for safer food processmg and storage for example thro
refrigeration.

Energy poverty is defined as lack scarcity or dlfflculty in acces:
rnodern energy services by households; in particular it refers to a
to electrlcny and to modern and clean cooking facilities. The Int
tional Energy Agency estimates that currenily 1.26 billion people.

of global population) rely on traditional cooking methods based on
use of biomass with severe consequences on health due to 1ndoor
pollution (IEA, 2013). This is “only” 300 million people less than in 20
the first year in wh1ch the International Energy Agency has st
tracklng electr1c1ty access data. The global trend hldes very stark
ences among regions (IEA, 2014b) , : : :
- 'The geograph1cal distribution of such phenomena is uneven a
the world; 84% of people: lac _ _ng access to modern energy service
in rural areas: , people w1thout electricity are mostly in deve10p1ng
(5 1%) and Afnca (44%) snnllarly those still relying on traditional ¢

(25%) Today the largest populatlons without electricity are in T
Nigeria, Ethiopia, Bangladesh, Democratic Republic of ‘Congo an
donesia, even though some of those countries have electrification
grams in place. Progress has been registered in some countries:in.
ca, but overall in most Sub-Saharan Afrlcan ¢ountries the extensic
electncn:y access stmggles to keep pace with a fast growmg popul
that outpaces the efforts in place This feature is confirmed by the
tribution of energy use in which results are stubbornly unequal Amo
human belngs living in different parts of the planet: in 2010 worl
capita energy use was 1.9 ton of oil equivalent (henceforth toe) Wit]
minimum in Eritrea (0.13 toe) and a maximum in Iceland (16:9 toe
range thatis 9 times the average.. N :

Energy poverty is becoming more and more important even i
veloped countries, Although there is not a consensus on the definitic
fuel poverty in developed countries describes the situation where
households struggle to afford adequate energy services (Thomson. a
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7 and 15.8% of households in the 12 new Member States could
fford to heat their home adequately in 2011 (Thomson and Snell,
eparding access to modern cooking stoves, the World Health Or-
ation estimates that the use of traditional methods of cooking,
sugh wood and biomass combustion, has severe consequences on
Kealth of households, due to indoor air pollution. The recent Glob-

rden Disease study estimates that almost four million people die
: year from indoor air pollution due to the use of traditional cook-
fuels and stoves (Lim et al., 2012; Martin et al., 2011). Moreover, the
nsive use of wood. as main energy fuel impacts the local environ-
it, due to deforestation, soil degradation and erosion. At global lev-
iniefficient biomass combustion is a major determinant of black car-
a contributor to global climate change. Emissions from cooking
es continue to be a major component of global anthropogenic par-
late matter (UNEP/WMO, 2011) particularly in developing coun-

for example in Africa and South Asia where emissions from cook-
stoves are well over 509 of anthropogenic sources (Bond et al., 2013).

ccording to IEA's scenarios, global energy poverty will not change
ficantly by 2030: about 1 billion people will still lack eleciricity,
strong improvements in Latin America, Middle East and develop-
sia but no progress in Sub-Saharan Africa. 2.5 billion people will
ely on biomass for cooking, basically with no progress in absolute
1s with respect to the current situation.
he achievement of universal access to modern energy, one of the
1ational targets to reach by 2030, is also complicated by the urgent
to reduce the role of fossil fuels in the world energy mix in order
urb greenhouse gas (GHG) emissions. The risks of climate change

been underlined by the last Intergovernmental Panel on Climate
ge (IPCC) report: global temperatures are projected to rise over
Ist century under all scenarios and called for action to boost mit-
n efforts to reduce GHG emissions, which continue to grow driv-
“economic and population dynamics (IPCC, 2014).
niversal access to modern energy services, environmental sustain-
ity and economic development may be seen as a trilemma: it seems
ssible toreach all targets at the same time under budget consiraints
hhave become even tighter after the recent crises. Solutions which

reconcile these three elements are possible, but dedicated strate-
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and policies need to ‘be developed by several actors at diffe
.levels of decision-making, from individuals to international organi
tlons, including governments, pnvate sector and civil society. The p
“ént paper analyzes the different components of the trilemma and 't
inter-connections, then it prov1des a.short descmptlon of current me
important international initiatives, finally we propose some pohcy U
gestions which could contnbute to the ongoing debate.

2. Analyzmg the trxlemma |

2.1, Access to energy and economic development

There is a clearcorrelation between energy, development and ho
hold welfare: clean water, food, sanitation, health, schooling, light
communication, information are all "aspects strictly dependent on
use of energy. Access to electricity is a key factor for business devel
ment, innovation and technology . diffusion. Productive use of ene
refers to agricultural, commercial and industrial activities invol:
energy services as a direct input to the production of goods or provis
of services. It has the potential to create additional revenues for
users who can then afford to consume energy and pay for it or refin;
the investment in an off-grid system; increases in productive energy
would also ensure sufficient demand for energy from providers-
hence contribute to the economic viability of the energy system. Né
ertheless, the evidence shows that a) the level of productive use inn
ly electrified areas is often disappointing and b) electricity connec
as well as usage by small and microenterprises do not necessarily |
to the expected economic effects such as hlgher profits (Mayer~Tasc
al.,, 2013).

. Several rigorous studies have sought to measure the impact ofac

“to electricity and adoption of improved cookstoves on a set of outco
pertaining to human and economic development. By “rigorous” we
fine a minimum standard in terms of identification strategies and
croeconometric estimation techniques in impact evaluation exercise
i.e. studies which assess the causal relationship between access to ele
tricity and different outcorme variables trying to solve the issues of
verse causality, endogeneity and selection bias through rigerous es
mation design such as instrumental variables estimation, difference:
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Access to Energy and Sustainable Development

differences, by exploiting natural experiments, panel data analysis, fixed
sffects estimations, randomized controlled trials and propensity score
matching. It turns out that access to electricity is a strong causal deter-
minant of changes in labour market outcomes: employment and reve-
niues rise in connected areas. Interestingly, such changes concern wom-

seems to have strong impacts on schooling and household welfare.
Conversely, the evidence of the impacts of the adoption of improved
-.cookstoves on health and household welfare outcomes is still quite
:_-scarce and inconclusive. More research is needed to enrich the debate,
: possibly coming from different contexts and products, given the high
~variability in technologies across the world (Bonan, Pareglio and Tavoni,
- 2014). The following sections review the relevant evidence in the liter-
ature regarding the impacts of access to modern energy on different
sets of outcomes pertaining to households and individuals and the im-
“provement of quality of life.

~2.1.1. Impacts of access to electricity
~Labour market

Some studies look at the causal nexus between electrification and
- different economic and social outcomes. The impact of electrification
onlabour market outcomes seems to be one of the most robust, although
- still not definitive.

Regarding employment, D1nkelman (2011) shows a significant rise
in female occupation (9 to 9.5% increase} and number of worked hours
for females in rural areas of South Africa which can be attributed to

sion of time from firewood collection to income generating activities
(e.g. small business and cottage industry). Lipscomb et al. (2013) also
find strong effects on activity rates and formal employment both in
rural and urban areas of Brazil. _

Regarding labour supply, the evidence seems to indicate an increase
- in the medium and long run in several studies across different regions.
~ Grogan and Sadanand (2013) consider a sample of rural households in
Nicaragua: rural electrification increases the probability that women
are employed in non-agriculture activities outside the household. Sim-
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Stefano Pareglio.and Jacope Bonan

ilarly, Dasso and Femandez (2013) find increases in hours of work
‘men and higher earnings derived from more intensive non- -agricul
activities for women-in rural Peru, Dinkelman (2011) finds signifi
increases in labour supply for both - women and men in South Afri
Van de Walle ef al. (2013) detect 51gn1ﬁcant substitution effects fr
@rregular and casual work to the formal sector for men in India. Hi
quality electricity prowsmn by private prowders compared to pu
ones seems to lead to a reduction of hours worked in agriculture (T
ro et al,, 2007). However, Bernard and Torero (20_14) find no short
effect of rural electrification on time spent on income generati_ng a
!1t1es at household level.- o -

~ The evidence of the effects of electrlmty on wages does not see
be concluswe, though. For: gxample;. Dinkelman (201 1) finds hi
earnings for men (not for women) but no average effects on w
SImllarly Khandkerezal. (20 13) show significant increasesin house
incomes, via 1mprovements in non-agricultural activities, and no e
.on wages. Increases in non- agrlculture income are also supporte
studies by Dlnkelman (201 1) and Lipscomb ez al. (2013). Reductioi
electncfry outages and increases in hours per day generate rele
improvements in non—agrlcultural mcomes in rural India (Chakra
et al 2013) '

Household welfare

Recent works ﬁnd that access to electricity has posrmre effec
‘household welfare, in terms of income, consumption, cooking andl
ing decisions, time allocation; schoohng and health.
.- Only a few studies assess the influence of electricity on Ieve
consumption and-expenditure:. Khandker et al. (2013) find tha
access to electricity in Vietnam: leads to'a 23% increase in consurm
expenditure. Similarly Van de Walle et al. (2013) show that acce
electricity in India. leads to a significant increase in total expend,
particularly for food, fuel and kerosene. stoves. Changes in the u
sources of light and cooking are found in other contexts: Bensch!
(2011) find significant increases in lighting hours and energy exp
ture in Rwanda: similarly Dinkelman (2011) shows that access to
tricity leads to a large increase in the use of electricity for llghtm
to the substitution of cooking habits: from wood to electricity.

Several works lead to the conclusion that-access to electricit
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“an impact on the way people allocate their time, as a consequence, for
-example, of the decrease in time spent collecting biofuels for adults in
India (Khandker ez al, 2012), but it also influences important changes
in children’slives, particularly on the time dedicated to study and school-
ing. Positive effects of household electrification are shown on enroll-
ment and years of schooling for Indian girls (Van de Walle, 2013). In
- other studies by Khandker et al. (2012, 2013) and Lipscomb et al. (2013)
“such results are confirmed for both boys and girls in India, Vietnam
“and Brazil. Children’s study time outside school seems to increase in
-some studies (Khandker et al. 2012, Bensch et al. 2011), however no
- short run effects on children’s time spent on studying or collecting wood
 are found by Bernard and Torero (2014) in a randomized study on rural
- electrification in Ethiopia. :

The impact of electrification is not limited torural households which
re connected to the grid, but has externality effects on other non-con-
ected villagers. Beﬁefits of rural electrification are shown to spill over
o households not connected to the grid, which have higher levels of
onsumption compared to non-connected households (Van de Walle et
I, 2013). The externality effect of electricity operating through the
ommunity is also confirmed in Burlando (2014) where villages affect-
d by a long power outage, regardless of their level of electrification,
experienced similar significant increases in births.

Electrification can bring indirect benefits to rural communities and
households health when it contributes to the improvement of health
infrastructure and of health-care quality. However, health effects can
also be direct, at the household level. Electrification seems to lead to
the substitution of kerosene lighting with electric light, allowing signif-
icant and steady reductions over time in overnight PM,  concentration.

This turns out to provide substantial welfare improvements in terms of
decreases in acute respiratory infections among children under 6 (Barron
and Torero, 2013).

An impact evaluation analysis of electrification on a wider set of
outcome indicators and for a larger time span is provided by Lipscomb
al. (2013) for Brazil. The authors show the positive impact of electrifi-
tion on the Human Development Index (HDI), which includes variables
ferring to income, schooling and health. The improvement in HDI as
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Stefano Pareglzo and Jacopo Bonan

a consequence of access to electmmty is mamly led by the income an
schooling component. G

Business

Poor electnc1ty 1nfrastructures are consudered among the most Te
evant barriers to economic growth part1cularly for the developmen
mdustrlal activities which rely heavily on the quality. supply of elec
ity. The lack of quality and reliable electric infrastructures lead firm
self-generate energy, often with consequent higher costs. This is the ca;
for several developing. countnes particularly in Africa (Albyet al., 2
Steinbuks and Foster; 2010; Foster and Bricefio-Garmendia, 2010).
(2012) studies the impact of the expansion of access to electricity
industrial growth in India and finds positive effects on production
els and on the number of 1ndustr1a1 activities, at the regional level
increase in the number of small manufactory activities as a conseque
of electrification is also documented in Benin, though no effects
profits are found (Peters et ak; 2@1 1).Low quality electr101ty infrast
tures, reflected by frequent shortages, have negative effects on reventi
and productivity, due to higher energy. costs, The effect is stronger
small firms, which are less likélyto-own generators to cope with shol
ages (Allcott et al., 2014, on Indian data). Lossés in productivity due:
unreliable eléctricity supply for industrial firms are also observe
China (Fisher-Vanden ef al., 2012). Unreliable and inadequate ele

- power supply also contributes to the réduction of investments in
ductivé capacity by ﬁrms (Reinikka and Svensson, 2002 on a surve
Ugandan firms). Ryan (2013) finds that investments in the expan
of electric transmission mfrastructures allowing for more capac1ty
eventually improving the quahty of electr1c1ty supply would lead to I
welfare gains, due to higher competltlon in the market.

2.1.2. Impacts of access to improved cookstoves

~ The use of modern and improved cookmg stoves may have posit]
consequences on household welfare and sustainable development, fro

~ several points of view such as health and female empowerment. E
example, 1nefﬁc1ent stoves require more time to cook and gather fis
This task is mainly.undertaken by women and children, who divert tia
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ation and income-generating activities, although these as-
,trongly related to cultural and behavioural traits whlch are
rom place to place.

ably, the most important channel through which the use of

d cookstoves impacts on individuals and households is through

I:atlon of indoor air pollution (IAP). Despite the great variety of

is which could be defined as improved cookstoves (World Bank,

Ehe simple introduction of fireboxes and chimneys allows im-

t improvements in terms of IAP, compared to traditional stoves

or three stone fires). For example, Dutta et al. (2007) find reduc-

Jf carbon monoxide concentration by 38% and of PM, . concen-
§1 by 24 to 49% after introducing improved cookstoves

fle reduction in IAP is shown to have beneficial effects on healih.

al studies seem to indicate that changes in cooking technologies

E‘e the incidence of acute respiratory infections and lung capacity.

meral a large strand of the literature in epidemiology and environ-

&al science supports the existence of a strong positive association
Neen IAP and negative health outcomes (Zhang and Smith, 2007),
gever most evidence relies on observational studies and is unable to
htily casual effects: the choice of cooking fuel and stoves may be
ted to unobserved health behaviour which also affects health out-
__ es. For example, better respiratory health in households that cook

ih cleaner fuels may be due to better access to information on health

vention which may also impact on other health-related behaviours
éuﬂo et al., 2008). Moreover, many of the studies do not consider the
xe ssible mitigation of the reduction in smoke inhalation due to be-
javioural responses of people who may not necessarily use and maintain
ookstoves properly over time, after the first wave of promotion and
stribution.

Only a handful of studies evaluate the health impacts of the adoption
improved cooking stoves using randomized controlled trials on the
eld. The project RESPIRE (Randomized Exposure Study of Pollution
doors and Respiratory Effects) is a medical experimentation on the
spiratory consequences of indoor air pollution and on the potential
benefits from the introduction of more modern techniques in Guate-
mala The use of 1mpr0ved cookstoves reduces carbon monoxide expo-
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sure by 50 to 60% over the 18 months fo]]owmg the dlstnbutlon 4
cookstoves, with consequent s1gmf1c:ant reductions in risk of respirat
Ty dlsease such as pneumoma, (Smith: et. al 2011; Smith-Sivertse
al., 2009). =
Another study in Indla based-on longer time span and a larger san
ple shows that the introduction of modern cookmg stoves has o
rnodest health effects which tend to vanlsh inthe longer period (Hann
Duflo and Greenstone, 2012) ‘This is rnamly dire to the fact that th
of such new technologles isnot always contlnued over time and m:
tenance is often neglected. A partlal conflrmatlon of such problem
provided by Simonsez al. (2014) who find 51gn1f1cant Hawthorne effe
dunng the penod of cookstoves performarice] measurement byreseat
ers with respect to “normal” househeld behamour Dheram etal (
‘use meta—analysm and find that thatrisk. of pneumoma 1nyou11g chile
is mcreased by exposure, o unprocessed solid fuels by 80%. ‘Usmg' d
ferent non- experlmental techmques, other studles hlghhght the ca
: relatlonshlp between modern cooklng stoves and health 1rnprovem
(among ‘several, Ezzati and Kammen, 2002, Ezzati et al., 2000, Si
and McKay, 2013 Ga]ate-Gamdo 2013 Mue]ler et al., 2013 Yu 20

Household welfare

‘Rigorous’ ev1dence on the role of 1mproved cookstoves on tim
location, female and chlldren condltlons is quite scarce (Kohlini e
2011). In rural areas, the “collection of ﬁrewood often performe
women and school—gomg chlldren, takes time away from other pro
tive pursuits, suchasincome generatingactivities and educatlon (Ba
and Toman, 2006). Charmes (2006) analyses time usein several Sub
haran African countries, by looking at large- scale surveys, and fi di
women spénd 3-5 times as muchtime as men on domestic activitie:
collecting firewood and cookmg ‘However, if we look at the two a
ties separately, it turns out that the picture is more balanced bet
men atid women for firewood collection, whereas cooking activitie
largely dominated by women. Bensch and Peters (2012) find tha
use of improved c cookstoves causes a significant reduction of abou

thlrd in the amount of ﬁrewood necessary for cooking, with conse_

"L The Hawthorne effect is when individuals change an aspect of their beha\nor in res
to their awareness of being observed. . '
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me saving and decrease in stated respiratory diseases. Similarly, Bel-
amo and Levine (2013) show slight declines in wood use in large Sen-
alese households, after the introduction of solar ovens. Though, no
cffect on time dedicated to wood collection is found. This result is cor-
roborated by Burwen and Levine (2012) in a study on Ghana and by
annaetal, 2012 in Indla, where no effect on wood use and expenchture
as found.

2.2. Economic development and environmental sustainability

Energy is the engine of economic growth: in 2012, compared to
2000 world real GDP mcreased by an average annual rate of 2.7% while,

on the same horizon, primary energy demand grewby 2.4%. According
o data from World Energy Outlook (IEA 2014a), in the last two decades,
energy demand increased by a factor of 1.5 (almost 2% per year) fuelled
by non-OECD countrles economic growth. In the New Policies scenar-
(NPS) of IEA — which accounts for the implementation of current
lanned government policies — in 2040 world demand for energy in-
creases by more than 30% to 18.3 billion toe (Gtoe), from 13.5 Gtoe in
)12. In the most “green” scenario (called “450 ppm”), where several
pblicies to decarbonize the energy system and to boost energy efficien-
cy are considered to have been implemented, world energy use remains
under 16 Gtoe (increasing by slightly less than 20% compared to 2012).

on fossil fuels: in 2040 coal, oil and gas are expected to satisfy the ma-
ority of energy use (74% and 59% in the two aforementioned IEA sce-
1arios). Although there does not seem to be a pressing issue in terms
of the physical availability and extent of reserves, an increasing amount
of investments in the energy sector are needed: in 2013 energy invest-
ments amounted to more than 1,600 billion dolars. Without these in-
estments, unfulfilled energy demand could put pressure on energy
sts with negative spillovers on economic growth.

*According to IEA, overall annual investments required to match the
orojected world energy demand over the period 2014-2040 in the NPS
will amount to 2,000 G$ (2013 dollars) — 25% more than in 2013 - 50%
of which would be devoted to oil and gas upstream activities.
Although global energy demand is likely to be mainly met with
ossil fuels, according to all scenarios, there is ample scope for a shift

15
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towards low-carbon fuels, particularly in power and heating sectors
Energy from renewables is estimated to exceed 3 Gtoe with a sharg
ranging from 15% to 25% of total energy supply, while natural gas may
provide around 25% of energy.

The IPCC confirms and strengthens the view that climate change i

‘a clear and present danger. From 1750 to 2011, cumulative emission:
amounted to 2,040 Gt of CO, - 50% of these emitted in the last 40 year:
—and itis estimated that about 40% have accumulated in the atmospher:
(IPCC 2013). Consequently, atmosphere GHG concentration has in
creased and it is extremely likely that more than half of the observec
increase in global average surface temperature from 1951 to 2010 i
caused by the anthropogenic GHG ernissions (IPCC 2014).

" Limiting thé in¢rease in the global temperature to 2°C requires :
dr;astlc reduction in fossil fuel use: to obtain a 50% probability that th
témperature increase will be below this threshold, GHG concentration:
must remain under 450 ppm. Accordmg to NPS, the emissions limit wil
be hit by 2040.

Mitigation strategies should include a mix of actions consisting
primarily, in improving energy efficiency (thus reducing energy use)
decarbonizing energy supply (e.g. increasing renewable share in powe
generation, phasing out coal-fired plants unless assisted by carbon cap
ture and storage technologies) and enhancing carbon sinks.

2.3. Access to energy and environmental sustainability

Investments in energy access for the satisfaction of basic need
require a substantial scaling up compared to the current situation, bu
the needed amount is negligible if compared with what is needed t
satisfy future energy demand: 45 to 86 G$ per year, is a small fractios
(3 to 5%) of the average global energy investments in 2013, equal t
1,600 G$ (IEA 2014a, Pachauriet al., 2013). Moreover, it has been show:
that providing energy access to 3 billion people is likely to have a limc *
ited impact on emissions and climate change. Most of the growth i
emissions is coming and expected to come from the global upper an
middle class. Providing global energy access not only for satisfaction c
basic needs but also for productive uses would increase energy demarn
by at most 109, with limited impact on GHG emissions (0.7% _accoré
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ing to IEA) and temperature increase even if energy was to be met with
- fossil resources (Chakravarty and Tavoni, 2013).

A retrospective study over the last three decades in India shows that
improvements in household electricity access for more than 650 million
- people connected since 1981 contributed 3-4% to national GHG emiis-
sions growth. Although this is a marginal share of global emissions, it
does not detract from the importance for developing countries to start
reducing the carbon intensities of their electricity generation to ensure
sustainable development (Pachauri, 2014). :

3. Challenging the trilemma

3.1. The international agenda

Sustainable energy development entered the international inter-gov-
ernmental agenda for the first time at the United Nations General As-
sembly in 1997, In 2000 the World Energy Assessment first addressed
the nexus among energy, social issues, health and environment in a
general context of energy access, security and efficiency, particularly at
the rural level. Several subsequent international appointments set en-
ergy sustainability as a priority for global development: the Ninth Ses-
sion of the Commission on Sustainable Development in 2001, the World
Summit on Sustainable Development (WSSD) in Johannesburg in 2002.
In the latter, energy access was recognized as a crucial aspect for the
achievement of the Millennium Development Goals, calling for the im-
plementation of sustainable patterns of energy production and use. In
2010 the Advisory Group on Energy and Climate Change to the United
Nations’ Secretary-General proposed to the international comimunity a
set of energy-related goals (AGECC, 2010), summarized as universal
energy access by 2030. 2012 was declared the International Year of
Sustainable Energy for All by the UN General Assembly, in order to
catalyze global attention and commitment on these topics. In 2012 the
SEFA - Sustainable Energy for All — program was launched, as one of
the results of the Rio+20 Conference. Its main goal is to assure univer-
sal access to modern and sustainable energy by 2030, improving the
rate of renewables in the energy mix and promoting energy efficiency.
The objectives are to increase renewable energy which currently con-

77




stitutes 15% of the global energy mix to 30% and to double the globw
rate of improvement in energy efficiency by 2030.

3.2. Electrification programs

There are large variations in electrification rates across and w1thu
regions. According to the World Energy Outlock 2011 (IEA, 2011) tra'g"
sition economies and countries belonging to the OECD have a.h’n@‘i
universal access. North Africa has an access rate of 99%, Latin Amerlc,
93.2%, China and East Asia 90.8%, and the Middle East 89%. By con

trast, South Asia has an electrification rate of 68.5% and Sub-Sahar_"""'"!
Africa only 30.5%. People without electricity in these two regions )
493 .4 million and 585.2 million, respectively, accounting for more tha
80% of the total world population without electricity (IEA, 2011). Th
majority of people lacking access to electricity live in rural areas. Sorpé
countries have made progress in connecting remote rural areas to el
tricity. In particular, several emerging economies have included rux
electrification programs in their socio-political agenda in order to.1
- duce the strong existing urban-rural divide. :
Some examples of large national rural electrification programs :
represented by Brazil, China and India which have achieved more th:
65% electrification rate through significant public investments.?
For example, Brazil since 2003 has rumn the national program f
rural electrification “Luz para todos” which enabled the connection
more than 14.5 million individuals by 2011 and the reduction of t
share of people disconnected from electricity to less than 2%, m
concentrated in the Amazon region. The program has been realiz
through the cooperation of the central government, the holding co!
pany of the Brazilian electricity, utilities and rural electrification co
eratives. The program required investments in grid expansion (appr:
imately $7 billion) and an increase in generating capacity which exploi
ed the presence of large hydroelectric power stations (Niez, 2010). Pet
ple have benefited from electricity connection free of charge and soci
tariffs with discounts decreasing (from 65%) as energy consumpti
increases. ' '

2 For a more detailed overview of the electrification programs in emerging countries, see )
(2010). ;
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Another example of strong political commitment towards universal
electricity access is China where in 2009 only 8 million people lacked
access to electricity (in 1976 it was 50% of the population) (IEA, 2011).
This was possible through a great effort by the government in the de-
velopment of the grid and the increase of power generation using pri-
marily coal and distributed small hydroeleciric stations. Recently, Chi-
na has made an effort to introduce renewable energy programs both in
rural and urban areas. However, problems related to the quality of elec-
tricity supply, the role of private sector, pricing of energy and Jong-term
maintenance investments remain unresolved.
In 2005, a total of 412 million people in India had no access to elec-
tricity, with 380 million of them (92% of total population) living in rural
areas and 32 million in urban areas (IEA, 2007). According to the Cen-
sus 0f 2011, in India 67.2% of the population is electrified, with an urban
slectrification rate reaching 92.7% and a rural rate of only 55.3% (Cen-
sus 2011, Government of India). The challenge of rural electrification
has been faced through the government-led Rajiv Gandhi Grameen
Vidyutikaran Yojana (RGGVY) scheme and the Remote Village Electri-
fication Programme since 2005. The first scheme was meant to reach
allrural un-electrified households through grid extension, allowing poor
eople to connect for free;* the second one aimed to complement the
révious program with measures for the provision of basic lighting/
lectricity facilities through renewable energy sources. In 2013, 32,227
villages of India have yet to be provided with electricity* access which
orresponds to 5.4% of Indian villages (Central Electricity Authority).
International institutions and regional development banks have col-
aborated with governments in projects of rural electrification. For ex-
mple, the World Bank has supported more than 120 projects since
980, particularly in Latin America and Sub-Saharan Africa, by pro-
oting the growth of off-grid electrification using renewable energy
echnologies. Most of such projects have aimed to increase the energy

upply, through infrastructure development, rather than explicitly tar-
et poverty issues (IEG, 2008).

3 Tariffs vary from state to state and in some cases are based on metered supply in others
are flat.

* A village is deemed electrified, if 10% of all the households of the village have electricity

ccess and if electricity is provided to public spaces such as schools, panchayat officers, health
enires, community centres and dispensaries.
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3.3. Initiatives for adoption of improved cookstoves

The implementation of policies at the national level aimed at impr
ing cooking strategies and avoiding health problems related to high
posure to JIAP have followed three main strategies. The first one tried t@
promote cleaner fuel adoption through the substitution of biomass wrch
kerosene, LPG or LNG. This has been the case for Ecuador and Indone|
sia, where poor households could benefit from subsidized kerosene fon]
cooking (Barnes and Halpern, 2000). However, drawbacks emerged suc}
as the high cost of kerosene and LPG and difficulties in supplying ther
in remote areas, given poor infrastructure. More recently, a second pra¢
tice has seemed to prevail: improved cooking stoves which use wood and
biomass in a more efficient way while reducing exposure to air polluta.nt‘%
through the introduction of a chimney. The important pros of the substi:
tution of cookstoves rely on the fact that the technology is relatively easy
to upgrade using local materials and producers (which may lead to job
creation in the area and use of local materials), prices are affordable ev
for poor households and the final product is similar to traditional co
stoves, allowing the minimization of the cultural “gap” derived from
introduction of a new technology. A third option is the introduction 0,._,
small scale bio-digesters for the production of biogas at community
household level, though a wide diffusion of such technologies has beer
slow in several developing countries.’ -

Several emerging countries are developing initiatives for the di
sion of improved cookstoves for the large proportion of households s
relying on traditional technologies. For example, India has launch
several programs since 2006-07 to promote biomass pellets stoves a
more efficient ceramic stoves employing wood, however no subsidy
the purchase was envisaged. In 2009 the National Biomass Cooksto
Initiative was started on a larger scale (Venkataraman et al., 2010).

Since early 1980s China launched a national program for the d
semination of efficient and improved coal stoves (with chimney) at su
sidized prices which led to rapid stove dissemination. Afier 1990
subsidy was suspended and households bore the entire burden of
purchase (Sinton et al., 2004). China is reported to have been able

)}

§ For a review and classification of available cookstove and biogas technologies, see Ma
li and Mungwe (2013).
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wte over 35 million improved cookstoves over the last decades
ret al., 2008).

yoking at some African cases, through joint government, donor,
GO effort, Kenya distributed around 1.5 million improved stoves
twenty years) at prices ranging from $1.5 to $6.5 and Ethiopia
suted a similar number of improved charcoal stoves (over ten
) at $2-$4. (Duflo et al,, 2008; World Bank 2010). .

1 September 2010, Hillary Clinton announced the formation of the
11 Alliance for Clean Cookstoves (GACC), which callsfor 100 million
s to adopt clean and efficient stoves and fuels by 2020 and aims
yw international attention to thisissue, by mobilizing support from
le range of private, public and non-profit stakeholders at the glob-
rel. :
despite much praise for action taken, improved cookstove diffusion
t part of the agenda of interventions by international agencies, for
aple, by 2010 the World Bank financed less than 20 improved stoves
ects worldwide, mainly in Sub-Saharan Africa (World Bank, 2010).

' Policy recommendations
Global access to modern energy services needs to enter the nation-
es which lag behind. Political will is the

gendas of several countri :
t condition to achieve the goal. Governments should credibly commit

| implement sustained, targeted and responsive policies. The follow-

dimensions should be taken into consideration:

1) Policy-making and institutional framework.

The first important role of politics lies in the definition of basic

s to be satisfied and guaranteed universally from which a threshold

quantity of energy needed and made available to all could be drawn.
ce such conditions are met at the national level, international coor-
hation efforts in carrying on policies aimed at decarbonizing, stimu-
ling private investments to improve the efficiency of energy systems
d limit carbon emissions (by reducing the contribution of hydrocar-
ns to the energy mix) and collaborating to meet the objective of uni-
irsal access to energy are needed. '
Fighting energy poverty through, for example, the realization of
ectricity infrastructures, particularly large-scale ones, aswell as clean/
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jokstoves programs requir:
both in terms of direct investme

: efficie_nt,f-uel-subsﬁtutionior'.-imp. _-
direct commitment of gove'm'méﬁt
and of promotion ‘of . private-s )
through adequate institutional infrasti
sector investments for the expansionof

_the institutional and legal framewor]
and property rights hamper investment Trients :

- and support private sector investir enits in the expanision of energy s

vices by guaranteeing adequate -'re_guléitioiiaﬁ'd-'j'l’elgallferivironmem-,-
reducing bureaucracy. New biisiness modéls and meéchanisms to i
tivize private sector involvementand 'c'bs't._rCCOVéry should be develop
‘Developing countries: should also improeve their capability o
sorbing large amounts of capital by increasing quality implement
capacity. At the same time, crucial political economy factors- such
corruption and lack of transparency should be actively tackled thr
adequate institutional controls and rule of law, given their perva:

presence in big infrastructural projects; stich as in energy, and"
negative impact on the economy. LT :

Universal access to energy should be pursued through the defi
of clear objectives, procedure and the 'idéﬁi;'-ifi'c'aﬁ'on of suitable subj
for their implementation, ‘on the base of considerations of opportu
and efficiency. Development strategies and. consequent a‘_'ctions' she
focus more on the needs of local communities and include multi

" sional perspectives and. g’){_pert_i-se. General and local conside
should guide the process of policy decision-making of the publi
thority. A ne'ed-b_aSedappi:qac_‘l_:l_;f_q_cus'_ed on local communities
include detailed local assessments of demand and options forexp

access, and their wider socio-economic and environmental imp

Access to energy should be: cOnsidered-al'so' in relation to other d

sions such as affordab_ility;‘ qua_li:ty':(sa'féty), quantity, sustainability,

liability and availability. The typical top-down decision making pro

where priorities and implementation decisions are more centrali

should be integrated with participative bottom-up approaches in.o
to foster community empow'v_ernl_erit.6 S

s C.ommunify empowenneﬁt refers to the procless of cnabling communities to increa

_ trol over their lives. Rural energy access can be an important ingredient in the process of

economic and political change which is built ona bottem-up approach. Projects aiming to e
-energy access to rural areas should invelve local communities in the implementation phi
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Coordination across policy domains can contribute to more effec-
- tive policies: identifying and estimating multiple benefits and gains can
help coordination across policy domains and stimulate leverage syner-
- gies in investments. A key condition for successful policies and programs
"'is cooperation and coordination among the different players involved
in the challenge, public and private sectors, academia, international
_organizations and NGOs. Indeed, energy poverty is so urgent and so
complex that different actors can no longer act in isolation: their efforts
need to be put together to maximize efficiency and effectiveness.
Multi-stakeholder and multi-expert parinerships are viable strategies to
face the complexity of problems and to provide complete solutions.

2) Technology selection.
Once universal access to electricity is set among governments’ pri-

 orities,” the challenges which need to be tackled, particularly in under-
developed rural areas, relate to key strategic policy decisions regarding
electricity generation, transmission and distribution.
Energy generation looks at the energy mix which maximizes coun-
try energy supply unexploited potential, among traditional and renew-
" able resources. Allowing access to electricity for large shares of rural
population requires increases in electricity supply by investing in new
generation plants employing different resources, depending on individ-
~ ual countries’ advantages. For example, China responded to the increase
in demand by expanding electricity generation through coal thermal
plants (IEA, 2011). It is estimated that solar and hydro power could
meet a large part of Africa’s future electricity needs. Wind and geother-
mal power can also contribute significantly in some areas (Sanoh et al,,
- 2014). Different mixes of policies and energy portfolios involve different
investment commitments. Compared to 2012, global investments in
clean energy should double by 2020 under the NPS and more than
double in the 450 ppm projections. Achieving the 450 ppm target by
2040 implies an amount of global résources devoted to climate change
mitigation of about 2,400 G$ per year (in 2013 USD), a substantial
scaling-up compared to the baseline scenario (1,238 G$) (IEA 2014a).

lowing the full benefit and appreciation of the poteniial for future development, leading to com-

munity empowerment.
7 About half of developing countries have declared electricity access target at national, urban

and rural level. Less than 15% have set targets for access to modern cooking fuels or improved
cookstoves (IEA, 2010).
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Recent: trends in climate ﬁnance are. not encouraglng in: 2013 glo
climate fihance annual ﬂows totaled about 330 G$, 25 below 20121
(Buchner etal.; 2014). . e :

- Anotherimportant aspeet is: related to the dlstnbut:lon of energy supp
Gnd extension remains one of the most common means of universal
trification; given the advantageés: denved from econoimnies of scalein ene
prodiiction. However, reaching rurala areas with electnmty isnotasrenta
as ‘urban areas, hence a strong: commitment By govemments is usu
required. Altematlvely, mini- gnds can be installed when the grid extens
optlon seems. too expenswe oras a back-up energy__‘s urce in orderto’

one technology (Wlth th'
. tlon ). Energy optlons

‘ulatlon den31ty and more
"tends to favor on-g;nd suppl

mate practlces contest on energy poverty a]leVIatlon" by the Intern:
_Centre for Climate Govema.nce (ICCG)

. ® For a review and classification of -avallable systems and technologies, see Mandelli
Mereu (2013). : :
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10b£2 Regarding the access to improved cooking facilities, the local con-
evekt plays an important role in the definition of feasible and sustainable
jjchnblo gical solutions which may represent small improvements (not
ipplicessarily the best option in terms of efficiency, emissions, etc.) with
?eleqispect to the previous technology, but that may assure some gains in
rerge quality of life and energy efficiency.
tab] In general, ihe introduction of new technologies should be always
uallicompanied by a strong offort in local capacity building and awareness
51310{ the local stakeholder, in order to ensure the sustainability of projects.
} pre
tha  3) Financial mechanisms. _
imal The push to universal access should balance the long-term sustain-
taichility of projects, essential in order to attract necessary large private
%thailvestm'ents, with the issue of affordability for the poor. Affordability
1eraates to the capability of households to be financially and economi-
5 arglly capable of accessing and using electricity. Progressive tariffs, life-
?Old e tariffs (households consuming below a certain amount per month
":pol_jlaceive a subsidy), targeted price support, subsidies on modern fuels or
.g[.]qther innovative financing solutions, such as microcredit, are among
‘1c1t1 \e possible tools governments cai adopt to help the access 10 and use
8 I electricity by rural and poor households (Winkler et al., 2011). Incen-
?ula: ves towards greener and more environmentally sustainable solutions
? Pe]éould be financed through the phasing out of fossil fuel subsidies (FFS),
%Clalisjther common policy 100l in many emerging countries, particularly

;‘c:fle: ong fossil fuel producers. Even if FFS have the purpose of shielding
0 §r§1e fragile segments of the population, there is evidence that often they
E:ies ire generally regressive, i.e. they benefit wealthy households relatively
%am.-aglore (IEA, 2011; World Bank, 2014). FFS also provide an incentive to
ileSe more carbon-intensive sources of energy: about a sixth of global
%ace;}HG emissions receives an indirect incentive of 110 $ per ton from
" ég’ubsidies and curbing FFS could reduce emissions by 360 Mt in 2020

aave
: the' oosting energy efficiency policies (IEA, 2013).

: cli-
onal 4) Research.

"1 Technical and scientific research plays also a crucial role in the
: dentification of technological solutions which can be implemented at
i and ocal level in order to solve energy poverty issues.

\ Research and academia can con ‘bute to the improvement of differ-
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analysis (CBA) which provides, in broad terms, a systematic way of com
paring the costs and benefits of a project or policy so that project selection
promotes the efficient allocation of scarce resources. Policy making
should consider and be guided by scientific evidence based on method
and analyses that try to show what works and what does not, and possi
bly - most importantly but most difficultly — why, revealing key elements
on the process of development. This can be obtained through the imple
mentation of impact evaluation methods with the use of counterfactual
analysis. Impact evaluation analysis allows the active and rigorous search. -
for the most cost-effective and efficient modalities, across different proj
ect designs, with clear benefits to the decision process.

5) Individuals and informal institutions.

Individual decisions on the adoption of products and behavio
which may be beneficial to the quality of life, such as the decision t
connect to electricity or to buy a healthier cookstove, is an importan
factor of development. A central puzzle in development is that effective
‘inexpensive technologies with the potential to address important prob
lems exist, but are often not adopted or used by the citizens of poo
countries. In other words, small changes in behaviour or limited invest
ment requiring an immediate effort or cost in exchange for longer term
benefits and returns are often not undertaken by people: When analyz
ing low levels of technology adoption in developing countries we mus
recognize that the poor face fundamentally different constraints than
their counterparts in developed nations. People may simply not havi
the money (or willingness) to spend on a new product like an improvet
stove, when their outside option (cooking with a traditional stove) i
free. They may lack information about the health consequences of thei
current practice. They may be too risk averse to spend money on :
technology with uncertain benefits, especially when they are extremel.
poor and face competing demands for those funds. It was found tha
propensity to adopt modern cookstoves differs for women and men
women have a stronger preference towards the new technology but lac
sufficient authority and bargaining power within the household to im:
pose their decision on men (Miller and Mobarak, 2013). It is also hlgh
lighted the important role of opinion leaders, peer influence, socia
learning and social networks in conveying information on the attribute
of the new technology and decisions to adopt (Miller and Mobarak
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- 2014, Bonan et al., 2015). Learning the drivers of adoption, diffusion

and continuous use of healthier and more efficient products is of great
relevance in order to strengthen evidence-based .actions and policies.
Further research should focus on the roles of household level deci-
sion-making, gender, cultural traits, liquidity and credit constraints, but
also behavioural factors, local institutions and social networks. Further
analysis and investigation is needed to identify the effective (marketing)
- strategies and incentives structures which should be implemented by
policy makers, international organizations, NGOs in order to diffuse
" the adoption of beneficial behaviours and products. Such strategies
should be particularly focused on two types of actors. Firstly, informal
institutions, largely widespread in the developing world, should be in-
volved in diffusing good practices and technologies to a larger extent,
given their potential in diffusing information, awareness and welfare

- key players in many processes of technology shift. Starting from the
- fundamental role of women in development processes, some aspects of
- energy access policies should be designed in order to have a greater
- impact on 'women empowerment.

- Conclusion

, Universal access to modern energy services, environmental sustain-
- ability and economic development, as a typical trilemma, are three el-
. ements which are difficult to reconcile. Radical changes are required
. worldwide, in order to pursue a more sustainable and equal future for
- humanity: access to modern energy can really support development and
- improve quality of life of disadvantaged people in developing countries,
- at relatively low cost in terms of global investment and environmental
mpact. Moving towards energy efficiency and cleaner energy produc-
tion are global objective to be sustained in order to limit the effects of
 climate change. The trilemma could be therefore successfully tackled
- with coordinated effort at different levels, involving international orga-
nizations, governments, public and private actors, but also individuals
nd communities.
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improving behaviours and products. Secondly, women, who represent’
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