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a b s t r a c t

Energy access targets at national, sub-national, and local levels, are often not specified in great detail e
and tend to focus on supply. Another approach to better inform policy and investment might benefit
from an indicator that focuses on the services derived from electricity access. To provide support for
decision-making, this research investigates the costs of reaching different levels of energy access in rural
areas, with a case study of a village in the Ainaro district of Timor Leste. Utilizing the multi-tier definition
of energy access proposed in the World Bank's “Global Tracking Framework” for Sustainable Energy for
All, we present results both on the cost difference of achieving different tiers of energy access, and on the
comparison among selected electrification and cooking options. Results show that in the period 2010
e2030 achieving the highest tier of electricity access could be as much as seventy-five times more costly
than achieving the lowest one. In addition moving across tiers, least cost solutions shift from stand-alone
to mini-grid and finally grid connected options as electricity access increases. Regarding cooking, moving
from open fires to some of the more modern solutions has the potential to reduce overall costs over the
same period.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Since the UN general assembly declared 2012 as the “Interna-
tional Year of Sustainable Energy for All”, the global effort has been
re-invigorated to improve access to energy services in the devel-
oping world. The related SE4All (Sustainable Energy for All)
initiative seeks to achieve universal access to electricity and safe
household fuels, a doubled rate of improvement of energy effi-
ciency, and a doubled share of renewable energy in the global en-
ergy mix by 2030 [1]. Aligned with the SE4All goals, governments
have, in many cases, set their access targets ambitiously. We focus
on a country case study, Timor Leste, in order to better help un-
derstand the details of achieving these bold goals.

Timor Leste (or East Timor) is a country in Southeast Asia, with
approximately 1.1 million inhabitants. Timor Leste ranks 134 of 186
countries in the Human Development Index [2]. Approximately 70%
ckholm, Sweden. Tel.: þ46 72
its population lives in rural areas [3]. Among other infrastructural
deficits, the supply of modern energy to rural areas is minimal [4].
Only approximately 20% of Timorese people have access to a grid
connection, only 10% in rural areas [5] and, even where the
connection is available, the supply of electricity from the grid has
frequent service interruptions, and connection can be limited to as
little as 5 h a day [6]. The electricity supply of rural Timor Leste now
consists of 58 isolated grids (11 on district level and 47 on sub-
district level) equipped with diesel generators, although some not
operational due to lack of maintenance, fuel or as a consequence of
vandalism [4]. Timor Leste has rich reserves of crude oil and natural
gas off its coast that are now being internationally exploited e but
does not have significant refining capability. Thus, the country re-
lies entirely on imported diesel, gasoline, LPG (Liquefied petroleum
gas) and kerosene at global market prices to meet its fossil fuel
requirements [4]. The electricity supply system is dominated by
diesel generators and is not competitively structured, resulting in
an energy cost higher than in other countries of the region [4]. It is
estimated that for EdTL (Electricidade De Timor Leste - the national
Utility), the cost of electricity production is estimated to be be-
tween $US 0.27 and 0.40 per kWh [5,7]. However, households are
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charged a tariff of only $0.12 per kWh or $2.40 per month for a
household consuming about 20 kW-hours, the rest of the costs
being subsidized [5]. In addition, over 90% all households use fuel
wood as their main cooking fuel (agricultural residues, charcoal,
kerosene, and electricity constitute the balance) [5]. Having most of
its population living in rural areas of the country, with no access to
modern energy services, Timor Leste represents a good case study
for analyzing the dynamics and costs of moving among different
tiers of energy access.

Timor Leste, from the modest starting point described above,
have as official goal of the government to achieve 80% electrifica-
tion by 2025 [5]. In this context, there is no universally agreed-upon
definition of energy access [1]. There are increasing discussions
within the international community about establishing an inter-
national target for universal access to modern energy services [8].
In cases like East Timor, the government sets a target percentage of
population to be provided with energy access, but lacks a precise
specification of what level of energy access is required as well as
which services it should consider. This makes it difficult to estimate
costs for reaching such governmental targets. To fill this gap, a
number of organizations have developed specific frameworks. Ac-
cording to [8] and [1], these frameworks can be divided into three
categories. The first contains uni-dimensional indicators and set/
dashboards of indicators (such as [9e12]) presenting single and
easily interpretable metrics. Since they are disaggregated, these can
present a clear message regarding single parameter situations.
However, it may be difficult to interpret these for dynamics
involving a number of parameters (such as energy access). The
second category, composite indexes (such as [13,14]), are single
numerals calculated from a number of variables. They present the
advantage of supporting both complex trend representation and
performance benchmarking. However, because they combine var-
iables these indexes have the drawback of reducing the information
to a single measure, which causes a certain loss of granularity in the
final information. A hybrid approach, where the single indicators
composing the composite indexes are reported along with their
values, could be an advantage. Finally multi-tier approaches (such
as [11,15]), relate the multifaceted nature of energy access to a pre-
Fig. 1. Suro Craic localiza
defined scale that takes into account all the parameters considered
in the multi-tier approach.

Although no predominant energy access metric is currently
adopted among inter-governmental agencies and governments,
this research adopts the multi-tier categorization of Energy Access
proposed by the World Bank's Global Tracking Framework for
SE4ALL (see Section 1.2). This metric was chosen for the research, as
a number of efforts are ongoing to promote its widespread use for
country tracking in the Sustainable Energy for All Framework. This
results in a number of household surveys, household connection
data obtained from utilities, or residential consumption informa-
tion at the country level, being made available in the format of the
multi-tier framework. This can present an advantage compared to
other existing metrics, where relevant data paucity is an issue.

Starting from the WB (World Bank) Multi-Tier framework, this
research presents estimates of the cost difference of reaching
different tiers of electrification for a representative rural village in
Timor Leste. This cost evaluation is coupled with the comparison of
promising electrification options for the region, considering stand-
alone, mini-grid and grid options. To the knowledge of the authors,
this paper presents the first research that connects the WB Multi-
Tier framework for measuring energy access, to the costs that are
associated to moving across tiers. Doing so this research gives a
contribution to the development of the framework.

1.1. The village of Suro Craic (Ainaro province)

The village of Suro Craic (Fig. 1) was chosen for this case study as
characteristically illustrative and the site has relatively rich data
availability. Suro Craic is medium size rural village of approx. 350
households, in the district of Ainaro [16] in the southwest part of
the country. It is one of the least developed districts in Timor Leste,
and thus useful for exploring potential movement through all six
“electrification tiers” [17]. The village has no grid connection. The
closest grid substation is in Cassa, approx. 10 km South of Suro
Craic.

According to recent energy access surveys conducted for Suro
Craic and for the Ainaro Region [6] during 2011 the electrical
tion in Timor Leste.



Fig. 2. Tracking energy access with a multi-tier framework, source: World Bank Global Tracking Framework, source: The World Bank, 2013 [1].
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appliances present in the village were mobile phones (in 73% of the
households), torches or lamps (in 54% of the households), radios (in
26% of the households), and TVs or music players (in 5% of the
households). These appliances are powered by some stand alone
systems such pico-PV (Photovoltaic) or small diesel generators
mostly operated by local entrepreneurs. Most households have to
charge their phones at neighbor's houses (76% of mobile-owners),
and a significant number have to pay a small fee for this service
(42% of mobile-owners). Households rely heavily on batteries for
powering radios (92% of radio-owners) and torches (98% of
owners). An open fire is the main cooking method for virtually all
households.
1.2. The multi-tier approach to energy access

Two important challenges to measuring access to energy ser-
vices include: (i) the absence of a universally accepted definition of
Table 1
Typical appliances used in each tier, and associated energy demand.

Energy demand Related
applications/
appliances

Tier
0

Tier
1

Tier
2

Tier
3

Tier
4

Tier
5

DLGH e lighting demand Torch X
Task lighting X X X X X
General lighting X X X X

DCM e communication
technologies demand

Radio X X X X X X
Phone charging X X X X X
Television X X X X
Computing X X X X
Printing X X X X

DAIR e space thermal
comfort demand

Air circulation X X X X
Air cooling X X X
Air conditioning X

DFDP e food processing
demand

General food
processing

X X X

Rice cooking X X
Refrigeration X X
Microwave X X

DOTH e other demands Washing machine X X X
Ironing X X
Water pumping X X

DWTH e water
heating demand

Water heating X X

DCK e cooking demand BLEN cooking X X
“access” and (ii) the difficulty of measuring any definition in a
precise manner [1].

For this study the multi-tier categorization of energy access
proposed by the World Bank was explored. The present research
adds modest insights by indicatively estimating the cost difference
for reaching different tiers of electrification and demonstrating one
method for doing so.

With the multi-tier approach, the energy needs of a region are
calculated based on the ownership of appliances categorized by
tier, each corresponding to the equivalent tier of electricity supply
needed for their adequate operation. In addition each tier has
different levels of supply attributes, including quantity (peak
available capacity), duration, evening supply, affordability, legality,
and quality (with higher tiers more and more electricity services
become feasible). As shown in Fig. 2 & Table 1 this multi-tier
approach divides energy access in six different levels, from Tier
0 where no or very little access to electricity is present (just enough
to power a torch or a portable radio), to tier 5 where any high power
appliances can be supported and cooking is done with BLEN1 cook
stoves. The approach is technology neutral, and encompasses off-
grid, mini-grid and grid solutions.

2. Methodology

The initial step of this work included a review of electrification
projects in Timor Leste and related regions. Special attention to the
village of Suro Craic in the Ainaro District, which was chosen as a
characteristically illustrative case study (see Section 1.1). This step
was coupled with a short review of energy access metrics and
classification, and the selection of the multi-tier definition of en-
ergy access proposed in the World Bank's “Global Tracking
Framework” for Sustainable Energy for All for the research (see
Section 1.2).

For the case study, the energy needs to reach different Tiers of
energy access were studied (see Section 3.1) and possible pathways
for reaching those Tiers were considered. Once the energy de-
mands of the village were defined, a model was created in OSe-
MOSYS (The Open Source Energy Modeling System), to develop a
1 BLEN refers to cook stoves that uses one of the following as fuel: Biogas, LPG,
Electricity or Natural Gas.



Fig. 3. Projected electricity demands for the village of Suro Craic between the years 2010 and 2030, for achieving tiers 2, 3, 4 & 5 of energy access.6
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cost analysis of different electrification options with local cost data
(see Section 3.2). From the model, results were produced on the
cost difference for reaching different tiers of energy access in the
village of Suro Craic. And, based on this, technology supply options
for reaching the target access tiers were reported (see Section 4).
3. Experiment

3.1. Energy demand calculation for the village of Suro Craic

For this case study, seven categories of energy demand were
defined for difference appliance used (Table 1), to fit the WB multi-
tier approach to energy access.

Taking into account average appliance data and resulting
power required in each tier,2 yearly projected energy demands
for the village were calculated for the different target tiers of
access. To determine supply projections, all households in the
village were assumed to achieve the target tier by 2025. This is
the same year that the Timorese government has set for its en-
ergy access goals. After 2025 to 2030 the electricity demand is
assumed to increase solely with population increases.3 The
pathway for reaching the target tier would be achieved by
gradually with achievement of a new Tier allowed only once a
previous Tier had been reached4 (Fig. 3). The starting electricity
2 Typical electricity usages for the considered appliances (indicated in Ref. [1])
were used for the energy demands calculations.

3 Population increase for the village was estimated from the historical series for
the village, resulting in an average increase of 1.5% population increase/year.

4 Based on the assumption that the first household reaching a tier n þ 1 could be
achieved only when the rest of the village households have achieved a tier n access.
This assumption, even if not often found in reality, could be valuable from a policy
making and social equity perspective.
needs (2010) were calculated as a function of the ownership of
electricity consuming appliances in the village according to the
original survey.5 Numerical values of the demand are reported in
Annex A.

The projected energy demand during the day was divided into
six 'time-slices' to represent the time variability of the demand.
Each 'time-slice' was assumed to have a different electricity de-
mand. Further, as demand during the year varies, and thus three
seasons (Dry, Wet and Intermediate) were defined. This results in a
total of 18 (6 � 3) such 'time-slices', each associated with a repre-
sentative power demand. That demand is estimated as a function of
regional climatic [18] typical load distributions of this and other
villages [6,19,20] as well as movement through different Tiers.

There are variations between each Tier: the average yearly de-
mand of electricity grows from approximately 22 kWh/households
in tier 1, to approximately 700 kWh/households in tier 3 and up to
more than 2100 kWh/household in tier 5.

The cooking demand was considered separately, and calculated
based on the average cooking times in the village [6].

3.2. The modeling framework

For the analysis a village energy model was created in OSe-
MOSYS. OSeMOSYS is a full-fledged systems optimizationmodel for
long-run modeling of energy systems. It builds on an open source
programming language (GNU MathProg) and solver (GLPK (GNU
Linear Programming Kit)). The objective in the used version of
OSeMOSYS calculates the lowest NPC (net present cost) of an
5 See Section 3 of the paper.
6 For the calculations it was taken into account a projected population growth of

1.5%/year. This value has been decided analyzing historical population data for the
village and the region [3].



Fig. 4. The electrical reference energy system for the model.
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energy system to meet given demand(s) for energy carriers, energy
services, or their proxies [21]. OSeMOSYS is a well suited tool for
this case study, designed to fill a gap in the analytical toolbox
available to the energy research community and energy planners in
developing countries. Other OSeMOSYS advantages are: limited
learning curve and time commitment to build and operate, and the
fact that as OSeMOSYS is not using proprietary software or com-
mercial programming languages and solvers, OSeMOSYS requires
no upfront financial investment. These advantages makes it a very
valuable tool for a number of target groups, including energy re-
searchers in developing country [22].
Fig. 5. The reference energy system e focus on the cooking options.
3.2.1. The electrical model
The reference energy system7 in Fig. 4 represents the range of

potential electricity generation technologies in the village that was
used for the analysis in OSeMOSYS.

Possible electrification options for meeting the final energy
demands were divided into:

➣ Stand alone solutions for single households: Diesel Gensets,
Stand Alone Solar PV Systems, and Hybrid PV-Wind systems

➣ Mini-grid connected technologies: Diesel Gensets, Biomass
Gasification based electricity production, Solar PV panels and
Wind turbines

➣ Connection to the Timorese grid and import of electricity

This range of possible technologies does not cover all the
applicable solutions for the village, but it was used for the analysis
and comparison of some of the most promising electrification op-
tions, and most importantly for the estimation of the cost differ-
ence of reaching different tiers of energy access with a standard set
of selected technologies.
3.2.2. The model for biomass usage and cooking
Virtually all the people in the Ainaro district use open fires with

wood for cooking. Open fires and rudimentary cook stoves are
inefficient, unhealthy, and unsafe [23]. During the research a special
focus was given to the techno-economical analysis of alternatives
for cooking. Electric, kerosene and LPG cook stoves were consid-
ered for the comparison, together with open wood fires and
improved wood stoves. Fig. 5 represents the reference energy
system for the cooking part of the model. This is linked to the
electrical reference energy system represented in Fig. 4 in two
points. First the sustainable biomass crop available in the area of
7 A Reference Energy Systems is a simplified network representation of the fuels,
technologies and transformations necessary for supplying energy to various forms
of end use activities.



Table 2
Resource availability and limits of production of selected electrification options.

Electrification
option

Resource availability Limits of production

Solar PV Overall average yearly capacity factor of approx. 0.24, calculated from
local meteorological model data for each time slice of the model
(obtained from ACCESS for Timor Leste [26])

Limited by area availability for solar panels in the village

Wind Overall average yearly capacity factor of approx. 0.28, calculated from
local meteorological model data for each time slice of the model
(obtained from the ACCESS for Timor Leste [26])

Limited by area availability for small wind turbines
(20 kW) in the village

Hydro power Assumed average yearly capacity factor of 0.4, lower in the dry season
and higher in the wet season.

Limited by the assumption of having only 1 possible
mini hydro power plant with 100 kW capacity in the nearby river

Biomass
gasification

Sustainable10 wood availability in the area calculated assuming a yield
2.9 ton of wood/hectares/year [27] in the surrounding area of the village

Limited by the sustainable wood availability in the area
surrounding the village (shared in the model with wood used for cooking)
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the village limits wood usage in the model,8 and second for the
production of electricity to power electric cook stoves comes from
the technology mix represented in the electrical reference energy
system. The wood price is set at its opportunity cost in the region9.

3.2.3. Resource availability and limits of production
A number of parameters were used to reflect the primary energy

sources availability, and the limits of production of several electrifi-
cation options in the village. These are summarized in Table 2. The
potential capacity factors for PV and wind power were derived from
output from the Australian Community Climate and Earth-System
Simulator [24]. The same model is used by the Australian Bureau
of Meteorology for forecasting weather for the Australian region and
the 12 km horizontal grid includes Timor Leste. Power output from a
PV systemwas simply calculated as directly proportional to the total
incoming solar radiation at the surface. Wind power output was
derived by interpolating the model wind speeds to 25 m above the
ground and then converting the wind speed to power output via a
power curve for a 20 kW turbine [25].

3.2.4. Characterization of the scenarios
For evaluating the impact of cost assumptions on the final cost

results for reaching different tiers of energy access, and to infer
insights for the comparison of different electrification options un-
der changing parameters, we evaluated three scenarios:

a. Reference scenario: “BC” (Base Case): We assumed only slight
variations to the present energy prices in Timor Leste: we
assumed moderate reductions in renewable energy prices, and
no significant changes in conventional fuel costs.11 Starting
capital, variable andfixed costswere calculated fromanumberof
local [4e7,17,28] and international [29e32,40] energy cost
studies, determined as most suitable for representing the iso-
lated village.

b. “HRC” (high renewable case): As for the Base Case scenario, but
with more favorable assumptions for cost reductions for
renewable energyby2030,12 andprojected increases in fossil fuel
prices.
8 Amount of wood collectible from Suro Craic Inhabitants in the surrounding area
without compromising the ecosystem, determined by the wood crop in the area
reachable by the village inhabitants.

9 Estimated in a previous study for rural Timor Leste to $18.92/ton [5] depending
on the average income in the region and the average amount of hours spent for
collecting firewood. For the same study, this price is estimated to rise to 2030 up to
$43/ton, just under half the current urban market price.
10 Usable without compromising the neighboring forest.
11 These projections were taken from cost assessments by the Energy Sector
Management Assistance Program by the World Bank [29,34,42].
12 These projections of reduction of renewable energy costs were taken from In-
ternational Renewable Energy Agency assessments (IRENA) [41].
c. IN (Integrative): For this scenario, the village is allowed access to
the national grid over time. The cost of the grid connection was
estimated depending on the distance between the grid and the
village, and the cost of electricity in the national grid was varied
to estimate at which national electricity prices the grid
connection would be an economically feasible option. The re-
sults from this scenario were then compared to the ones of the
BC and HRC scenarios to evaluate at which grid electricity prices
and in which tiers, grid connection could be a cost effective
option.

The first two scenarios (BC and HRC) evaluated the possible
costs of moving across tiers with Stand Alone and Mini-Grid en-
ergy technologies with two different cost structures, and the third
scenario (IN) evaluated the cost of connecting the village to
the national grid at different national electricity costs. All of the
cost assumptions used in the three scenarios are presented in
Annex A.
4. Results and discussion

This section focuses on a few key results from the analyses for
each scenario. Relevance is given on the cost difference of reaching
different tiers of energy access under the different scenarios, both
for the provision of electricity and cooking to the rural population
of Suro Craic. The results from the model in Answer OSeMOSYS
indicate economically optimal conditions for the assumptions
adopted in each scenario.
4.1. Provision of electricity

The model calculates the costs for providing electricity to the
rural population of Suro Craic for each of the target electricity
access tiers for the different scenario above. This part is divided in
two sub-sections. First results from the BC and HRC scenarios are
presented for analyzing the cost of moving across tiers of energy
access with mini-grid and stand-alone options. Then in a second
part the Integrative scenario is compared to the other scenarios to
assess the viability of connecting to the national grid in the village
of Suro Craic at different grid electricity costs.

Fig. 6 shows the total cost necessary for each household in the
village (hh) to meet the energy demands described in Section 4, for
the BC and HRC scenarios.13
13 To be noticed that these costs are for the demand profiles described in Section
4, so for reaching the tier n of electricity by 2025, and not for reaching the tier n
already from year 1.



Fig. 6. Estimated total discounted cost (capital and O&M costs) for household in the years 2010e2030 for reaching different tiers of electricity access in the rural village of Suro
Craic.
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For the BC and HRC scenarios, the estimated costs in the years
2010e2030 vary from around 100 US$/hh for reaching a tier 1 of
energy access, that is enough just to power just some task lighting,
phones and radio in each household, to up to 75 more times
(depending on the scenario, between approximately 6600 and
7400 US$/hh), for reaching a tier 5 access. The most relevant cost
change happens between tier 3 and tier 4, due to the usage of a
number of medium-power appliances in tier 4, that requires a
higher and more continuous power supply. Finally the highest cost
is required for a tier 5 of electricity access, in which high power
appliances are used, and the needed quality of power supply is
higher.
Fig. 7. Total discounted cost (capital and O&M (Operation and Maintenance) costs) for household in the years 2010e2030 for reaching different tiers of electricity access in the rural
village of Suro Craic e Comparison between the IN scenario (grid connection) and the BC & HRC scenarios (combining mini-grid and stand alone systems).

14 As a simplification the cost assigned for electrifying the village were just the
ones from the Cassa substation to the every single household of the village. It was
not considered for this research additional costs that may incur in strengthening
the national grid, to face the recurrent power outages, and securing continuous
It was estimated that guaranteeing access to electricity for all
households at tier 1 of between the years 2010 and 2030would cost
approximately US$ 30 to 40 thousand, for a tier 3 it would cost
between US$ 540 and 600 thousands, and for a tier 5 of access
would cost up to US$ 2.7 to 3 million.
In addition the IN (integrative) scenario was evaluated for
analyzing the viability of grid connection in the village (Fig. 7). As
discussed in Section 1.1 the closest grid substation is in the village
of Cassa, at approximately 10 km from Suro Craic.14 Average grid
connection prices per km were used (see Annex A). The need of
medium and low voltage lines in the village was estimated ac-
cording to [33]. For the comparison three values were considered
for the grid electricity cost in Timor Leste:

� 0.27 US$/kWh e reported as the lower bound electricity cost for
the national utility [5,7]

� 0.40 US$/kWh e reported as the higher bound electricity cost
for the national utility [5,7]

� 0.15 US$/kWh e used as a reference target value for an effi-
ciently working national grid
supply from the station of Cassa.
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For tier 1, 2 and 3 the relevant investment costs of grid
connection, makes mini-grid and stand-alone options more
economically feasible even at this lower electricity costs.15 At a grid
electricity costs of 0.4 US$/kWh the grid connection is the most
expensive solution for all of the considered tiers of energy access. In
contrast at grid electricity costs of 0.27 and 0.15 US$/kWh, grid
connection proves to the least cost solution for Tier 4 and 5 of
energy access.

In addition, it was possible to notice a few dynamics for the
different evaluated scenarios. Taking into account the limited
approach of this research,16 some of the illustrative dynamics
unearthed by the modeling are summarized in Table 3.
4.2. Provision of cleaner cooking options

Focusing on cooking options, selected insights were gained
moving through Tiers and technologies. In Fig. 8 we compare total
projected cooking costs for a household in the years 2010e2030
under different assumptions.
Fig. 8. Estimated total cost (capital and fuel costs) for household in the years 2010e2030 for different cooking tiers of access in the rural village of Suro Craic.
For Tier 0, where only Open Fires are used, it is estimated that
each household will have more than 1500 US$ in costs related to
collecting fuel wood over the model period. Moving through tiers
1,2 & 3: amongst the compared solutions, the most cost effective
option is to improve wood cooking stoves form year 1 of the model.
These stoves, with a relatively limited capital investment,17 would
offer significant savings in fuel wood, and consequently reduce
total costs by approximately half over considered years with
respect to a Tier 0 situation.
15 To be noticed that this result was obtained with the assumption that the grid
connection between Cassa and Suro Craic would serve only Suro Craic, and not
other neighboring villages.
16 Please note that it is not the primary purpose of this study to propose an
optimal energy system for the evaluated village. The following evaluations are just
preliminary from the model, and will need to be complemented with field studies
of e.g. resource availability, technical viability, more detailed local cost analyses,
surveys etc.
17 Assumed for the model a capital investment of 15 US$ for each improved stove
[33].
For Tiers 4 & 5, where only BLEN cooking solutions are allowed
in the model, the most cost effective solution is to use LPG stoves.
Two options were evaluated: one with gradual technology inser-
tion by 2025, another with full insertion of LPG stoves from year 1
of the model. In the base case scenario, assuming gradual tech-
nology penetration until full insertion in the village by 2025, the
total costs over the model period are approximately 10% higher
than when using open fire cooking, but are more than double the
cost of using modern firewood stoves.18 Assuming full application
of LPG stoves from year 1 however, total costs for households are
approximately 60% higher than when using open fire cooking so-
lutions, but represent more than three times the expense of using
modern cooking stoves over the same period.

In addition, with the use of open fire cooking for the whole
village the estimated sustainable consumption of wood in the
surrounding area is only sufficient to provide for approximately
90% of wood requirements in 2010, and 65% in 2030. As a conse-
quence this solution may increase deforestation in the region un-
less it is coupled with the appropriate forestry management
measures. This, again, points out the need for inclusion of local
constraints. In another setting, the opportunity costs may be lower
and the bio-resources higher. Further, it indicated the potential
importance of complementary policies, e.g. regarding employment
or schooling, in raising opportunity costs of biomass.

5. Conclusion

By using a case study approach it was possible to estimate cost
differences that local administrations might face in meeting targets
of different definitions of energy access. For the evaluated case
study, achieving a tier 5 of electricity access (based on the World
Bank definitions) between the years 2010e2030 for rural house-
holds could be up to seventy-five times more costly than achieving
a tier 1, and five times more costly than a tier 3. In addition the
comparison among scenarios have shown how grid connection
18 This surprising low increase in costs is due to saved opportunity costs as fuel
wood no longer needs harvesting.



Table 3
Dynamics for providing different tiers of electricity access encountered in themodel.

Goal
by 2025

Considerations from the model regarding the cost comparison
of electrification options for the village of Suro Craic in the
model period 2010e2030

Tier 1 Given the cost structure of the model, for tier 1, stand-alone
applications proved to be the most cost effective options. This is
due to the high costs associated to establishing transmission
and distribution networks for low energy demands. Concerning
the stand-alone applications compared in the model,
stand-alone solar PV applications appears more economically
feasible than stand-alone diesel generators. This is due to the
high cost of diesel fuel and lower possible power applications
for PV panels, better adapted for the low energy demands of
each household in tier 1.

Tier 2 For reaching tier 2, similar dynamics as tier 1were encountered:
the low energy demands still not justify the distribution of
electricity trough grid systems.

Tier 3 At the electricity demand of Tier 3, mini-grid options becomes
the most cost effective option. For both the BC and HRC
scenarios the production is made mostly with mini-grid
solutions, namely wind, diesel and solar.

Tier 4 For Tier 4, regarding BC and HRC scenarios most of the
production is with mini Hydro Power. In fact, as a constraint for
the model, the possible capacity of the mini hydro plant is
100 kW (see Section 3.2.3) so this option becomes economically
viable only with increasing energy demands. In tier 1 & 2 the
total energy demand for the village was not enough to justify
the capital investment for the hydro power plant. The missing
quota of production is met with Diesel, Wind and Solar.
Regarding the IN scenario, grid connection appears as a cost
effective options of grid electricity costs around or below 0.27
US$/kWh, the lower bound electricity cost for the national
utility. When reaching the upper bound electricity cost for the
national utility (0.4 US$/kWh), the grid option is the most
expensive among the considered options.

Tier 5 Same dynamics as for Tier 4
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becomes an economically viable option at higher tiers of energy
access, depending on the cost of grid electricity in the country. In
contrast, for some of the cooking alternatives, such as investing in
modern cooking firewood stoves, would likely decrease the total
cost due to the high total opportunity cost of collecting fuel wood.
This would, however, require an initial capital investment for
modern cook stoves. Additionally, the switch to some modern
Table A1
Electricity generation technology parameters used in the model, BC scenario, sources: [5

Plant type Investment cost
2010 ($/kW)

Investment cost
2020 ($/kW)

In
2

Diesel genset e minigrid 721 721
Biomass gasification e minigrid 4000 3882 3
Mini hydro e minigrid 5045 4896 4
Solar PV e minigrid 5306 4341 3
Wind turbines e minigrid 3742 3523 3
Diesel genset e stand alone 938 938
Solar PV e stand alone 6367 5209 4
PV wind hybrid e stand alone 8229 7151 6

Table A2
Electricity generation technology parameters used in the model, HRC scenario, sources:

Plant type Investment cost
2010 ($/kW)

Investment cost
2020 ($/kW)

In
2

Diesel genset e minigrid 721 721
Biomass gasification e minigrid 4000 3618 3
Mini hydro e minigrid 5045 4998 4
Solar PV e minigrid 5306 3913 2
Wind turbines e minigrid 3742 3384 3
Diesel genset e stand alone 938 938
Solar PV e stand alone 6367 4695 3
PV wind hybrid e stand alone 8229 6389 4
cooking fuels, such as LPG, would result in surprisingly low in-
creases in total costs over the evaluated period (ranging from ten to
sixty percent, depending on the timeframe of adoption of the LPG
stoves) respect to the open fire cooking solutions.

The approach used in this research, although not comprehen-
sive, could help addressing the challenges governments address
when considering policy making and target setting.

Finally while this work provides suggested methods of inte-
grating a tier-based approach into standard energy systems
modeling, it is clear that the local situation plays an important role
in determining the cost effectiveness of moving “through” electri-
fication targets. These relate to, inter alia, distances from the grid,
local resource availability, supply chain costs aswell as development
opportunities. One clear limitation of our work is that we focused on
the electrification of only one village in relative isolation. There are
many related economic development, health, or transport policies at
larger scale that might influence the scenarios that we developed.
Future work might attempt to develop other case studies; consid-
ering different locations and dynamic socio-political settings.
Annex A. Input data to the model

Note: Even if the focus of the study is not on single technology
economic comparison, but rather on estimating the cost difference
in reaching different Tiers of energy access using a standard set of
selected technologies, all input data have been chosen to be as
representative as possible for the case study under consideration.
Data paucity of the region is a constraint. Generally, the input data
were chosen from internationally recognized sources and then
verified using other international studies and local sources - when
available. As more informationwill be made available for the area it
will be possible to insert more representative values in the model,
and consolidate the model results. Nevertheless, it is important to
note that sensitivity analyses using modified input data and sce-
narios have revealed that final results remain consistent and that
the relative difference in cost of achieving different Tiers of energy
access is extremely close between test cases. This is a good indicator
of a certain level of robustness.

Information on single data source can be made available under
request to the authors.
,29,30,32,34].

vestment cost
030 ($/kW)

O&M costs
(% of investment cost/year)

Efficiency Life (yrs)

721 10 % 33 % 15
767 2 % 13.3% 10
751 2 % e 30
547 2 % e 20
318 2 % e 20
938 10 % 28 % 10
256 2 % e 15
211 2 % e 15

[5,29,30,32,34].

vestment cost
030 ($/kW)

O&M costs
(% of investment cost/year)

Efficiency Life (yrs)

721 10 % 33 % 15
272 2 % 13.3% 10
764 2 % e 30
885 2 % e 20
060 2 % e 20
938 10 % 28 % 10
462 2 % e 15
960 2 % e 15



Table A3
Fuel prices used in the model, BC & HRC scenarios, sources: [5,29,34e36].

Fuel Price ($/MWh)

2010 2020 2030

Diesel (BC scenario) 100 107.3 114.7
Diesel (scenario) 100 134.4 180.6
Firewood 4.4 7.19 9.9
LPG 77 77 77

Table A4
Transmission and distribution costs in the model, sources: [29,37].

Parameter Value Unit

MV line cost (33 kV) 9000 USD/km
LV line cost (0.2 kV) 5000 USD/km
Transformers 5000 USD/50 kVA
Additional connection cost per household connected to grid 125 USD/HH
Additional connection cost per household connected with microgrid 100 USD/HH
Distribution losses 12%
O&M costs of distribution 2% Of capital cost/year

Table A5
Cooking parameters in the model, source: [38].

Plant type Traditional wood
burning

Improved wood
burning

Improved charcoal
burning

Kerosene LPG Electric

Time efficiency of stove I relative to traditional stove
(fraction of time with improved stove)

1 0.95 0.75 0.7 0.67 0.63

Fuel efficiency of stove (MJ of useful energy/MJ produced
heat-exept for electric-kWh needed for h of cooking)

11% 25% 26% 45% 55% 1.1

Cost/stove (US$) e 15 14 30 90 300
Life time of a stove (years) e 3 3 5 10 15

Table A6
Projected Households in the village of Suro Craic [6,16].

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Number of households 348 353 359 364 369 375 381 386 392 398 404

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Number of households 410 416 422 429 435 442 448 455 462 469

Table A7
Final electricity demand for reaching a Tier 1 energy access goal by 2025 for the whole village of Suro Craic (MWh/year).

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

DAIR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DCM 3.0 3.2 3.4 3.6 3.7 3.9 4.1 4.3 4.5 4.6 4.8
DFDP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DLGH 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
DOTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 3.9 4.2 4.6 5.0 5.4 5.7 6.1 6.5 6.9 7.3 7.6

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

DAIR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DCM 5.0 5.2 5.4 5.5 5.7 5.8 5.9 6.0 6.1 6.2
DFDP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DLGH 3.0 3.2 3.4 3.6 3.8 3.9 3.9 4.0 4.0 4.1
DOTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 8.0 8.4 8.8 9.2 9.5 9.7 9.8 10.0 10.1 10.3
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Table A8
Final electricity demand for reaching a Tier 2 energy access goal by 2025 for the whole village of Suro Craic (MWh/year).

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

DAIR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 6.4 9.5
DCM 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 12.0 18.9 25.9
DFDP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DLGH 0.8 1.2 1.6 1.9 2.3 2.7 3.0 3.4 4.4 5.4 6.4
DOTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 3.9 4.5 5.2 5.8 6.5 7.1 7.8 8.5 19.6 30.7 41.8

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

DAIR 12.7 15.9 19.1 22.2 25.4 25.8 26.2 26.6 27.0 27.4
DCM 32.8 39.7 46.7 53.6 60.5 61.5 62.4 63.3 64.3 65.2
DFDP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DLGH 7.4 8.4 9.4 10.4 11.4 11.6 11.8 12.0 12.1 12.3
DOTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 52.9 64.0 75.2 86.3 97.4 98.8 100.3 101.8 103.4 104.9

Table A9
Final electricity demand for reaching a Tier 3 energy access goal by 2025 for the whole village of Suro Craic (MWh/year).

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

DAIR 0.0 0.0 0.0 0.0 0.0 0.0 4.7 9.4 14.2 18.9 23.6
DCM 3.0 3.4 3.8 4.2 4.5 4.9 15.2 25.4 35.7 45.9 56.2
DFDP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DLGH 0.8 1.3 1.8 2.3 2.8 3.3 4.7 6.2 7.7 9.1 10.6
DOTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 3.9 4.7 5.6 6.5 7.3 8.2 24.6 41.1 57.5 74.0 90.4

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

DAIR 54.4 85.3 116.2 147.0 177.9 180.5 183.2 186.0 188.8 191.6
DCM 57.1 57.9 58.8 59.7 60.5 61.5 62.4 63.3 64.3 65.2
DFDP 5.7 11.4 17.2 22.9 28.6 29.0 29.4 29.9 30.3 30.8
DLGH 10.8 10.9 11.1 11.3 11.4 11.6 11.8 12.0 12.1 12.3
DOTH 4.8 9.5 14.3 19.1 23.8 24.2 24.5 24.9 25.3 25.7
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 132.8 175.1 217.5 259.9 302.2 306.8 311.4 316.1 320.8 325.6
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Table A10
Final electricity demand for reaching a Tier 4 energy access goal by 2025 for the whole village of Suro Craic (MWh/year).

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

DAIR 0.0 0.0 0.0 0.0 5.6 11.3 16.9 22.6 58.8 95.1 131.3
DCM 3.0 3.6 4.2 4.8 17.0 29.3 41.5 53.7 54.6 55.4 56.2
DFDP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.7 13.5 20.2
DLGH 0.8 1.6 2.4 3.2 4.9 6.7 8.4 10.2 10.3 10.5 10.6
DOTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6 11.2 16.8
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 3.9 5.2 6.6 8.0 27.6 47.2 66.8 86.5 136.0 185.6 235.2

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

DAIR 167.6 170.1 172.7 175.3 177.9 180.5 183.2 186.0 188.8 191.6
DCM 57.0 57.9 58.8 59.7 60.5 61.5 62.4 63.3 64.3 65.2
DFDP 26.9 70.9 114.8 158.7 202.6 205.7 208.7 211.9 215.1 218.3
DLGH 10.8 10.9 11.1 11.3 11.4 11.6 11.8 12.0 12.1 12.3
DOTH 22.4 79.6 136.7 193.8 250.9 254.7 258.5 262.4 266.3 270.3
DWTH 0.0 19.9 39.7 59.6 79.4 80.6 81.8 83.0 84.3 85.5
Total 284.8 409.3 533.8 658.3 782.8 794.5 806.4 818.5 830.8 843.3



Table A11
Final electricity demand for reaching a Tier 5 energy access goal by 2025 for the whole village of Suro Craic (MWh/year).

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

DAIR 0.0 0.0 0.0 0.0 7.4 14.8 22.2 69.0 115.8 162.7 165.1
DCM 3.0 3.6 4.2 4.8 20.8 36.9 53.0 53.8 54.6 55.4 56.2
DFDP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.7 17.4 26.1 82.0
DLGH 0.8 1.6 2.4 3.2 5.5 7.7 10.0 10.2 10.3 10.5 10.6
DOTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.3 14.5 21.8 94.5
DWTH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.3
Total 3.9 5.2 6.6 8.0 33.7 59.4 85.2 148.9 212.7 276.4 433.8

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

DAIR 167.6 170.1 229.9 289.6 349.4 354.6 359.9 365.3 370.8 376.4
DCM 57.1 57.9 58.8 59.7 60.5 61.5 62.4 63.3 64.3 65.2
DFDP 137.9 193.8 196.7 199.7 202.6 205.7 208.7 211.9 215.1 218.3
DLGH 10.8 10.9 11.1 11.3 11.4 11.6 11.8 12.0 12.1 12.3
DOTH 167.2 240.0 243.6 247.3 250.9 254.7 258.5 262.4 266.3 270.3
DWTH 50.6 75.9 77.1 78.2 79.4 80.6 81.8 83.0 84.3 85.5
Total 591.2 748.6 817.1 885.7 954.3 968.6 983.1 997.9 1012 1028

Table A12
Other model parametres.

Parameter Value Notes

Discount rate 3% A SDR (Social Discount Rate) was chosen instead of a
private investment discount rate. The SDR seen as a
measure of a country's value of future costs and
benefits is related to the notion of promoted
sustainability [39]. SDR are usually lower than the
private investment discount rates.

Table B3
Final model total discounted costs for cooking for the village of Suro Craic between
the years 2010 and 2030, (2010 US$)

Scenario Tier
0 e only
open fires

Tier 1, 2 &
3 e modern
firewood stoves

Tier 4 & 5 e BC
scenario with
gradual
insertion of LNG
stoves by 2025

Tier 4 & 5 e BC
scenario with
insertion of LNG
stoves from year 1

Wood fuel 643,352 268,910 72,817 0
LPG fuel 0 0 576,644 941,308
Wood stoves 0 36,260 12,857 0
LPG stoves 0 0 51,296 91,408
Total 643,352 305,169 713,614 1,032,716
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Annex B. Model results
Table B1
Final model total discounted costs for electricity production for the whole village of
Suro Craic between the years 2010 and 2030, (2010 US$).

Scenario Tier 1 Tier 2 Tier 3 Tier 4 Tier 5

BC scenario 33,307 243,063 606,366 2,450,251 3,084,655
HRC scenario 30,657 211,642 543,177 2,256,570 2,751,965
IN scenario (grid electricity

at 0.4 US$/kWh)
584,787 822,017 1,360,921 2,651,098 3,434,011

IN scenario (grid electricity
at 0.27 US$/kWh)

569,646 735,958 1,115,312 2,033,349 2,576,330

IN scenario (grid electricity
at 0.15 US$/kWh)

555,670 656,519 888,596 1,463,118 1,784,625

Table B2
Final model total discounted costs for electricity production for each household of
Suro Craic between the years 2010 and 2030, (2010 US$).

Scenario Tier 1 Tier 2 Tier 3 Tier 4 Tier 5

BC scenario 85 581 1449 5885 7409
HRC scenario 79 508 1301 5440 6661
IN scenario (grid electricity

at 0.4 US$/kWh)
1314 1862 3105 6084 7933

IN scenario (grid electricity
at 0.27 US$/kWh)

1276 1660 2534 4650 5930

IN scenario (grid electricity
at 0.15 US$/kWh)

1242 1474 2007 3326 4081

Table B4
Final model costs for cooking for each household of Suro Craic between the years
2010 and 2030, (US$).

Scenario Tier
0 e only
open fires

Tier 1, 2 &
3 e Modern
firewood
stoves

Tier 4 & 5 e BC
scenario with
gradual insertion
of LNG stoves
by 2025

Tier 4 & 5 e BC
scenario with
insertion of LNG
stoves from year 1

Wood fuel 1577 659 176 0
LPG fuel 0 0 1395 2359
Wood stoves 0 92 31 0
LPG stoves 0 0 124 233
Total 1577 751 1727 2591
References

[1] The World Bank. Global tracking framework. 2013. v3.
[2] UNDP. Data j human development reports [Internet]. 2014 [cited 2014 Oct].

Available from:, hdr.undp.org/en/data.
[3] National Statistics Directorate. Preliminary results: population and housing

census 2010, Timor-Leste. Dili: Ministry of Finance (Timor-Leste); 2010a.
[4] Rural Energy Policy for Timor-Leste UNDP country office of Timor-Leste in

collaboration with the secretariate of state for energy policy of timor leste.
2008.

[5] The World Bank. Sustainable and alternative energy program ASTAE. Timor-
Leste; Key Issues in Rural Energy Policy. 2010 December.

http://refhub.elsevier.com/S0360-5442(14)01280-8/sref1
http://hdr.undp.org/en/data
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref3
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref3
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref4
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref4
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref4
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref5
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref5


F. Fuso Nerini et al. / Energy 79 (2015) 385e397 397
[6] Mercy Corps. Energy for all programme (E4A) Timor-Leste; ￼ baseline
assessment report. 2011 October.

[7] NORAD. Midterm review of assistance in developing the electricity sector in
Leste. NORAD collected reviews. 2008.

[8] P N, Bazilian M, Modi V. Measuring energy poverty: focusing on what matters.
Renew Sustain Energy Rev 2011;16:231e43.

[9] Vera I, Langlois L. Energy indicators for sustainable development. Energy
2007;32(6):875e82.

[10] International Atomic Energy Agency. Energy indicators for sustainable
development: guidelines and methodologies. 2005.

[11] Practical action. Poor people's energy outlook. 2013.
[12] Barnes DF, Khandker SR, Samad HA. Energy poverty in rural. Energy Policy

2010;39(2):894e904.
[13] The World Health Organization. The energy access situation in developing

countries. 2009.
[14] Nussbaumer, Fuso Nerini F, Onyeji, Howells M. Global insights based on the

multidimensional energy poverty index (MEPI). Sustainability 2013;5:
2060e76. http://dx.doi.org/10.3390/su5052060.

[15] The Secretary-General's Advisory Group on Energy and Climate Change
(AGECC). Energy for a sustainable future; summary report and recommen-
dations. 2010. New York.

[16] Direcç~ao Nacional de Estatística Leste. Census 2010. 2010. Dili.
[17] Moss, McGann. Climate change and energy poverty in Timor-Leste., social

justice initiative. 2011.
[18] The World Bank Group. Climate change knowledge portal. [Internet]. Avail-

able from: http://sdwebx.worldbank.org/climateportal/index.cfm?page¼cou-
ntry_historical_climate&ThisRegion¼Asia&ThisCCode¼TLS.

[19] Lloyd, Dick, Howells. The energy profile of a rural community. 2005.
[20] Howells M, Jeong K, Langlois L, Lee MK, KY, Rogner HH. A model of household

energy services ina low-income ruralAfricanvillage. EnergyPolicy2005:1833e51.
[21] Welsch M, Howells M, Bazilian M, DeCarolis JF, Hermann S, Rogner HH.

Modelling elements of smart grids e enhancing the OSeMOSYS (open source
energy modelling system) code. Energy 2012 Oct;46(1):337e50.

[22] Howells M, Rogner H, Strachan N, Heaps C, Huntington H, Kypreos S, et al.
OSeMOSYS: the open source energy modeling system: an introduction to its
ethos, structure and development. Energy Policy 2011;39(10):5850e70.

[23] Igniting Change. A strategy for universal adoption of clean cookstoves and
fuels. Global alliance For Clean Cookstoves; 2011.

[24] Australian Governement Bureau of Metereology. Operational implementation
of the access numerical weather prediction systems. 2010. NMOC Operations
Bulletin No. 83.
[25] Polaris. Average data and power courve for a 20 kW wind turbine. [Internet].
[cited 2013 Dec]. Available from: http://www.polarisamerica.com/turbines/
20kw-wind-turbines/#!prettyPhoto.

[26] Huva R, Dargaville R, Caine S. Prototype large-scale renewable energy system
optimisation for. Energy 2012:326e34.

[27] Biomass Energy Centre. Potential outputs of biofuels per hectare, per annum.
[Internet]. [cited 2013]. Available from: http://www.biomassenergycentre.
org.uk/portal/page?_pageid¼75,163231&_dad¼portal&_schema¼PORTAL.

[28] World Bank. Timor-Leste: country environmental analysis. Sustainable
Development Department East Asia & Pacific Region; 2009.

[29] Energy Sector Management Assistance Program (ESMAP). Technical and
economic assessment of off-grid, mini-grid and grid electrification technolo-
gies. ESMAP Tech Pap 2007;121(07).

[30] Info Resources. Sustainable energye rural poverty alleviation. 2/06. Focus. 2006.
[31] Tidball, Bluestein, Rodriguez, Knoke S. Cost and performance assumptions for

modeling electricity generation technologies. NREL - National Renewable
Energy Laboratory; 2010.

[32] International Energy Agency (IEA). Energy technology perspectives. 2012.
[33] Schers J, Vuuren DPv. Model-based scenarios for rural electrification in

developing countries. Energy 2012;38:386e97.
[34] Energy Sector Management Assistance Program (ESMAP). META - Model for

electricity technology assessments. 2012.
[35] International Energy Agency. World energy outlook. 2013. p. 2013.
[36] The World Bank Group’s Oil, Gas, and Mining Unit. The role of liquefied pe-

troleum gas in reducing energy poverty. 2011.
[37] Modi Research Group. Energy planning team. And energy master planning.

2013 August.
[38] JeulandMA, Subhrendu KP. Benefits and costs of improved cookstoves: assessing

the implications of variability in health, and climate impacts. PLoSOne 2012;7(2).
[39] Roumboutsos AB. Sustainability, social discount rates and the selection of

project procurement method. 2010.
[40] International Energy Agency. The energy development index [Internet]. 2012

[cited 2013 Nov]. Available from:, http://www.worldenergyoutlook.org/
resources/energydevelopment/theenergydevelopmentindex/.

[41] International Renewable Energy Agency (IEA). Renewable power generation
costs in 2012: an overview. IRENA; 2013.

[42] The World Bank. World bank open data e Leste [Internet]. 2012. Available
from:, http://data.worldbank.org.

http://refhub.elsevier.com/S0360-5442(14)01280-8/sref6
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref6
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref7
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref7
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref8
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref8
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref8
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref9
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref9
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref9
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref10
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref10
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref11
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref12
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref12
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref12
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref13
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref13
http://dx.doi.org/10.3390/su5052060
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref15
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref15
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref15
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref16
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref16
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref17
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref17
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate%26ThisRegion=Asia%26ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate%26ThisRegion=Asia%26ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate%26ThisRegion=Asia%26ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate%26ThisRegion=Asia%26ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate%26ThisRegion=Asia%26ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate%26ThisRegion=Asia%26ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate%26ThisRegion=Asia%26ThisCCode=TLS
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref18
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref19
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref19
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref19
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref20
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref20
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref20
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref20
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref20
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref21
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref21
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref21
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref21
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref22
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref22
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref23
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref23
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref23
http://www.polarisamerica.com/turbines/20kw-wind-turbines/#!prettyPhoto
http://www.polarisamerica.com/turbines/20kw-wind-turbines/#!prettyPhoto
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref24
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref24
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref24
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163231&amp;_dad=portal&amp;_schema=PORTAL
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163231&amp;_dad=portal&amp;_schema=PORTAL
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163231&amp;_dad=portal&amp;_schema=PORTAL
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163231&amp;_dad=portal&amp;_schema=PORTAL
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163231&amp;_dad=portal&amp;_schema=PORTAL
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163231&amp;_dad=portal&amp;_schema=PORTAL
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,163231&amp;_dad=portal&amp;_schema=PORTAL
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref25
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref25
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref25
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref26
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref26
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref26
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref27
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref27
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref28
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref28
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref28
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref29
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref30
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref30
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref30
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref31
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref31
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref32
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref33
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref33
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref34
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref34
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref35
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref35
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref36
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref36
http://www.worldenergyoutlook.org/resources/energydevelopment/theenergydevelopmentindex/
http://www.worldenergyoutlook.org/resources/energydevelopment/theenergydevelopmentindex/
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref38
http://refhub.elsevier.com/S0360-5442(14)01280-8/sref38
http://data.worldbank.org

	Estimating the cost of energy access: The case of the village of Suro Craic in Timor Leste
	1. Introduction
	1.1. The village of Suro Craic (Ainaro province)
	1.2. The multi-tier approach to energy access

	2. Methodology
	3. Experiment
	3.1. Energy demand calculation for the village of Suro Craic
	3.2. The modeling framework
	3.2.1. The electrical model
	3.2.2. The model for biomass usage and cooking
	3.2.3. Resource availability and limits of production
	3.2.4. Characterization of the scenarios


	4. Results and discussion
	4.1. Provision of electricity
	4.2. Provision of cleaner cooking options

	5. Conclusion
	Annex A. Input data to the model
	Annex B. Model results
	References


