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Abstract
Solomon Islands, with a 2010 population of only 538,000 (TRADING ECONOMICS 2014b)
among almost 1000 islands, is an island nation heavily dependent on fossil fuels for its energy
needs. With a renewable energy share of less than 1% of its 2009 energy mix (IRENA 2012b),
and likely little increase by the time this research was performed (2014), the country’s
renewable energy target of 50% electricity generation capacity by 2015 (REN21 2013, 106)
seems, at first, rather far-fetched. Plans for new large-scale hydro and geothermal power
projects, however, may soon change the nation’s electricity supply mix considerably, albeit a
little later than the target date. Focus on delivering “green” energy to Honiara, the nation’s
capital, whilst attractive from a statistical point of view – as this is where about 90% of the
nation’s generating capacity exists (SIEA 2014c, 14) – may be detracting interest from the
development of sustainable energy opportunities in rural areas, where about 90% of the
population live (Ellis 2014, sec.1, par. 7).
Helena Goldie Hospital, a grid-connected 70-bed hospital operating among the proportionally
expansive rural population, has endured significant financial hardship attempting to maintain
service delivery quality whilst accruing a growing debt to the nation’s electricity utility,
Solomon Islands Electricity Authority (SIEA). Solomon Islands’ electricity prices, the highest
among Pacific island developing nations (SPC 2012a), are part of the issue, as well as limited
knowledge of (and limited existence of) energy efficiency and alternative energy supply
policies and possibilities.
This project delves into the current state of Solomon Islands’ energy sector, and attempts to
find reason behind the lack of government policy or programs targeted at encouraging private
renewable energy generation, particularly in rural grid-connected areas. The hospital case
study is used as a practical mechanism to both draw out the enabling factors and barriers to
private renewable energy generation in Solomon Islands, and to relieve the hospital of its
electricity consumption financial burden.
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Units of Measurement
Unless noted otherwise, all measurements have been made in standard metric units.
Unless noted otherwise, all currency values are provided in Solomon Dollars (SBD). The
following conversion rates have been used throughout the project where necessary, using
approximate mid-2014 conversion rates as per Oanda.com (2014).
Australian Dollar:

AU$1:00 = SB$6.75

United States Dollar:

US$1:00 = SB$7.25

For ease of interpretation, some monetary values within the text have been given in both SBD
and AUD.
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1 Introduction
1.1 Background
Helena Goldie Hospital is located in Solomon Islands’ Western Province, serving a regional
population of approximately 25,000. The hospital is heavily in financial debt to the national
electricity utility, Solomon Islands Electricity Authority (SIEA), courtesy of a combination of
high electricity prices and a lack of energy management practice. This project initially aimed
only to identify how to effectively and sustainably relieve the hospital of its electricity
consumption-associated financial burden. After attempting to source information on national
policies and practices applicable to energy efficiency (EE) and private electricity generation, it
became apparent that a more holistic review of Solomon Islands’ energy sector was required
to grasp a good understanding of the existing barriers and inhibitors to private energy supply
and conservation projects.
Whilst an abundance of renewable energy resources are evident in Solomon Islands, they are,
as with many Pacific Small Island Developing States (SIDS), “in most cases persistently underutilised” (Weisser 2004, 128). Instead, the country relies almost entirely on oil (Niles and Lloyd
2013, 521; SPC 2013b), all of which is imported (Dornan and Jotzo 2012b, 1), to satisfy the
energy demands of a rapidly growing population (ADB 2014a, 244). A recent influx of funding
into the energy sector has spurred an upgrade to the capital city’s diesel-powered energy
network (SIEA 2014a), and the potential development of a large-scale hydropower project
capable of supplying the majority of the capital’s electricity requirements (Tina Hydro Project
2014a). Whilst these projects seem likely to improve energy security in and around Honiara,
the nation’s capital, little attention appears to be directed to rural areas with respect to policy
and programs to encourage EE and electricity generation from renewable energy (RE) sources.
Investigating how the hospital can reduce its energy-associated costs, particularly for
electricity, effectively draws out the real-life implications of performing such a task in a rural
grid-connected setting in Solomon Islands. It is also an opportunity to reveal the financial
12

gains that can be achieved by pursuing energy conservation initiatives and investing in private
alternative energy generation technologies.

1.2 Aims & Objectives
1.2.1

Research Question(s)

The primary aim of this research is to investigate:
How can a rural, grid-connected hospital, such as Helena Goldie Hospital, sustainably
reduce its long-term energy costs?
Therefore, the preliminary objective is to sustainably reduce the hospital’s energy costs. This
question and directly associated objective, however, carries numerous auxiliary questions, the
investigation of which can be considered secondary objectives required to achieve robust
conclusions. The hospital case study can be considered a tool to make apparent, using a
bottom-up approach from the citizen’s perspective, the prevalent country-specific issues that
may support or hamper the proposal, design, implementation and longevity of a private EE and
RE project in Solomon Islands. Coincidentally, the case study outcomes (particularly the
financial indicators) can also be used to explain, to some extent, the reason behind the lack of
certain policies.
The following secondary research questions are necessary to support the main aim of reducing
the hospital’s power costs.
1. To rectify the energy demand management situation at the hospital, what energy
conservation initiatives are appropriate?
2. To reduce the hospital’s reliance on expensive grid power, what alternative energy
supply options are available and feasible?
3. What is the current status of RE development in Solomon Islands?
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4. To determine the opportunities available for energy conservation programs and smallscale private energy generation, what associated supporting programs and
mechanisms are available to prospective private investors in Solomon Islands?
5. To put the condition of Solomon Islands’ energy sector into perspective, how does it
compare to other developing island nations in the Pacific?
The viability of RE technologies will be investigated to complement the dissertation
requirements and to examine the potential financial viability of RE in Solomon Islands when
compared to utility prices.
1.2.2

Sharing Findings

Sustainable flow-on effects are envisaged for, and built into, the project’s objectives. It is
anticipated that by sharing project results and recommendations, businesses, households and
public institutions in the area, country and other developing Pacific islands can take away and
apply useful findings and lessons learned from the study. Households could particularly
benefit, for a “complete change in the type of energy systems used by public buildings would
be the type of radical move that would…most probably reassure citizens building a house to go
for the renewable solution” (Kantola and Saari 2013, 544). Further, since a lack of statistical
information and feasibility studies are a common barrier to RE policy development in Pacific
island countries (IRENA 2012a, 13-14), a review of Solomon Islands’ energy sector could
potentially motivate decision makers to modify or develop policy to better encourage EE and
RE adoption.

1.3 Scope
To meet both Masters Dissertation requirements, and to build confidence into the results
obtained, a thorough investigation is required. However, limitations to the breadth and depth
of study assist in keeping the focus of the paper on track, whilst still developing concise and

14

robust conclusions within the given research timeframe. In doing so, this project has been
split into two complementary sections:
Part I. Research into what factors pertinent to Solomon Islands’ may inhibit or assist
actioning energy management programs and alternative energy generation
projects, particularly those applicable to Helena Goldie Hospital.
Part II. Devising both appropriate and sustainable energy conservation and alternative
energy supply solutions for the hospital.
Investigation into Solomon Islands’ energy sector, with a focus on RE, will provide a holistic
understanding of why supporting policies and programs are, or are not, in place. Due to the
location of the hospital, particular attention will be paid to private rural grid-connected
electrification options.
The second part of the project will focus on identifying the EE and alternative power supply
options that will have greatest financial benefit for the hospital. An energy management plan
will not be developed, as this will be a task appropriate for the hospital management team to
devise, take ownership of, and commit to. However, the necessary information required to
generate, implement and evaluate an effective long-term energy management plan will be
provided.
With electricity being the predominant end-use energy type consumed at the hospital (and
having the highest cost per unit energy), it will be the main focus of the energy audit and
alternative supply analyses. As such, the project will not look in depth into alternative
operational or technology options for propane, used for cooking and laboratory sample
preparation, or liquid fuels used for transport, both land and water.
Even though the case study is focused on a rural hospital, the project will not delve into the
operational and funding mechanisms supporting Solomon Islands’ health sector. This is
because the electricity consumption directly attributable to the use of medical equipment is
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negligible (as shown in the energy audit section) when compared to that of common electrical
items. Therefore, the majority of the case study findings should be mutually applicable to a
variety of institutions, business types and households, rather than exclusive to rural health
clinics and hospitals.
Modelling for the alternative supply options has been performed using the prices and
specifications of locally sourced equipment where feasible, and imported equipment where
otherwise necessary. Information on system installation, maintenance and financing is only
brief and quantitative, as these factors will likely vary considerably on a case-by-case basis.
The aim instead is to reveal the economic gain from the application of various EE techniques
and energy conversion technologies.
Due to the relatively broad scope of the research objectives, and in a bid to keep the body of
the paper concise, supporting research notes, tables and calculations are located in the
Appendices.

1.4 Methodology
The project has been split into two interrelated sections, with the validity of the conclusions
drawn from the case study (Part II) being dependant on the strength of the research findings in
Part I.
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Part I
Literature Review &
Discussions

Part II
Energy Audit

Alternative Energy
Supply

RE Resource
Assessment

Conclusion &
Recommendations
Figure 2. Project Methodology Diagram

Part I: Renewable Energy in Solomon Islands, forms the predominant literature review
component of the project, aimed at reviewing the state of Solomon Islands’ energy sector and
providing supporting information for the energy management program initiatives and
alternative energy supply options identified in the case study. This section focuses on the
secondary research questions 3, 4 and 5, as described under Aims & Objectives. As such, a
holistic overview of Solomon Islands’ energy situation, with particular impetus on RE
development, has been performed. This high-level overview is essential to grasp the reason
and context by which associated policies and plans have, or have not, been made. Attention
has been paid to the presence or absence of domestic policies, programs and projects that
incorporate EE and RE initiatives. Enablers and barriers to the implementation of energy
efficient and alternative energy systems have been reviewed, with particular emphasis on gridconnected rural electrification and other factors that may influence the proposed outcomes
from the case study.
Material in Part I has been compiled mainly from reviews of web-based information, online
journals, organisation webpages, government websites, and online newspapers, among other
internet-sourced material. Some information has also been sourced via discussions with both
public and organisational representatives in Solomon Islands, as well as relevant authorities
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from the energy sector. Appropriate extracts from the reviewed published literature,
combined with conversation-sourced information, are used to “paint the picture” of Solomon
Islands’ (renewable) energy situation before leading into ensuing sections of the paper.
Part II of the project, the Helena Goldie Hospital case study, tackles energy management at the
hospital from both the demand and supply side. It comprises two sub-sections: an energy
audit (demand-side energy management), and an alternative energy supply investigation
(supply-side energy management). The case study aims to provide practical solutions to the
primary research objective: sustainably reducing the hospital’s energy costs.
USAID (n.d., 2) claim that combining a suitable reliable and sustainable energy source with
appropriate EE measures “can help mitigate some of the challenges inherent in operating a
health facility in the developing world”. Using this advice, an in-depth analysis of the hospital’s
current energy consumption and generation situation has been performed. An energy audit is
an excellent tool for such a purpose. “Hospitals consume about two and one-half times the
energy used by the average commercial building” (U.S. Department of Energy 2011, 1), hence
the high priority placed on establishing energy conservation initiatives suitable for a sound
energy management program – one of the main outcomes of an energy audit (Department of
Primary Industries and Energy 1994; United Nations Centre for Human Settlements (Habitat)
1988). The energy audit comprises the following three stages, and is loosely based on those
recommended by Australia’s Department of Primary Industries and Energy (1994).
1. An audit of historical data.
a. Developing an historical benchmark from which energy management
initiatives can be made, measured and compared. Performed by reviewing
energy consumption costs and trends.
2. The screening survey.
a. A walkthrough diagnostic audit investigating equipment, infrastructure and
procedures pertinent to energy use and generation.
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3. A detailed investigation and analysis.
a. Identification of the key energy consumers in the system and development of
cost-effective energy reduction strategies. The results of which are suitable
for compiling and enforcing an effective energy management program.
(Department of Primary Industries and Energy 1994)
United Nations Centre for Human Settlements (Habitat) (1988) uses a similar 3-stage approach
to that summarised above, and has also been referred to for audit process guidance.
“Higher quality service” serves as the “strongest argument” for incorporating RE in health care
establishments (Jimenez and Olson 1998, 27). Another reason being that electricity tariffs in
Solomon Islands are the highest of Pacific developing island nations (SPC 2012a), suggesting
the potential economic viability of alternative energy supply options. An alternative energy
assessment has therefore been undertaken, and subsequent to the energy audit, because
when designing and “using a renewable energy system, energy efficiency is key to reliability
and affordability” (Maurya et al. 2012, 337; Jimenez and Olson 1998, 6). In other words, it
would be typically futile to implement an alternative energy supply system without first
tackling the demand-side inefficiencies inherent in the case’s energy consumption profile.
Numerous potential alternative energy options and system arrangements have been
investigated to find the most appropriate system for the hospital. This task “requires an
accurate assessment” of RE resources (Weisser 2004, 128) as well as any other energy sources
present, and identification of compatible and suitable energy conversion technologies. The
energy resource assessment preceding the alternative supply feasibility analysis has
determined potentially available energy sources in the region, particularly those most suitable
for the hospital’s exploitation. Additional to a brief regional survey (to identify, for example,
the presence of rivers for hydropower), data has been collected from the local Munda
Meteorological Office (MMO), the national meteorological headquarters (Solomon Islands
Meteorological Service), and online data sets such as the climate data repository provided by
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Atmospheric Science Data Center (ASDC), a branch of NASA. Screening and cross-verification
of data sets has been performed where possible to mitigate likelihood of statistical error, and
to build confidence into the alternative energy supply calculations.
Identification of a most suitable alternative energy supply configuration has been achieved
primarily via manual “back-of-the-envelope” pre-feasibility calculations and more detailed
manual system optimisation calculations, followed by software modelling to verify the manual
calculations and perform sensitivity analyses for key input parameters. HOMER Energy has
been used for the software component, software capable of performing energy balance and
lifecycle cost calculations for various potential technologies and configurations. The project
concludes with recommendations about how best to pursue the optimal alternative energy
supply configuration concurrently with the EE initiatives identified from the energy audit.
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PART I
2 Renewable Energy in Solomon Islands
Part I of this paper investigates Solomon Islands’ energy generation and consumption
portfolio. Comparison has been made to other small island nations in the Pacific region to put
the state of Solomon Islands’ energy situation into perspective. The predominant policies and
plans that are taking effect on the proposed RE target are reviewed to see how they will
influence the country’s energy security status, and also whether regions external to the
Honiara region will be affected. This section will also identify some of the major enablers and
inhibitors for RE development in the country (with particular focus on factors inhibiting private
generation) – the results of which may be pertinent to the project case study at Helena Goldie
Hospital.

2.1 Solomon Islands Energy Sector Overview
Solomon Islands comprises almost 1,000 islands, 350 of which are inhabited, spread over
28,000 km2 of land within the bounds of 800,000 km2 of sea (Isaka, Mofor and Wade 2013, 1).
The country’s population, at about 538,000 in 2010 (TRADING ECONOMICS 2014b), is showing
signs of rapid growth (ADB 2014a, 244). The island chain comprises 9 provinces and 6 large
islands (Guadalcanal, Choiseul, New Georgia, Santa Isabel, Malaita and San Christobal) among
hundreds of smaller islands.
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Figure 3. Solomon Islands Map (Phoebettmh Travel 2013)

About 85% of the population are rural-based, residing “in more than 5000 villages throughout
the archipelago”, whereupon the scattered “communities are often small, isolated population
centres” (Pacific Horizons Consultancy Group Ltd 2010, 21). Having a significant portion of the
population with a low off-grid electricity access rate of 2.8% (SPC 2012b) could be a major
motivator for the national government and international development agencies to implement
RE projects in rural areas. This is especially the case considering off-grid electrification tends
to be more feasible than grid extensions, “but involves significant upfront costs for
households” (Dornan 2014, 727). However, with deadlines for an ambitious renewable energy
(RE) target looming near, Solomon Islands appears to instead be allocating resources primarily
to the upgrade of existing urban grids. This situation, like in many other Pacific Small Island
Developing States (SIDS), results in the neglect of the rural and remote demographic (Spratt
and Wood 2013, sec. 1, par. 7).
Diversifying energy supply is a key requisite to attaining energy security (ADB 2009, 10).
However, with no domestically sourced fossil fuels and “about 90% of electricity generated by
diesel engine” (Pacific Horizons Consultancy Group Ltd 2010, 11), “Solomon Islands is one of
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the most vulnerable countries in the world to rising oil prices” (Solomon Islands Government
2011, 9). Rather than mitigating this dilemma, the country has significantly increased its
dependence on imported fuels over recent years, with a 70% increase in imports from 2004 to
2009 (SPC 2013, sec. 1, par. 4; International Union for Conservation of Nature 2013, sec. 1, par.
3). With an expected population increase of almost 50% by 2025 (Prism 2010), unless
alternative energy sources are pursued, it would seem likely that, business as usual and funds
permitting, fuel imports will continue to rise accordingly.
There is a significant statistical segregation between urban and rural areas when considering
livelihoods, energy availability and energy consumption in Solomon Islands. With the majority
of the population both rural and dependent on mixed subsistence livelihoods (Johnston and
Vos 2005, v), average cash incomes in rural areas are far lower than that of the national annual
average of US$1,515 (Dornan 2014, 727). Figure 4 displays the nation’s reliance on solid
biomass and oil (predominantly in the form of diesel fuel) and negligible use of alternative
energy sources.

Solomon Islands Total Primary Energy Supply
Hydro & Solar,
17 GWh, 1%

Oil, 644 GWh,
38%
Solid Biofuels,
1034 GWh,
61%

Figure 4. Solomon Islands Total Primary Energy Supply (SPREP 2012b, sec. 2, par. 1; IRENA 2012b)
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92% of the population use biomass, the highest proportion of Pacific SIDS (IRENA 2012b, 74),
accounting for 61% of the nation’s gross (primary) energy production (SPREP 2012b, sec. 2,
par. 1). Plus, almost 99% of rural households use open fires for cooking, with almost 80% using
kerosene or spirit lamps for lighting (Sustainable Energy Regulation Network 2012, sec. 1, par.
3) – all indicators relating to the low electricity access rates of the rural majority population.
Of the nation’s 81.1 GWh of grid electricity generation in 2013, 73.0 GWh, or 90%, was
generated and distributed in the nation’s capital, Honiara (SIEA 2014c, 14). This is where
approximately “64% of households are grid connected”, whereas outside of the capital,
“where [almost] 90% of the population lives, [only] 6% of households are grid connected” (Ellis
2014, sec. 1, par. 7). Therefore, from a statistical perspective, it would make sense for policy
makers and project planners to focus on Honiara to most effectively achieve RE targets that
aim for a certain percentage of their electricity generation capacity to be satisfied from
renewable resources. This appears to be just the case in Solomon Islands, and may potentially
be leaving policy development pursuing rural renewable-based electrification behind.

2.2 Comparison with other Pacific Small Island Developing States
Solomon Islands and its neighbouring developing island nations face similar economic
constraints due to their size, domestic resource availability, and isolation; hence their
suitability for comparison.
Examples of Small Island Developing States (SIDS) in the Pacific include:
-

Melanesia: Papua New Guinea, Solomon Islands, Vanuatu, and Fiji;

-

Polynesia: Cook Islands, Niue, Tuvalu, Tonga and Samoa; and

-

Micronesia: Federated States of Micronesia, Kiribati, Nauru, Palau, and Republic of
Marshall Islands.
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Figure 5. Map of Pacific Islands (Wikipedia 2014)

These island nations, with a combined population of about 9.2 million (IRENA 2012b), are
common in their significantly limited human, natural, institutional, material and financial
resources (Niles and Lloyd 2013, 525) due to their “remoteness, susceptibility to natural
disasters, a small population, a small market, and an excessive dependence on international
trade” (IRENA 2012a, 7-9).
Below is a comparative summary between Solomon Islands (S.I.) and Pacific SIDS averages (14
countries in total, including Solomon Islands) for a number of energy sector-related
performance indicators. Solomon Islands’ rank is shown, with 14th being considered “worst” or
“most challenging” from an energy sector and RE development perspective.
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Electricity Price per kWh [USD]
Access to Grid Power

S.I. Value
$0.51

Pacific SIDS
Average
$0.35

S.I.
Rank
14

Highest

Notes

15%

26%

13

Second lowest to PNG

142 kWh/y

503 kWh/y

14

Lowest

GDP per Capita [USD/y]

$1,261

$1,737

14

Lowest

RE Share of Electricity Gen Capacity

0.30%

13%

13

Second lowest to Marshall Islands

Grid Distribution Losses

28%

19%

12

Nauru & Marshall Islands higher

Macro-Economic Affordability

16%

15%

8

Mid-range

Population Using Solid Fuels

92%

78%

14

Highest

Energy Consumption per Capita

Number of Islands
~1000
~300
13
Marshall Islands with ~1100
Table 1. Energy Sector Comparison: Solomon Islands vs. Pacific SIDS Average (SPC 2012a; IRENA 2012b)

On almost all accounts, Solomon Islands ranks poorly against its neighbouring developing
island nations with regard to national energy statistics. With almost 100% reliance on
imported fossil fuels to satisfy its growing energy demands, its mid-range macro-economic
affordability – an indicator of vulnerability to oil price volatility calculated as the proportion of
fossil fuel imports to GDP (SPC 2012a) – suggests that many other island nations in the Pacific
are also particularly susceptible to the detrimental economic effects of increasing world oil
prices. A heavy oil reliance combined with a poor balance of payments situation could
potentially cripple aspirations to develop the region’s RE industry, as funds are dedicated
otherwise to managing international debt. Economic stability and energy security therefore
appear dependant on the region’s success in identifying and incorporating into its energy mix
alternative energy sources with better long-term economic prospects.
Table 1 above includes the quantity of islands (bottom row) as a statistic pertinent to the
energy sector. This is because the process of transporting fuel to remote island settlements
can add up to 40% to its price (Wilson 2012, sec. 1, par. 21). Therefore, the issue of high oil
prices is exacerbated by the distributed populations scattered among thousands of islands
throughout the Pacific. Heavy dependence on fossil fuels, “the high costs of oil transport, and
the inability of smaller states to buy in large enough quantities to force lower market prices”
are primary reasons for the high power costs in Pacific SIDS (Chesher 2002, 86). These high
power costs are clearly represented in Figure 6 below, comparing the 2009 residential
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electricity prices among Pacific island nations with the relatively low tariffs in developed
countries such as Australia, United States, United Kingdom, and Canada.

Residential Electricity Tariff Comparison
$0.60
$0.50
$0.40

Electricity
$0.30
Tariff
[USD/kWh]
$0.20
$0.10
$0.00

Figure 6. 2009 Residential Electricity Tariff Comparison (SPC 2012a; The Climate Institute 2011; IEA 2012,
III.56)

At US$0.48/kWh, Solomon Islands tops the list with the most expensive residential electricity
in the Pacific region, 50% greater than the Pacific SIDS’ regional average of US$0.32/kWh (SPC
2012a). Comparison of national average electricity prices, which includes industrial and
commercial tariffs, reveals similar outcomes: with Solomon Islands having the highest average
tariff of US$0.51/kWh in 2009, 46% greater than the US$0.35/kWh regional average. Solomon
Islands’ 2014 commercial electricity tariff (the flat-rate nation-wide tariff scheme applicable to
the Helena Goldie Hospital case study) equated to SB$7.298 (AU$1.081)(SIEA 2014b), almost 4
times greater than, for example, Synergy’s (an electricity retailer for Western Australia’s SouthWest Interconnected System) 2013/2014 Business Plan (L1) tariff (also applicable to hospitals)
of SB$1.979 (AU$0.293) (Synergy 2014).
Solomon Islands’ reliance on diesel is the predominant reason for its high electricity tariffs
(ADB 2014, 2), and likely contributes to the nation’s low per capita electricity consumption,
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with an average growth rate of only 0.013% from 1980 to 2005 (Mishra, Sharma and Smyth
2009, 2322). In 2009, Solomon Islands’ annual per capita electricity consumption of 142 kWh,
was the lowest of Pacific SIDS: less than one third the Melanesian and Polynesian averages,
less than one fifth the Micronesian average, less than 8% of the worldwide SIDS average, and
about 5% of the 2,728 kWh global average (IRENA 2012b). To put the regional statistics better
into perspective with the developed world, Australia’s 2011 per capita electricity consumption
was 10.51 MWh (IEA 2014a), 74 times that of Solomon Islands.
Energy consumption per capita statistics are “closely linked to the per capita GDP” (Jafar 2000,
306), as with electrification rates, as reflected in Figure 7.
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Figure 7. Regional Comparison to Solomon Islands for Energy Consumption, GDP & Electricity Access (SPC

2012a; IRENA 2012b)

Again, Solomon Islands has a lower value for all three indicators than the three regional
averages. Energy poverty, defined as “a lack of access to modern energy services” (IEA 2014b,
sec. 1, par. 1), is concentrated in the Melanesian nations of Papua New Guinea, Solomon
Islands and Vanuatu (Dornan 2014, 727), where 12%, 14% and 28% of the population,
respectively, have access to grid power (SPC 2012a). The low GDP per capita in these countries
is also indicative of vulnerability to oil price volatility, whereby “a large amount of oil is
required for each dollar of GDP that is produced” (Dornan and Jotzo 2012a, sec. 1, par. 2).
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In response to energy security concerns, Pacific SIDS are steadily increasing the share of
renewable resources to their energy mix, both on and off the grid (IRENA 2012a, 7). Solomon
Islands’ have a RE target of 50% RE-sourced electricity generation by 2015, and many other
Pacific island nations have set similarly ambitious targets, ranging from no target at all (for
Papua New Guinea), to 100% by 2020 for both Tuvalu and Niue (REN21 2013, 106).
Commentators such as Dornan (2012) consider many of the high RE targets in the Pacific to be
unrealistic, claiming “an energy mix with some diesel-based generation would be both cheaper
and involve less risk”. Nonetheless, the targets could be useful in attracting external funding,
as may be the case with Solomon Islands and their recent influx of energy sector funding from
The World Bank. The approach may also have resulted in the recent achievement of 100%plus electricity supply from renewable sources (solar PV and coconut bio-fuel) in the small
Polynesian territory of Tokelau, as funded by New Zealand Aid (Wilson 2012).
Energy conservation policy and planning initiatives in developing Pacific nations “have tended
to be generic, with little sense of priorities or costs, [and] poor links to national planning
efforts” (ADB 2009, 10). This is unfortunate, especially considering EE efforts tend to be far
less expensive than increasing generation capacity, and often far more effective than RE
investments – particularly for Pacific island nations with small land mass and small populations
(Herbert, Johnston and Vos 2005, 78-79).
Additional notes on RE development and common energy sector challenges among Pacific SIDS
are provided in Appendix F.

2.3 Solomon Islands Electricity Authority
The state-owned enterprise, Solomon Islands Electricity Authority (SIEA), “has the sole
mandate to provide power across the country” (ADB 2014c, 2), as per compliance with the
country’s Electricity Act and State Owned Enterprises Act (SIEA 2014c). As with electricity
utilities in many other Pacific SIDS, SIEA is “vertically integrated, combining generation,
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transmission and distribution” (Sustainable Energy Regulation Network 2012, sec. 8, par. 2),
with the main grid being in Honiara (26 MW generating capacity, 14.3 MW peak load), and
eight regional outstations (4 MW combined generating capacity) in Auki, Gizo, Noro/Munda,
Lata, Malu’u, Tulagi, Buala and Kirakira (SIEA 2013b; ADB 2014c, 2). SIEA’s responsibilities are
similar to that of the majority of SIDS, whereby the government has endorsed “a single public
utility … [with] the full and only responsibility in meeting electricity demand” (Weisser 2004,
135). Therefore, with “no general framework for private sector participation” (SPC 2012b, 12),
there has been little room for private investment.
The high distribution losses of the utility’s electricity networks – among the highest of Pacific
SIDS (Chang 2012, 8) – have contributed to a “shortfall in revenue insufficient to cover
operating costs” and a lack of investment into future capacity (Dudley 2013, 1). Furthermore,
with subsistence agriculture prevalent in rural areas (Dornan 2014, 727), lack of economic
activity in regional centres has meant that SIEA’s outstations have needed to be subsidised by
revenues sought from Honiara’s stations (Pacific Horizons Consultancy Group Ltd 2010, 11).
Outstations’ high generation costs (compared to Honiara), courtesy of associated fuel
transport costs, have had a “negative financial impact on SIEA”, and as a result hindered grid
expansion prospects (ADB 2014c, 2) and likely contributed to their high electricity tariffs.
An influx of funding in 2014 from The World Bank-funded Solomon Islands Sustainable Energy
Project (SISEP), however, has ramped up SIEA’s capital works developments in Honiara (SIEA
2014c, 13) in a bid to improve the utility’s “operational efficiency, system reliability and
financial sustainability” (The World Bank 2014b; The World Bank 2014d, sec. 1, par. 1; The
World Bank 2013). Since inception, the project’s re-structuring efforts have improved SIEA’s
financial situation considerably (Sustainable Energy Regulation Network 2012, sec. 4, par. 3).
Forecast performance of SISEP’s planned Tina River Hydro Project, as described in the
following section, also indicates a significant contribution to the utility’s long-term financial
standing.
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2.4 What is being done to Achieve Solomon Islands’ Renewable Energy Target?
2.4.1

Urban RE Projects

With renewables contributing less than 1% of electrical capacity and generation, and zero
“registered clean development mechanism projects focusing on renewable energy” (IRENA
2012b, 74), meeting a target of 50% capacity from renewables by 2015 seems at first farfetched. However, two key projects, if capable of being executed and performing anywhere
close to as planned, are likely to improve Solomon Islands’ energy mix considerably (even if a
little later than anticipated under the target timeframe). The two projects, Tina River Hydro
Project and Savo Island Geothermal Power Project, are expected to improve reliability of
power supply, reduce electricity prices, and reduce the country’s reliance on fossil fuels
(Geodynamics Limited 2014, 1; DFAT 2013). Discussions with high-level Solomon Islands
Government representatives on July 25, 2014, revealed the Tina River Hydro Project and the
installation of a sub-marine fibre optic cable from Australia as the government’s major
infrastructure focus projects. The discussions indicated that embarking on the proposed
geothermal project was not yet a priority due to funding constraints.
Additional information on the Tina River Hydro and Savo Island Geothermal Projects is
available in Appendix G.
Once in operation, these two projects combined would potentially be capable of increasing the
nation’s RE share of electricity generation capacity from 0.3% of 36.1 MW (IRENA 2012b, 74) to
between 49 and 60%; depending on the generating capacity chosen for each project, and
assuming Honiara retains its diesel generating capacity, which is likely considering SIEA’s
extensive plans for upgrading the diesel power stations feeding the Honiara grid (SIEA 2014a).
Additional RE projects within the Honiara region include a proposed 1 – 1.5 MW gridconnected solar farm (SIEA 2014c, 12) and potential integration of a 50 kW solar PV system on
the redeveloped SIEA headquarters (SIEA 2014a, 5-7).
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With only 10% of the nation’s grid electricity being generated outside of Honiara (SIEA 2014c,
14), relatively slow progress would be made on reaching the RE target if the energy sector
focused on new small rural grids, or replacing existing generating capacity with renewable
sources at the existing regional outstations. This is further exemplified when considering the
capital’s rapidly growing energy demand (McMahon n.d.) with an urban population growing at
an increasing rate over the past twenty years (at 18.6% p.a. in 2010), whereas the rural
population growth rates have decreased slightly since 1990 to sit at approximately 2.3% p.a. in
2010 (TRADING ECONOMICS 2014b). It is also considered “easiest” for a country to meet a
high RE target by replacing conventional generation with RE technologies on an existing grid
(Spratt and Wood 2013, sec. 1, par. 7). Hence the current focus on the capital’s energy
network.
2.4.2

Rural Grid-Connected Projects

Outside of Honiara there has been some, though limited, development progress in the RE
sector. Diesel accounts for almost 100% of electricity generated at the rural outstations (i.e. all
stations except in Honiara) “with the exception of mini-hydropower operated in Malu’u (0.04
MW) and Buala (0.15 MW)” (ADB 2014c, 2), and the Asian Development Bank (ADB) funded
coconut oil trial project at the Auki (Malaita Province) outstation: coconut oil mixed 50/50 with
diesel for grid power generation, which has been successful bar shortfalls in coconut oil supply
(SIEA 2014c, 12 & 23). The ADB are also funding the Provincial Renewable Energy Project
(PREP), which has a focus on outer island electrification via RE deployment and grid expansion
(ADB 2014c, 2). In June 2014 the PREP committed to utilising Fiu River in Auki, “the thirdlargest load center in Solomon Islands” (Herming 2014), with the planned development of a
low head “run-of-river” 500 – 750 kW hydropower scheme (SIEA 2014a, 4 & 7).
Progress with wind power has been negligible. With no evidence of wind power use in
Solomon Islands except for a few small demonstration wind turbines installed in Honiara
(Harvest Pacific 2012) and a few low-elevation anemometers amongst the regional
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meteorological stations, little data is available to imbed confidence into designs for wind
projects in the country. Wind monitoring has been proposed at three sites under the PREP
(ADB 2014c, 2), and supposedly underway at four sites under the Secretariat of the Pacific
Regional Environment Programme’s (SPREP) Pacific Islands Greenhouse Gas Abatement
through Renewable Energy Project (PIGGAREP) (Sheppard 2012). The Sustainable Energy
Regulation Network (2012, sec. 5, par. 5) claims, however, that wind power would be relatively
costly due to the prevalence of variable and extreme weather conditions in the region.
With heavy focus on large-scale RE in Honiara, the remainder of the country beyond the capital
city’s urban limits has been somewhat slow to adopt alternatives to the high-priced fossil fuels.
Planned capital works at SIEA’s outstations, with the exception of proposed hydropower at
Auki under the PREP, suggest the implementation of additional diesel generation capacity
(SIEA 2014a, 7), rather than diverting to alternative energy sources. Pre-feasibility studies for
hydropower, however, have been undertaken near 5 outstations under the PREP (ADB 2014c,
3). With one of these studies presumably contributing to the Fiu River commitment at Auki,
there remains potential for the other analyses to eventuate into actual energy generating
projects contributing to new or existing rural grids.
2.4.3

Off-the-Grid Projects

High oil prices not only affect grid-connected areas, but also the price of kerosene, a staple fuel
commonly used in rural areas (Dornan and Jotzo 2012a, sec. 1, par. 4). Rising oil prices would
therefore diminish the already minimal funds available within rural households, and likely
reduce available capital for investment in small alternative energy systems. There have,
however, been numerous externally funded programs focusing on the deployment of solar
home systems in rural areas of Solomon Islands (Sustainable Energy Regulation Network 2012,
sec. 5, par. 1). Statistical progress in deployment has been seen in the years following the
ethnic tensions (early 2000’s), with rural solar home installations increasing from less than 100
to almost 8,000 by 2011, and the trend seems to be continuing with renewable energy service
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company (RESCO) financing and maintenance initiatives gaining momentum and government
support (Isaka, Mofor and Wade 2013, 9). A number of rural micro-hydro systems have also
been installed in rural areas (some still in operation) by several local and international NGOs
(Isaka, Mofor and Wade 2013, 8).

2.5 Policy Affecting Renewable Energy Development
2.5.1

Electricity Act

According to some citizens, the country’s 1996 Electricity Act appears to not make easy-going
of electricity self-generation, particularly within a grid setting. Commercial business owners in
particular claim to have “done battle” with the national electricity utility, SIEA, in an attempt to
gain licensed permission to privately generate electricity, and with limited success (as per
discussions with domestic business owners in 2014). In recent years, however, SIEA have
approved some businesses to self-generate via purchased license.
Part IV of the Electricity Act stipulates that “No person other than the Authority” can operate a
“private installation” for generating electricity unless given express authorisation via a
purchased license, or otherwise adherent to the following criteria under Section 54, The
Electricity (Exemptions) Order (Solomon Islands Government 1996, sec. 30 & 54):
“(a)
(b)
(c)

installations in ships and aircraft;
installations in which the voltage to earth at no point exceeds fifty volts;
all private installations having a total installed generating capacity up to 50 kW,
but excluding—
(i) holiday resort and hotel establishments catering for the public;
(ii) private installations in which the owner, occupier or lessee supplies
electricity for use in labour lines or staff quarters; and
(d) any installation or part thereof, owned by, or worked by, or on behalf of the
Authority”.
The exemptions section of the Electricity Act, an addition to the original act, has enabled rural
villages to generate their own power (of less than 50 kW capacity) without the need to pay for
a license (Isaka, Mofor and Wade 2013, 3). And at the cost of a license (valued at the
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discretion of SIEA’s regulatory department), King Solomon Hotel and Pacific Casino, both large
hotels in Honiara, are now permitted to generate their own power (SIEA 2014c, 14).
An explanatory note on SIEA’s license types is provided in Appendix H.
2.5.2

Solar System Connection Manual

In 2013 SIEA released a Solar System Connection Manual with information to assist those
interested in solar power to effectively design and implement a grid-connected solar PV
system.

Figure 8. SIEA's Solar System Connection Manual Cover Page (SIEA 2013a)

The manual, however, does not provide an appealing prospect for those wishing to invest in a
grid-connected solar system. The main limitations evident in the manual are listed below.
-

No feed-in tariff (FiT) exists for energy exported to the grid (SIEA take it for free from
both domestic and commercial feeds);

-

SIEA will charge the customer a Standby Charge of up to 50% of the “value of
electricity that would have been consumed had the standby plant not been operated”.
This is calculated by multiplying the inverter rating (rather than the array rating) by 4.4
(used by SIEA to approximate the output of a modern solar array in the tropics when
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multiplied by the system rating) by the applicable SIEA electricity tariff that the
customer would otherwise pay (domestic, commercial or industrial);
-

Applications may be declined or downsized as ageing electricity grids may not be
considered technically safe or capable to handle certain levels of solar penetration;

-

Inverter ratings are limited to 10 kVA for single-phase, and 30 kVA for three-phase
systems;

-

Systems should be designed and installed by a professional technician accredited
under Australia’s Clean Energy Council;

-

“There are currently NO government assistance schemes in the Solomon Islands for
the installation and operation of solar PV arrays”;

-

“Solomon Islands does NOT have a Renewable Energy Certificate Scheme”; and

-

The customer’s existing meter will need to be replaced with a dual-element meter to
measure energy flow in and out of the establishment, at the expense of the customer.
(SIEA 2013a)

Compared to the European Union, for example, where FiTs, energy tax exemptions, and quota
obligations, in combination with subsidies, soft loans and tax allowances are among “the main
instruments for promoting renewables” (Reiche and Bechberger 2004, 846), Solomon Islands’
attempts to promote private sector RE investment appear dismal.
Discussions with Solomon Islands Government representatives (on July 25, 2014) have clarified
that SIEA are discouraging grid-connected self-generation because they need their recent and
planned system upgrades (recently funded by The World Bank) to be met with the necessary
future demand: hence the motive to secure, as best they can, a future electricity market. Once
SIEA have better consolidated their balance of payments situation, they may then concentrate
on lowering electricity tariffs and opening the market to private distributed generation (as per
discussions with Solomon Islands Government representatives on July 25, 2014).
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2.5.3

Energy Efficiency Policy

EE is becoming widely recognised as “a critical policy tool around the world” to control surging
energy demands (Sarkar and Singh 2010, 5560), as might be expected for Solomon Islands’
booming population. However, no legislative framework exists in Solomon Islands to support
the “importation of [energy] efficient end-use devices” (SPC 2012b, 16), and no policy
incentive has been found during this investigation for their use. Dudley (2013, 14)
recommends appliance labelling (with energy consumption information) and the enforcement
of Minimum Energy Performance Standards (MEPS), which set minimum efficiency levels for
standard appliances, to complement demand-side EE measures. In Australia, for example, EE
labelling is mandatory for numerous appliances, and subsidies are available for energy audits,
particular energy efficient appliances and energy efficient buildings (World Energy Council
2014). Solomon Islands’ energy sector, contrarily, appears predominantly focused on energy
supply, particularly the prospective large-scale hydro and geothermal projects around Honiara.
This focus on “big infrastructure projects [, however,] may well mean neglecting the need for
more action on energy efficiency, a far cheaper way to reduce dependence on fossil fuel
consumption” (Spratt and Wood 2013, sec. 1, par. 9).

2.6 Barriers to Renewable Energy Development in Solomon Islands
Below is a summary of factors (many of which have been alluded to in the sections above)
withholding the progress of RE project development in Solomon Islands.
Poor Economic Standing: With the lowest GDP per capita, the lowest electricity consumption
per capita, and the second lowest electricity access rate among Pacific SIDS (IRENA 2012b),
both the government and citizens are likely to have difficulty accessing the high upfront capital
indicative of RE installations. This is particularly applicable to Solomon Islands’ rural
demographic, where the prominence of non-cash subsistence agriculture livelihoods “restricts
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the ability of households to pay for an electricity connection” whilst limiting their ability “to
purchase off-grid systems or fund grid extensions” (Dornan 2014, 727).
Inadequate Infrastructure: Insufficient grid capacity and ageing grids appear as common
problems in Solomon Islands. Inadequate capacity is an issue particularly with intermittent
renewable technologies, even with developed countries such as Sweden needing to reinforce
their power networks “before being able to deploy higher levels of wind power electricity”
(Reiche and Bechberger 2004, 846). SIEA’s Solar Connection Manual (SIEA 2013a) suggests
that proposals for solar grid connect applications may be declined due to network limitations.
Utility Monopoly: RE development in Solomon Islands appears hampered by the nation’s
utility monopoly, operating as a state owned enterprise. SIEA needs to properly establish its
energy generation and network capacity and develop a consistently strong annual balance of
payments standing before the government will consider deregulation and privatisation of the
electricity sector (as per discussions with Government Treasury representatives on July 18,
2014).
Lack of (Policy) Incentive: With no “mechanism to coordinate energy sector issues”, “no
independent energy regulator” or “dedicated regulatory framework” (Sustainable Energy
Regulation Network 2012), and no government assistance schemes such as FiTs or subsidies,
there appears to be little government commitment to leveraging the RE industry. A significant
dissuasion is the requirement for any grid connected private self-generator to pay the utility
up to half the equivalent SIEA tariff for the system’s estimated output, known as the Standby
Charge. Applicants should also have their system designed and installed by a certified
professional technician accredited under Australia’s Clean Energy Council (SIEA 2013a), which
could add significantly to project costs. A local renewable energy service company (RESCO)
conceptual approach could assist with overcoming some of these disincentives by removing
many risks, uncertainties and costs otherwise confronting the applicant. However, according
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to Isaka, Mofor and Wade (2013, 11), there is a lack of applicable legislation in this area as
well.
Fiscal Barriers: Import tax exemptions are available to SIEA for fossil fuels, yet imported RE
equipment is subject to “the same duty as electrical equipment in general” (Johnston and Vos
2005, ix). RE imports will attract import tax and duty of at least 60% of the combined cost of
the equipment, insurance and freight (Foreign Investment Division n.d.), resulting in
exceptionally high retail prices.
Land Ownership Issues: Land ownership disputes are common in Solomon Islands, and were
part of the reason for the civil unrest known as “the tensions” in the early 2000’s (Regional
Assistance Mission to Solomon Islands n.d.). A previous hydropower project in Solomon
Islands was also sabotaged by the local community because they were “unhappy with the
location and lack of compensation” (Dudley 2013, 2). Large-scale biomass projects may also be
hampered due to “landowner mistrust of government and logging companies…and a history of
alienation of land from customary control for long-term crops” (Isaka, Mofor and Wade 2013,
6-7).
Location of Large-Scale Renewable Resources: While RE resources are abundant in Solomon
Islands, matching supply with demand may be an issue. Potentially exploitable geothermal
resources, for example a source equivalent to 10 MW in Western Province, could make a
major impact on the nation’s RE profile, “but there is no demand” (Johnston and Vos 2005, vii).
Barriers Common to Pacific SIDS: Additional generic barriers to RE development in Pacific SIDS
include remoteness (and its associated limitations), lack of data and information
dissemination, diesel-dominant infrastructure and supply chains, poor regulatory frameworks,
a lack of expertise and human resources, and often a lack of community support. These issues
are described further in Appendix F.
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2.7 Conclusions for Renewable Energy in Solomon Islands
A recent influx of funding to Solomon Islands’ energy sector has been dedicated almost
entirely to upgrading the capital’s energy supply and energy security (The World Bank 2014d;
Solomon Star 2014). This approach “ignores the need to widen access to electricity through
expansion of the grid or smaller-scale off-grid rural electrification” (Spratt and Wood 2013, sec.
1, par. 7). It is, however, the most effective means of “playing the percentages” and reaching
the RE target (albeit a little later than planned). The nation is pursuing two large-scale projects
(Tina River Hydro and Savo Geothermal), each with a prospective annual capacity exceeding
Honiara’s annual electricity demand. The significant magnitude of funding allocated to
feasibility investigations for one of these projects could be diverted to developing private RE
generation, particularly in rural areas. Whilst flow-on effects to regional centres will
presumably eventuate from the associated long-term energy sector savings gained from the RE
aspirations in Honiara, the negligible immediate focus on RE in rural areas remains an issue,
particularly as the majority of the country’s population reside outside Honiara.
If the RE target were to be tied to an electricity access rate target, the distribution of external
and internal funding would likely be, at least partially, redirected toward rural electrification.
The World Bank (2014b, 848) recommends that in addition to FiTs, technology-specific
remuneration for RE producers, transparent planning, and strong government commitment in
the energy sector are all factors “required to stimulate renewable energy development”.
Solomon Islands, unfortunately, has displayed weak performance in all these areas.
With no other Pacific SIDS known to be enacting FiT policies or quota obligations (REN21 2013,
116-117), Solomon Islands could lead the distributed RE charge among its neighbouring
nations by lowering fiscal barriers to stimulate the domestic private RE market. Instituting “a
dedicated regulatory framework” and “an independent regulatory body” for energy would also
“create a more favourable environment for sustainable energy development” (Sustainable
Energy Regulation Network 2012, sec. 20, par. 1).
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PART II
3 Case Study Section 1: Energy Audit at Helena Goldie Hospital
This case study is the tool through which both the primary research question (how to
sustainably reduce the hospital’s power costs) is tackled directly, and any generic issues
associated with small-scale private RE installations in Solomon Islands are drawn out.

3.1 Hospital Overview
3.1.1

Location & Client Demography

Helena Goldie Hospital (HGH) is a rural hospital located in Solomon Islands’ Western Province,
in a regional town called Munda. The hospital is located in the tropics at 8.33˚S and 157.25˚E,
in the Roviana region, on the south-eastern part of New Georgia Island, as marked in the map
below.

Figure 9. Location of Munda on New Georgia Island (Google 2014)
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The aerial image below shows central Munda township at the eastern (right) end of the
airstrip, and HGH at the western (left) end, as indicated by the red rectangle.

Figure 10. Munda, Western Province, with Hospital Location Indicated (Google 2014)

The hospital provides medical assistance to a regional population of approximately 25,000,
comprising the population of Munda, nearby islands, and nearby villages on New Georgia
Island. Munda alone had a 2009 population of 2,620, with a relatively low annual population
growth rate of 0.8% in the 10 years prior (Solomon Islands Government 2010, p5). Solomon
Islands’ 2009 population and housing census (Solomon Islands Government 2010, 49)
predicted that Western Province’s estimated 2012 population of 86,000 is likely to rise by
almost 50% by 2030, and almost double by 2050. Except for some of Munda’s population, the
majority of the hospital’s clientele have subsistence lifestyles dependent on fishing and
agriculture, and often have insufficient credit available to pay hospital fees.
3.1.2

Service & Operation

HGH is a 70-bed rural hospital, comprising a General Ward (42 beds), Maternity Ward (16
beds), Children’s Ward (12 beds), Outpatients’ Clinic (approximately 50 patient’s per day), Eye
Clinic, operating theatre, x-ray, laboratory and pharmacy. Auxiliary services include a kitchen,
laundry and administration. About 60 full-time staff are employed to operate the hospital,
typically with monthly visits from one or two external surgeons or health specialists.
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All service delivery facilities are in operation during a standard weekday. During night-time
only the inpatient facilities are in operation (General, Maternity and Children’s Wards), unless
in case of medical emergency. The same applies to weekends, except both the Outpatients’
Clinic and pharmacy are open for 4 – 6 hours per day.
Below is a schedule of service operating hours.
Service or Building
General Ward
Maternity Ward
Children’s Ward
Administration
Theatre
X-ray
Laboratory
Pharmacy
Catering/Kitchen
Laundry
Outpatients’ Clinic
Eye Clinic

Weekday Operation
24 h
24 h
24 h
8:30am – 4:30pm
Normally Closed
9:00am – 4:00pm
8:30am – 4:00pm
8:30am – 4:30pm
9:00am – 7:00pm
9:00am – 4:30pm
8:30am – 4:30pm
8:30am – 4:30pm

Weekend Operation
24 h
24 h
24 h
Closed
Normally Closed
Closed
Closed
9:00am – 2:00pm
9:00am – 7:00pm
9:00am – 12:00pm
9:00am – 2:00pm
Closed

Table 2: Schedule of Hospital Service Hours of Operation

3.2 Hospital Energy Audit Overview
An energy audit was undertaken at Helena Goldie Hospital from March to June, 2014. The
majority of the investigation took place in April, with additional data collection performed
during March, May and June.
SIEA’s Noro outstation supplies the Munda/Noro grid, which satisfies the majority of HGH’s
power demands. Being a relatively high-demand electricity customer with limited financial
resources, HGH has found itself particularly susceptible to the high and annually rising
electricity tariffs present in Solomon Islands. With a substantial and accruing debt to SIEA, a
growing regional population, and internal and externally sourced funds showing no signs of
considerable growth, the hospital appears destined to spiral further into debt. The audit’s final
product will be a collection of EE initiatives aimed to sustainably relieve the hospital of its poor
financial standing, and from which an energy management plan can be based.
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The audit comprises three stages: an historical audit, a screening survey, and a detailed
analysis and investigation. An energy audit involves investigating the energy flows and
dynamics within a given boundary, wherein “the auditor looks for opportunities to reduce the
amount of energy input into the building without negatively affecting the output(s)” (Energy
Audit Institute 2010, sec. 1, par. 2). The ensuing energy efficiency recommendations aim “to
contain or reduce overall costs of energy use per unit of output” (Department of Primary
Industries and Energy 1994, 1). For the case study this involves reducing the hospital’s energy
consumption whilst maintaining, if not improving, its service delivery capability.
3.2.1

Audit Scope & Boundaries

Under the operational control of HGH is Goldie College of Nursing (with over 40 students and 5
staff), a staff housing compound comprising 35 residences, an offsite water well with header
tanks on a nearby hill (supplying the majority of the hospital, nursing college and staff housing
water demand – see Figure 11), and several remote rural health clinics in the Roviana region.
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Figure 11. Hospital and Surrounding Area Layout (Google 2014)

This audit focuses only on the energy consumption of the hospital (the core institution among
the others). To aid visualising and understanding energy flows within the hospital campus, a
layout of the hospital buildings is provided in Figure 12 below.
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Figure 12. Hospital Layout Schematic

All buildings included in the schematic above have been included in the audit. The water
pump house, located 800 m from the hospital, will be only briefly reviewed. Within its scope,
electricity consumption has been paid the most attention as it has both the highest cost and
highest rate of consumption within the premises. The electrical appliance types that are the
highest energy consumers are the focus of the energy conservation initiatives. Also within the
boundary of analysis are the other energy forms being used within or by the hospital, including
diesel fuel, unleaded petrol and natural gas. However, due to their lower impact on the
hospital’s financial standing, these will only be investigated briefly.
A summary of the energy consumption sub-categories within the audit scope is provided in
Figure 13 below.
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Figure 13. Energy Audit Scope of Investigation

The new solar-powered eye clinic, with battery storage, will be mostly excluded from the
investigation, as it operates as a separate standalone system to the hospital from an energy
supply perspective. It should be noted, however, that the 1.52 kW solar system with 1,200 Ah
battery storage has operated without problem since its installation in 2013, and provides
sufficient electricity for the eye clinic with excess power available for future expansion and
additional appliance utilisation (see Table 32 in Appendix I for more information).
Biomass, used for cooking in the guest kitchen (donated in the form of pre-cut firewood or
foraged from nearby vegetation), has been excluded as it is not directly used to perform the
hospital’s service delivery operations, and there are no established supply chains.

3.3 Audit of Historical Data
3.3.1

2013 Balance of Payments

In 2013, HGH received 82% of its total income from external sources. The majority of this
external funding came from Solomon Islands Government grants (46% of total revenue) and
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the Health Sector Support Program (HSSP) under the Australian Government’s Department of
Foreign Affairs and Trade (DFAT) (15% of total revenue). Internal revenue, accounting for the
remaining 18% of the hospital’s total income, was sourced mostly from patient fees, on-site
rental accommodation and fundraising.
Staff salaries are the hospital’s biggest expense. Second to this is electricity purchased from
SIEA. In 2013 the hospital accrued electrical bills totalling SB$376,667 (AU$55,803) onsite, and
SB$17,240 (AU$2,554) for the water pump (on a separate meter). A petrol-powered water
pump was used for the majority of 2013, hence a higher water pump electricity bill would be
expected when operating an electric pump (as is the case in 2014). The hospital paid for only
37% of its electricity use in 2013, the remaining 63% adding to the already significant debt to
SIEA. The hospital’s debt to SIEA accounted for 56% of its total liabilities by the end of 2013,
amounting to SB$804,753 (AU$119,223).
A summary of the hospital’s 2013 calendar year key financial performance indicators is
provided in Table 3 below.
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Indicator

Solomon Dollars
(SBD)

Key Revenue & Expenditure Values as at 31st Dec 2013
Revenue
External Revenue
$2,127,863
Local Revenue
$469,789
Total Revenue
$2,597,653
Expenses
Catering
$143,986
Medical Referrals
$156,888
Motor Vehicle Fuel/Oil
$18,731
Boat Outboard Motor Fuel/Oil
$11,278
Site Repairs & Maintenance
$190,486
Salaries
$1,163,213
Staff Costs (Training, Travel, etc.)
$193,356
SIEA Site Electricity (Paid)
$138,145
SIEA Water Pump 2012 Electricity (Paid)
$15,673
SIEA Water Pump 2013 Electricity (Paid)
$1,567
Diesel Electric Generator Fuel
$2,420
Propane Gas for Cooking
$12,025
Expenses Other
$533,046
Total Expenses
$2,580,814
Net Surplus
$16,838

Australian
Dollars (AUD)

%
% Revenue
81.9%
18.1%
100.0%
% Expenses
5.6%
6.1%
0.7%
0.4%
7.4%
45.1%
7.5%
5.4%
0.1%
0.6%
0.1%
0.5%
20.7%
100.0%

$315,239
$69,598
$384,837
$21,331
$23,243
$2,775
$1,671
$28,220
$172,328
$28,645
$20,466
$2,321
$232
$359
$1,781
$78,970
$382,343
$2,495

Key Balance Sheet Values as at 31st Dec 2013
Current Assets
Total Current Assets
$88,293
$13,081
Liabilities
Local Diesel/Petrol Depot
$50,000
$7,407
SIEA Electricity Bill 2013
$393,907
$58,357
SIEA Liability Carried Forward from 2012
$566,231
$83,886
SIEA Liability End 2013
$804,753
$119,223
Liabilities Other
$568,767
$84,262
Total Liabilities
$1,423,520
$210,892
Net Liabilities
$(1,335,226.64)
$(197,811)
Table 3. HGH Summary Financial Parameters 2013

% Assets
100.0%
% Liabilities
3.5%

56.5%
40.0%
100.0%

In 2013 purchased energy (electricity, propane and liquid fuels) comprised a significant portion
of the hospital’s total paid expenses (6.6%) and liabilities (60.0%). Therefore, ceteris paribus,
by assisting the hospital in recovering its financial standing with SIEA a substantial
improvement would be made to its overall balance of payments situation.
3.3.2

Historical Energy Consumption

Figures 14 and 15 summarise the 2012 and 2013 energy consumption by source.
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2013 Energy Cost [SBD]
Water Pump
(Electricity),
$1,567, 0%

Water Pump
(Petrol),
$17,040, 4%

Water Transport
(Petrol), $61,278,
13%

Hospital
(Electricity),
$376,667, 77%

Cooking & Lab
(Propane),
$12,025, 2%
Generator
(Diesel), $2,420,
1%
Land Transport
(Diesel), $18,731,
4%
Eye Clinic (Solar),
$0, 0%

Figure 14. 2013 Energy Cost Breakdown

2013 Energy Consumed [MJ]
Water Pump
(Electricity), 720,
0%

Hospital
(Electricity),
202,478, 45%

Water Pump
(Petrol), 38,553, 9%

Water Transport
(Petrol), 134,447,
30%

Land
Transport
(Diesel),
50,748,
11%

Eye Clinic (Solar),
Generator (Diesel),
1,447, 0%
6,537, 1%

Cooking & Lab
(Propane), 19,516,
4%

Figure 15. 2013 Energy Consumption Breakdown
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The values used to generate the pie charts above are located in Appendix A.
Comparing Figures 14 and 15 above, one can see the relatively high cost of grid electricity per
unit energy. Electricity comprised 45% of the hospital’s energy consumption in 2013, though
with an average 2012/2013 cost of SB$1.83 per MJ (including monthly service charges) it
accounted for 77% of the total energy expense. Due to the relatively high energy content per
unit cost of liquid fossil fuels, diesel and petroleum consumption used for transport, water
pumping and backup electricity generation comprised half of the hospital’s total energy
consumption in 2013, though only 21% of energy cost. Electricity per unit energy is about 4
times more expensive than petrol, about 3 times more expensive than propane, and about 5
times more expensive than diesel. Therefore, to achieve the greatest cost vs. benefit effect,
the EE initiatives derived from the energy audit data have a predominant focus on reducing
the hospital’s grid electricity consumption.
3.3.3

Historical Energy Supply & Consumption

Energy supply sources and consumption trends have been reviewed for grid power at the
hospital, grid power for the electric water pump, diesel for backup electricity generation and
land transport, petrol for water pumping and water transport, propane for cooking and
preparation of laboratory samples, and solar power for the eye clinic’s standalone power
system. As the energy conservation focus will be on electricity consumption at the hospital, it
has been reviewed in the main content of this paper. For reference, information on the
remaining energy sources is available in Appendix I.
3.3.3.1

Grid Electricity Supply & Consumption

Grid Electricity Supply
Grid power is sourced from SIEA’s Noro outstation, about 16 km from the hospital, as part of
the Munda/Noro electricity network. Two old 1 MW diesel generators running at below 50%
rated capacity supply the grid (as per discussions with SIEA outstation operators, March 14,
2014), with standby power provided via power purchasing agreement (PPA) from Soltuna, a
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fish cannery in Noro (SIEA 2014c, 12). The 2013 SIEA electricity tariff for commercial
customers was a flat rate SB$6.953 (AU$1.03) per kWh, and has increased by about 5% to
SB$7.298 (AU$1.08) in 2014 (SIEA 2014b). There is no price differentiation between peak,
shoulder and off-peak periods, thus limited incentive for load shedding.
The hospital receives 3-phase, 415-volt, 50 Hz power from the SIEA grid (the same as 3-phase
grid power in Australia). Each 240 V phase is routed via the meter and switchboard to the
hospital buildings as follows.
Phase
Number
1
2
3

Phase
Colour
Red
White
Blue

Buildings
Theatre & Laboratory, Pharmacy, Kitchen & Laundry, Workshop
General Ward, Maternity Ward, Outpatients
Children’s Ward, Administration, Chapel
Table 4. Distribution of 3-Phase Power

During extended grid blackouts, the 3-phase electricity from the primary 27.5 kVA generator
bypasses the SIEA meter and distributes among the respective buildings via the switchboard.
Grid Electricity Consumption
As per SIEA invoices, a summary of the hospital’s three-phase grid electricity consumption
from 2011 to 2013, and its associated cost, is represented in Figure 16 below.
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Figure 16. Hospital Historical Grid Power Consumption, 2011 to 2013

The hospital consumed a total of 78,509 kWh, 68,870 kWh, and 56,244 kWh in years 2011,
2012 and 2013, respectively. Looking at these figures, and Figure 16, a reduction in power
consumption over time is clearly evident. In the first four months of 2014 the hospital
consumed on average 126 kWh/d: a 43% reduction on 2011 (220 kWh/day); 34% less than
2012 (191 kWh/day); and 16% less than 2013’s average of 150 kWh/day. Therefore, the
hospital has promisingly achieved an average 12.9% annual reduction in energy consumption
from early 2011 through to April 2014. This reduction can be attributed to a combination of
the following factors:
- There has been no onsite surgeon since late 2013, prior to which the operating theatre was
used more frequently, and the doctor’s residence (connected to the SIEA grid via the hospital
meter) was occupied;
- The number of autoclaves has steadily declined over the past 3 or 4 years (none functioning
during the audit) due to malfunction and the inability to access replacements;
- Many night security lights and ablution block lights have blown, with few being replaced;
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- The eye clinic moved to a separate building in early 2013, with a standalone solar PV power
supply; and
- Annual average patient numbers may have reduced over recent years, though no statistical
data is available to support this.
Therefore, whilst hospital staff have supposedly shown improved diligence with regard to
energy saving behaviours, the reducing trend in energy consumption appears mostly
attributable to operational implications and equipment failure, rather than the
implementation of energy conservation measures.
Monthly invoices have been used to approximate the daily average consumption values
indicated in Figure 16. The exact consumption for each month, however, is questionable
because the actual meter reading date often varies considerably from that noted on the SIEA
invoice. Nonetheless, there appears to be little noticeable pattern in energy demand, which
may be partially due to small seasonal temperature variations (Solomon Islands
Meteorological Service 2013, sec. 4, par. 1) keeping base demand for space cooling and
ventilation devices relatively constant, and the typically non-seasonal and unpredictable
nature of the regional medical condition in Solomon Islands. Below is an illustration of the
monthly maximum and minimum temperature variations from a 2004 to 2013 data set from
Munda Meteorological Office (MMO).

Temperature [° C]

Munda Monthly Temperature Range
40.0
35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0
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mar

apr

may

jun

jul

aug

sep

oct

nov

Figure 17. Munda Monthly Temperature Ranges (data obtained from MMO, June 25, 2014)
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dec

As can be inferred from Figure 17 above, monthly energy consumption trends associated with
space cooling (the largest electricity consuming appliance category, as per Section 3.4.2) are
not likely to be influenced greatly by seasonal variations in temperature.
Spikes and troughs in grid electricity consumption may be partly attributable to the number of
patients. For example, May 2014 was a particularly busy month at the hospital with a nationwide gastro endemic affecting the general health of a large portion of the population. This saw
monthly patient numbers increase by up to 5 times in some wards, as compared to a standard
month from a health service perspective. Electricity bills, however, increased by only 7%,
suggesting only a minor potential relationship between the number of patients (or the general
health condition of the local population) and the hospital’s power consumption. As no
statistical information pertaining to the number of patients has been recorded in recent years,
it has not been possible to further compare energy demand to core service delivery outputs.

3.4 Screening Survey
The second section of the energy audit, the screening survey, comprises a walkthrough energy
audit to identify all major appliances, behaviours and operations (within the audit scope) that
contribute to the hospital’s energy demand. This section will be based on electricity
consumption due to its significant portion of total energy consumption and cost at the
hospital.
3.4.1

Electricity Demand Profile

Manual electricity meter readings (312 in total) were taken regularly over 2 to 7 day periods
between March and June, 2014. The majority of daytime readings were taken at intervals of
15 to 60 minutes, with less frequent night-time and weekend readings due to the lower load
variations during these times. Blackouts were encountered on three occasions during the
meter reading periods, however, these periods have been omitted from the final data set.
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Figure 18 below displays the weekday and weekend average hospital electricity demand (for
each of the three phases, plus the combined 3-phase demand), as per meter readings taken
during the audit.

Weekday & Weekend Average Electricity Demand Profile

Electrical Load [kW]
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Weekday Average
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Figure 18. Weekday & Weekend 3-phase Energy Demand Profile

A distinct difference between weekday (solid line) and weekend (dashed line) electricity
demand is evident in Figure 18. This is primarily because administration, laboratory and x-ray
services are closed on weekends, and pharmacy and Outpatients are open for limited daytime
hours, with a typically lower influx of outpatients. Phase-2 (white line, shown as green in
Figure 18) shows the least variation in weekday and weekend demand curves, as well as
minimal variation for night and daytime. This is because this phase is connected to General
Ward and Maternity Ward (and Outpatients’ Clinic), which are open and operating 24-hours
per day, 7 days per week. Large variations in Phase 1 and 3 (red and blue lines, respectively)
are likely due to daytime-only operations and appliance use in the buildings to which these
phases are distributed.
Table 5 below summarises average and peak hourly and daily loads, as per meter reading data.
Phase 1 Red
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Phase 2 White

Phase 3 Blue

3-Phase
Total

Base (Minimum) Load [kW]

0.9

0.6

0.4

2.8

Average Daily Load [kWh/d]

49.7

43.0

35.5

128.1

Average Weekday Load [kWh/d]

52.3

44.5

43.0

139.8

Average Weekend Daily Load [kWh/d]

44.3

39.9

20.3

104.5

Peak Hourly Demand [kWph/h]

4.9

3.8

5.8

11.4

Approx. Peak Instantaneous Demand [kWp]
7.3
5.7
8.7
Table 5. Average & Peak Hourly & Daily Loads from Meter Readings

17.2

With an approximate peak load of 17.2 kW, the main 27.5 kVA backup generator, rated at 22
kW, would still be capable of meeting the demand spikes during a weekday blackout period.
3.4.2

Walkthrough Audit Results

Figure 19 below is a summary of the power consumption for the electrical appliance types
identified during the walkthrough audit at the hospital compound.

Electricity Consumption by Appliance Type
Refrigeration,
18.2%
Space Cooling,
26.1%

Ventilation,
18.6%

Water Heating,
3.2%
Office
Equipment,
11.0%
Medical
Equipment, 2.4%

Lighting, 20.3%

Miscellaneous,
0.3%

Figure 19. Electricity Consumption by Appliance Type, 2013

Space cooling (26%), lighting (20%), ventilation (19%), refrigeration (18%), and office
equipment (11%) are the major contributors to the hospital’s electricity demand, comprising
94% of total consumption. Opportunities to reduce energy demand from these electrical
appliance categories will be investigated in the following sections. Surprisingly, medical
equipment accounts for only 2.4% of total electricity demand: items typically necessary to
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perform the core services of the establishment. Part of the reason is the infrequent use of the
operating theatre (a situation unlikely to change significantly in the coming years), and the lack
of functioning autoclaves. A 12 kW 3-phase autoclave planned for installation in 2015 would
significantly affect peak electricity demand, though likely only marginally increase average
daily demand and the proportion of electricity demand attributable to medical appliances.
A tabulated compilation of the electrical appliances identified during the walkthrough audit
can be found in Appendix B.

3.5 Investigation & Analysis - Demand-Side Energy Efficiency & Conservation
Opportunities
“Technically, “energy efficiency” means using less energy inputs while maintaining an
equivalent level of activity” (Rosiek and Batlles 2013, 148). Therefore, the following section
will focus on the most effective opportunities (in terms of cost and energy saving benefit) to
reduce the hospital’s electricity consumption whilst maintaining, if not improving, its service
delivery capability.
3.5.1

Pre-existing Energy Efficiency Initiatives

Whilst many hospital staff appear diligent in their energy conservation approach, the hospital
has no energy management strategy. Energy efficient water pumping, however, has been one
recent EE initiative pursued by the hospital, and information on its progression is provided in
Appendix J.
3.5.2

Proposed Energy Efficiency Initiatives

Opportunities for energy demand reduction for each of the major electrical appliance
categories have been devised according to the following approaches:


Operational and behavioural changes;



Functional modifications of the appliances and auxiliary equipment;
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Elimination of unnecessary equipment; and



Energy efficient equipment retrofits (i.e. replacing the device with an energy efficient
alternative).

The costs and energy savings associated with each opportunity have been approximated using
generic market prices and basic calculations with supporting reference data where necessary.
Savings from behavioural changes have been estimated assuming moderate compliance.
It is assumed that each opportunity will be actioned simultaneously, as many are mutually
dependent. Costs and savings of independently actioned opportunities will likely differ from
those when performed together. The energy saving estimates are intentionally conservative
to cater for any statistical uncertainty that may mislead expectations from those implementing
the proposed changes.
3.5.2.1

Space Cooling

Heating, ventilation and air-conditioning (HVAC) systems are “the single largest energy
consumer[s]” in utility buildings, including health-care facilities, accounting on average “for
almost 60% of total energy cost in a building” (Teke and Timur 2014, 224).

Figure 20. Pharmacy's Window-Mounted CHIGO-Brand Air Conditioner
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For HGH, where space heating is not required due to year-round warm ambient temperatures,
HVAC systems (air-conditioning plus fans) account for approximately 45% of total electricity
consumption: by far the largest component of the electricity demand profile. Over one
quarter of electricity demand is attributable to the hospital’s 6 operational window-mounted
air-conditioning (AC) units. Each of these units is about 5 to 15 years old, consumes between
850 and 1000 W, and due to age has a questionable capacity to transfer thermal energy as per
original technical specifications.
Table 6 below is a summarised compilation of recommendations to reduce AC-associated
electricity demand.
Space
Cooling
Operational
Changes

Functional
Modifications

Equipment
Elimination

Equipment
Retrofits

Cost
Opportunity
[SBD]
- Refrain from using AC on cooler breezy days.
- Have timer set in pharmacy so AC is on intermittently,
$0
especially during night-time.
- Set thermostat to 26°C to enable thermostat to actuate.
- Replace louver windows with sealed sliding windows in
AC rooms.
- Repair drafts: many buildings riddled with leaks.
- Replace door in pharmacy: missing during audit, cool air
escaping continuously.
- Move laboratory AC unit so it vents hot air outside rather
than to another room where heat convection is limited.
$10,000
- Regularly clean intake screens.
- Ensure thermostats are operational: repair/replace as
necessary.
- Install/repair or replace wall and roofing insulation.
- Erect small external sunshades above external windows
in AC rooms.
- Pharmacy staff claim AC is required for preservation of
pharmaceuticals. All other AC rooms may not necessarily
need AC, and are only in place for human comfort, rather
n/a
than for medical purposes. Consider removing airconditioners and installing additional ceiling fans as
necessary.
- Admin: replace old AC with new ~3.8 kW energy efficient
unit (or two small units for when the office is moved to
new location).
- X-ray & lab: replace old AC with new ~2.3 kW energy
efficient unit.
- Pharmacy: repair pre-installed Panasonic Inverter AC unit
$35,000
and put in operation. Replace old AC with ~2.5 kW
energy efficient unit (2 split systems running
simultaneously).
- Theatre: consider replacing AC units if theatre becomes
increasingly utilised with on-site surgeon.
Table 6. Space Cooling Energy Efficiency Opportunities
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Saving
[SBD]

Payback

$29.19 /d
(4.0 kWh/d)

0y

$14.60 /d
(2.0 kWh/d)

0.4 y

n/a

n/a

$109.47 /d
(15 kWh/d)

0.9 y

Explanatory notes on the EEOs listed above are provided in Appendix K.
3.5.2.2

Ventilation

All buildings, including air-conditioned rooms, are fitted with ceiling fans of various sizes, plus
numerous pedestal fans. These fans account for 18.6% of total electricity demand and are
used regularly, especially when little outdoor breeze is available. All windows are louver-style,
taking up a large portion of wall space from 1.0 to 2.0 m height, offering good passive
ventilation for most buildings.
Table 7 below lists the EEOs applicable to hospital ventilation appliances.

Ventilation
Operational
Changes

Functional
Modifications
Equipment
Elimination
Equipment
Retrofits

3.5.2.3

Cost
Opportunity
[SBD]
- Turn fans off & open louvers on windy days to utilise
passive ventilation.
- Keep louvers in non-air conditioned rooms open to
maximise airflow.
$0
- Open curtains at windows not exposed to direct sunlight.
- Turn fan on low setting, and on medium only if necessary.
- Turn off fans when not in use.
- Clean fan blades regularly to avoid dust accumulation.
- Repair/replace fan switches that have malfunctioning
$500
variable speed control.
- A small number or fans are far more energy efficient than
a single air conditioner and should be encouraged as a
n/a
replacement.
- High efficiency fans are an option, though the majority of
existing fans appear in suitable condition for their
n/a
assigned purpose.
Table 7. Ventilation Energy Efficiency Opportunities

Saving
[SBD]

Payback

$14.60 /d
(2.0 kWh/d)

0y

$1.46 /d
(0.2 kWh/d)

0.9 y

n/a

n/a

n/a

n/a

Lighting

The majority of artificial lighting is provided by T-8 (25-27 mm diameter) fluorescent bulbs with
mechanical ballasts, available for purchase in Munda stores. Most buildings have relatively
good window space, reducing the need for lighting during daytime except for cupboard spaces
and internal rooms with few or no windows. At night-time, inpatient buildings and site
security lights are the main lighting users.
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Lighting
Operational
Changes

Functional
Modifications
Equipment
Elimination

Equipment
Retrofits

Cost
Opportunity
[SBD]
- Turn security lights on only when required (when dark),
as some are on for up to 17 hours each night. Turn on
at dusk and off at dawn.
$0
- Turn lights off after use (many cupboard and toilet area
lights are not turned off when not in use).
- Motion sensors and dimmers have been considered,
though not included due to uncertainty regarding
n/a
complexity, cost and required maintenance.
- Many small cupboards are fitted with large 36 W or 18
W fluorescent tubes that are not necessary to
$800
illuminate the small space. Replace these with smaller
LED tubes or bulbs.
- Replace 36 W fluorescent tubes with 20 W LED tubes.
- Replace 18 W fluorescent tubes with 10 W LED tubes
- Replace all globes (except those specifically required
$33,800
for medical purposes, such as operating theatre
halogen lights) with 5 W LEDs.
Table 8. Lighting Energy Efficiency Opportunities

Saving
[SBD]

$7.30 /d
(1.0 kWh/d)

0y

n/a

n/a

$1.46 /d
(0.2 kWh/d)

1.5 y

$58.38 /d
(8.0 kWh/d)

1.6 y

Explanatory notes on the EEOs listed above are provided in Appendix K.
3.5.2.4

Refrigeration

Refrigeration, accounting for 18.2% of electricity use, is required mainly for preservation of
food, vaccines and other medications.

Figure 21. Pharmacy Fridges and Freezers

Sizes range from small 80 litre bar-style fridges, to large 375 litre deep freezer chests, all of
varying age and condition.
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Payback

Refrigeration
Operational
Changes

Functional
Modifications

Equipment
Elimination

Equipment
Retrofits

3.5.2.5

Cost
Opportunity
[SBD]
- Limited ventilation behind refrigerators can increase
energy consumption by 15% (Origin Energy Limited
2008, 2). Some fridges backed close against a wall with
$0
minimal air flow available for convective cooling. Move
these fridges clear of the wall and to an area of
reasonable air flow.
- Clean refrigerator coils yearly for improved convection
with the improved airflow courtesy of performing the
operational step above. This process could reduce
refrigeration energy consumption by up to 6%
$0
(Sustainable Stanford 2011, sec. 1, par. 1).
- Replace leaking refrigerator seals. Most of the older
refrigerators have small door seal leaks.
- Almost all fridges are underutilized, most being less than
¼ full. Combine contents of the 2 pharmacy chest
freezers and turn the empty one off. Do likewise with
$0
the theatre fridge and laboratory fridge, to eliminate the
theatre fridge.
- Most fridges & freezers do not have energy star ratings.
Replacing a standard non-rated refrigerator with an
Energy Star certified refrigerator could save about 20%
in energy consumption (United States Environmental
Protection Agency n.d., sec. 1, par. 1). The General
$6,750
Ward and kitchen refrigerators, in particular, should be
replaced with smaller, energy efficient fridges. Small bar
style fridges would be suitable, and cost about AU$350
in Australia (plus shipping to Solomon Islands, import
duty and goods tax if no exemption possible).
Table 9. Refrigeration Energy Efficiency Opportunities

Saving
[SBD]

Payback

$0.36 /d
(0.05 kWh/d)

0y

$2.19
(0.3 kWh/d)

0y

$27.73 /d
(3.8 kWh/d)

0y

$10.95 /d
(1.5 kWh/d)

1.7 y

Office Equipment

Most office equipment is located in the administration building. Desktop computers account
for over half (6.6% of total consumption) of the office equipment electricity consumption
(11.0% of total). The remaining 4.4% comprises laptops (1.1%), photocopiers (0.6%), desktop
laser printers (0.9%), and other miscellaneous administrative appliances (1.8%).
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Figure 22. Desktop Computer with Old Monitor, Pharmacy Office

The walkthrough survey revealed that most desktop computers were left in sleep mode when
not in use, and often over weekends. As a result, desktop computers in sleep mode consume
more cumulative energy than when being operated.
Office
Equipment
Operational
Changes
Functional
Modifications

Equipment
Elimination
Equipment
Retrofits

3.5.3

Cost
Opportunity
[SBD]
- Turn off printers while not in use.
- Turn off all computers when not in use for an extended
$0
period of time (do not leave sleeping).
- Some appliances are plugged in to power boards that
do not have individual switches, so when the main wall
switch is turned on all appliances connected to the
$350
power board are turned on. Therefore, replace all
standard power boards with power boards that have
individual switches for each plug-in.
- Remove old printers and faxes that are not used
$0
though regularly plugged-in.
- Replace all desktop computers (8 in total) with energy
$41,000
efficient laptop computers.
Table 10. Office Equipment Energy Efficiency Opportunities

Saving
[SBD]

Payback

$14.60 /d
(2.0 kWh/d)

0y

$3.65 /d
(0.5 kWh/d)

0.3 y

$1.46 /d
(0.2 kWh/d)
$25.54 /d
(3.5 kWh/d)

Energy Efficiency Economic Analysis Summary

Table 11 below summarises the anticipated economic outcomes if all the proposed EEOs are
pursued concurrently.
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0y
4.4 y

Action
Category

Cost
[SBD]
$0

Saving
[kWh/d]
4.0

Saving
[kWh/y]
1,461

Saving
[SBD/d]
$29.19

Saving
[SBD/y]
$10,655

Payback
[y]
0.0

Ventilation

$0

2.0

731

$14.60

$5,327

0.0

Lighting

$0

1.0

365

$7.30

$2,664

0.0

Refrigeration

$0

0.1

18

$0.36

$133

0.0

Office Equipment

$0

2.0

731

$14.60

$5,327

0.0

Sub-Total Operational Changes

$0

9.1

3,306

$66

$24,106

0.0

$2,000

2.0

731

$14.60

$5,327

0.4

$500

0.2

73

$1.46

$533

0.9

$0

0.3

110

$2.19

$799

0.0

$350

0.5

183

$3.65

$1,332

0.3

$2,850

3.0

1,096

$22

$7,991

0.4

$800

0.2

73

$1.46

$533

1.5

Refrigeration

$0

3.8

1,388

$27.73

$10,122

0.0

Office Equipment

$0

0.2

73

$1.46

$533

0.0

$800

4.2

1,534

$31

$11,187

0.1

Space Cooling

$35,000

15.0

5,479

$109.47

$39,955

0.9

Lighting

$33,800

8.0

2,922

$58.38

$21,309

1.6

Refrigeration

$6,750

1.5

548

$10.95

$3,995

1.7

Office Equipment

$41,000

3.5

1,278

$25.54

$9,323

4.4

$116,550

28.0

10,227

$204

$74,582

1.6

$120,200
$40,067

44.3
14.8

16,162
5,387

$323
$108

$117,867
$39,289

1.0

Operational
Changes

Appliance Type
Space Cooling

Space Cooling
Functional
Modifications

Ventilation
Refrigeration
Office Equipment

Sub-Total Functional Modifications
Lighting
Equipment
Elimination

Sub-Total Equipment Elimination

Equipment
Retrofits

Sub-Total Equipment Retrofits

Total
Category Average

Table 11. Economic Evaluation of Energy Efficiency Opportunities

Significant savings can be achieved for minimal financial investment, as can be seen from the
suggested operational changes expected to bring about a SB$24,106 reduction in the hospital’s
annual electricity expense (about 7.3%) for zero cost. The majority of capital input will be
required for replacing appliances with energy efficient alternatives (under the “Equipment
Retrofits” category), as is clearly evident in Figure 23 below.
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Cost vs. Saving of EEO Categories
$116,500

$120,000
$100,000

$74,582

$80,000
$60,000

Total Cost
[SBD]

$40,000

Annual Saving
[SBD]

$24,106

$20,000

$7,991
$2,850

$0

$11,187
$800

$0
Operational
Changes

Functional
Modifications

Equipment
Elimination

Equipment
Retrofits

Figure 23. Cost vs. Annual Savings for EEO Categories

Energy efficient retrofits will require a SB$116,550 investment in new split-system airconditioners, LED lights, small energy efficient refrigerators, and laptop computers, resulting in
an annual energy saving of 10,227 kWh, or SB$74,582.
Assuming effective and sustainable implementation of the EEOs, the hospital is capable of
reducing its energy demand from the 2014 average of 128 kWh/d, to 84 kWh/d: a reduction of
almost 35% that would save the hospital about SB$118,000 annually on its electricity bills after
a 1 year payback period. Much of this reduction will be effective in reducing the hospital’s
base load (which is similar to the night-time average load), due to the EEOs targeted at airconditioning (for the pharmacy which runs 24-hours), lighting, refrigeration and ventilation.
These savings could be increased further when combined with energy efficient building
designs and materials. A qualitative review of potential building-related EEO’s is included in
Appendix K.
3.5.4

Projected Electricity Demand Profile

Future plans and changes such as population growth, construction of a new Private Ward, and
the installation and operation of new autoclaves (particularly a large 3-phase 12 kW autoclave)
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are expected to cause an increase in the hospital’s electricity demand by about 25% by 2035
(see Appendix L for more details), as separate from the implementation of the suggested EEOs.
The alternative electricity supply calculations in the following section will compare an “EE
Action” scenario (effective implementation of EEOs) to a “No Change” scenario (business-asusual, with no EE actions) for a 20-year project duration, from 2015 to 2035. Using the
anticipated 25% increase in energy demand due to future plans (applicable to both scenarios)
and a 35% reduction in demand due to effective implementation of EEOs (applicable to the EE
Action scenario only), the following load characteristics have been projected for 2015 and
2035.

2015
Hospital Load Indicators
Base (Minimum) Load [kW]

2035

No Change
2.8

EE Action
1.8

No Change
3.5

EE Action
2.3

5.2

3.4

6.5

4.2

Average Daily Load [kWh/d]

124.9

81.2

156.1

101.5

Average Weekday Load [kWh/d]

133.0

86.5

166.3

108.1

Average Weekend Daily Load [kWh/d]

104.9

68.2

131.1

85.2

Peak Hourly Demand [kWph/h]

11.4

7.4

14.3

17.3

33.5

38.0

Average Hourly Load [kWh/h]

Approx. Peak Instantaneous Demand [kWp]
17.2
11.2
Table 12. Current and Projected Load Profile Key Values

A linear progression from the 2014 load profile to the projected 2035 load profile has been
assumed, as well as a uniformly scaled load profile. Figure 24 below compares the “businessas-usual” (No Change) short-term (2014/2015) and long-term (2035) load profiles for the
hospital to the EE Action case where all EEOs are actioned.
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Short & Long-Term Electricity Demand Profile Comparison
- With or Without Energy Efficiency Actions

12

Electrical Load [kW]

10
8
6
4
2
0
0

4

8

12

16

20

24

Weekday 2014
- no change
Weekend 2014
- no change
Weekday 2035
- no change
Weekend 2035
- no change
Weekday 2015
- EE Action
Weekend 2015
- EE Action
Weekday 2035
- EE Action
Weekend 2035
- EE Action

Time of day [hr]
Figure 24. Short & Long-Term Electricity Load Profiles, With & Without Energy Efficiency Actions

A clear difference can be seen in Figure 24 between scenarios where no changes are made
(dashed lines) and where EE actions are successfully implemented (whole lines).

3.6 Energy Audit Summary
“Effective energy efficiency is very labor and skill-intensive” (ADB 2009, 31), therefore
successful implementation of the aforementioned EEOs will require full commitment from all
hospital management and staff. All stakeholders will need to be educated on the benefits of
sound energy conservation practices (the focus being monetary in this analysis, though social
and environmental benefits also apply), particularly those practices that are behaviour-based
and have the greatest cost-benefit trade-off. With numerous options identified above that
have zero associated cost and often a significant financial benefit (such as turning off
underutilised fridges, potentially saving over SB$10,000 per year), an effective energy
management education program is likely to pay-off quickly as “it is often not realized that
resources spent on conserving energy and on reducing energy waste are sound investments
and that there are several measures which can be undertaken at minimal costs” (United
Nations Centre for Human Settlements (Habitat) 1988, 2).
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If managed appropriately, applying all EEOs simultaneously will cost about SB$120,200 upfront
and enable the most cost-effective results, and a payback period of about 1 year. Additional
costs to maintain high standards of EE may be required in the future (such as replacing EE light
bulbs and servicing AC units). For the alternative electricity supply calculations in the following
section, this cost has been estimated at SB$60,000, incurred at the project’s mid-point, 2025.
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4 Case Study Section 2: Alternative Electricity Supply Options at
Helena Goldie Hospital
Solomon Islands’ high grid electricity tariff and abundance in RE resources are key motivators
for assessing alternative energy supply opportunities. As discussed in Part I, SIEA appear to
have limited the financial viability of grid-connected self-generation as a means to secure
future consumer markets and ensure network upgrade investments achieve their desired
economic outcome. The primary restrictions come in the form of a stringent licensing regime
as per the nation’s Electricity Act, and self-generation Standby Charges, regardless of the
technology at hand.
SIEA offers four different private generation licenses: Type 1 – Standby Generation; Type 2 –
Fully Independent Power Producer; Type 3 – Supported Power Producer; and Type 4 –
Independent Power Producer (SIEA n.d.) (see Appendix H for more details on self-generation
licenses). Deliberation with SIEA’s Regulatory Department representatives has clarified that
Helena Goldie Hospital, as with other eligible health institutions, is exempt from any selfgeneration charges whilst remaining connected to the grid, though with no reimbursement
from SIEA for any excess electricity fed into the grid (as per e-mail from Norman Nicholls, SIEA
General Manager, to the Hospital Superintendent on January 21, 2013; and e-mail from Grace
Kitione, SIEA Regulatory Engineer, to the author on July 29, 2014). The hospital will therefore
be able to operate under a Type 3 license, with exemption from the Standby Charge of up to
50%. This exemption offers a significant advantage to health institutions, as compared to
households and the commercial sector, to potentially reduce their electricity costs via supplyside modifications and retrofits. Without this exemption, the lifecycle cost of a standalone
system may prove more viable than a grid-connected system subject to SIEA’s self-generation
charges. However, the standalone option will not be investigated in this paper.
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4.1 Renewable Energy Resource Assessment
4.1.1

Renewable Resources Not Pursued in this Project

“Solomon Islands is well endowed with renewable energy sources” such as “solar, wind, hydro,
geothermal, and biomass” (International Union for Conservation of Nature 2013, sec. 1, par.
6). One of the main issues limiting their exploitation and development, however, is the poor
match between the location of the source and the demand centre, particularly for hydro and
geothermal (Isaka, Mofor and Wade 2013, 6). This also appears to be the case for HGH, where
an abundance of geothermal (nearby volcanoes and frequent tectonic movements) and
hydropower resources (large rivers and waterfalls on New Georgia island) are evident in the
region, though the scales and locations of these are seemingly incompatible with the financial
scope and relatively low demand requirements of the hospital compound.
The nearest river to the hospital with continual year-round flow is about 2.5 km away.
However, to avoid the contentious issue of land ownership in Solomon Islands, hydropower, as
with geothermal power, will not be considered for power generation. Likewise, the viability of
ocean energy to meet the hospital’s power needs, in the form of wave and tidal power, will
not be investigated due to both financial and technical uncertainty over such investments, and
the limited tidal flows and typically small wave height in the hospital vicinity.
Biomass can be obtained from local vegetation and biofuels from coconut and palm oil, both
abundant in Solomon Islands. There is potential to replace a portion of diesel fuel with
coconut oil as demonstrated by the ADB-funded trial project in Auki (SIEA 2014c, 12).
However, even though the energy content of the coconut oil available within the nation’s
copra (dried coconut) exports could satisfy a significant portion of the country’s energy
requirements, there has been limited economic opportunity evident for biomass power
generation in the country (Johnston and Vos 2005, viii). The means of establishing and
securing supply chains for biomass and biofuels, regardless of type, is beyond the scope of this
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project. Therefore, only RE resources immediately available on the hospital premises will be
investigated.
4.1.2

Solar Energy

Lying just south of the equator, Solomon Islands receives “considerable solar energy” (Isaka,
Mofor and Wade 2013, 6). An example of solar PV implementation in the Pacific equatorial
region is that of the predominantly solar PV 100% renewable electricity supply in Tokelau
(Wilson 2012).
Due to a shortage of data from the Munda Meteorological Office (MMO), online data from
NASA’s Atmospheric Science Data Center (ASDC), which uses 22-year averages based on
satellite observations, has been used to approximate the location’s solar insolation. Below is a
chart of the clearness index and the average daily insolation on a horizontal surface for each
month at the hospital coordinates, 8.33˚S and 157.25˚E.
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0.54
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Figure 25. Clearness Index & Solar Insolation for Hospital Location (ASDC 2014a)

The region experiences approximately 5.3 kWh/m2/d solar insolation incident on a horizontal
unshaded surface. The daily averages for each month vary from 6.24 kWh/m2/d in November
to 4.24 kWh/m2/d in July, with the lower averages evident near the southern hemisphere’s
winter solstice when the clearness index and maximum daily solar elevation angle are near
their lowest. Courtesy of frequent cloud cover, the location suffers from a relatively low
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clearness index with an annual average of 0.53, as opposed to 0.62 for a relatively sunny
location such as Perth, Western Australia (ASDC 2014c).
Therefore, with reasonably good solar availability, solar PV will be pursued as a potential
alternative energy supply technology. If a standalone power system were being investigated
for the hospital, supply-demand load matching would be required to minimise energy storage
and alternative generation sources. Though outside the scope of this project, in the case that
such a system was necessary, an explanatory note on load matching solar energy with hospital
load is provided in Appendix N.
4.1.3

Wind Energy

Wind power may have the potential to contribute to the hospital’s power generation portfolio,
however, lack of quality data and low expected capacity factors suggest a high level of caution
be taken prior to committing to wind power investments. SIEA’s regulatory department have
indicated that even though no documentation exists for private self-generation except that for
solar PV, they are willing to consider applications for the development of both wind and microhydro power (as per e-mail from Grace Kitione, SIEA Regulatory Engineer, to the author on
June 30, 2014).
Scaled data from ASDC (2014a) has been used to approximate average wind speeds, and MMO
wind frequency data (the only wind data available from MMO, useful for developing wind rose
diagrams) has been used to approximate capacity factors. Since the ASDC data for Munda has
not been sourced from local anemometers, and “accurate knowledge of wind speeds is
critical” for reliable design calculations (Herbert, Johnston and Vos 2005, 56), a degree of
uncertainty has been built into the wind speed figures. Errors in wind speed data can be
detrimental to project design, with wind power being proportional to the cube of wind speed.
For it was only a 9.3% reduction in expected wind speeds at the Butoni Wind Farm in Fiji (see
Appendix F) that resulted in an annual capacity factor of 5.2%, rather than the expected 12% –
a reduction of 56.7% (Karan 2009).
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ASDC (2014c) figures for Perth Airport in Western Australia indicate an annual average wind
speed of 6.1 m/s at 10 m above ground level, as compared to 4.6 m/s (25% lower) from the
Australian Bureau of Meteorology’s (BOM) 10 m anemometer readings (BOM 2014b). The
situation is similar with Darwin Airport in Australia’s Northern Territory, where the ASDC
(2014b) average 10 m wind speed of 4.32 m/s is 18% greater than that measured by the
Australian BOM (2014a). If we broadly and conservatively consider the ASDC data for 10 m
wind speeds to be 25% greater than actual (scaled equally throughout the year), then Munda’s
presumed actual annual average wind speed at 10 m elevation would be reduced from the
ASDC (2014a) estimation of 4.3 m/s to 3.2 m/s. This is illustrated in Figure 26 below.
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Figure 26. Hospital Monthly Average Wind Speed at 10 m Above Ground Level (ASDC 2014a)

Higher and more consistent south-easterly wind speeds (of about 8 m/s when unobstructed
over the sea) are the norm in Solomon Islands during the dry season from May to October,
while less persistent and lighter north-westerly winds are common during the wet season from
November to April (Solomon Islands Meteorological Service 2013, sec. 6, par. 1). Therefore,
wind power would likely be most viable during dry season. Wet season is prone to tropical
cyclone development in the wider region. However, this tends to be more of a concern over
south-eastern parts of Solomon Islands where cyclo-genesis activity typically occurs once or
twice per year (Hiriasia and Tahani n.d.; Solomon Islands Meteorological Service 2013).
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Nonetheless, design of any wind towers and turbines should take into account the potential
for extreme wind conditions.
The wind roses below, for wet (May to October) and dry (November to April) seasons indicate
very low frequency of wind speeds greater than 39 km/h, or 10.8 m/s (0.5% frequency in wet
season and 0.2% in dry season). This indicates that even though caution should be taken in
wind system design for extreme weather, the frequency of such occurrences is very low.
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Figure 27. Wet and Dry Season Wind Roses for Munda (data sourced from Solomon Islands
Meteorological Service on June 12, 2014)

Diurnal variations in average wind speed appear negligible according to ASDC (2014a) data.
However, MMO data sourced from Solomon Islands Meteorological Service (on June 12, 2014)
suggest a high frequency of low wind periods, being calm for just under and just over 50% of
the time in dry season and wet season, respectively (as annotated in the Figure 27 wind roses).
The 23-year monthly average data set reveals that 89% of the time the wind speed was less
than 13 km/h (3.6 m/s), which is not much greater than the cut-in wind speed for many
common small-scale wind turbines.
Air density, directly proportional to wind power, would also be reduced courtesy of warm
tropical temperatures (as compared to standard test conditions), further diminishing the
expected capacity factor. A study of air density at two sites on the tropical Caribbean small
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island state of Trinidad and Tobago, for example, revealed that annual mean air density at
both sites was approximately 5.5% lower than standard air density – resulting in a 5.5%
reduction in available wind power (Chadee and Clarke 2013).
Frequent low-wind periods imply a low capacity factor. Expected capacity factor has been
calculated using 23-year averaged wind speed frequency data from MMO and the
performance specifications of a standard small-scale wind turbine. In this case, the power
curve of the 2.4 kW-rated American-made Skystream 3.7 turbine has been used as a reference
model, as suggested by Australian-based retailer, Eden Power Pty Ltd on August 3, 2014.
Wind Speed Range at
2.7 m
[m/s]
From
To

0.0
0.3
1.7
3.6
5.6
8.1
10.8
13.9

0.3
1.7
3.6
5.6
8.1
10.8
13.9
17.2

Wind Speed Range at
10 m
[m/s]
From
To

0.0
0.4
2.3
5.0
7.7
11.2
15.0
19.3

0.4
2.3
5.0
7.7
11.2
15.0
19.3
23.9

Frequency
of
Occurrence
50.9%
10.8%
27.6%
8.8%
1.5%
0.4%
0.1%
0.0%

Approximate
Turbine
Output
[W]

Capacity
Factor

0
0
75
400
1900
2400
2400
2350

0.000%
0.000%
0.863%
1.467%
1.148%
0.358%
0.100%
0.008%

Total
3.94%
Table 13. Wind Power Capacity Factor Derivation (XZERES Wind Corp 2013; and data obtained from
Solomon Islands Meteorological Service on June 12, 2014)

Measurements from MMO’s cup anemometer at 2.7 m elevation have been corrected to 10 m
using a wind shear exponent of 0.25, applicable to sites with several buildings or heavy trees
(The Engineering ToolBox n.d.). MMO is located at the edge of the Munda Airport runway,
with some low level (<6 m) buildings about 60 m away, thus the actual shear exponent over
this elevation interval may actually be lower.
Coupling the mid-point of the wind speed ranges (adjusted from 2.7 m to reflect a 10 m
turbine elevation) with the approximate power output of the Skystream turbine, as
interpolated from the advertised XZERES Wind Corp (2013) power curve, gives an annual
capacity factor just under 4%, which is exceptionally low. Approximating 10 m wind speed
with a conservative open site wind shear exponent of 0.143, used “to predict wind profiles in a
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well-mixed atmosphere over flat, open terrain” (AWS Scientific, Inc 1997, 16), reduces the
annual capacity factor to 3.1%.
Sites selected for wind power development typically have 20 to 40% capacity factors (Wind
Energy Center n.d., 1), significantly more than that calculated for Munda. Investigating
alternative wind power technologies with very low cut-in thresholds is outside the scope of
this project. Nonetheless, with wind speeds at 10 m elevation being less than 4.35 m/s almost
90% of the time it seems unlikely that capacity factors higher than 10% would be obtained,
regardless of the device.
A net-metered grid-connected system may assist with the issue of a low wind power capacity
factor, as load matching becomes less of an issue (only broadly on a monthly basis, as with
HGH). Therefore, even though output from wind turbines would likely be more variable and
less reliable on a daily basis than solar PV, over the course of one month the cumulative power
output may turn out to be relatively consistent. Therefore, even though a low capacity factor
is expected, the economic viability of wind power to assist contributing to the hospital’s power
supply mix has still been investigated to compare expected project costs with that of solar PV
and diesel electric generation.

4.2 Equipment Procurement
Unless costs are significantly in favour of imports, local retailers of RE equipment have been
prioritised over international vendors for material procurement. This is both in a bid to
support the local RE technology supply chains, and to avoid ambiguities in freight costs and
taxes applicable to imported goods.
Importers and resellers of RE equipment will likely achieve some economy of scale with large
quantities, resulting in prices competitive with self-sourced imports. Discussions on July 22,
2014, with customs officials in the industrial port town of Noro (the regional international
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shipping hub) revealed that imported RE equipment (even for a health centre) will be subject
to 10% duty on cost, plus a 19.5% goods tax on cost plus duty (totalling a combined 31.5%). A
3 kW grid-connect solar system from Australia, for example, would cost approximately
SB$60,750 (AU$9,000) (Australian Solar Quotes 2014), plus SB$19,136 (AU$2,835) for import
duty and goods tax, totalling SB$79,886 (AU$11,835), not including international freight or
government rebates applicable in Australia. Comparatively, Sunpower, a retailer of solar PV
panels and auxiliary equipment in Honiara, retails a 3 kW system (panels, cyclone-rated
aluminium support racks and a 4 kW inverter/controller/MPPT) for SB$73,080 (AU$10,826),
plus approximately 15% for freight and installation, totalling SB$84,042 (AU$12,450).
Therefore, unless freight is discounted, an exemption is negotiated with the customs
department, or the equipment is partially or wholly donated by a charitable party, Sunpower’s
pricing will likely remain competitive with international suppliers.
Due to a lack of available information on any established domestic retailers and their product
range, equipment required for wind power and diesel electric generators will likely be sourced
internationally. Therefore, for feasibility calculations, Australia-sourced generic prices and
technical specifications will be used for wind turbines, diesel generators, and any associated
auxiliary equipment.

4.3 Design Approach
Approved grid-connected self-generating private installations will be connected to the SIEA
electricity network via a bi-directional import/export meter. As per e-mail from Grace Kitione,
SIEA Regulatory Engineer, to the author on August 28, 2014:
“This [bi-directional] meter reads both import and export energy from [the] SIEA grid and your
Solar PV system. The ‘net metering’ is the difference between the import and export energy
consumed, therefore a net charge will apply.”
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SIEA’s net-metering arrangement, where meter readings are taken monthly, suggests the
most effective supply-side approach to reducing electricity costs would be to offset cumulative
grid power consumption with cheaper self-generated electricity on a monthly basis.
Therefore, self-generated electricity does not need to directly meet the hospital’s
instantaneous demand, but rather can be generated at any time given the monthly cumulative
generation is equal to, or greater than, the cumulative monthly load. Assuming SIEA’s
regulatory department would grant approval for such a system, this appears to be the most
cost effective approach.
The energy audit identified a relatively flat, non-seasonal, trend in the hospital’s annual energy
consumption profile, with no particular month or time of year expected to have higher or
lower demand. Therefore it has been assumed that monthly electricity demand will be the
same throughout the year. With a generic 20-year project duration (commencing in 2015), the
forecast daily electricity demand profile for 2025 (the project mid-point) has been used to
represent the average demand profile for the duration of the project. This applies to scenarios
both with EEOs applied in conjunction with an effective energy management program (the EE
Action scenario) and without any change from business as usual (the No Change scenario).
Results from the energy audit estimated 2035 energy demand to be approximately 156 kWh/d
for the No Change scenario, and 102 kWh/d for the EE Action scenario. Using a linear
relationship between the 2014 and 2035 load profiles, electricity demand in 2025 will be
between 140.5 kWh/d (No Change) and 91.4 kWh/d (EE Action).
Therefore, two sets of design calculations have been performed for each technology
configuration:
1. The No Change scenario, required to meet a ~4,274 kWh/month load – the largest
system capacity requirement; and
2. The EE Action scenario, required to meet a ~2,780 kWh/month load – the smallest
system capacity requirement).
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Since matching the hospital’s load profile to the self-generation schedule will only be on a
monthly basis, a variety of electricity generating devices may not be necessary. Rather, the
single most cost effective technology, regardless of output timing, will likely be the most
financially attractive (assuming approval is granted from SIEA). There will be no requirement
for redundancy equipment, as the grid will perform the function of supplying all spinning
reserve. One exception is the existing quick-start backup diesel electric generator, required to
power the operating theatre during grid blackout periods.

4.4 Design Calculations
4.4.1

Feasibility Calculations

Manual back-of-the-envelope-style calculations have been performed to obtain an estimate of
what system sizes and configurations may be suitable to better satisfy the hospital’s energy
demands. As load matching only applies on a cumulative monthly basis, the short time-step
supply-to-load matching capabilities of energy system design software, such as that of HOMER
Energy, is not considered necessary to obtain reliable results. HOMER Energy software has
been used, however, to verify manual calculation results and perform simple sensitivities.
Calculations have been performed to compare the economic viability of grid-only, gridconnected solar PV, grid-connected wind, and grid-connected diesel powered systems.
To obtain a range of realistic values pertinent to each system type, simple sensitivities have
been built into the calculations for inputs with both a wide potential variability and a value
range that may have a significant bearing on project total net present cost (NPC) – the primary
economic indicator used to rank options. The sensitivity variables are summarised in the
following table.
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System
Type
Solar PV
Solar PV

Solar PV

Diesel
Electric
Generator

Diesel
Electric
Generator

Wind
Turbine

Wind
Turbine

Wind
Turbine

Sensitivity
Variable
Solar Panel
Lifespan

High End
Cost Value

Low End
Cost Value

Notes
Panel life may be shortened in the case of theft,
10 y
20 y
vandalism or extreme environmental conditions
Improvements in inverter lifespan may result in
Inverter
10 y
20 y
a single set of inverters for the life of the
Lifespan
project.
The high-end value uses the daily average
Solar
4.67
3.5
insolation for the month with lowest insolation
2
2
Insolation
kWh/m /d kWh/m /d (July), as per ASDC (2014a). The low-end
estimate is 75% of this value.
A 1,800-rpm water-cooled generator will
require major overhaul at 12,000 to 30,000
hours (US Power & Environment 2014, sec. 2,
Generator
par. 2). Both extremes have been assessed. Due
Operating
12,000 h
30,000 h
to lack of available maintenance services in the
Lifespan
region, and expected lack of minor maintenance
performed, the hours required for major
overhaul have been assumed as the lifespan.
Approximate high and low-end fuel
consumption ranges at rated load, as per
common online diesel electric generator sales &
Fuel
0.36
0.22
specification sheets for 5 to 30 kVA generators.
Consumption
L/kW/h
L/kW/h
The Able 22 kVA (18 kW rated) silenced 3-phase
diesel generator, for example, is advertised to
consume 4.7 L/h (0.26 L/kW/h) at prime load
(Machines4U 2014).
According to Forsyth (2009, 9), wind turbines
should last between 15 and 30 years. With
Turbine
10 y
20 y
exposure to salty ocean air & to avoid salvage
Lifespan
value ambiguity, 10 years is the low-end
estimate.
Average annual wind speed from ASDC (2014a)
Average Wind
3.2 m/s
4.3 m/s
data, scaled down 25% (as per Section 4.1.3) for
Speed at 10 m
the high-end cost estimate.
Approximate wind speed using a conservative
open site wind shear exponent of 0.143 (AWS
Scientific, Inc 1997) for the low-end estimate,
Site Capacity
and 0.25, an exponent for topography with
3.1%
3.9%
Factor at 10 m
several buildings (The Engineering ToolBox.
n.d.), for the high-end estimate, with wind
speed frequency data from MMO. See Section
4.1.3.
Table 14. Sensitivity Variables for Pre-Feasibility Calculations

Summarised results from the pre-feasibility calculations are provided below, ranked according
to their NPC. Each system has been designed with sufficient capacity to completely offset
cumulative monthly electricity demand, as indicated by the capacity values in the right-hand
columns.
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NPC
Rank

1

2

3

4
5

6

7

NPC
No Change
[SBD]

NPC
EE Action
[SBD]

Grid-Connected System Type
Solar PV - Low-End Estimate
20 y panel & inverter lifespan, & non-scaled
$2,013,900
$1,583,100
insolation data
Solar PV - High-End Estimate
10 y panel & inverter lifespan, & 75% scaled
$4,036,100
$2,888,300
insolation data
Diesel Electric Generator - Low-End Estimate
30,000 h generator lifespan & high fuel
$4,579,759
$3,265,262
efficiency
Diesel Electric Generator - High-End Estimate
12,000 h generator lifespan & low fuel
$6,457,168
$4,491,333
efficiency
$7,906,781
$5,142,120
Grid Only
Wind Turbine - Low-End Estimate
High wind speed, capacity factor & turbine
$17,097,300 $11,517,500
lifespan
Wind Turbine - High-End Estimate
Low wind speed, capacity factor & turbine
$31,836,060 $20,906,015
lifespan
Table 15. System NPC Comparison – Pre-Feasibility Calculations

Capacity
No Change
[kW]

Capacity
EE Action
[kW]

46.2

30

61.4

39.9

35.0

23.0

35.0

23.0

211

137

168

110

The calculations used to obtain the values above, with additional explanatory notes, are
located in Appendix C.
Solar PV systems, regardless of the sensitivity parameter ranges used, are more financially
attractive than diesel electric generators, and far more than wind power. Even with half the
expected solar panel lifespan (10 years rather than 20), and the magnitude of solar insolation
data scaled down by 25%, solar PV remains more cost effective than a diesel electric generator
with a long lifespan and high fuel efficiency. Variations in fuel cost (inversely proportional to
variations in fuel efficiency), have been analysed in the HOMER sensitivity simulations.
No discounting has been performed on the calculations because the inflation rate (anticipated
to be 5% for 2015, according to ADB (2014b, sec. 3, par. 3)) is expected to be similar to, if not
greater than, the nominal interest rate for the duration of the project, resulting in a real
interest rate of zero.

Real Interest Rate =

Nominal Interest Rate - Inflation Rate
1 + Inflation Rate
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Due to the ongoing expense of fuel consumption for diesel electric generator systems
(accounting for 79% to 85% of the total NPC in the manual calculations above), discounting
would likely improve the NPC of this option. However, due to the poor return available for the
hospital’s alternative prospective investments, it seems unlikely that the real interest rate will
become greater than zero. Nonetheless, HOMER Energy software simulations have been used
to test the effect of interest rate variations on the overall economic viability of each
technology type in Section 4.5.3. An explanatory note on the derivation of the project’s real
interest rate is provided in Appendix M.
4.4.2

Solar PV Capacity Optimisation

If we take grid-connected solar PV as the optimal technology choice (which is likely considering
the results above), hospital management will need to decide on the most appropriate system
capacity. Figure 28 below compares project NPC and NPV (net present value) with a range of
solar PV rated capacities.

NPC & NPV vs. Solar PV Capacity
$9,000,000
$8,000,000
Total NPC
No Change
Total NPC
EE Action
Total NPV
No Change
Total NPV
EE Action

$7,000,000
$6,000,000
Total
NPC $5,000,000
or
NPV $4,000,000
[SBD] $3,000,000
$2,000,000
$1,000,000
$0
0

20
40
Solar PV Rated Capacity [kW]

60

Figure 28. Solar PV System Capacity vs. NPC & NPV

Data and calculations used to produce the Figure 28 are available in Appendix D.
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Up to a solar capacity of about 40 kW, there is large NPC variance between scenarios with and
without implementation of EEOs due to the value of grid power not offset by solar PV output.
At greater than 50 kW, the difference between the two scenarios is only attributable to the
relatively minor cost of implementing the EEOs. For systems below 40 kW, the economic
difference between scenarios with and without EE action is clearly visible.
Assuming an effective energy management program is in place (the EE Action scenario), the
optimal PV capacity is 30 kW, incurring a NPC of SB$1,442,648. A 30 kW system applied
without EE action would have a NPC of SB$3,229,390, over double that of the EE Action
scenario. Without EE action, the optimal PV capacity is 47 kW, with a NPC of SB$1,774,448.
NPV interpretation in the Figure 28 chart can be deceiving as it indicates that maximum
“value” can be obtained with a 47 kW system and by not applying EEOs. However, this is
simply because the calculations used to generate the chart in Figure 28 placed the market
value of electricity (as determined by SIEA) on the energy generated and consumed by the
hospital, regardless of whether it is used efficiently or not. Therefore, the difference in NPV
between EE Action and No Change scenarios for each system capacity is the value of electricity
that would be saved by the hospital courtesy of a successful demand-side energy management
program (i.e. the additional NPV in the No Change scenario, as compared to EE Action, is the
value of power wasted or used inefficiently). The total NPC should therefore be the primary
comparative indicator for different project types, as this is the cost incurred to achieve the
same level and quality of service delivery at the hospital.
A comparison of the key financial indicators for the optimal PV capacities is provided in
following table, as derived from the values presented in Appendix D.
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No Change
Grid-Connected
Optimal System Type
Solar PV
Optimal Capacity
47 kW
Initial Capital Cost [SBD]
$621,058
Inverter Replacement Cost in 2025 [SBD]
$180,950
EE Action Initial Cost [SBD]
$0
EE Equipment Replacement Cost in 2025 [SBD]
$0
Average Annual Value of Energy Consumed [SBD/y]
$376,273 /y
Average Value of Energy Produced [SBD/kWh]
$1.40 /kWh
Average Value of Useable Energy Produced [SBD/kWh]
$1.65 /kWh
Average Annual NPV of Useable Power Generated [SBD/y]
$374,231 /y
Average Annual Operating Cost [SBD/y]
$14,690 /y
Total NPC of Grid Power Purchases [SBD]
$42,892
Project Total NPC [SBD]
$1,774,448
Total NPC as % of Grid-Only NPC
22.4%
Table 16. Key Financial Indicators for Optimal System Capacity

EE Action
Grid-Connected
Solar PV
30 kW
$396,420
$115,500
$120,200
$60,000
$244,623 /y
$1.79 /kWh
$2.07 /kWh
$242,451 /y
$14,690 /y
$45,618
$1,442,648
28.1%

The benefit of exemption from SIEA’s Standby Charge can be seen by comparing the NPC for
the two optimal scenarios in Table 16 to that where a 50% self-generation charge was imposed
by SIEA’s regulatory authority.
Exempt from Standby Charge
50% Standby Charge
No Change
EE Action
No Change
EE Action
47 kW Grid30 kW Grid47 kW Grid30 kW GridSystem Capacity & Type
Tied Solar PV
Tied Solar PV
Tied Solar PV
Tied Solar PV
Daily Standby Charge [SBD]
$0 /d
$0 /d
$754.61 /d
$481.67 /d
Total NPC of Standby Charge [SBD]
$0 /d
$0 /d
$3,516,176
$5,508,676
Project Total NPC [SBD]
$1,774,448
$1,442,648
$7,283,124
$4,958,824
NPC as % of Grid-Only NPC [SBD]
22.4%
28.1%
92.1%
96.4%
Table 17. Effect of Standby Charge on Project NPC

SIEA’s daily Standby Charge is calculated by multiplying the SIEA tariff applicable to the
premises, by the inverter rating, by 4.4 (the average PSH insolation applicable to Darwin,
Australia) by up to 50% (SIEA 2013a, 17). NPC for a scenario with 50% Standby Charge is 3.4
(EE Action with 30 kW solar PV) to 4.1 (No Change with 47 kW solar PV) times greater than for
the same scenario with exemption. The resulting NPC for each scenario is only slightly
financially preferable than remaining with a grid-only power supply.
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4.5 Verification of Results
To validate results from the manual calculations above and to determine the extent to which
certain variables will need to change to make solar PV an unviable, or non-optimal,
investment, HOMER Legacy (Version 2.68) software has been used.
4.5.1

HOMER Base Case Parameters

The base case comprises a set of simulation inputs, similar to those used in the manual
calculations, which are broadly considered to represent those that are most likely and realistic.
Again, the base case has been developed using both the EE Action and No Change projected
2025 load profiles.
A summary of the key base case parameters used in the HOMER simulations is provided in
Table 18 below.
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Base Case
Item

Key Inputs

Notes

Load

With EE Action: Weekday: 97.2
kWh/d; Weekend: 76.7 kWh/d
No Change: Weekday: 149.6
kWh/d; Weekend: 118.0 kWh/d

The 2014 weekday and weekend load profiles
measured during the energy audit have been
scaled to represent the projected EE Action and
No Change profiles at the project’s 2025 midpoint.

Solar PV

Diesel
Electric
Generator
Wind
Turbine
Converter

Grid
Solar
Resource
Wind
Resource
Diesel Fuel

SB$225,780 per 10 kW
Max capacity 50 kW
20 y panel life
23° tilt
SB$6,959 per kW
15,000 h operating lifespan
0.31 L/h/kW-output
Forced off except for business
hours on weekdays.
SB$139,016 per 2.4 kW turbine
20 y turbine lifespan
10 m hub height
SB$38,500 per 10 kW converter
10 y life
91% efficiency
SB$7.298/kWh
SB$0.00 sellback rate
Net metering, calculated monthly
2
5.34 kW/m /d annual average
insolation
0.53 annual average clearness index
3.2 m/s annual average at 10 m
1.75 Weibull shape factor
SB$14.00/L
No consumption limit

10 kW installations have been entered, as per
the 10 kW inverter retailed by Sunpower.
Generators to be imported from Australia,
incurring freight, duty and import tax charges.
Operation from 9 am to 5 pm on weekdays only,
when O&M personnel are working on site.
Guy-wired 10 m turbines. 2.4 kW Skystream 3.7
model, imported from Australian retailers.
3-phase grid-tie inverters, as supplied with solar
panels from Sunpower in Honiara.
2014 commercial tariff used. Net metering with
no FiT, as per SIEA (2013a).
Monthly averages entered as per locationspecific data from ASDC (2014a).
Wind speed values scaled down 25% from ASDC
(2014a) data.
Average 2014 diesel price in Munda.

Economics

0% Real interest rate
20 y project life
SB$14,350/y fixed O&M cost

5% nominal interest and 5% inflation result in
0% real interest. O&M cost for additional
maintenance employee, though not for gridonly scenario.

System
Control

60 min time step
Cycle charging dispatch strategy
Enable generator capacity < peak
load

Dispatch strategy for simplicity of operation and
efficient operation to offset load for net
metering purposes.

Temperature

31°C annual average temperature

Emissions
Constraints

Monthly averages entered as per data obtained
from Munda Meteorological Office on June 25,
2014.
No known penalties or limits currently exist in
None
Solomon Islands for emissions.
No constraints entered to ensure optimum
None
system is identified.
Table 18. Base Case Inputs for HOMER Software Simulations

The full breakdown of simulation inputs, with accompanying explanations, can be found in
Appendix E.
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4.5.2

Base Case Outputs

The NPC and optimal capacity of each configuration category from the base case HOMER
simulations are provided in Table 19 below.

GridConnected
Configuration

Rank

NPC
[SBD]

Capacity [kWh] & Production [%]

EE
Action

No
Change

EE Action

No Change

EE Action

No Change

Solar PV

1

1

30kW PV, 73%

40kW PV, 70%

$1,397,840

$1,524,420

Solar PV &
Diesel

2

2

30kW PV, 73%;
15kW Gen, 0%

40kW PV, 70%;
20kW Gen, 0%

$1,399,356

$1,526,633

3

4

$1,763,436

3

40kW PV, 69%;
2.4kW Wind, 1%
40kW PV, 69%;
2.4kW Wind, 1%;
20kW Gen, 0%

$1,636,856

4

30kW PV, 73%;
2.4kW Wind, 2%
30kW PV, 73%;
2.4kW Wind, 2%;
15kW Gen, 0%

$1,638,372

$1,765,649

Grid Only

5

5

Grid, 100%

Grid, 100%

$5,044,241

$7,485,190

Diesel

6

6

5kW Gen, 25%

10kW Gen, 25%

$5,206,682

$7,590,669

Wind &
Diesel

7

7

2.4kW Wind, 4%;
5kW Gen, 24%

2.4kW Wind, 3%;
10kW Gen, 24%

$5,261,285

$7,647,238

Wind

8

8

2.4kW Wind, 4%

2.4kW Wind, 3%

$5,390,641

$7,831,591

Solar PV &
Wind
Solar PV,
Wind &
Diesel

Table 19. Comparison of HOMER Base Case Simulation Results

[Note, Table 19 includes a flat-rate SB$14,350 per year for an additional maintenance
employee for all systems except the grid-only scenario. The EE Action values have an
additional SB$180,200 added to the NPC for the initial investment in EE initiatives (as derived
in Section 3.5.3), plus an approximate SB$60,000 at the project mid-point to replace or repair
EE equipment.]
The Table 19 verifies conclusions drawn from the manual calculations: that a solar PV project
would have the lowest NPC. When solar PV is removed from the system altogether, the cost
increase is significant: at least 3 to 4 times the cost with solar PV.
The HOMER results differ slightly from the manual calculation results primarily due to the
following factors:
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- The average solar insolation used in the manual calculations was for the lowest insolation
month (July) to ensure sufficient capacity to offset cumulative monthly energy demand for
every month of the year and that projected system performance was not overestimated.
HOMER simulations used monthly average solar insolation.
- The “sizes to consider” inputs in HOMER were entered in 10 kW increments to complement
the use of the 10 kW 3-phase grid-tie inverter retailed by Sunpower in Honiara. No
increment limit was placed on the manual calculations.
- Only the manual system optimisation calculations included a progressive decline in solar
panel efficiency, reducing gradually to 84% of their rated output by the project’s completion,
as per Bosch Solar Energy’s (2012) performance guarantee.
- The manual system optimisation calculations included a linear annual increase in energy
demand throughout the project life, while the HOMER simulations used the projected
average.
- Manual calculations used daily electricity demand averaged over a standard 7-day week,
while HOMER simulations had the average weekday and weekend daily demand profiles
entered separately.
When solar PV is combined with diesel electric generation it is more cost effective to not
operate the generator unless absolutely necessary, as indicated in Table 19 by the 0%
generator production percentage in the solar PV and diesel combinations, and by the cost
similarity between diesel electric generation and grid power (with grid power being slightly
more favourable). Whilst the hospital would likely require a backup diesel generator in the
case of grid blackout (even if coupled with solar or wind power), the cost effectiveness of solar
PV indicates that systems should be designed such that cumulative monthly solar PV output
satisfies cumulative monthly load, and backup generation is left for emergency only.
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4.5.3

Sensitivity Analyses

Whilst grid-connected solar PV appears clearly more economically advantageous than other
grid-connected options, a brief test on the robustness of the base case economics has been
performed by investigating the extent to which some variables will need to change until solar
PV becomes either unviable, or the non-optimal technology choice. Solar insolation, wind
speed, real interest rate, diesel electric generator fuel efficiency and diesel fuel cost have been
identified as input parameters with both a large potential impact on project NPC, and a
reasonable likelihood of variation from the base-case estimate. Table 20 below shows the
extent to which each of these parameters needs to independently increase or decrease until
reaching a critical value when solar PV becomes the non-optimal technology choice for the
hospital’s energy supply. HOMER software has been used to perform the analysis, using the
optimal solar PV capacities identified from the previous HOMER simulations (30 kW for EE
Action and 40 kW for No Change) as the basis for comparison.
Sensitivity
Variable
Average Solar
Insolation
Average Wind
Speed
Real Interest
Rate
Diesel Fuel
Cost
Generator
Lifespan

Base Case Value
5.34
2
kWh/m /day

Critical Value
EE Action
No Change
0.93
0.87
2
2
kWh/m /day
kWh/m /day

Next Best Configuration
EE Action
No Change
5 kW Gen

10 kW Gen

3.2 m/s

9.4 m/s

9.9 m/s

9.6 kW Wind

9.6 kW Wind

0%

18%

27%

Grid-Only

Grid-Only

SB$14.00/L

n/a

n/a

5 kW Gen

10 kW Gen

15,000 h

n/a

n/a

5 kW Gen

10 kW Gen

Table 20. Solar PV Validity Critical Parameter Values

All sensitivity variables listed in Table 20 will need to change to a highly unlikely value before
solar PV becomes the second-best technology alternative. Regardless of changes in diesel fuel
cost or generator lifespan (when altered individually), the solar PV base case will remain more
economical. The fuel cost would need to decrease (or generator efficiency increase) by a
factor of about 9 (to about SB$1.4/L), in combination with a generator lifespan increase by a
factor of about 9 (to about 135,000 h), before grid-connected diesel electric generators
become similarly economical to grid-connected solar PV.
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These values build good confidence into an investment decision, particularly when considering
the significant initial capital investment, and that implementation of private grid-connected
solar PV systems in the region is uncommon practice.

4.6 Alternative Energy Supply Conclusion & Recommendations
It is recommended that the hospital install a 30 kW solar PV system in close coordination with
a committed demand-side energy conservation program, for the following reasons:


A 30 kW solar PV system with EE Action has the lowest NPC of all options;



Applications for a larger system may be refused by SIEA, as their current policy endorses
three-phase systems of 30 kVA maximum inverter rating (SIEA 2013a);



Energy consumption and energy wastage will be reduced, and lessons learned among
participants in the energy management program may be shared and applied among the
wider community; and



Once the initial investment is paid off (in approximately 4.5 years) courtesy of the
electricity savings gained, the hospital will be saving on average SB$375,000 in electricity
bills each year for the duration of the project: about $135,000 courtesy of the EE
initiatives, and about SB$240,000 from the solar PV generated electricity (see Appendix D
for calculations).

The proposed project’s anticipated net present cash flows, broken down by component and
cost type, are provided in Figure 29 below.
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Project Costs by Component & Type
30 kW Solar PV with EE Action
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Figure 29. Project Cash Flows by Cost Type for 30 kW Solar PV System with EE Action

The total NPC of implementing all recommended demand-side EEOs is approximately
SB$180,200 (coloured green in Figure 29) when performed in conjunction with a sound energy
management program, whereas the difference in project NPC between the EE Action and No
Change scenarios for a 30 kW solar PV system is SB$1,786,743, as per the manual calculations.
Thus for a relatively minor investment in demand-side energy conservation initiatives,
significantly large savings (to a factor of almost 10) can be attained on the energy supply side.
It is therefore clear that an alternative energy supply program should be performed in close
conjunction with a well-established energy management program.
Solar PV is significantly more economical than grid power, therefore the sooner the hospital
installs a PV system, the better. Investing in a 30 kW or greater solar PV system outright,
however, may be beyond the financial capabilities of the hospital. A system of the
recommended capacity may also be excessive to meet the hospital’s monthly electricity
demand in the early stages of the project life (particularly if EEOs are actioned quickly) because
the system has been designed to cater for a progressively increasing load profile.
Conveniently, solar PV systems are advantageous due to their modularity, such that their rated
capacity can relatively easily be increased incrementally. As per a notional quote from
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Honiara-based Sunpower and discussions with Sunpower sales representatives on July 24,
2014, 3-phase solar PV systems of 10 kW capacity can be installed successively throughout the
course of the project. Each 10 kW instalment would cost approximately SB$261,000, requiring
about 80 m2 of roof space (suitable for the southern aspect of Maternity or General Ward
buildings, or about one-third of Outpatients’ building), and should be set with a slope of 23° to
the south to obtain maximum solar insolation over low-insolation months and maximum total
annual insolation, as per ASDC (2014a) data. Alternatively, if the hospital were capable of
committing funds to a PV system of optimal capacity for the project duration, the additional
electricity capacity available in the early stages of the project would enable more time to
refine energy conservation initiatives.
To assist the hospital with making the financial commitment to a solar PV system, Table 21
below summarises key financial indicators for solar PV installations of 10 kW increments.

Solar PV
Capacity
[kW]
0
10
20
30
40
50

Average Annual Operating
Initial Capital
& Electricity Cost
Total 20-y Project NPC
[SBD]
[SBD]
[SBD]
No Change
EE Action
No Change
EE Action
No Change
EE Action
$0
$120,200
$376,513
$244,863
$7,906,781
$5,142,120
$264,280
$384,480
$297,484
$165,834
$6,549,951
$3,965,490
$528,560
$648,760
$204,005
$72,355
$4,889,670
$2,305,210
$792,840
$913,040
$110,526
$16,862
$3,229,390
$1,442,648
$1,057,120
$1,177,320
$37,245
$14,690
$1,993,255
$1,699,810
$1,585,680
$1,705,880
$14,690
$14,690
$1,822,390
$2,002,590
Table 21. Solar PV Investment Key Financial Indicators

Again, the most cost-effective option is to invest in the implementation of an energy
management program and a 30 kW solar PV system.
From a practical perspective, due both to the critical nature of hospital service delivery
operations and the prevalence of SIEA’s Munda/Noro power network blackouts, the continued
use of a backup diesel electric generator is recommended due to their technological reliability
and reasonable capital cost per kW-rated output. In the case of grid blackout and during times
of limited solar PV output (likely due to cloud cover or time of day), a diesel electric generator
would be required to supply the hospital’s electricity demand. The existing 22 kW (27.5 kVA)
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backup generator is sufficient to meet the 2014 peak load of about 17 kW. To meet
anticipated 2035 peak loads of up to 33.5 kW to 38 kW, for scenarios with and without EE
action, respectively, a larger generator may be required. If staff were to refrain from using the
proposed 12 kW autoclave during grid blackouts, the required generator capacity would drop
to about 21.5 kW (EE Action) to 26 kW (No Change). Therefore, if capable of continued
operation in a reasonable working condition, the existing 22 kW generator will suffice for
meeting projected peak loads by the project’s completion, though for the EE Action scenario
only – another reason to commit to an energy management program.
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5 Conclusion
5.1 Summary & Recommendations
This project has developed sustainable energy cost reducing strategies for HGH, whilst putting
Solomon Islands’ energy sector into perspective to better understand the motives behind their
RE plans, strategic policies and programs. Compared to neighbouring Pacific island nations,
Solomon Islands is among the most vulnerable to oil price volatility (Mishra, Sharma and Smyth
2009, 2320), with one of the lowest electricity access rates, and the highest electricity prices
(SPC 2012a). However, Solomon Islands is amidst a transitioning period from an economy
almost solely reliant on fossil fuels for electricity generation, to one likely to have over half its
generating capacity from renewable sources. With the proposed Tina River Hydro project a
high government priority (as per discussions with Solomon Islands Government
representatives on July 25, 2014), SIEA could soon have the capability of producing 80 GWh/y
from a renewable source to feed a growing urban grid demand of 73 GWh/y in 2013 (Tina
Hydro Project 2014a; SIEA 2014c, 14). The proposed Savo Island Geothermal Project, if
executed, would increase the RE portion in Solomon Islands’ energy mix even further.
Focus on large-scale projects planned to feed into the Honiara electricity network, where
about 90% of the nation’s generating capacity exists (SIEA 2014c, 14), may well be diverting
attention from developing sustainable energy opportunities for rural areas, “where [almost]
90% of the population lives” (Ellis 2014, sec.1, par. 7). Whilst some development organisations
are vying to improve energy security in rural areas, evidence of progress is limited. Plus even
though SIEA have commenced developing manuals for private grid-connected alternative
energy systems (solar PV being the first and only manual to date), there are few supporting
policy incentives or information dissemination and awareness programs to accompany these
manuals and encourage the diversification of energy supply. SIEA’s large capital investments
of late, courtesy of an influx of SISEP funding, may be part of the reason for discouraging
private electricity generation, such that they can ensure financial return by securing a future
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customer market. In the long-run, this may eventually turn to favour the rural grid-connected
demographic, for electricity prices may decline as the power generating reliability and financial
situation of the utility improves.
One of the most significant outcomes from this research project is the substantiation that
eligible hospitals within Solomon Islands are exempt from the self-generation Standby Charge
imposed by SIEA. This information, and the financial benefits of private grid-connected solar
PV systems, should be disseminated widely with other grid-connected health institutions in the
country. Having otherwise to pay (up to) 50% of the estimated system generation output
significantly reduces the financial attractiveness of a private RE installation, to the extent that
remaining with a grid-only system is very close to being the most economical power supply
option. Negotiating a reduced Standby Charge with SIEA will therefore benefit any private
investor not already exempt from this charge.
Another valuable finding is that grid-connected solar PV, when exempt from self-generation
charges, is a significantly financially superior electricity generation technology in Solomon
Islands, as compared to grid power, grid-connected diesel power, and grid-connected wind
power. Many developed countries, often with electricity prices less than one-quarter that of
Solomon Islands, have seen the need to institute financial stimulation packages to encourage
the development of the private RE industry (due to the lack of market competitiveness of RE
technologies among conventional energy sources). However, the case study reveals that this
may not be particularly necessary in Solomon Islands when considering a project’s lifecycle
NPC. Whilst some economic assistance may be beneficial to support investors attaining the
initial capital required to purchase and install a solar PV system (particularly when considering
the low average incomes and GDP per capita evident in Solomon Islands), awareness programs
focusing on transferring knowledge about the potential long-term financial benefits of solar PV
systems (particularly grid-connected) may be the most effective means of promoting smallscale RE in Solomon Islands. Abolishment of self-generation charges and license fees would
also likely catalyse the development of private RE systems.
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The energy audit and alternative energy supply analysis revealed the extent to which relatively
minor investments in EEOs can result in significant financial returns, particularly when
combined with an appropriately sized solar PV system. Since no EE standards or policy appear
to exist in Solomon Islands, end-users must be made aware of the financial benefits of energy
conservation initiatives to encourage their implementation. Many EEOs identified incur zero
associated capital expense, but instead require investment into supporting behavioural change
and minor functional modifications or equipment eliminations. Applying the entire suite of
recommended EEOs in conjunction with a sound energy management program would cost
about SB$120,000, and save the hospital approximately $118,000 in electricity bills in the first
year (a payback of almost 1 year). The energy audit also identified that only a small portion of
the hospital’s electricity consumption was attributable to the use of medical appliances. This
infers that the majority of EEOs should be translatable to other institutions, businesses and
households.
Solomon Islands’ high electricity prices complement the economics of investing in gridconnected solar PV (at approximately one-quarter the NPC of grid-only), and to a lesser extent,
diesel electric generation (about three-quarters the NPC of grid-only). Wind power may have
the potential to contribute to electricity production; however, as unviable low capacity factors
are evident from the limited data set used in this project, more reliable wind resource data is
required before building confidence into system design calculations. The case study concluded
that hospital management should pursue a thorough energy management program, including,
but certainly not limited to, all suggested EEOs. The best approach to satisfying the primary
research objective, of sustainably reducing the hospital’s energy costs, would be to implement
this program in conjunction with the installation of a 30 kW solar PV system, if financially
possible (requiring an upfront capital investment of SB$792,840, and having a total NPC of
SB$1,442,648), else with staged installations of 10 kW increments as funds permit. A larger
system would only be economically viable within the project timeframe if the hospital decided
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against an energy management program, or if the actual EEO-associated energy savings turned
out to be of a lesser magnitude than estimated.

5.2 Research Limitations
The following points summarise some of the issues limiting the robustness of conclusions
drawn in this project.


Energy Audit – A digital clip-on power meter was not available for use during the energy
audit, therefore the hospital load profiles and peak loads used in this report are only
approximate.



Policy Availability – SIEA only recently developed a grid-connect solar PV manual, which
needed to be requested from the regulatory office. They have yet to develop standards
and policies for any other private generation technologies, though have suggested that for
technologies such as wind and micro-hydro, similar standards and fees would apply to that
of solar PV (as per e-mail from Grace Kitione, SIEA Regulatory Engineer, on June 30, 2014).



Renewable Resource Data – Whilst Munda Meteorological Office (MMO) is located only 3
km from HGH, very limited wind speed and solar insolation data was available. For this
reason, data from NASA’s Astronomical Science and Data Center (ASDC) was used to fill
the gaps in data requirements. The ASDC data was verified and scaled where possible and
deemed necessary.



Limited information is available on domestic importers and retailers of diesel electric
generators, wind turbines and other alternative energy technologies in Solomon Islands.
For this reason, prices and performance specifications of such equipment have been
approximated from web-based searches from Australian suppliers.
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5.3 Follow-up Research
The following topics have been identified as potential areas for further investigation.


Wind power monitoring and feasibility analysis.
o

Wind monitoring is apparently underway at three sites, as initiated under
ADB’s Provincial Renewable Energy Project, PREP (ADB 2014c, 2). Data from
these monitoring stations could be used to better verify the feasibility of wind
power at particular locations in Solomon Islands.



Wind turbines with low cut-in threshold.
o

51% of the time, wind speed in Munda at 2.7 m elevation is calm, and about
38% of the time between 0.3 and 3.6 m/s (as per data sourced from Solomon
Islands Meteorological Service on June 12, 2014). Hence the identification or
design of wind turbines with exceptionally low cut-in thresholds and good
capacity factors at low wind speeds would improve the viability of wind power
in a location such as Munda.



Development and dissemination of SIEA’s private power generation policies.
o

SIEA has a grid-connect manual for solar PV, though no information on the
application of other potential renewable energy technologies. If such
documentation is compiled and made known to the applicable demographic,
potential private investors would have the appropriate access to the necessary
information to invest in a self-generation system.

o

The magnitude of license fees and self-generation charges are at the discretion
of SIEA’s regulatory department. If baseline criterion are established and
advertised among the public, by which demographic sectors are discerned for
certain levels of exemption eligibility, a lot of the uncertainty involved with a
project’s viability will be clarified. Once such criterion is established, generic
financial indicators for standard self-generation project should be shared
among respective demographic groups.
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Investigate the condition of SIEA grids to handle RE penetration.
o

Many of SIEA’s outstations supply aged distribution networks. An
investigation into the capability of the rural grids to safely accommodate
certain levels of penetration from alternative energy sources would assist SIEA
in making correct judgements for authorising grid-connected private
generation applications and making upgrades to the network where necessary.



Tax and duty exemptions for hospitals and RE equipment.

o

It is possible that HGH could negotiate exemption from tax and duty for
imported medical equipment. However, it would be useful to establish policy
that would confirm this for all such institutions, and also to incorporate tax
and duty exemptions or reductions for imported RE equipment to boost their
economic viability.
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Appendix A
2013 Energy Consumption Summary Figures
Energy Cost
Avg Cost
per Unit
[SBD/unit]
$6.57

Energy Consumption

2012 [SBD]
$441,197

2013
[SBD]
$376,667

2012
[% of
Total]
67%

2013
[% of
Total]
77%

2012
[unit]
68,870

2013
[unit]
56,244

Energy
Content
[MJ/unit]
3.6

2012
[MJ]
247,932

2013
[MJ]
202,478

2012 [%
of Total
MJ]
40%

2013
[% of
Total
MJ]
45%

Cost per
MJ
[SBD/MJ]
$1.83

Energy Source
Grid Electricity

Unit
kWh

Category
Hospital

Grid Electricity

kWh

Water Pump

$6.57

$71,999

$1,567

11%

0%

11,214

200

3.6

40,370

720

6%

0%

$2.18

Unleaded Petrol

litre

Water Pump

$16.00

$1,210

$17,040

0%

4%

76

1,065

36.2

2,751

38,553

0%

8%

$0.44

Unleaded Petrol

litre

Water Transport

$16.50

$106,852

$61,278

16%

13%

6,476

3,714

36.2

234,431

134,447

37%

30%

$0.46

Propane

kg

Cooking & Lab

$31.00

$11,221

$12,025

2%

2%

362

388

50.3

18,209

19,516

3%

4%

$0.62

Diesel

litre

Generators

$14.28

$12,252

$2,420

2%

1%

858

169

38.68

33,187

6,537

5%

1%

$0.37

Diesel

litre

Land Transport

$14.28

$18,686

$18,731

3%

4%

1,309

1,312

38.68

50,632

50,748

8%

11%

$0.37

Solar (Consumed)

kWh

Eye Clinic

$0.00

$0

$0

0%

0%

0

402

3.6

0

1,447

0%

0%

$0.00

$663,417

$489,728

100%

100%

627,513

454,447

100%

100%

Total

Table 22. 2013 Energy Consumption Summary
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Appendix B
Walkthrough Audit Data
Walkthrough Audit
Electrical
Appliances
Page 1

Lighting

Ventilation

Space Cooling

Refrigeration

Rating
[W]
36
18
12
62
32

Average
Weekday
Usage
[h/day]
5.63
4.99
1.50
2.13
0.73

Average
Weekday
Power
Usage
[Wh]
21,096
4,581
18
1,583
308
27,586

Average
Weekend
Usage
[h/day]
4.58
4.07
1.50
1.38
0.31

Average
Weekend
Power
Usage
[Wh]
17,163
3,735
18
1,024
130
22,070

% of Total
on
Weekdays
15.29%
3.32%
0.01%
1.15%
0.22%
20.0%

% of Total
on
Weekends
16.40%
3.57%
0.02%
0.98%
0.12%
21.1%

% of
Total
15.61%
3.39%
0.01%
1.10%
0.19%
20.3%

Item
Fluorescent Tube - Large
Fluorescent Tube - Medium
Fluorescent Tube - Small
Incandescent Light
Halogen Light
Sub-Total Lighting

Quantity
104
51
1
12
13
181

Ceiling Fan - Small
Ceiling Fan - Medium
Ceiling Fan - Large
Pedestal Fan
Vent Fan
Sub-Total Ventilation

13
35
5
12
1
66

40
50
65
35
40

4.69
11.46
2.80
3.73
6.00

2,440
20,050
910
1,566
240
25,206

3.85
10.03
1.20
0.63
0.00

2,000
17,550
390
263
0
20,203

1.77%
14.53%
0.66%
1.14%
0.17%
18.3%

1.91%
16.77%
0.37%
0.25%
0.00%
19.3%

1.81%
15.17%
0.58%
0.88%
0.12%
18.6%

Air Conditioner - Window
Sub-Total Space Cooling

7
7

850

6.50

38,675
38,675

3.71

22,100
22,100

28.03%
28.0%

21.11%
21.1%

26.05%
26.1%

Fridge - Small
Fridge - Medium
Fridge/Freezer - Small
Fridge/Freezer - Large
Freezer - Large
Sub-Total Refrigeration

1
2
1
5
4
13

250
300
275
450
500

6.00
5.00
5.00
4.40
2.50

1,500
3,000
1,375
9,900
5,000
20,775

6.00
6.00
6.00
5.20
4.50

1,500
3,600
1,650
11,700
9,000
27,450

1.09%
2.17%
1.00%
7.17%
3.62%
15.1%

1.43%
3.44%
1.58%
11.18%
8.60%
26.2%

1.19%
2.54%
1.16%
8.32%
5.04%
18.2%
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Walkthrough Audit
Electrical
Appliances
Page 2
Water Heating

Office Equipment

Medical Equipment

Rating
[W]
1,513
2,400

Average
Weekday
Usage
[h/day]
0.33
1.00

Average
Weekday
Power
Usage
[Wh]
1,966
2,400
4,366

Average
Weekend
Usage
[h/day]
0.19
1.00

Average
Weekend
Power
Usage
[Wh]
1,134
2,400
3,534

% of Total
on
Weekdays
1.42%
1.74%
3.2%

% of Total
on
Weekends
1.08%
2.29%
3.4%

% of
Total
1.33%
1.90%
3.2%

Item
Kettle
Kettle - Large
Sub-Total Water Heating

Quantity
4
1
5

Computer - Desktop (Use)
Computer - Desktop (Sleeping)
Computer - Laptop (Use)
Computer - Laptop (Sleeping)
Photocopier - Large (Use)
Photocopier - Large (Sleeping)
Printer - Laser (Use)
Printer - Laser (Sleeping)
Fax Machine - Laser (Use)
Fax Machine - Laser (Sleeping)
Other Office Equipment
Sub-Total Office Equipment

8
8
8
8
1
1
4
4
1
1
4
48

150
50
35
10
800
40
263
25
400
20
34

4.13
12.38
4.63
6.88
1.00
9.50
0.24
11
1.00
20.00
12.75

4,950
4,950
1,295
550
800
380
249
1,100
400
400
1,734
16,808

0.00
13.50
0.94
5.38
0.00
0.00
0.03
6.50
0.50
0.50
10.50

0
5,400
263
430
0
0
26
650
200
10
1,428
8,407

3.59%
3.59%
0.94%
0.40%
0.58%
0.28%
0.18%
0.80%
0.29%
0.29%
1.26%
12.2%

0.00%
5.16%
0.25%
0.41%
0.00%
0.00%
0.03%
0.62%
0.19%
0.01%
1.36%
8.0%

2.56%
4.04%
0.74%
0.40%
0.41%
0.20%
0.14%
0.75%
0.26%
0.21%
1.29%
11.0%

Autoclave - Large
Autoclave - Desktop
Suction Unit
X-Ray Illuminator
X-Ray Machine
X-Ray Processor
Microscope
Other Medical Equipment
Sub-Total Medical Equipment

1
3
5
7
2
1
4
18
41

12,000
1,967
350
27
80
1,000
15
263

0.00
0.00
0.40
1.70
6.00
0.25
1.38
0.40

0
0
700
321
960
250
83
1,888
4,202

0.00
0.00
0.25
0.29
0.00
0.00
0.00
0.04

0
0
438
54
0
0
0
197
689

0.00%
0.00%
0.51%
0.23%
0.70%
0.18%
0.06%
1.37%
3.0%

0.00%
0.00%
0.42%
0.05%
0.00%
0.00%
0.00%
0.19%
0.7%

0.00%
0.00%
0.48%
0.18%
0.50%
0.13%
0.04%
1.03%
2.4%
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Walkthrough Audit
- Electrical
Appliances
Page 3
Miscellaneous

Total

Item
Mobile Phone Charging
Kitchen Appliances
Maintenance Tools
Sub-Total Miscellaneous

Quantity
19
3
2
24
385

Rating
[W]
5
817
1,000

657

Average
Weekday
Usage
[h/day]
1.67
0.05
0.05

Average
Weekday
Power
Usage
[Wh]
159
112
100
370

Average
Weekend
Usage
[h/day]
0.68
0.06
0.00

Average
Weekend
Power
Usage
[Wh]
65
152
0
217

% of Total
on
Weekdays
0.12%
0.08%
0.07%
0.3%

% of Total
on
Weekends
0.06%
0.15%
0.00%
0.2%

% of
Total
0.10%
0.10%
0.05%
0.3%

4

137,989

2

104,670

100%

100%

100%

Table 23. Walkthrough Audit Data
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Appendix C
Feasibility Calculations
INPUT VALUE
CALCULATED VALUE
Common Design Parameters
Interest Rate
Inflation Rate
Project Duration
Present Worth Factor for Equal Annual Payments
Single Payment Present Worth Factor for Project Year 10
Single Payment Present Worth Factor for Project Year 20

Value

Unit

Notes

5%

Potential investment rate of return for internationally invested funds.
Solomon Islands' 2015 inflation rate has been projected at 5% (ADB 2014b, sec. 3, par. 3), with
the last 4 years between 4.75% and 6.25% (TRADING ECONOMICS 2014a). 5% has therefore
been assumed for the duration of the project.
Generic 20 year analysis period.
PWF for a series of equal annual payments throughout the life of the project.
Used to discount replacement items & other future costs in 2025 into present value.
Used to discount salvage values & future costs in 2035 into present value.

5%
20
20.00
1.00
1.00

y

$120,200

Upfront cost required to effectively achieve lower "EE action" load profile, when applied with
sound energy management.

Cost of EEO Equipment Replacement & Repair in 2025 [SBD]

$60,000

Approximate replacement cost of EE equipment such as LED tubes & energy efficient AC units
and refrigerators.

Annual Personnel O&M Cost

$14,350

/y

$240
$5,500
124.9
81.2
140.5
91.4
156.2
101.5

/y

Initial Cost of Implementing EEOs [SBD]

Annual Grid Service Charge [SBD]
Bi-Directional Meter Charge [SBD]
Average 2015 Daily Load - no action
Average 2015 Daily Load - with EE action
Average 2025 Daily Load - no action
Average 2025 Daily Load - with EE action
Average 2035 Daily Load - no action
Average 2035 Daily Load - with EE action

Cost of hiring one additional maintenance staff member, assumedly required for all selfgeneration configurations.
SB$20/month grid connection fee.
One-off charge for installation of bi-directional meter.
Estimated whole week daily average, as per energy audit. Assumed same as 2014 load.
Estimated whole week daily average with EE initiatives actioned, as per energy audit.
Estimated whole week daily average (12.5% increase from 2014 "no action" load).
Estimated whole week daily average (12.5% increase from 2014 "with EE action" load).
Estimated whole week daily average (25% increase from 2014 "no action" load).
Estimated whole week daily average (25% increase from 2014 "with EE action" load).

kWh/d
kWh/d
kWh/d
kWh/d
kWh/d
kWh/d
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GRID-CONNECTED SOLAR PV SYSTEM
Solar PV Design Inputs
Solar Module Rating
Solar Module Lifespan - Standard/Long Life
Solar Module Lifespan - Short Life
Solar Module Cost [SBD]
Inverter Rating
Inverter Lifespan - Short Life
Inverter Lifespan - Long Life
Inverter Cost [SBD]
Capital Cost Factor for Freight, Installation & Cabling

Value
190

Unit

20
10
$3,500
10
10
20
$35,000
20%

y
y
/panel
kW
y
y
/unit

Annual O&M Cost [SBD]

$100

/panel

Dirt/Salt Derating Coefficient (fdirt)
Manufacturing Derating Coefficient (fman)
Average Ambient Temp
Module Temperature

95%
95%
31.0
51.0

Temperature Coefficient
Temperature Derating Factor (ftemp)
Inverter Efficiency
Average PSH on Horizontal Surface
Minimum Average Monthly PSH on Horizontal Surface
Average PSH on Altitude Tilted (8.33° South) Surface
Minimum Average Monthly PSH on Altitude Tilted (8.33° South)
Surface
Average PSH on 23° Tilted Surface
Minimum Average Monthly PSH on 23° Tilted Surface
Average Daily System Output per Module at 23° Tilt
Minimum Monthly Average Daily System Output per Module at
23° Tilt
Reduced Solar Insolation Sensitivity Factor

-0.44%

Notes
Bosch solar panel size retailed by Sunpower in Honiara.

W

Assume panels will last the duration of the project.
Short-life sensitivity analysis.
As per Sunpower quote.
Conservative lifetime estimate of 3-phase grid-tie inverter as retailed by Sunpower in Honiara.
2 sets of inverters required over the project lifespan.
1 inverter required over the project lifespan.
As per Sunpower quote.
Additional cost estimate, as a percentage of capital, required for freight, installation & cabling.
In the event of extreme weather or vandalism, some O&M may be required additional to panel
cleaning & system checks.
Generic value.
Generic value.
As per data collected from Munda Meteorological Office on June 25, 2014
Assume 20°C increase from ambient temperature.

°C
°C
/°C above
STC

Derating factor as advertised by Bosch Solar Energy (2012).

88.6%
91%
5.34
4.24
5.38

kWh/m2/day
kWh/m2/day
kWh/m2/day

Using temperature coefficient & difference between ambient temp & 20°C STC temp.
As per MPP Solar brand inverters, as supplied by Sunpower (MPP Solar Inc 2013a).
Data from ASDC (2014a)
Data from ASDC (2014a)
Data from ASDC (2014a)

4.42

kWh/m2/day

Data from ASDC (2014a)

5.41
4.67
0.7469

kWh/m2/day
kWh/m2/day
kWh/d/panel

Optimum tilt angle for maximum annual average solar insolation & highest average insolation
during low insolation months, as per ASDC (2014a)
Using average monthly insolation at 23° tilt. Includes inverter efficiency.

0.6454

kWh/d/panel

Using minimum monthly insolation at 23° tilt. Includes inverter efficiency.

0.75

To test the project NPC if ASDC (2014a) has overestimated actual solar insolation averages.
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The calculations below have used the average daily insolation for the lowest insolation months, with a panel tilt angle of 23°.
Calculations for both 2025 and 2035 have been performed to compare the lifecycle costs for solar panel lifespans of 10 years and 20 years.
Solar PV System Capacity - non-scaled insolation data
Number of Modules Required to Supply 2025 Daily Cumulative
Load
Number of Modules Required to Supply 2035 Daily Cumulative
Load
Total PV System Rating Required to Completely Offset 2025
Monthly Grid Demand
Total PV System Rating Required to Completely Offset 2035
Monthly Grid Demand
Number of Inverters Required in 2025
Number of Inverters Required in 2035

No Change

EE Action

Notes

218

142

243

158

41.4

27.0

46.2

30.0

5
5

3
4

With a net metering system the calculated system size should produce enough power to
completely offset the hospital's grid power bill for each month in the given year. Also, with solar
panels being modular, and inverters typically cascadable, the shorter lifespan systems can have
additional module numbers included during replacement.

The calculations below have used 75% of the average daily insolation for the lowest insolation months, with a panel tilt angle of 23°.
Solar PV System Capacity - insolation data scaled 75%
Number of Modules Required to Supply 2025 Daily Cumulative
Load
Number of Modules Required to Supply 2035 Daily Cumulative
Load
PV System Rating Required to Completely Offset 2025 Monthly
Grid Demand [kW]
PV System Rating Required to Completely Offset 2035 Monthly
Grid Demand [kW]
Number of Inverters Required in 2025
Number of Inverters Required in 2035

No Change

EE Action

Notes

291

189

323

210

55.3

35.9

61.4

39.9

6
7

4
4
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20% has been added to all capital costs to account for freight, installation and cabling. No discounting has been performed due to single payment present worth factors of 1.
Solar PV NPC Calculations with 10 y Solar Panel & Inverter Life, &
75% Insolation Data Scaling
Solar Panel Initial NPC [SBD]
Solar Panel Replacement NPC [SBD]
Inverter Initial Cost [SBD]
Inverter Replacement Cost [SBD]
Lifespan Maintenance [SBD]
EEO Initial Cost [SBD]
EE Equipment Replacement Cost [SBD]
Total Miscellaneous O&M NPC [SBD]
Salvage Value [SBD]
Total Solar PV System NPC [SBD]

No Change
$1,227,700
$1,356,600
$252,000
$294,000
$614,000
$0
$0
$291,800
$0
$4,036,100

EE Action
$799,300
$882,000
$168,000
$168,000
$399,000
$120,200
$60,000
$291,800
$0
$2,888,300

Notes
Includes cost of bi-directional meter.

Solar PV NPC Calculations with 20 y Solar Panel & Inverter Life, &
No Insolation Data Scaling
Solar Panel Initial Cost [SBD]
Solar Panel Replacement Cost [SBD]
Inverter Initial Cost [SBD]
Inverter Replacement Cost [SBD]
Lifespan Maintenance [SBD]
EEO Initial Cost [SBD]
EE Equipment Replacement Cost [SBD]
Total Miscellaneous O&M NPC [SBD]
Salvage Value [SBD]
Total Solar PV System NPC [SBD]

No Change
$1,026,100
$0
$210,000
$0
$486,000
$0
$0
$291,800
$0
$2,013,900

EE Action
$669,100
$0
$126,000
$0
$316,000
$120,200
$60,000
$291,800
$0
$1,583,100

Notes
Includes cost of bi-directional meter.
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Includes wage for additional maintenance person & grid service charge.

Includes wage for additional maintenance person & grid service charge.

GRID-CONNECTED DIESEL ELECTRIC GENERATOR SYSTEM
Diesel System Design Inputs
Fuel Cost 2014 [SBD]
Generator Cost per kVA [SBD]
Generator Cost per kVA Including Freight & Duty [SBD]

Value
$14.00
$3,800
$5,812

Unit
/l
/kVA
/kVA

Notes

Non-Personnel O&M Cost [SBD]

$0.181

/kW-rated/h

Generator Operating Lifespan - Short-Life

12,000

h

Generator Operating Lifespan - Long-Life

30,000

h

Power factor

80.0%

Maximum Weekly Operating Factor

0.24

Generator Fuel Consumption - High Cost

0.36

L/h/kWrated

Generator Fuel Consumption - Low Cost

0.26

L/h/kWrated

Estimate based on internet search of average diesel electric generator sale prices.
Estimate includes 15% for freight & 33% for tax & duty.
HOMER Energy (2010) recommends US$0.02 kW-rated per operating hour. An additional 25%
has been added as there are limited diesel service resources available in the region.
A 1,800-rpm water-cooled generator will require major overhaul at 12,000 to 30,000 hours (US
Power & Environment 2014, sec. 2, par. 2). Both extremes have been assessed. Due to lack of
available maintenance services in the region, and expected lack of minor maintenance
performed, the hours required for major overhaul have been assumed as the lifespan.
Approximate based on common 5 - 30 kVA diesel generators.
Assume prime generator is operated for 8 hours per day on weekdays only, when O&M
personnel are working on-site.
Approximate high-end fuel consumption at rated load, as per averages from online diesel
generator sales & specification sheets.
Approximate low-end fuel consumption at rated load, as per averages from online diesel
generator sales & specification sheets.

For simplicity, only one generator size for each scenario will be selected for the duration of the project, rather than gradually increasing capacity with each replacement generator to meet the load
profile of the next period for which it would be planned for service. It is assumed that the generator will run at rated load when operated.
Diesel System Capacity
No Change
EE Action
Notes
Generator Size Required in 2035 [kVA]
35.0
23.0 Values rounded up. Assume generators of this rating can be sourced.
Operating Hours in 2015 [h]
1,628
1,611
Operating Hours in 2035 [h]
2,036
2,013
Cumulative Operating Hours [h]
36,643
36,242 Assuming linear annual increase in energy demand throughout the project.
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Diesel System Cost - Short Life Generator with High Fuel
Consumption
Number of generators required
Total Capital NPC [SBD]
Total Non-Personnel O&M NPC [SBD]
Total Fuel NPC [SBD]
EEO Initial Cost [SBD]
EE Equipment Replacement Cost [SBD]
Miscellaneous O&M NPC [SBD]
Net Present Salvage Value of Final Generator [SBD]
Total Diesel System NPC [SBD]

No Change
4
$819,194
$185,965
$5,171,116
$0
$0
$291,800
-$10,907
$6,457,168

EE Action

Diesel System Cost - Long Life Generator with Low Fuel
Consumption
Number of generators required
Total Capital NPC [SBD]
Total Non-Personnel O&M NPC [SBD]
Total Fuel NPC [SBD]
EEO Initial Cost [SBD]
EE Equipment Replacement Cost [SBD]
Total Personnel O&M NPC [SBD]
Net Present Salvage Value of Final Generator [SBD]
Total Diesel System NPC [SBD]

No Change
2
$412,347
$185,965
$3,734,695
$0
$0
$291,800
-$45,047
$4,579,759

EE Action

4
$540,213
$120,867
$3,360,949
$120,200
$60,000
$291,800
-$2,697
$4,491,333

2
$272,857
$120,867
$2,427,352
$120,200
$60,000
$291,800
-$27,815
$3,265,262
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Notes
Includes cost of bi-directional meter

Includes wage for additional maintenance person & grid service charge.

Notes
Includes cost of bi-directional meter

Includes wage for additional maintenance person & grid service charge.

GRID-CONNECTED WIND TURBINE SYSTEM
Wind System Design Inputs
Turbine Rated Output

Value

Unit
2.4

kW

Turbine Lifespan - High-End Estimate

10

y

Turbine Lifespan - Low-End Estimate

20

y

Supporting Infrastructure Lifespan

20

y

Capital Cost per Turbine [SBD]
Capital Cost of Supporting Infrastructure [SBD]
Non-Personnel O&M Cost [SBD]
Site Average 10 m Wind Speed - High-End Estimate
Site Average 10 m Wind Speed - Low-End Estimate
Turbine Cut-In Wind Speed
Turbine Rated Wind Speed

$118,395

/turbine

$21,605

/turbine

$5,000
3.2
4.3
3.5
13

Site Capacity Factor at 10 m - High-End Estimate

3.1%

Site Capacity Factor at 10 m - Low-End Estimate

3.9%

Notes
Rating of American-made Skystream 3.7 model residential turbine.
According to Forsyth (2009, 9), wind turbines should last from 15 and 30 years. With exposure
to salty ocean air & potential extreme weather conditions, 10 years is the low-end estimate.
High-end estimate will be the same as the project duration.
Assume poles and guy-wires will last the duration of the project for both low and high-end
estimates.
AU$13,000 for the turbine (as per quote from Australian retailer Eden Power Pty Ltd), plus
approximately AU$250 freight and 33% import tax.
Includes poles, guy-wires, concrete and reinforcements. Includes domestic freight and
installation. As per Solomon Island hardware prices.
Approximate cost required for minor maintenance & major overhauls for blade, bearing or gear
replacement.
Average annual wind speed from ASDC (2014a) data, scaled down 25% (as per Section 4.1.3).
Non-scaled annual average from ASDC (2014a)
As per Skystream turbine specifications (XZERES Wind Corp. 2013)
As per Skystream turbine specifications (XZERES Wind Corp. 2013)
Using a conservative open site wind shear exponent of 0.143 (AWS Scientific, Inc 1997), with
wind speed frequency data from MMO. See Section 4.1.3.
Using a wind shear exponent of 0.25, applicable to topography with several buildings (The
Engineering ToolBox. n.d.), to better represent the actual monitoring site.

/y/turbine
m/s
m/s
m/s
m/s
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The calculations below distinguish between the lowest and highest costs to provide a realistic cost range, based on the low and high-end estimates above.
Wind System Size & Cost - High-End Estimate
No Change
EE Action
Notes
Number of Turbines Required to Offset 2035 Monthly Load
88.0
57.0
Assume that the initial installed system will be designed to satisfy the projected 2035 monthly
Total Required Rated Capacity [kW]
211
137
load.
Total Capital NPC [SBD]

$22,744,260

$14,734,015

O&M NPC [SBD]
EEO Initial Cost [SBD]
EE Equipment Replacement Cost [SBD]
Total Personnel O&M NPC [SBD]
Net Present Salvage Value of Final Turbine [SBD]
Total System NPC - High-End Estimate [SBD]

$8,800,000
$0
$0
$291,800
$0
$31,836,060

$5,700,000
$120,200
$60,000
$291,800
$0
$20,906,015

Wind System Size & Cost - Low-End Estimate
Number of Turbines Required to Offset 2035 Monthly Load
Total Required Rated Capacity [kW]

No Change
70.0
168

EE Action
46.0
110

Total Capital NPC [SBD]

$9,805,500

$6,445,500

$7,000,000
$0
$0
$291,800
$0
$17,097,300

$4,600,000
$120,200
$60,000
$291,800
$0
$11,517,500

O&M NPC [SBD]
EEO Initial Cost [SBD]
EE Equipment Replacement Cost [SBD]
Total Personnel O&M NPC [SBD]
Net Present Salvage Value of Final Turbine [SBD]
Total System NPC - Low-End Estimate [SBD]

Includes turbine replacement after 10 years. Supporting infrastructure assumed to have full 20
year lifetime. Includes bi-directional meter

Includes wage for additional maintenance person & grid service charge.

Notes

No replacement necessary if turbines last the full 20 year project life. Includes bi-directional
meter.

Includes wage for additional maintenance person & grid service charge.

Table 24. Manual Feasibility Calculations
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Appendix D
Solar PV Capacity Optimisation
Lifecycle
Parameters

Year
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
TOTAL

Year
No.
-1
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Annual Electricity
Demand

Value of Power Required

No
Change

EE
Action

No Change

EE Action

[kWh/y]
45,589
46,131
46,674
47,217
47,759
48,302
48,845
49,388
49,930
50,473
51,016
51,558
52,101
52,644
53,187
53,729
54,272
54,815
55,357
55,900
56,443
56,986
1,128,315

[kWh/y]
29,638
29,991
30,344
30,697
31,049
31,402
31,755
32,108
32,461
32,814
33,166
33,519
33,872
34,225
34,578
34,931
35,283
35,636
35,989
36,342
36,695
37,048
733,541

[SBD]
$332,705
$336,666
$340,626
$344,587
$348,548
$352,509
$356,470
$360,430
$364,391
$368,352
$372,313
$376,273
$380,234
$384,195
$388,156
$392,116
$396,077
$400,038
$403,999
$407,960
$411,920
$415,881
$7,901,741

[SBD]
$216,298
$218,873
$221,448
$224,023
$226,598
$229,173
$231,748
$234,323
$236,898
$239,473
$242,048
$244,623
$247,198
$249,773
$252,348
$254,923
$257,498
$260,073
$262,648
$265,223
$267,798
$270,373
$5,137,080

Grid
Service
Charge

PV
System
O&M
Cost

[SBD]

[SBD]

$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$5,040

$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$14,450
$303,450
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System Size:

Year
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
TOTAL

30 kW

EE
Action
Cost

PV
Capital
Cost

[SBD]
$120,200

Net Electricity Cost

Annual NPC

Cumulative NPV

Inverter
Cost

PV
Power
Output

Market
Value of
PV Power

No Change

EE Action

No Change

EE
Action

No Change

EE Action

No Change

EE Action

[SBD]

[SBD]

[kWh/y]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

$677,340

$115,500

43,034
42,502
41,984
41,478
40,984
40,502
40,031
39,571
39,121
38,682
38,252
37,832
37,420
37,018
36,624
36,239
35,861
35,492
35,129
34,775
34,427
806,958

$314,058
$310,181
$306,399
$302,707
$299,103
$295,584
$292,147
$288,789
$285,508
$282,300
$279,163
$276,095
$273,094
$270,158
$267,284
$264,470
$261,715
$259,017
$256,374
$253,785
$251,247
$5,889,180

$314,058
$310,181
$306,399
$302,707
$299,103
$295,584
$292,147
$288,789
$285,508
$282,300
$279,163
$276,095
$273,094
$270,158
$267,284
$264,470
$261,715
$259,017
$256,374
$253,785
$251,247
$5,889,180

$218,873
$221,448
$224,023
$226,598
$229,173
$231,748
$234,323
$236,898
$239,473
$242,048
$244,623
$247,198
$249,773
$252,348
$254,923
$257,498
$260,073
$259,017
$256,374
$253,785
$251,247
$5,091,463

$22,847
$30,685
$38,429
$46,081
$53,645
$61,125
$68,523
$75,842
$83,084
$90,253
$97,350
$104,379
$111,341
$118,238
$125,073
$131,847
$138,563
$145,221
$151,825
$158,376
$164,874
$2,017,600

$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$3,870
$9,088
$14,253
$19,366
$50,658

$830,137
$45,135
$52,879
$60,531
$68,095
$75,575
$82,973
$90,292
$97,534
$104,703
$227,300
$118,829
$125,791
$132,688
$139,523
$146,297
$153,013
$159,671
$166,275
$172,826
$179,324
$3,229,390

$927,730
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$190,190
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$18,320
$23,538
$28,703
$33,816
$1,442,648

-$493,472
-$197,980
$93,728
$381,745
$666,159
$947,053
$1,224,510
$1,498,610
$1,769,428
$2,037,037
$2,186,010
$2,447,416
$2,705,820
$2,961,288
$3,213,882
$3,463,662
$3,710,687
$3,955,015
$4,196,699
$4,435,794
$4,672,350
$4,672,350

-$708,857
-$502,099
-$292,766
-$80,858
$133,625
$350,683
$570,316
$792,524
$1,017,307
$1,244,665
$1,299,098
$1,531,606
$1,766,689
$2,004,346
$2,244,579
$2,487,387
$2,732,770
$2,977,097
$3,218,781
$3,457,876
$3,694,433
$3,694,433

$60,000

$180,200

Value of Useable
PV Power

$115,500

$677,340

$231,000
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System Size:

Year
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
TOTAL

47 kW

EE
Action
Cost

PV Capital
Cost

Inverter
Cost

[SBD]

[SBD]

$120,200

$1,061,166

$60,000

$180,200

Net Electricity Cost

Annual NPC

Cumulative NPV

PV Power
Output

Market
Value of
PV Power

No Change

EE Action

No
Change

EE
Action

No Change

EE Action

No Change

EE Action

[SBD]

[kWh/y]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

[SBD]

$180,950

67,419
66,587
65,775
64,982
64,209
63,453
62,715
61,995
61,290
60,601
59,928
59,270
58,625
57,995
57,378
56,774
56,183
55,603
55,036
54,480
53,935
1,264,234

$492,025
$485,951
$480,024
$474,241
$468,595
$463,082
$457,698
$452,437
$447,295
$442,270
$437,356
$432,549
$427,848
$423,247
$418,745
$414,337
$410,021
$405,794
$401,653
$397,596
$393,620
$9,226,383

$336,666
$340,626
$344,587
$348,548
$352,509
$356,470
$360,430
$364,391
$368,352
$372,313
$376,273
$380,234
$384,195
$388,156
$392,116
$396,077
$400,038
$403,999
$401,653
$397,596
$393,620
$7,858,849

$218,873
$221,448
$224,023
$226,598
$229,173
$231,748
$234,323
$236,898
$239,473
$242,048
$244,623
$247,198
$249,773
$252,348
$254,923
$257,498
$260,073
$262,648
$265,223
$267,798
$270,373
$5,137,080

$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$6,547
$14,564
$22,501
$47,932

$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$240
$5,040

$1,256,806
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$195,640
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$20,997
$29,014
$36,951
$1,774,448

$1,377,006
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$255,640
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$14,690
$1,911,756

-$920,140
-$594,204
-$264,307
$69,551
$407,370
$749,149
$1,094,890
$1,444,591
$1,798,253
$2,155,875
$2,336,509
$2,702,053
$3,071,558
$3,445,023
$3,822,450
$4,203,837
$4,589,185
$4,978,494
$5,365,457
$5,748,363
$6,127,293
$6,127,293

$180,950

$1,061,166

Value of Useable
PV Power

$361,900
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-$1,158,133
-$951,375
-$742,042
-$530,134
-$315,651
-$98,593
$121,040
$343,248
$568,031
$795,389
$784,372
$1,016,880
$1,251,963
$1,489,620
$1,729,853
$1,972,661
$2,218,044
$2,466,001
$2,716,534
$2,969,642
$3,225,324
$3,225,324

Summary Results
Notes
- Approximate initial solar PV output of 3.93 kWh/d/kW-rated (average value
for the lowest insolation month, July for a panel set at 23° South) has been
reduced linearly over the 20 year project lifetime to about 84% of this value due
to aging of panels, as suggested by the Bosch Solar Energy (2012) performance
guarantee.
- Approximate EE Action cost added at project midpoint for energy efficient
appliance purchase and replacement, such as light bulbs, air-conditioners and
refrigerators.
- No discounting applied as the inflation rate is expected to be similar to the
nominal interest rate, giving a neutral present worth factor.
- O&M cost includes one additional maintenance person (SB$14,350/y) plus
SB$100 per year general maintenance.

Total NPC

Total NPV

PV
Capacity

No Change

EE Action

No Change

EE Action

[kW]
0
1
5
10
15
20
25
30
35
40
45
47
50
55
60
65
70

[SBD]
$7,906,781
$8,044,203
$7,380,091
$6,549,951
$5,719,811
$4,889,670
$4,059,530
$3,229,390
$2,467,726
$1,993,255
$1,787,590
$1,774,448
$1,822,390
$1,973,780
$2,125,170
$2,276,560
$2,427,950

[SBD]
$5,142,120
$5,459,742
$4,795,630
$3,965,490
$3,135,350
$2,305,210
$1,659,461
$1,442,648
$1,548,420
$1,699,810
$1,851,200
$1,911,756
$2,002,590
$2,153,980
$2,305,370
$2,456,760
$2,608,150

[SBD]
-$308,490
-$142,462
$521,650
$1,351,790
$2,181,930
$3,012,070
$3,842,210
$4,672,350
$5,434,015
$5,908,485
$6,114,151
$6,127,293
$6,079,351
$5,927,961
$5,776,571
$5,625,181
$5,473,791

[SBD]
-$488,690
-$322,662
$341,450
$1,171,590
$2,001,730
$2,831,870
$3,477,620
$3,694,433
$3,588,660
$3,437,270
$3,285,880
$3,225,324
$3,134,490
$2,983,100
$2,831,710
$2,680,320
$2,528,930

Table 25. Solar PV System Optimisation Calculations
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Appendix E
HOMER Simulation Inputs
Category

Input Name
Loads

Equipment
to
Consider

Input Value
Load 1 &
Load 2

Notes
As they differ greatly, separate average weekend and weekday load profiles will be input.

Components

PV; Wind;
Converter;
Generator 1.

SIEA has agreed to exempt the hospital from any self-generation charges. Therefore, there appears to be little benefit in designing a
stand-alone system when the cost of maintaining grid connection will only be the one-off cost of a new 3-phase bi-directional meter
(about SB$5,000). Therefore, with a net metering system to be put in place for any self-generating grid-connected system, the grid
will provide the spinning reserve necessary to achieve peak loads and power provision in the case where the hospital's own
generation capacity is not producing sufficient electricity to meet the load.
Therefore, energy storage options will not be considered in this case. Included for consideration, however, is solar PV, wind power
and diesel generators. A converter will also be required for systems incorporating solar PV.

Grid

System is
connected to
the grid

As there appears to be little benefit in storing energy in a grid-connected net-metered system, and storing energy will involve
additional expense and inefficiencies, grid-connected systems only will be investigated.
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Category

Input
Name

Load
Profiles
Label

Load Type
Data
Source
Month
Load
Profiles

Day Type

Input Value
Load 1:
Hospital
Weekday
Load;
Load 2:
Hospital
Weekend
Load
AC
Enter daily
profile(s)
January
Load 1:
Weekday;
Load 2:
Weekend

Notes

Both an average weekday and average weekend load profile will be considered.

The hospital uses predominantly AC (alternating current) appliances.
Annual average hourly energy demand will be entered for each load profile. This data has been approximated from the meter readings
taken during the energy audit.
Due to no apparent seasonal pattern in energy demand the load profiles will be averages applicable to the whole year.
The two load profiles will be for weekdays and weekends.

The base case load profile will be the projected 2025 weekday and weekend load profiles for the case where the hospital has fully and successfully
implemented an energy management program. For simplicity, the 2014 profile will be entered, and then scaled using the "Scaled Annual Average"
input, also under the Primary Load Inputs tab.

Load
Profiles

Load
Profiles

Hour
2014 Weekday Load (kW)
2014 Weekend Load (kW)

0-1
4.93
4.85

1-2
4.34
4.67

2-3
4.52
4.41

3-4
4.38
4.30

4-5
4.04
4.19

5-6
3.99
4.08

6-7
3.95
3.97

7-8
3.62
3.86

8-9
5.04
3.75

9-10
6.96
3.87

10-11
7.74
3.99

11-12
8.64
3.55

Hour
2014 Weekday Load (kW)
2014 Weekend Load (kW)

12-13
8.50
4.55

13-14
8.16
4.47

14-15
8.23
4.38

15-16
7.34
4.45

16-17
6.28
4.10

17-18
4.66
3.75

18-19
4.81
4.70

19-20
4.98
4.54

20-21
4.73
4.38

21-22
4.76
4.31

22-23
4.40
4.24

23-24
3.97
4.17
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Day-toDay
Variability

Weekday:
30%
Weekend:
10%

TimeStep-toTime-Step
Variability

Weekday:
30%
Weekend:
15%

Scaled
Annual
Average

Weekday No
Change: 106.8
kWh/d
Weekday EE
Action: 69.4
kWh/d
Weekend No
Change: 33.7
kWh/d
Weekend EE
Action: 21.9
kWh/d

The 2025 projected load profile will be used for simulations, for both "EE Action" and "No Change" scenarios. It is assumed, for
simplicity, that hospital load will increase linearly from 2014 through to the project completion year, 2035. As discussed in Appendix
M, the No Change 2035 load will increase by about 25%. The "EE action" load profile will see a 35% reduction in the No Change load
profile. Therefore, 2025 will see a No Change scaling of 112.5% on the 2014 load, and a 73.1% scaling for the "EE action" scenario.
Note, this input is an annual daily average, thus the weekend load will be 2/5 of the actual daily load, and the weekday load is 5/7 of
the actual daily load

Efficiency
Measures

None Selected

Efficiency measures have not been measured as they have been incorporated into the load profile sensitivities. The additional net
present cost (NPC) required to achieve all the energy efficiency opportunities identified in the energy audit analysis can be added to
the total system NPC for the case(s) using the lower energy demand profiles.

Load
Profiles

Load
Profiles

During the energy audit, daily weekday meter readings varied by up to 30%, and by about 10% on average. To ensure a high peak load
is calculated to reflect the use of the proposed 12 kW autoclave (to some extent), a relatively high day-to-day variability of 30% has
been entered. A lower variability has been entered for weekends because the meter data suggests less variability during weekend
days, plus it has been assumed that the large autoclave will not operate on weekends.
During the energy audit, hourly weekday and weekend meter readings varied significantly, particularly shortly after dawn and shortly
before dusk when the security lights are turned off or on, and many air-conditioning units are turned on or off. As with the day-to-day
variability, a high weekday variability has been input for time-step variability due both to the variations evident from the meter data,
and to accommodate (to some extent) the operation of the 12 kW autoclave which will significantly increase the peak instantaneous
load (see note below). Again, the weekend hourly perturbation factor is lower as suggested by the meter reading data, and since the
autoclave will unlikely operate on weekends.
Note: the peak electricity demand, derived from the daily and hourly perturbance values does not exactly reflect that which has been
forecast (the forecast values being higher due to the proposed large autoclave). However, with the system being tied to the grid at
minimal cost, the system size will not necessarily need to cater for the additional peak power required to run the autoclave.
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Category
Solar PV

Solar PV

Input Name

Input Value

Costs:
Size & Capital

10 kW system for
SB$225,780

Costs:
Replacement.

10 kW system for
SB$206,333

Costs:
O&M

SB$100.00/y/panel

Sizes to
Consider

0; 10 kW; 20 kW;
30 kW; 40 kW; 50
kW

Output
Current

DC

Lifetime

20 y

Derating
Factor

90%

Slope

23°

Azimuth
Ground
Reflectance

180°

Most solar panel manufacturers offer a 25 year standard warranty on their solar panels (Maehlum 2014). As the salvage value
of 20 year old panels (20 years being the life span of the project) is expected to be negligible, a generic lifetime of 20 years has
been applied.
Approximate derating factors of 0.95, 0.95 and 0.88 for dirt, manufacturing and temperature, respectively. Temperature
derating to be established under the "Advanced" section, therefore, manufacturing and dirt derating factors are only included
in this value.
According to data from ASDC (2014a), tilt angles of 0°, 8.3° (latitude angle), 23°, and 90° to the equator (North) will receive an
daily average solar insolation of 5.27, 5.38, 5.41 and 2.64 kWh/m2/day. The 23° tilt angle has been chosen because of its
ability to attain higher daily average insolation levels during the months of lower average daily insolation (May to August), and
also because monthly variations in insolation appear lowest at this angle.
Array to be pointed toward equator (North) for maximum solar insolation.

20%

Reflectance available particularly from nearby lagoon water and nearby building roofs. Generic value of 20% selected.

Solar PV

Notes
As per local solar retailer Sunpower, 190 W Bosch or equivalent mono-crystalline panels will cost SB$3,500 per panel, plus
SB$230 for aluminium racking per panel (as per preliminary quote received from Sunpower on July 24, 2014). Bulk purchases
may be eligible for a small discount, however, this has not been confirmed therefore no discount has been assumed to ensure
costs are not underestimated. According to Sunpower, installation for a 30 kW unit, including cabling, consumables and labour,
will cost approximately SB$88,000, or SB$2,933/kW (as per preliminary quote received from Sunpower on July 24, 2014). As
discounts for bulk purchase are expected to be small, and for simplicity installation costs will be assumedly proportional to
system size, a linear cost curve for cost and replacement will be used to approximate system cost for a variety of sizes (hence
only one line entry under costs).
10% has been added for domestic shipping and unforeseen auxiliary costs, such as additional wiring and electrical connections.
Replacement capital costs will be the same as for initial capital, though excluding racking for the panels - as they are assumed
to have a lifespan longer than the project life. Installation expense is likely to be reduced as much or the racking and cabling
will already be in place. A conservative reduction of 25% in installation costs (as compared to the initial installation) has been
applied.
Minimal O&M for solar PV is anticipated. However, in the event of extreme weather, or other circumstances, panels, racking
and/or wiring may need repair.
Installations of 10,000 W increments (about 53 panels per 10 kW) have been applied. The grid-tie inverters (10 kW inverters
quoted from Sunpower) are cascadable allowing multiple units to be used in tandem.
Solar PV output will be DC, and run straight to the controller/inverter/battery charger.
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Solar PV

Tracking
System
Temperature
Coefficient of
Power
Nominal
Operating
Cell Temp
Panel
Efficiency

No Tracking
-0.44%/°C

Due to anticipated maintenance and cost issues, no tracking mechanism will be considered.
Daytime temperatures will almost always sit above the 25°C standard test condition (STC) temperature. Therefore, high cell
temperatures will almost always result in derated performance. Bosch advertise 190 Wp mono-crystalline panels (as supplied
by Sunpower in Honiara) as having a cell derating factor of -0.44% for every °C above STC (Bosch Solar Energy 2012).

51°C

Data from the Munda Meteorological Office indicate an average monthly mean temperature of 31.0°C, with little variation
throughout the year. Cell temperatures have been estimated at 20°C above this mean.

15%

High efficiency mono-crystalline silicon cells have shown energy conversion efficiencies at about 18% (Fader et al. 2011, 32).
However, Bosch panel brochures indicate a performance guarantee of 90% for up to 10 years, and 80% for up to 25 years
(Bosch Solar Energy 2012). A conservative 84% of this high-end 18% efficiency has been applied to give an average efficiency of
15% at STC.
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Category
Diesel
Generator
Set

Diesel
Generator
Set

Diesel
Generator
Set

Input
Name

Input Value

Cost:
Costs

Size: 1 kW;
Capital:
SB$6,959
Replacement:
SB$6,959

Cost:
O&M

SB$0.181/h

Costs:
Sizes to
Consider

0 kW; 5 kW;
10 kW; 15
kW; 20 kW;
25 kW

Costs:
Type

AC

Costs:
Lifetime
Operating
Hours
Costs:
Minimum
Load Ratio
Fuel:
Fuel Type
Fuel:
Intercept
Coefficient
Fuel:
Slope

15,000 h

40%
Diesel

Notes
Diesel generator sets are widely available in Australia. A review of average prices of 3-phase generator sets up to 35 kVA as advertised
by Australian dealers indicates an equivalent cost of about SB$3,800 per kVA. A typical power factor of 0.8 has been applied (to
achieve the kW rating from the kVA rating), thus giving SB$4,750 per kW. A generic freight cost of 15% value has been added, plus
31.5% for import duty and goods tax (as per discussions with Solomon Islands customs officials at Noro on 22 July, 2014). For
simplicity, a linear relationship between size and cost has been assumed, and replacement costs will be presumably close to the same
as initial capital.
HOMER Energy (2010) suggests a HOMER O&M input for diesel generators of about US$0.02 (SB$0.145) per kW per operating hour.
As few maintenance resources will likely be available in Solomon Islands in terms of spare parts and a skilled maintenance team, an
additional 25% has been added to this value. It is assumed that this value includes all major and minor maintenance and overhauls.
Diesel generator sets are available in Australia a variety of sizes for both single-phase and three phase water or air cooled units. For
simplicity, generator sizes in 5 kW increments have been applied.
An AC generator will be required to feed the hospital's electrical appliances.
Standard 1800 rpm water-cooled diesel generator sets generally operate for between 12,000 and 30,000 hours before major
maintenance is required (US Power & Environment 2014, sec. 2, par. 2). A generic lifespan value of 15,000 hours on the lower end of
this scale has been chosen due to expected difficulties in accessing the required resources to perform both minor and major
maintenance - thus the major overhaul period has been applied as the total generator lifespan. As can be seen in the manual
calculations, increasing the lifespan of generator from 12,000 to 30,000 hours does not significantly affect the financial viability of a
diesel-only system (fuel cost being the major contributor to NPC).
GeneratorJoe (2014, sec. 10, par. 2) recommends a minimum load ratio of 40%, to avoid inefficient operation and early failure. A
generic value of 40% has therefore been chosen.
Diesel fuelled generators will be considered as they are commonly used in the region and diesel fuel is readily available.

0.1 L/h/kWrated

For simplicity, a generic fuel intercept coefficient of 0.1 L/h/kW-rated has been entered. Note that it is unlikely that in reality the
generator will often be run at idle.

0.31 L/h/kWoutput

The same review of common <35 kVA 3-phase generator sets as for the Intercept Coefficient has been performed for the approximate
fuel consumption at full load. The survey revealed an average fuel consumption of 0.31 L/kW/h-output.
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Fuel:
Advanced

Diesel
Generator
Set

Schedule

Emissions

No heat
recovery
Weekdays:
Forced Off
from 5pm to
9am;
Optimised
from 9am to
5pm
Weekends:
Forced Off all
day
Default

With little requirement for low temperature heating at the hospital, and in an attempt to maximise system simplicity, no heat recovery
will be considered for this project.

HOMER simulations will be left to optimise the usage of any potential diesel engine electricity generation during working hours on
weekdays only. This is when O&M personnel will be available on site to run the generator set.

Generic emission factors have been chosen. It is presumed that almost any alteration in electricity supply sources will be an
improvement on SIEA's environmental impact.
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Category

Grid

Grid

Grid

Input Name
Rates:
Price
Rates:
Sellback
Rates:
Demand
Rates:
Time Period

Input Value
SB$7.298/kWh

SIEA have a blanket 2014 commercial electricity tariff of SB$7.2977 per kWh (SIEA 2014b).

SB$0.00/kWh

No FiT exists for private power generation exported into the grid.

SB$0.00/kW/month
All Week

Rates:
Net Metering

Net Metering;
Net purchases
calculated monthly

Emissions

Default

Advanced:
Interconnection
Charge

SB$5,500.00

Advanced:
Standby Charge

SB$240.00/y

Advanced:
Sale Capacity

N/A (large default
value of 1000 kW
applied)

Advanced:
Purchase
Capacity
Advanced:
Max Net Grid
Purchases
Advanced:
Control
Parameters

Notes

No peak demand charges exist under the SIEA tariff scheme.
SIEA has a set single tariff applicable every hour of every day of the week.
SIEA will not pay domestic or commercial generators for electricity fed to into the grid (SIEA 2013a, 6). However, the
metering scheme utilises a net meter, whereby private installations' self-generated electricity is subtracted from the total
electricity consumed to calculate the grid power consumed (SIEA 2013a, 9). It is presumed that meter readings will be taken
monthly, as with regular meters.
Default values have been selected. Environmental impact will be assessed from a high-level qualitative perspective.
Applicants deemed eligible for a grid-connected self-generation installation will have their power meter changed by SIEA at
the expense of the applicant. A 3-phase bi-direction meter for a solar system, for example, will likely cost at least SB$5,000
(as per e-mail from Grace Kitione, SIEA Regulatory Engineer, on June 30, 2014). No specific price has been obtained, so a
10% additional cost has been approximated.
As per HGH power bills, a SB$20/month service charge applies to all SIEA grid customers.
SIEA have noted that if the local network transformer is too small to support the power generation from a private
installation, the application will be declined or downsized, unless the applicant pays for a network upgrade (SIEA 2013a).
Since we do not know these limits, we will assume the network is capable of handling the feed-in from the hospital's
proposed system.

100 kW

A high value has been implemented so that no limitations are in place for the system size and configuration.

No limit

No limitations have been set on grid purchases.

No control
parameters

As the grid purchase and FiTs are single set values, no control parameters have been implemented.
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Forecasting

No forecasting

No power forecasting is required, as per SIEA.
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Category

Converter

Converter

Converter

Input
Name

Costs

Input Value
Size: 10.0 kW;
Capital:
SB$38,500
Replacement:
SB$38,500

O&M

SB$100.00/y

Sizes to
Consider

0 kW; 10 kW;
20 kW; 30
kW; 40 kW;
50 kW

Lifetime

10 y

Efficiency

91%

Operation
with AC
Generator?
Rectifier
Capacity
Rectifier
Efficiency

Yes

Notes
Sunpower have quoted their 10 kW 3-phase grid-tie pure sine-wave inverter-charger at SB$35,000 (preliminary quote received from
Sunpower on July 24, 2014). 10% has been added for freight. Installation costs have been built into the solar PV cost estimation. Even
though technological improvements and market forces may reduce future inverter prices, it has been conservatively assumed that
replacement costs will be the same as initial capital.
An approximate maintenance charge of SB$100 per year, as minimal maintenance is expected to be necessary for the
inverter/converter.
Sunpower offers a variety of inverter-charger sizes that are cascadable allowing a number of units to be used in tandem if necessary.
For simplicity, sizes will be considered in 10 kW increments, and sized to mirror the solar PV sizes as there are no other DC power
generating or storage devices in the system.
Note: HOMER will calculate the cost of system configurations where the converter capacity does not match the solar PV capacity.
However, only configurations where they are the same capacity have been considered for analysis.
Inverters in solar systems tend to last from 10 years (Mastervolt n.d., sec. 1, par. 1) to 20 years (Ma 2013). 10 years has been
conservatively estimated, as it is anticipated that there will be limited salvageable value of second-hand inverters (e.g. if the inverter
lifespan was made to be 15 years, it is anticipated that if a replacement set of inverters were purchased at the 15 year mark, that after
5 years at the project's completion date, the units would have minimal salvageable value, as would otherwise be included in the
HOMER calculations).
Sunpower retails MPP Solar brand inverter/chargers. MPP Solar's 3-phase grid tie inverters range from 10 kW to 35 kW, offering
MPPT tracking and claiming a maximum MPPT conversion efficiency of >99.5% (MPP Solar Inc 2013b). Comparatively, MPP Solar's 4.0
kW pure sine wave inverter-charger has a peak efficiency of 93%, according to its technical specifications (MPP Solar Inc 2013a).
Taking a conservative approach, we will assume an average efficiency of 91%.
Sunpower's retailed MPP-brand inverter-charger types are compatible to work in tandem with an AC generator set (MPP Solar Inc
2013a).

100%

A rectifier, converting from AC to DC, is assumed to have a capacity relative to inverter (DC to AC) of close to 100%.

91%

Assumed to be the same as the inverter: 91%.
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Category

Input
Name

Wind
Power
Turbine
Type

Wind
Power
Turbine
Power
Curve

Wind
Power

Costs:
Capital

Input Value
Notes
Description: SW
Skystream 3.7a
Abbreviation:
Several Australian vendors of residential wind turbines have suggested the use of the American-made Skystream 3.7, a 2.4 kW
S3.7a
rated capacity horizontal axis turbine with inbuilt controller and inverter. The turbine itself is only 77 kg, hence can be quite easily
Rated Power: 2.4
transported to the hospital via sea or special air freight. The turbine can also be erected via monopole or a guy-wired arrangement
kW AC
such that it can be lowered in the case of prevalent extreme wind condition. Details have been input as per XZERES Wind Corp
Manufacturer:
(2013; 2014). Note, another wind turbine option available in Australia is the Bergey 1 kW wind turbine, costing AU$6,230
Southwest
(AU$6.230/kW-rated), as per (Solar Power Australia 2014). The Skystream costs about AU$5,417/kW-rated, as per verbal quotes
Windpower
with Australia-based dealers, so will be the preferred option for modelling purposes.
Website:
www.windenergy
.com
A power curve has been interpolated from the graph presented on the XZERES Wind Corp (2014) website.
Wind Speed [m/s]
Power Output [kW]

0
0.00

0.5
0.00

1.0
0.00

1.5
0.00

2.0
0.00

2.5
0.00

3.0
0.00

3.5
0.07

4.0
0.14

4.5
0.22

5.0
0.31

5.5
0.40

6.0
0.50

6.5
0.60

7.0
0.80

7.5
1.00

8.0
1.20

Wind Speed [m/s]
Power Output [kW]

8.5
1.40

9.0
1.60

9.5
1.80

10.0
2.00

10.5
2.10

11.0
2.20

11.5
2.25

12.0
2.33

12.5
2.38

13.0
2.40

13.5
2.40

14.0
2.40

14.5
2.40

15.0
2.40

15.5
2.39

16.0
2.39

16.5
2.38

Wind Speed [m/s]
Power Output [kW]

17.0
2.38

17.5
2.37

18.0
2.37

18.5
2.36

19.0
2.36

19.5
2.35

20.0
2.35

20.5
2.35

21.0
2.35

21.5
2.35

22.0
2.35

22.5
2.35

23.0
2.35

23.5
2.35

24.0
2.35

24.5
2.35

25.0
2.35

Quantity: 1
Capital:
SB$139,016

Discussions with Eden Power Pty Ltd, a Perth-based retailer of Skystream wind turbines, indicated the turbine would cost
AU$13,000 plus GST. A guy-wired 10 m tower has been chosen to enable lowering for ease of maintenance and as a precaution for
extreme weather conditions. Using average costs from Solomon Island-based hardware stores, a guy-wired tilt-up tower would
cost approximately AU$1,000 for the poles, AU$500 for the wire, and AU$1,500 for slab cement and auxiliary items such as a base
hinge, wire clamps and shackles. Assuming exemption from Australian GST, each system would cost roughly AU$16,000 plus
international shipment and import duty for the turbine, and domestic shipping for the other components. Domestic freight for
auxiliary components plus international freight for a AU$13,000 turbine package weighing approximately 80kg has been
approximated at AU$500 in total. Duty and tax, totalling 31.5% (as per discussions with Solomon Islands customs officials at Noro
port on July 22, 2014) would add another AU$4,095. Total cost comes to approximately AU$20,595, or SB$139,016 per unit.
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Wind
Power

Costs:
Replacem
ent

Replacement:
SB$117,416

Costs:
O&M

O&M:
SB$5,000/y/turbi
ne

Lifetime

20 y

Hub
Height

10 m

Quantity

Wind
Power

0, 1, 2 or 3
turbines

We will assume replacement is only necessary for the wind turbine, and the guy-wire and pole equipment will function suitably
over the course of the project. The cost will therefore only be the wind turbine (AU$13,000) and associated freight (~AU$300) and
duty (AU$4,095), coming to a total AU$17,395, or SB$117,416.
Regular operation and maintenance requirements will likely be minimal, unless lowering the turbine is required in the event of a
cyclone, or small-scale upkeep such as repairing concrete slabs or guywire anchor points. Forsyth (2009) suggests that inspection
and minor maintenance should be performed on small wind turbines every 1 to 2 years, with blade or bearing replacement
required at 10 or more years. We will assume a relatively high maintenance cost and counter this with a long expected lifetime for
the base case. There are also no wind turbine service companies or specialised mechanics known in the region, which could also
add to maintenance expenses. An approximate cost of SB$5,000/y has been made.
With regular maintenance, small wind turbines should see a lifetime of 15 to 30 years (Forsyth 2009). We have applied a relatively
high annual O&M cost, so for the base case we will assume the turbine will last the 20-year project length.
A generic hub height of 10 m will be used. This is not overly high, such that tilting it up and down does not become overly
cumbersome. At 10 m, the approximate wind speed data, based on a 10 m elevation, will not need to be scaled according to any
wind shear profiles.
HOMER simulations with options of up to 10 Skystream wind turbines resulted in optimal configurations with either 0 or 1 turbine.
To ensure the range is not limited, the program has been enabled to calculate up to 3 systems, with the exception of the note
below.
Note: A sensitivity analysis has been performed on the average wind speed, for which the quantity of turbines to consider has been
increased to enable more financially attractive system configurations. A maximum limit of 20 Skystream turbines has been set
(equating to 48 kW capacity), as 50 kW is the maximum system capacity to be eligible for exemption from an SIEA license (Solomon
Islands Government 1996, sec. 54). For this set of simulations, the following quantities have been input: 0, 1, 2, 3, 4, 5, 6, 8, 12, 16,
and 20.
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Category

Solar
Resource

Input
Name
Latitude &
Longitude

Time Zone

Data
Source

Baseline
Data
Solar
Resource
Scaled
Annual
Average

Input Value
Notes
8°20'S;
The hospital is located at 8.33°S and 157.25°E.
157°15'E
(GMT+11:00)
Magadan,
Solomon
The entire island nation of Solomon Islands is within the GMT+11 time zone.
Islands, New
Caledonia
Enter Monthly
No hourly insolation or clearness index data is available, therefore, monthly average values will be input.
Averages
Due to a lack of solar insolation data available from the Munda Meteorological Office (MMO), and from nearby meteorological stations within the
Solomon Islands, ASDC (2014a) data has been used to approximate average daily insolation on a horizontal surface and clearness index values for each
month.
Month
Daily Radiation (kWh/m2/day)
Clearness Index (0 to 1.0)
No scaling
(5.34
kWh/m2/d)

Jan
5.81
0.53

Feb
5.25
0.48

Mar
5.51
0.52

Apr
5.29
0.54

May
4.66
0.52

Jun
4.43
0.53

Jul
4.24
0.49

Aug
4.88
0.52

Sep
5.6
0.55

Oct
6.08
0.57

Nov
6.24
0.57

Assume average solar insolation values will remain approximately the same over the course of the project.
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Dec
6.06
0.56

Category

Input Name

Wind
Resource

Data Source

Baseline
Data

Input Value
Notes
Enter monthly
No hourly throughout the course of a year is available for wind speeds, therefore, monthly average wind speeds will be input.
averages
Wind data sourced from Munda Meteorological Office only has the percentage of wind frequency over a range of wind speeds for a range of wind
directions. Wind speed averages have therefore been sourced from ASDC (2014a) data, using the data set "Monthly Averaged Wind Speed At 10 m
Above The Surface Of The Earth For Terrain Similar To Airports (m/s)" - deemed suitable considering the airport runway and lagoon waters
immediately next to the hospital site. The monthly values have been conservatively reduced by 25%, as per comparisons between anemometer data
and NASA data for both Perth Airport and Darwin Airport, as explained in Section 4.1.3.
Month
Wind Speed [m/s]

Wind
Resource

Scaled
Annual
Average
Altitude &
Anemometer
Height

Variation
with Height

No scaling (3.2
m/s)
2 m above sea
level;
10 m
anemometer
height above
ground level
Logarithmic
profile;
0.1 m Surface
roughness
length (few
trees)

Jan
2.73

Feb
3.28

Mar
3.09

Apr
2.82

May
3.10

Jun
3.33

Jul
3.92

Aug
4.05

Sep
3.65

Oct
3.21

Nov
2.61

Dec
2.62

Assume average wind speeds will remain approximately the same over the course of the project.
Due to uncertainty over ASDC (2014a) data accuracy, the wind speed profile has been scaled down 25%.

Wind speed data used is for an altitude of 10m above ground level. Ground level at the hospital is approximately 2m above sea
level.

For simplicity, a logarithmic wind shear profile will be used, as this way we can select a roughness appropriate to the site.
Although next to a runway and lagoon waters, there are also buildings and vegetation particularly to the east and west of the site.
A roughness factor has therefore been chosen applicable to sites with "few trees".
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Wind
Resource

Category
Diesel
Fuel

Advanced
Parameters

Weibull k: 1.75;
Autocorrelation
Factor: 0.90;
Diurnal pattern
strength: 0.1;
Hour of peak
wind speed: 13.

Input Name

Input Value

Price

SB$14.00/L

Limit
Consumption

No limit

A high level of uncertainty exists over the day-to-day wind speed variations, as per the monthly averages.
- A moderately low Weibull shape factor has been assumed, due to the apparent variable and unpredictable nature of wind speeds
in the region. Even though mean wind speeds from the ASDC (2014a) data set appear potentially reasonable for the exploitation of
wind power with a non-scaled mean wind speed of 4.3 m/s, wind data from Solomon Islands Meteorological Service (obtained on
June 12, 2014). indicate a high frequency of calm periods with wind speeds less than 1 km/h 51% of the time for the 23-year
annual average at a 2.7 m anemometer height.
- A moderate-high autocorrelation factor is presumed due to the low-lying topography immediately surrounding the hospital.
- Solomon Islands Meteorological Service (2013, sec. 6, par. 2) suggests a "strong diurnal wind pattern caused by the islands
themselves. However, a low diurnal pattern strength value has been chosen as there appears to be little relationship between time
of day and wind speed in the Munda area, as per the ASDC (2014a) data set labelled: "Monthly Averaged Wind Speed At 50 m
Above The Surface Of The Earth at Local Times (m/s)".
- The ASDC (2014a) data does not suggest any particular peak wind speed time. Solomon Islands Meteorological Service (2013, sec.
6, par. 2) however, suggests that wind speeds tend to increase during the morning until maximum temperature is reached, and
then reducing in speed later in the afternoon as temperatures reduce. 1 pm has been approximated as the average maximum
temperature time, hence the maximum wind time.

Notes
Diesel fuel from local vendors costs SB$14.00 per litre when purchased in small quantities (less than 200 litres), which is the most
common purchase method employed by the hospital.
No limits will be set on diesel consumption, as our aim is to reduce costs and identify the most financially viable power supply
option.
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Category

Input
Name

Input Value

Economics

Annual
Interest
Rate

0.00%

Project
Lifetime

20 y

System
Fixed
Capital
Cost

SB$0.00

Economics

Economics

System
Fixed
O&M Cost

SB$14,350.00/y

Capacity
Shortage
Penalty

SB$0.00/kWh

Notes
The hospital uses Bank of South Pacific (BSP) for the majority of its banking needs. In July 2014, BSP had a >2 year term deposit
interest rate of only 2.0% per annum, with its general customer savings accounts' interest rates ranging from 0.05% to 0.20% per
annum (Bank of South Pacific Limited 2014). As the proposed project is to last 20 years or more, the >2 year term deposit rate could
be used as the nominal interest rate the hospital would be receiving if funds were otherwise invested in a term deposit account.
HOMER's interest rate input is for the "real" interest rate, which factors out inflation using the following equation:
Real Interest Rate = (Nominal Interest Rate - Inflation Rate) / (1 + Inflation Rate).
According to (ADB 2014b, sec. 2, par. 3) Solomon Islands' 2015 inflation rate will be about 5.16%. If we broadly assume 5% will be the
average inflation rate over the project's 20 year lifespan, the real interest rate will therefore be (2% - 5%) / (1 + 5%) = -2.9%. As it is
uncommon to use a negative interest rate, and a higher nominal interest rate could possibly be achieved by investing in higher
interest international bank accounts (which the hospital management was investigating during the audit period), a real interest rate
of 0% will instead be used in calculations.
A sensitivity analysis has been performed on this variable, as a real interest rate of 0% may not be considered common, viable or
realistic. If the hospital were able to identify an alternative project with a potential annual return of 10% (the nominal interest rate),
a real interest rate of almost 5% could be achieved (maintaining 5% for inflation). Alternatively, inflation may not be applicable to
many of the project's lifecycle costs. For example, it may apply to local fuel prices, which will likely continue to increase with global
oil prices. Yet the cost of solar panels and household wind turbines may actually drop in price courtesy of manufacturing and supplychain advances. Therefore, if inflation was to be 0%, and the nominal interest remained at 5%, the real interest rate would be 5%.
A generic 20-year project lifetime has been used. As the hospital may potentially move site entirely in the next 20 to 30 years (to
higher ground away from the coast to avoid sea level rises and vulnerability to natural disasters such as tsunamis), a longer project
lifespan is not deemed necessary.
No initial fixed capital cost has been foreseen or applied.
The operation of a private energy generation system at the hospital will likely require the training and long-term employment of a
system operator. Hospital workers are typically paid SB$50 to SB$60 per day.
Note: this value is not applicable to the grid-only scenario. Therefore, for the grid-only configuration SB$14,350 will be subtracted
from the grid results, yet included in all other scenarios.
No penalty exists for capacity shortages.
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Category

System
Control

Input
Name
Simulation
Time Step

Input Value
60 min

Dispatch
Strategy

Cycle charging

Generator
Control

Allow systems
with multiple
generators;
Allow multiple
generators to
operate
simultaneously;
Allow systems
with generator
capacity less
than peak load.

Other
Settings

None

System
Control

Notes
Due to the variability of daily load profiles, the default 60 minute time step will be used. A smaller time step does not appear
necessary.
For operational and technical simplicity, we will assume the diesel generators will run at 100% capacity when operated. Generators
also tend to operate at highest efficiency at or near their rated load, and since a net-metering system will be installed by SIEA, it is
most effective for the generator to offset grid power consumption in the most efficient way, independent of the hospital's load
profile at the time of operation.
Note: results from HOMER simulations indicated that the NPC was independent of dispatch strategy, likely because no battery has
been included.

To enable diesel generation to be staged with more than one small generator we will enable simultaneous diesel generator operation
if more than one generator appears viable.

To ensure system simplicity, no additional settings will be implemented.

148

Category

Temperature

Input
Name
Data
Source

Baseline
Data

Scaled
Annual
Average

Category
Emissions

Input
Name
Penalties
& Limits

Input Value
Notes
Enter monthly
No hourly temperature data is available; hence monthly data will be entered.
averages
Mean monthly temperatures, as sourced from 2004 to 2013 data from the Munda Meteorological Office on June 30, 2014, will be used for baseline
ambient temperature data.
Month
Mean Temp [°C]
Default
(31.0°C)

Input Value
None

Jan
31.41

Feb
31.23

Mar
31.34

Apr
31.22

May
31.18

Jun
30.68

Jul
29.99

Aug
30.07

Sep
30.70

Oct
31.12

No scaling will be performed on mean temperatures for the duration of the project.

Notes
No direct penalties or limits exist in the Solomon Islands for energy production emissions.
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Nov
31.59

Dec
31.82

Input
Name
Input Value
Maximum
Annual
0%
Capacity
Shortage
Constraints Minimum
Renewable
0%
Energy
Fraction
Operating
Reserve:
0%
As Percent
of Load
Operating
Reserve:
0% Solar
As Percent power output;
of
0% Wind
Constraints Renewable power output
Output
Primary
Energy
None
Savings
Table 26. HOMER Energy Input Parameters
Category

Notes
To maximise health service delivery capacity and performance, the simulations will not allow any energy shortfalls.

With the aim to minimise energy costs at the hospital, no renewable energy limits will be put in place, as conventional nonrenewable energy supplies may potentially be cheaper.

As the hospital will most likely remain grid-connected, no load-based operating reserve should be required.

Again, as the hospital will most likely remain tied to the gird, no buffer for brown-outs will be required, thus no constraints will be
placed on PV and wind systems requiring them to operate at higher outputs than necessary.

No limitation will be placed on primary energy savings, as there appears little value in doing so for this case study.

Note: All dollar values input into HOMER are in Solomon Dollars (SBD), with an approximate exchange rate of SB$6.75:AU$1.00, and SB$7.25:US$1.00.
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Appendix F
Notes on Renewable Energy in Pacific Island Developing States
Dependence on Fossil Fuels in the Pacific
With the exception of Papua New Guinea, no Pacific SIDS produce fossil fuels domestically.
Instead, fuel is shipped to the region “from Singapore through entrepots in Fiji Islands and
Guam” (ADB 2009, 16). Pacific SIDS have collectively “gone from a [pre-colonial] place of selfsufficiency and energy independence” to a state of heavy dependence on fossil fuels (Niles and
Lloyd 2013, 521), all of which are imported (Dornan and Jotzo 2012b, 1). Such dependence on
imported oil, accounting “for well over 90% of non-biomass energy use” (ADB 2009, 27), and
“about 80% of primary energy consumption” (IRENA 2012a, 7), leaves these countries highly
vulnerable to world oil price volatility and supply shortages (Mishra, Sharma and Smyth 2009,
2320; Wilson 2012, sec. 1, par. 20; Niles and Lloyd 2013, 528-529; SPC 2013, sec. 1, par. 1;
IRENA 2012a, 7). From an economic perspective, exposure to high oil prices is of particular
concern for Pacific SIDS due to resultant inflation increases, reduced growth and a weakened
balance of payments (ADB 2009, viii). Of additional concern is the potential of “greater
[domestic] resource extraction and environmental degradation”, as required to counter debt
accumulation in SIDS (Niles and Lloyd 2013, 529). It seems that this reliance on oil and its
associated electricity generating and distribution infrastructure, has led many small island
nations to spiral into an increasingly insurmountable economic dilemma. The situation has
also potentially, though ironically, crippled the region’s RE uptake by withholding or
reallocating funding away from alternative energy initiatives.
Figure 30 below compares the macro-economic affordability of fuel imports for Pacific SIDS –
an indicator of vulnerability to oil price volatility calculated as the proportion of fossil fuel
imports to GDP.
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Macro-Economic Affordability
30.00%
25.00%
20.00%

Oil Imports
15.00%
/ GDP
10.00%
5.00%
0.00%

Figure 30. Pacific SIDS Macro-Economic Affordability of Fuel Imports (SPC 2012a)

Ceteris paribus, the higher the percentage in the Figure 30 chart, the higher the country’s
economic vulnerability to fuel price fluctuations. Solomon Islands stands near mid-range
among its regional counterparts, showing 16.4% of its GDP dedicated to fuel imports, slightly
over the 14.7% average (SPC 2012a; SPC 2012b). With diesel generators being the
predominant electricity generation mechanism in the country, fossil fuels have come to
comprise about 30% of total imports, thus having a significant effect on the nation’s balance of
payments (The World Bank 2013, 1).
On a macro-economic level, oil imports may be considered a burden to a Pacific nation’s
balance of payments situation. However, there remain many benefits of this prolific energy
source from an end-user perspective. Despite the cost, fossil fuels are convenient and
beneficial due to their availability, ease of transport, high energy content per unit volume, and
well known and established associated technological reliability and cost (ADB 2009, 38).
However, with oil prices destined to continue to rise as world demand accelerates (U.S. Energy
Information Administration 2014), and as alternative energy sources continue to show
technological and economical improvements, the attractiveness of alternative energy sources
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will likely become more apparent to both end users and policy makers. This transition,
however, has been slow courtesy of lagging energy policy, design and implementation (IRENA
2012a, 6).
Electricity Access & Consumption in the Pacific
With the rural population of many Pacific SIDS far outnumbering the urban population (Dornan
2014, 727), it is understandable when government energy initiatives focus on rural centres.
Unfortunately, however, Pacific SIDS had an average rural electricity access rate (to small-scale
off-grid power) of 9.5% in 2009 (SPC 2012a); the sustainability of off-grid projects being “a
problem in most Pacific SIDS” (Dornan 2014, 734).
On the other hand, Pacific SIDS overall enable “about 30% of the region’s [total] population of
10 million” access to electricity (Wilson 2012, sec. 1, par. 16) – a value that although low, is still
about three times the access rate achieved among the rural off-grid population. Figure 31
reveals the variation between countries’ electrification rates, as per 2009 statistics.

Grid Electrification Rate
100.00%
90.00%
80.00%
70.00%
60.00%

Access Rate
50.00%
[%]
40.00%
30.00%
20.00%
10.00%
0.00%

Figure 31. Pacific SIDS Grid Electrification Rates (SPC 2012a)
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Renewable Energy Development in the Pacific
“Reducing the region’s reliance on fossil fuels is critical to development gains” (Wilson 2012,
sec. 1, par. 17). Such a collective dependence on imported fuels among Pacific island nations
begs the question: what is being done to relieve such an economic (and often environmental
and social) burden? Domestic RE development is one option, widely accepted as a means to
improving energy security status, particularly by offering a sustainable substitute to oil. Aside
from EE and energy conservation, RE development is “the only effective means” available to
developing Pacific island countries and territories to “alleviate their energy problems (Singh
2011, 256). Recent modelling of Fiji’s RE options, for example, concluded that “investment in
renewable technologies considerably reduces financial risk for the electricity grid” (Dudley
2013, 33).
Regional Renewable Energy Campaigns
Presumably due to similarities between island nations in the Pacific region, such as economic
and resource constraints, several large international aid and development organisations such
as Secretariat of the Pacific Community (SPC), United Nations Development Programme
(UNDP), Asian Development Bank (ADB), and The World Bank have targeted the collective
Polynesian, Melanesian and Micronesian region, with particular attention to SIDS, to
implement their programs. A number of Pacific-wide RE development programs have come
and gone, often focusing on “bulk fuel purchase, energy efficiency and renewable energy
sources…but implementation in these areas has been weak” (ADB 2009, 33).
Examples of previous programs include:
-

The Pacific Regional Energy Assessment (PREA, 1992), covering “broad energy sector
issues”;

-

The Renewable Energy and Efficiency Program (REEP, 2004 – 2006), focusing “on
private sector involvement and rural area development”;
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-

Pacific Islands Renewable Energy Project (PIREP, 2003 – 2005), assessed “issues,
options, opportunities, and constraints to the development of renewable energy”; and

-

The Pacific Islands Energy Policy and Strategic Action Planning Project (PIEPSAP, 2006 –
2008), “aimed at strategic planning, national energy policy, and regulatory
development” (ADB 2009, 32).

Unfortunately, efforts arising from promises made by industrial countries during United
Nations and other international conferences in the 1990s and early 2000s to develop RE
systems in Pacific small island nations were “met with only slight success, with most efforts
underfinanced and poorly coordinated with local community economics” (Chesher 2002, 86).
Likely taking on board lessons learned from previous campaigns, many ongoing region-wide
projects were underway at the time of writing, including:
-

Framework for Action on Energy Security in the Pacific (FAESP): formed in 2009 with “a
whole-of-sector approach to energy security, and recognizes the need for continued
dependency on fossil fuel in the near future” (Singh 2011, 258). The project, planned
to run from 2010 to 2020, encompasses a vision whereby “Pacific people at all times
have access to sufficient sustainable sources of clean and affordable energy and
services to enhance their social and economic well-being” (SPC 2012a, sec. 1, par. 1).

-

Implementation Plan for Energy Security in the Pacific (IPESP): a five-year project from
2011 to 2015, is in place to support the delivery of FAESP by establishing benchmark
energy security indicators (SPC 2012a).

-

Pacific Islands Greenhouse Gas Abatement through Renewable Energy Project
(PIGGAREP): with the “specific objective” of promoting RE use to reduce greenhouse
gas emissions “by removing the major barriers to the widespread and cost-effective
use of commercially viable RE technologies” (SPREP 2012a, sec. 1, par. 1). Recent
funding releases under the project have been dedicated to solar, biofuel and biogas
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projects in Cook Islands, Kiribati and Samoa, respectively (Radio New Zealand
International 2014b; SPREP 2014).
At the time of writing (2014), these recent projects seem yet to have made a significant impact
on Solomon Islands’ energy sector. There are, however, numerous other country specific
programs being executed in the Pacific that target energy security initiatives, among other
development goals. Those prevalent to Solomon Islands are discussed in more detail in
Section 2.4.1.
Renewable Energy Targets in the Pacific
To spark a political push toward RE development among Pacific SIDS, in 2012 the Barbados
Declaration was established and “included ambitious renewable energy targets by several
Pacific island states” (Wilson 2012, sec. 1 par. 22). All independent Pacific SIDS now have a RE
target in place, with the exception of Papua New Guinea (Dornan 2014, 728). The targets
range from no known target, as with Papua New Guinea, to 100% renewable share by 2020 for
both Cook Islands and Niue.
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Small Island Developing
State
Cook Islands
Fiji
Federated States of
Micronesia
Kiribati
Nauru
Niue
Palau
Papua New Guinea
Republic of Marshall
Islands
Samoa
Solomon Islands
Tonga
Tuvalu
Vanuatu

Renewable Energy Share

Renewable Energy Target

0.3% electricity (2009)
1.6% PES (2009)
58.9% electricity (2009)
33.6% PES (2009)
4.3% electricity (2009)
4.2% PES (2009)
2.6% electricity (2009)
48.3% PES (2009)
0.2% electricity (2009)
0.0% PES (2009)
2.0% electricity (2009)
2.6% PES (2009)
0.6% electricity (2009)
0.1% PES (2009)
35.5% electricity (2011)
61.5% PES (2009)
0.1% electricity (2009)
0.0% PES (2009)
41.1% electricity (2009)
41.8% PES (2009)
0.7% electricity (2009)
54.5% PES (2009)

50% electricity from RE by 2015, 100% by
2020

0.4% electricity (2009)
1.0% PES (2009)
3.1% electricity (2009)
18.5% electricity (2009)
36.2% PES (2009)

90% electricity from RE by 2015
10% urban electricity from RE & 50% rural RE
by 2020
10% electricity from RE, no date;
70% of population with access to RE, no date
50% energy demand supply by alternative
sources (including RE) by 2015
100% electricity from RE by 2020
20% primary energy from RE by 2020
No known target
20% electricity from RE by 2020
20% of primary energy from RE by 2030
50% electricity from RE by 2015
50% RE mix in the energy transformation
sector by 2020;
100% final energy by 2013.
100% electricity from RE by 2020
23% electricity from RE by 2014;
100% RE, no date

Table 27. Renewable Energy Targets of Pacific SIDS (UNDP 2012; IRENA 2012a; IRENA 2012b; REN21
2013)

Previously aiming to achieve 20% RE share of electrical generation capacity by 2018 (Chang
2012, 4), Solomon Islands is now targeting 50% by 2015 (IRENA 2012b, 74; REN21 2013, 106).
Considering countries such as Solomon Islands and Cook Islands had less than a 1% share of RE
in their electricity supply mix in 2009 and are both striving for 50% electricity generation from
renewables by 2015 (IRENA 2012b), it is little wonder that commentators such as Dornan
(2012) consider many of the above targets as unrealistic and can be otherwise viewed as
political tools to attract external investment by providing “a signalling effect to donors that a
country is serious about renewable technologies”.
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Renewable Energy Projects in Action in Pacific SIDS
Regardless of the far stretch necessary for many Pacific SIDS to reach their RE targets, many
developments underway are sure signs of interest and progress in establishing the RE industry
among Pacific island nations. For example, in response to rising electricity demand and fuel
prices, wind and hydropower have been adopted in Fiji (Fiji Electricity Authority 2014a). The
Butoni wind farm is capable of producing close to 12 GWh per year when fully operational
(ADB 2009, 43). Opened in 2007, the farm has underperformed, apparently due to insufficient
preliminary studies resulting in unexpectedly low capacity factors (Karan 2009). Nonetheless,
the project still contributes to Fiji’s already impressive RE share.
The major contributor to Fiji’s RE mix is the 83 MW Monasavu/Wailoa hydropower station,
satisfying over half Fiji’s electricity demand since 1983 (Brown 2012, sec. 1, par. 1), with “an
annual energy yield of 400”GWh” (Fiji Electricity Authority 2014b). Fiji’s 42MW Nadarivatu
hydropower station, opened only recently in September 2012, also contributes 20% of the
main island’s (Viti Levu) power supply (MWH Global 2014; Ministry of Works, Transport &
Public Utilities 2012). Large scale hydropower opportunities have also been developed and
exploited in both Papua New Guinea and Samoa (Weisser 2004, 128), both a predominant
result of their 35.5% (2011 statistics) and 41% (2009 statistics) RE shares, respectively (REN21
2013, 107; IRENA 2012a, 11). Solomon Islands also has substantial potential large-scale hydro
resources (Wilson 2012, sec. 1 par. 13; Sustainable Energy Regulation Network 2012, sec. 5,
par. 3), though considering its RE share of less than 1% (SPC 2012b; IRENA 2012a, 11), one can
confidently assume their hydro sources are far from full utilisation. Potential geothermal
projects, however, are being investigated in Solomon Islands, as well as American Samoa
(Radio New Zealand International 2014a), and Vanuatu (The World Bank 2014a, sec. 1, par. 7).
Whist continuous RE technologies such as hydro have been successfully utilised in some Pacific
nations, intermittent RE technologies are often the only viable RE option in some of the other
typically smaller and lower-lying island nations (Dornan 2012). Grid-connected solar
photovoltaic (PV) systems are in operation in Nauru, Niue, Samoa and Tuvalu (IRENA 2012a, 7).
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Off-grid solar PV is also common around the Pacific, particularly with government or donor
deployment of small-scale solar home systems in rural areas. Such projects, however, are met
with varying degrees of success and often fail due to a “lack of operating funds and local
service infrastructure” (USAID n.d., 1), and on the hardware side due to “inappropriate design,
use of unreliable components, improper installation and poor maintenance” (Jafar 2000, 308).
In 1980s Kiribati, solar home system (SHS) failures were the result of “undersized systems”,
“cheap replacement components, and unwillingness among customers to pay for
maintenance” (Dornan 2014, 731). The Fiji Government has attempted to tackle such issues
by adopting a renewable energy service company (RESCO) model to push the development of
rural solar-based electrification. However, Dornan (2011) claims that the program has failed
due to flaws in its implementation: lack of stakeholder compatibility, a poor monitoring
regime, and lack of government support. The Tongan Government are also working to rampup rural solar PV with the rural off-grid component of their Tonga Energy Roadmap (TERM)
project, for which they are focusing on solar PV “which has proven itself to be the most cost
effective option” for rural electrification (IRENA 2012a, 19). Small household PV systems “are
a promising technology for rural electrification” (Dornan 2011, 802), likely due to a
combination of their modularity, size range, availability, simplicity, and reliability – factors that
compete with relatively high costs per unit energy to make solar PV a viable energy alternative.
Barriers to Renewable Energy Development in Pacific SIDS
Whilst there are numerous, and often obvious, drivers for the development of RE in the Pacific
(such as energy security, availability of renewable resources, environmental preservation,
addressing climate change concerns, accessing international development funding, balance of
payments improvement, long-term debt relief, per capita GDP growth and increasing
electricity access rates), it is the barriers that appear more prolific, with a stronghold on the
industry’s ability to progress. Due to commonalities between Pacific SIDS – particularly due to,
or a partial side-effect of, their remoteness – there are several analogous factors limiting the
development of RE in these countries. Revealing such limitations provides scope to
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understand the reason for limited RE policy and development in countries such as Solomon
Islands.
Below is a brief summary of the problems that inherently reduce the general attractiveness of
potential RE development opportunities.
Remoteness: From a geographical perspective, Pacific SIDS are among the most isolated
islands in the world. Adding to this is the commonly scattered nature of these island nations –
Federated States of Micronesia, for example, with 607 islands comprising less than 777 square
kilometres of land spread across over 2.5 million square kilometres of the Pacific Ocean
(Nehring 2012) – inhibiting access to new technologies as well as service and maintenance
resources.
Whilst this remoteness may be a hindrance from an economic perspective (and thus limiting
the available funds to secure RE investments), it should be noted that the isolation of these
islands could actually contribute to the development of alternative energy sources. For it is
the long haul from fossil fuel suppliers that “leads to supply chain issues and an escalation of
landed fuel costs” (Chesher 2002, 86), thus reducing the financial viability of conventional
fossil fuel-based energy technologies. However, additional enabling factors, such as sound
energy policy and government incentives, are often required to push renewables over the line
with regard to their appeal to prospective investors.
Lack of Appropriate Policy: “Lack of legislations and cross-sector policy framework” and a “lack
of budgetary support” (Chang 2012, 5) are among political factors limiting RE development in
the Pacific. Whilst most Pacific islands countries have national energy policies drafted or in
place (SPC 2012a), the policies generally “do not clearly define the role of renewable energy in
the national energy economy or establish responsibility for carrying out that policy” (Herbert,
Johnston and Vos 2005, 85). The challenges associated with policy development and
implementation are further exacerbated courtesy of the small populations, small markets,
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small land areas, dependence on international trade, and “developing economies that are
often dependent on external aid” – factors all indicative of Pacific SIDS (IRENA 2012a, 9 & 21).
Foreign aid agencies, often used by SIDS to assist with drafting “policy, legislation and other
commercial agreements”, have had varied levels of success; considered by one commentator
as “at best, unhelpful and at worst, a hindrance to development” (Niles and Lloyd 2013, 529).
EE policy and the uptake of energy efficient technologies has also been lagging “well behind
the vast potential” in developing countries due to the difficulty in delivering the associated
savings (Sarkar and Singh 2010, 5562). Some governments, however, have applied “energyconservation measures but not always in accordance with a systematic national policy on
energy conservation” (United Nations Centre for Human Settlements (Habitat) 1988, 1).
Lack of Data: Effective policy development will require appropriate supporting information.
RE policy, in particular, will need to be coupled with detailed analysis of the associated
anticipated economic performance (Weisser 2004, 137). In Pacific SIDS, however, there is
typically only limited or superficial statistical data available to support pro-RE policy (IRENA
2012a, 13). Therefore, with “no rigorous analysis of the risk mitigation benefits of renewable
technologies among SIDS” (Dornan and Jotzo 2012a, sec. 2, par. 1), policies supporting RE may
never be passed by parliament due to insufficient substantiation. Rather, decision makers may
only have had exposure to the numerous “malfunctioning renewable energy projects” that
litter the Pacific (Spratt and Wood 2013, sec. 1, par. 5), which would likely mould a negative
perception of the sector’s viability.
Lack of Data Dissemination: The lack of reliable data also contributes to the lack of public
awareness. Whilst there may be considerable economic and “quality of life” gains to be had
from the exploitation of RE technologies in the Pacific, the cost versus benefit information has,
in most cases, “not been well disseminated” to both citizens and public representatives
(Herbert, Johnston and Vos 2005, 85-86).
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Infrastructure Limitations: Poor infrastructure is a common regional challenge in the Pacific
(Wilson 2012, sec. 1, par. 27), with the majority of electricity networks being old and suffering
high losses (Chang 2012, 7). Nonetheless, diesel-reliant infrastructure, though perhaps aged
and/or poorly maintained, still dominates the energy sector. Despite high fuel prices, with
diesel generators, grid systems and fuel supply chains in place, consumers tend to have
relatively easy and immediate access to fossil fuels and their associated technologies, albeit at
a relatively high price.
Funding: Pacific island nations are typically challenged with sourcing the necessary financial
resources to fund RE projects (Wilson 2012, sec. 1, par. 27; IRENA 2012a, 14). Financial
limitations range from both a national treasury level, to the individual household. Whilst
governments attempt to source both domestic and international investors to assist with
financing large-scale projects, households also aim to gather funds to pay for utility or selfgenerated power.
Other Factors: Inadequate regulatory frameworks, lack of human and technological resources,
shortage of expertise in RE policy development, and a lack of community support (IRENA
2012a, 14-15; Singh 2011) are additional barriers to RE technology deployment in the Pacific.
Resistance to change may also be a somewhat region-wide cultural factor slowing adoption of
new technologies. This would especially be the case when combined with a lack of knowledge
of the associated the risks, costs and benefits of a potential RE or EE project.
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Appendix G
Notes on Tina River Hydro & Savo Island Geothermal Projects
Tina River Hydro Project
The hydroelectric potential of Solomon Islands has been estimated at 326 MW (Sustainable
Energy Regulation Network 2012, sec. 5, par. 3), with the Tina River Hydro Project aimed at
utilising a small portion of this, though a significant portion in relation to the nation’s total
generating capacity. Recently listed as a 20 MW project (Hydro Review 2014), and with
construction planned to commence early 2015, the turbines are expected to produce around
80 GWh electricity for Honiara annually and save US$9 million per year: US$30 million savings
from diesel purchases, countered with US$21 million per year paid to the private investor via a
25-year fixed Power Purchasing Agreement (PPA) (Tina Hydro Project 2014a; Tina Hydro
Project 2014b). An 80 GWh contribution to an annual urban grid demand of 73.0 GWh (SIEA
2014c, 14) will significantly deplete the diesel generation requirement for the Honiara grid;
although not completely as hydro output will unlikely be synchronised with grid demand
fluctuations. The Tina River Hydro Project falls under the SISEP, aimed at improving the
electricity supply to Honiara via “renewable energy sources and more affordable and reliable
energy options” (Dudley 2013, 1).

Savo Island Geothermal Project
Solomon Islands’ first geothermal power project is planned to be based on Savo, a volcanic
island located 15 km northwest of Guadalcanal (the island and province upon which Honiara is
located), and about 40 km from Honiara. Feasibility studies indicate the potential viability of a
20 to 30 MW geothermal power station capable of supplying 100% of Honiara’s base electricity
demand (about 8.5 MW), plus the electricity demands of the nearby Gold Ridge Mine (12 to 18
MW) (Geodynamics Limited 2014, 2; McMahon n.d.). Exploration drilling by the assigned
operator, Australian-based company Geodynamics, is expected to commence late 2014 amidst
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PPA discussions with SIEA (Renewable Technology 2014). There are additional potentially
exploitable geothermal reserves around the country, though linking supply with demand could
be an issue and deem them unviable (Isaka, Mofor and Wade 2013, 6).
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Appendix H
Notes on SIEA’s Self-Generation Licenses
SIEA offers four different private generation licenses, which apply to all electricity generation
types:
-

Type 1 – Standby Generation License: Whereby the applicant would be grid-connected
and allowed to generate its own power during blackout or system test periods only;

-

Type 2 – Fully Independent Power Producer License: Where the once grid-connected
applicant would be authorised to operate a standalone energy system, completely
disconnected and independent of the SIEA grid;

-

Type 3 – Supported Power Producer License: Enabling self-generation while remaining
connected to the grid, attracting a Standby Charge “not exceeding 50% of the
estimated value of electricity that would have been consumed had the standby plant
not been operated”; and

-

- Type 4 – Independent Power Producer License: Where excess power is exported to
the grid under a Power Purchasing Agreement (PPA) with SIEA.
(SIEA n.d.)

Grid connected self-generation, as described under the 2013 Solar System Connection Manual
(SIEA 2013a), falls under a Type 3 licensing regime. The fee for each type of license will be
under the discretion of SIEA, and varies by case. With many customers likely reliant on gridpower to support any self-generation investments, the potential 50% Standby Charge will
drastically reduce the financial appeal of any private generation opportunities. Whilst dieselpowered generation is also subject to the same self-generation charges (as per email from
Grace Kitione, SIEA Regulatory Engineer, on June 30, 2014), there appears little, if any,
enforced regulation in this area, with numerous diesel generators evidently operating within a
grid-connected setting with no license and no applied charges. A portion of The World Bank’s
SISEP funding, however, is to be dedicated to upgrading the grid system to enable greater
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capacity for independent grid-connected power producers (Ellis 2014, sec. 1, par. 3). Hopefully
this initiative will be coupled with top-level government commitment to support private power
sector development for a variety of RE technologies.
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Appendix I
Notes on Historical Energy Supply & Consumption, by Source
Historical Grid Electricity Consumption – Water Pump
On a daily basis water is pumped from a shallow groundwater well (4 m deep) at the base of
Kokeqolo Hill to two 10,500 litre header tanks on the hill, 20 m above ground level at the well.
These tanks gravity-feed water to the hospital, staff house compound and the nursing college.
Over the historical data survey period (2011 to early 2014), the type of pump and frequency of
pumping has changed often, as indicated in the annotated chart below.

3-phase electric
pump with pressure
switch & petrol
pump backup

Petrol
pump
direct feed
to HGH

Petrol
pump to
header
tanks

Figure 32. Water Pump Historical Energy Consumption, 2011 to 2013

The hospital compound, including staff houses and nursing college, requires an average 30,000
litres of water per day. When in operation, the 3-phase electric Davey pump consumed
approximately 2.5 kW to pump at about 1.6 l/s into the header tanks. This equates to about
5.2 hours of pumping, and 13.0 kWh electricity consumption, per day. The backup twinimpeller fire-fighter petrol pump, operating during the audit period, consumed approximately
1.7 litres of fuel per hour when run at ¾ throttle and pumping at about 3 l/s. This equates to
approximately 2.8 hours operation, and 4.7 litres fuel, per day. During 2013, the system was
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configured to pump from the well directly to the hospital for 3 hours in the morning (on ½
throttle with the petrol pump) and 3 hours in the evening, bypassing the header tanks. During
the audit, however, the petrol pump was pumping to the header tanks at ¾ throttle, to enable
24-hour water flow to the hospital.
Regular equipment failures and system reconfigurations has resulted in an ambiguous
representation of energy consumption at the pump house, one that does not clearly illustrate
the pumping energy required to effectively meet the hospital’s water demands. To obtain a
reasonable approximate, below is a summary of the pump energy and cost requirements of
the two pumps that had been in use from 2013 to early 2014.

Pump Type
3-Phase Davey
Petrol Fire Fighter

Energy Use
Daily Fuel /
Daily Energy
Rate
Flow Rate
Energy Use
Cost
2.5 kW
1.6 l/s
13.0 kWh
SB$90.39
1.7 l/h
3.0 l/s
4.7 l
SB$75.20
Table 28. Historical Pump Energy Use & Cost Summary

Annual
Energy Cost
SB$32,992
SB$27,448

For statistical purposes, the actual electricity use for the water pump in 2011, 2012 and 2013
was 3,513 kWh, 11,214 kWh, and 200 kWh, respectively. In 2013, this comprised less than 1%
of the hospital’s cumulative energy cost and consumption.
Historical Diesel Supply and Consumption
Diesel Supply
Diesel fuel is sourced from local distributors for approximately SB$14.00 (AU$2.07) per litre. It
is used by the hospital for land transport and to power two diesel prime movers driving the
two 3-phase backup electricity generators. Two Toyota Hilux utility vehicles are used to
transport staff and patients around the Munda area and to Noro, 16 km away.
Diesel Consumption
Diesel and engine oil are used to run the two backup generator sets, and to power the two
Toyota Hilux utility vehicles. In 2013, diesel required for land transport accounted for 11% of
the hospital’s total consumed energy, though due to the high energy intensity per dollar value
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of diesel it comprised only 4% of total energy cost. Due to irregular use, the diesel generators
comprised about 1.5% of energy consumed and less than 1% of total energy cost.

Figure 33. 27.5 kVA Backup Diesel Powered Electric Generator

Of the two Toyotas, one vehicle is in noticeably better condition than the other, and hence is
used the majority of the time. The Hilux’s are used to transport staff and patients around
Munda area (flat terrain) and to the nearby port town of Noro (steep hilly terrain). Each
vehicle uses approximately 15 litres of diesel fuel per 100 km, and drives an approximate
combined 168 km per week. Receipts for transport fuel purchase have not been retained for
auditing. However, it appears that use of the motor vehicles is variable and there seem to be
no apparent relationships between the quantity of fuel consumed and factors such as time of
year, weather, number of patients, or operational variables.
The hospital is equipped with two diesel-fuelled electric generators. One is a near-new
battery-start 10.5 kVA Denyo 3-phase generator dedicated solely to the operating theatre for
use immediately after the commencement of an unexpected blackout (if the operating theatre
is in use at the time) until the main backup generator has been started or grid power is live
again. With no fulltime surgeon onsite since late 2013, it is very rare for this generator to be
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used, except for routine operating checks. An old 27.5 kVA manual crank-start Nicol & Andrew
prime mover drives the main 3-phase backup generator for the hospital during blackouts.
No record has been made of generator operating hours or maintenance. However, according
to hospital management, blackouts typically occur 1 to 3 times per month, for between 1 and 8
hours (and infrequently for up to 2 weeks). SIEA claim that insufficient generation capacity,
mechanical or electrical faults, and interferences with the distribution system (such as trees
falling on power lines), are the major causes for grid power delivery outages (SIEA 2013b, 14).
Honiara customers of the SIEA grid in 2012, supplied by a system equipped with regularly
overhauled and rebuilt generators, experienced on average 13 instances without power for an
average 103 minutes per interruption (SIEA 2013b, 11-14). It is assumed that a lower priority
grid such as that of the Noro/Munda outstation, equipped with two old (commissioned circa
1988) 1 MW generators (as per conversations with SIEA operators on March 14, 2014), would
suffer more frequent mechanical issues resulting in blackouts.
Using figures from 2012 and 2013 Profit & Loss Statements, a summary of approximate
historical diesel fuel consumption is provided below.
Diesel Fuel

Item

Fuel Use
Rate
[l/unit]

2012
Expense
(Fuel &
Oil)
[SBD]

2013
Expense
(Fuel &
Oil)
[SBD]

2012
Avg
Daily
Expense
[SBD]

2013
Avg
Daily
Expense
[SBD]

2012 Avg
Daily
Item Use
[unit/day]

2013 Avg
Daily
Item Use
[unit/day]

2012
Daily
Avg Fuel
Use
[l/day]

2013
Daily
Avg Fuel
Use
[l/day]

Toyota Hilux – New

0.15 l/km

$12,457

$12,487

$34.13

$34.21

16.km/d

16 km/d

2.40

2.40

Toyota Hilux - Old

0.15 l/km

$6,229

$6,244

$17.06

$17.11

8 km/d

8 km/d

1.20

1.20

$18,686

$18,731

$51.19

$51.32

24 km/d

24.km/d

3.59

3.60

0.04 h/d

0.01 h/d

0.05

0.01

Motor Vehicle Total
10.5kVA Generator

1.2 l/h

$245

$48

$0.67

$0.13

27.5kVA Generator

3.8 l/h

$12,007

$2,372

$32.90

$6.50

0.61 h/d

0.12 h/d

2.30

0.46

$12,252

$2,420

$33.57

$6.63

0.65 h/d

0.13 h/d

2.35

0.46

$30,938

$21,151

$84.76

$57.95

5.95

4.07

Generator Total
Diesel & Oil Total

Table 29. Diesel and Oil Historical Consumption Summary, 2012 & 2013
Note: It is assumed that oil cost is approximately 2% of diesel fuel cost.

Cumulative fuel required for land transport has remained consistent over 2012 and 2013.
Diesel generator fuel consumption, however, dropped about 80% from $12,252 to $2,420 from
2012 to 2013. This was likely due to a higher frequency of blackouts during 2012, and possibly
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longer durations; as the generator is often not turned on unless the blackout period is greater
than 1 hour.
Historical Propane Supply and Consumption
Propane Supply
Propane gas bottle refills from local vendors cost from SB$30.00 to SB$32.00 (AU$4.44 to
$4.74) per kg, depending on the bottle size (smaller bottles incurring a higher cost per kg).
Propane is used for primarily for cooking in the hospital kitchen, with a small amount used in
the laboratory.
Propane Consumption
Bottled propane gas is used predominantly for cooking on a 2-burner stove in the hospital
kitchen, and to a very small extent for a Bunsen-burner in the laboratory. Propane comprised
4% of total energy consumed and only about 2% of total energy cost.
2 meals per day are served to inpatients, therefore the rate of daily gas consumption is
expected to be closely proportional to the number of patients. The kitchen’s 45 kg gas bottle
is refilled approximately every 6 to 7 weeks, with the laboratory’s using about 1 kg every 3
months.
Propane Gas
2013
Avg
Daily
Expense

2012
Avg
Daily
Item
Use
[h/day]

2013
Avg
Daily
Use
[h/day]

2012
Daily
Avg Fuel
Use
[kg/day]

2013
Daily
Avg Fuel
Use
[kg/day]

Gas Use
Rate
[kg/h]

2012
Expense

2013
Expense

2012
Avg
Daily
Expense

Kitchen Stove

0.5

$11,108

$11,905

$30.43

$32.62

1.96

2.10

0.98

1.05

Lab Burner

0.05

$112

$120

$0.31

$0.33

0.20

0.21

0.01

0.01

$11,221

$12,025

$51.19

$51.32

2.2

2.3

0.99

1.06

Item

Propane Gas Total

Table 30. Historical Propane Consumption Summary, 2012 & 2013

As can be seen, likely due to similar number of patients, expenditure on propane gas in 2012
and 2013 was similar. We can also see that the laboratory’s use of gas is negligible relative to
that of the kitchen.
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Historical Unleaded Petrol Supply and Consumption
Petrol Supply
Unleaded petrol is purchased from local distributors for $16.00 (AU$2.37) per litre. The fuel is
used to operate the backup water pump at the hospital well. Unleaded petrol pre-mixed with
2-stroke outboard motor oil costs SB$16.50 (AU$2.44) per litre from local distributors. Premixed fuel is used to operate the hospital’s 40 hp outboard motor used to transport patients
and staff around the lagoon.
Petrol Consumption
The backup water pump and the hospital’s boat are both fuelled by unleaded petrol, the latter
mixed with two-stroke engine oil at a ratio of about 50:1. The Fire Fighter petrol pump
consumes approximately 1.5 litres petrol every hour when run at ¾ throttle. The 40 hp
outboard 2-stroke Yamaha motor propels a 7 m fibreglass boat, with passenger numbers
varying from 1 to 12. The motor uses on average 1 litre of pre-mixed petrol every kilometre.
Table 31 summarises the 2012 and 2013 annual unleaded petrol expenses (including oil) with
approximate daily usage averages.

Unleaded
Petrol

2013 Avg
Daily Use
[unit/day]

2012
Expense

2013
Expense

Water Pump

1.5 l/h

$1,210

$17,040

$3.32

$46.68

0.14 h/d

1.95 h/d

0.21

2.92

Boat Motor

1.0 l/km

$106,852

$61,278

$292.75

$167.88

17.8 km/d

10.2 km/d

17.74

10.17

$11,221

$12,025

$51.19

$51.32

17.9

12.1

17.95

13.09

Unleaded Petrol Total

2012 Avg
Daily Item
Use
[unit/day]

2013
Daily
Avg Fuel
Use
[l/day]

Fuel Use
Rate
[l/unit]

Item

2013
Avg
Daily
Expense

2012
Daily
Avg Fuel
Use
[l/day]

2012
Avg
Daily
Expense

Table 31. Historical Unleaded Petrol Consumption, 2012 & 2013

The water pump fuel usage increased considerably from 2012 to 2013 due to the failure of the
primary 3-phase electric pump (see Figure 31). Outboard motor fuel consumption also
dropped by almost half, likely mainly due to a major reduction in frequency of medical tours to
regional clinics.
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Historical Solar PV Power Consumption
No record has been made of the energy consumed by the eye clinic (opened early 2013),
powered by a roof-mounted standalone 1.52 kW solar photovoltaic (PV) system with 1,200 Ah
battery storage.

Figure 34. Eye Clinic Solar Panels

Below is an approximation of the energy generated by the system, as compared to the energy
consumed by the clinic. An approximate insolation of 5 kWh/m2/day (5 PSH) has been used, as
per Sustainable Energy Regulation Network (2012, sec. 5, par. 1), and a generic system
efficiency of 75% (including battery, inverter and panel de-rating factors).
Solar PV Supply &
Consumption

Daily Energy
[Wh/d]

Annual Energy
[kWh/y]

Solar System Available Output

5,625

2,053

Eye Clinic Consumption

1,100

402

Excess Energy Available

4,525

1,652

Annual
Savings

Savings
Foregone

$2,780
$11,438

Table 32. Solar PV Estimated 2013 Energy Consumption

Table 32 assumes the system was in operation for the whole year. Simple back-of-theenvelope calculations indicate that about 400 kWh of solar PV energy was consumed by the
hospital in 2013 (less than 1% of total energy consumed). However, a significant amount of
energy was not utilised, as indicated by the 1,652 kWh excess energy, and the associated
$11,438 foregone if comparing to the 2013 SIEA electricity tariff of SB$6.925 per kWh. This
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additional operating reserve may be useful in supplementing any capacity shortfalls in an
alternative energy supply system.
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Appendix J
Notes on Pre-Existing Energy Efficiency Initiatives at the HGH Water Pump House
When in operation during 2011 and 2012, the 3-phase Davey electric surface water pump was
consuming about 13 kWh (SB$94.90 at the 2014 tariff) per day, approximately 8% of the
hospital’s total energy consumption at the time.

Figure 35. Old 3-Phase Electric Pump (left) and Petrol Pump

The petrol pump, in operation during the screening survey period, consumed about 4.7 litres
of petrol (SB$75.20) per day to satisfy an average water demand of 30,000 litres per day.
Shortly after the audit the petrol pump failed and a 1.0 kW surface pump was installed at the
hospital, requiring almost 14 hours’ daily operation pumping at 0.6 l/s, and consuming 14 kWh
(SB$102.20) grid power per day. In July 2014, a 1.0 kW submersible single-phase electric pump
was installed, pumping to the header tanks at about 1.0 l/s and consuming 8.3 kWh/day
(SB$60.80) when supplying 30,000 litres. The hospital has also implemented a water system
rehabilitation program that has reduced water demand to an average 20,000 l/day through a
proactive repair and maintenance program and the upgrade of the rainwater catchment
system. Since the rehabilitation, the new submersible pump has been consuming only 5.5
kWh (SB$40.15) to satisfy the reduced daily demand (about 4.1% of the hospital’s daily
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electricity expense), a 68% present cost reduction on the average daily operating cost of the 3phase surface electric pump operating in 2012. This will likely see annual water pumping
energy costs reduced from what would have otherwise been almost SB$35,000 per year with
the 3-phase pump, to less than $15,000 per year.
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Appendix K
Notes on Energy Efficiency Opportunities
Space Cooling EEOs
AC systems at the hospital typically operate only during working hours on weekdays, except
for the pharmacy where it is on 24 hours per day to keep medicines cool. Efficient AC
operation relies on proper insulation and air sealing (U.S. Department of Energy 2012, sec. 4,
par. 6). However, due to warm ambient temperatures (averaging about 31°C according to
Munda Meteorological Office data), large room volumes, poor building insulation and the
prevalence of air leaks (e.g. regularly open or missing doors or louver windows), airconditioners at the hospital almost always operate at full load when turned on, as the
thermostat threshold is rarely reached. Thermostats are typically set between 21°C and 24°C,
with the room temperature remaining 2 to 5°C higher. (Whirlpool n.d., sec. 2, par. 1) suggests
setting thermostats at 25° to 27°C, as every 1°C lower can increase running costs by up to 15%.
Effective sizing of AC systems is very important to ensure the units are not over or underutilised, resulting in inefficient and ineffective operation. Using the AC sizing calculator
developed under the Australian Institute of Refrigeration, Air Conditioning and Heating
(AIRAH), the following suggested AC capacities have been determined for each of the airconditioned rooms at the hospital.
AIRAH AC Capacity Recommendation

Room
Pharmacy
Laboratory
X-ray
Theatre 2
Theatre 1
Admin

Insulation Installed,
External
No Change to
Leaks Repaired,
Height
Footprint
Volume
Wall Area
Infrastructure
Windows Shaded
[m]
[m2]
[m3]
[m2]
[kW]
[kW]
3.6
120
432
155
9.6
7.1
3.5
28
98
77
2.7
2.3
3.5
28
98
77
2.9
2.2
3.5
28
98
77
3.2
2.4
3.5
42
147
91
5.4
4.0
3.5
40
140
105
5.4
3.8
Table 33. Recommended Air Conditioning Capacity for Hospital Rooms
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The final two columns in Table 33 reveal the approximate difference in required AC capacity
for the case where no change is made to the existing infrastructure, and if insulation is
installed or repaired, leaks and drafts are mended, and external windows are externally
shaded. Such a large difference between the capacity values suggests that if the smaller values
in the far right column are chosen, the accompanying infrastructure changes will need to be
made, else the system will be undersized.
Of all types of AC systems, single split system air conditioners have achieved the highest
energy efficiencies as recognised by Australia’s energy rating scheme, with one of the most
energy efficient units being the small-scale Daikin 2.5 kW (cooling capacity) Ururu Sarara 7
model (Department of Industry 2014). It is recommended that all older AC units be replaced
with newer energy efficient units such as the Daikin 2.5 kW model (or of a size appropriate for
the room), which requires 0.42 kW input power for its cooling cycle and costs about AU$1,200
per unit in Australia (as per average quote prices from domestic vendors, July 5, 2014), minus
freight installation expenses. Ceteris paribus, the new units should consume less than half the
energy of the existing units if replaced one for one and operated simultaneously with the
accompanying energy efficiency opportunities (EEOs).

Lighting EEOs
1,200 mm 36 W fluorescent tubes and 600 mm 18 W fluorescent tubes account for 15.6% and
3.4% of the hospital’s electricity use. Early in 2014, major lighting appliance manufacturer
Royal Philips N.V., released the Instafit LED tube lamp that is supposedly 40 to 50% more
efficient than standard T-8 fluorescent tubes, and will fit into the socket of standard T-8
ballasts without need for any additional wiring (Philips 2014b). These could replace all
fluorescent tubes on the premises. Brands such as Lumitex, S-tech and General Electric
Company have also begun retailing LED tubes in Australia. LED Tubes of 8 to 16 W are suitable
to replace T-8 fluorescent tubes of 25 to 40 W (Eartheasy.com 2012, sec. 4, par. 14) and have
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an operating lifetime of about 40,000 hours (Philips 2014a) as opposed to 15,000 hours for
fluorescent tubes (LIGHTonline.com.au 2014). Philips 10 W x 600 mm and 20 W x 1200 mm
LED tubes can be bulk purchased in Australia for AU$27.50 and AU$31.75, respectively
(Simply-LEDS.com.au 2013b), which is significantly more expensive than standard fluorescent
tubes which retail for about AU$4.00 each (LightingPro Australia 2014). The added efficiency
and increased lifespan of LED tubes, however, is likely to result in a long-term economic
benefit to the hospital. Assuming the hospital will be able to arrange an exemption from
import duty and tax, 5% of cost will be approximated for freight.
Incandescent lights comprise 1.1% of electricity consumption at the hospital, the third highest
of lighting appliance types (and least efficient). 12 incandescent bulbs have been located on
the premises, with an average rating of 62 W. These could all be replaced with 4 to 8 W LEDs
that would output the equivalent lumens as 40 to 60 W incandescent lights (Design Recycle Inc
2011). 5 W equivalent LED bulbs, costing approximately AU$5.00 each (Simply-LEDS.com.au
2013a), have been suggested as the majority of incandescent bulbs appear to output
unnecessarily excessive luminescence.
Below is a summary of the figures used to calculate the cost and energy savings associated
with replacing the 36 W and 18 W fluorescent tubes with LED tubes, and replacing the
incandescent bulbs with LEDs.
Ballast Type

1,200 mm Tube

600 mm Tube

Bayonet Bulb

Item to be Replaced

36 W Fluoro Tube

18 W Fluoro Tube

62 W Incandescent

Item Replaced With

20 W LED Tube

10 W LED Tube

5 W LED Bulb

104

51

12

Cost per Unit (with freight)

SB$225.05

SB$194.94

SB$35.44

Total Replacement Cost (materials only)

SB$23,402

SB$9,943

SB$425

Energy Consumption Prior to Replacement

20.0 kWh/d

4.3 kWh/d

1.4 kWh/d

Energy Consumption After Replacement

11.1 kWh/d

2.4 kWh/d

0.1 kWh/d

Daily Energy Saved

8.9 kWh/d

1.9 kWh/d

1.3 kWh/d

Daily Energy Cost Saving

SB$64.77 /d

SB$14.07 /d

SB$9.55 /d

Annual Energy Cost Saving

SB$23,658 /y

SB$5,140 /y

SB$3.487 /y

Number of Units

Payback Period

1.0 y
1.9 y
Table 34. Lighting Retrofit Calculation Summary
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0.1 y

Note, the energy savings identified in Table 34 (12 kWh/d in total) will be less when performed
in conjunction with the other lighting-based energy conservation initiatives. Also, the
calculations have not included labour costs, as the hospital regularly utilises volunteer
electricians from charitable international organisations, such as Rotary Australia.
When looking at this retrofit option, ceteris paribus, even though LED tubes are significantly
more expensive than fluorescent tubes of similar lumen output, the payback period is not
excessively long (especially considering LEDs tend to have a greater lifespan than fluorescent
lights): being about 1 or 1.9 years for the large 1,200 mm and 600 mm ballasts, respectively.
LED globes show a very attractive payback period and proportional energy saving when
replacing old incandescent bulb technology.
Additional retrofit possibilities include replacing several tube ballasts with LED bulb sockets
where the lighting output does not need to be high (such as in cupboard spaces). Replacing
the mechanical tube ballasts with electrical ballasts has been considered, though omitted from
the suggested actions. Electrical ballasts can reduce energy use and costs by about 30% and
enable the incorporation of dimmer switches (Sitarz 2009, 12). Discussions with experienced
Australian electricians, however, suggested that electrical ballasts would be expensive and
difficult to maintain and repair, hence being considered unsuitable for the hospital.

Building Design
Most buildings are single storey with a gable-style roof, with the exception of a flat shed-style
roof on the Outpatients’ Clinic. All roofs are of corrugated iron (much of which is in a poor
rusted condition), the majority of which are insulated lightly with single or double-sided
reflective aluminium foil, with minimal added walling or floor insulation. Walls are clad with
fibrous cement (fibro) or hardboard (Masonite). Floors are either raised timber or concrete
slab, and ceilings are mostly about 3.5 m high.

180

Below are suggestions of potential changes that would likely improve the hospital’s energy
performance.


Replace rusted roofing iron with new rust-resistant iron roofing to enable more solar
insolation to be reflected rather than absorbed and radiated inside the building;



Paint new roofing white to mitigate rusting and reduce absorption of solar radiation;



Consider installing roof ventilation (whirlybirds or solar-powered vent fans); and



Install, repair or replace wall and roof insulation to increase thermal comfort, reduce the
load on air-conditioners, and also reduce the size of the air conditioning systems required.

Whilst an economic assessment has not been performed on potential major building
infrastructure modifications, the above recommendations could be incorporated into new
buildings and restoration projects within the hospital compound.
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Appendix L
Notes on Future Plans at Helena Goldie Hospital
Although the hospital’s annual electricity demand has declined over the past 4 years, a number
of anticipated changes are planned or expected that will likely impact the load profile (mostly
independent of the EEOs derived from the energy audit). Such changes are summarised in the
Table 35 below.
Future Change

Description

New Private
Ward

One to three Private Ward rooms to
be constructed early 2015.

Relocated
Administration
Office

Move admin office to above
workshop, 2015.

Relocation of
Entire Hospital
New Hospital in
Noro

New Autoclave

Well Water
Demand
Reduction &
New Water
Pump

Move entire hospital to higher
ground to avoid rising sea level
issues & vulnerability to natural
disasters, 2030-2050.
Possible construction of hospital in
nearby town Noro. May reduce
service demographic. 2016-2030.
A large 12 kW 3-phase autoclave
planned to be installed in 2015.

Electrical Appliances
Air conditioner(s)
Ceiling fans
Lighting
Same office
equipment.
Additional lighting &
fans
Many, though not
included in this audit
due to uncertainty over
time of move

Effect on Load
~18 kWh/d
increase at 30%
occupancy.
~0.5 kWh/d
increase

n/a

n/a

Not confirmed,
assume no effect

12 kW Autoclave

~2.6 kWh/d for
1.5 h/wk use; 12
kW rise in peak
load if daytime
use

Additional rainwater tanks installed
in mid-2014 for hospital &
college/staff house compound,
Submersible electric
expected to reduce pumped well
water pump
water demand. Energy efficient
submersible pump also installed.
Table 35. Effect of Future Plans & Changes on Load

~6 kWh/d less
than the previous
electric pump

The changes listed above could result in an increase in the hospital’s electricity demand of
about 21 kWh/d (16.4%), not including the energy and cost savings gained from the new water
pump (replacing a petrol pump and connected to a separate meter).
The anticipated rise in the nation’s population of 55% (Prism 2010) by 2035 (the hospital’s
alternative energy supply project’s completion year) is also likely to be noticeable in the
hospital’s service region. Even though electricity consumption only appears partially
proportional to patient numbers (likely due to the relatively low electricity demand associated
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with medical equipment, as can be seen in the following walkthrough audit results), it is still
likely to have a noticeable effect for such a significant increase in population, especially if new
buildings and additional auxiliary facilities are required to cater for the population increase.
Without any additional energy management initiatives put in place the average 2035 energy
consumption for the hospital has been estimated to increase by 25% from the current profile
(16.4% for the expected changes, plus 8.6% to cater for the local population rise). Peak
instantaneous load will likely almost double, from 17.2 kW to 33.5 kW, due to the planned
implementation of a new 3-phase 12 kW autoclave.

Figure 36. New 12 kW Autoclave
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Appendix M
Notes on Discounting for System Calculations
The major contributor to the grid-connected diesel system cost, as described in Section 4.4.1
and Appendix C, is fuel consumption, comprising 74% to 82% of NPC for both high and low-end
scenarios (see the manual calculations, Appendix B). Contributing to this high value, and to
the low NPC of the solar system, is the neutral single payment present worth factor (PWF) of 1
throughout the course of the project. The low PWF is due to the low interest rates available
for alternative investment opportunities in Solomon Islands, resulting in a nominal interest
rate equal to (or possibly lower than) the expected inflation rate. Single payment PWFs less
than 1 (arising when the rate of return of an alternative investment is greater than the
anticipated inflation rate) would see a reduction in the NPC of those systems where equipment
replacements are necessary throughout the course of the project (applicable to all “high-end”
cost estimates in Section 4.4.1 and Appendix C), and when annual fuel and operation and
maintenance (O&M) costs are high – as is the case with the diesel system.
The sensitivity of a higher real interest rate (where “Real Interest Rate” = [“Nominal Interest
Rate” – “Inflation Rate”] / [1 + “Inflation Rate”]) or reduced fuel prices has not been
investigated, as it is assumed that global oil prices will continue to largely affect inflation rates.
Although some signs of disparity have been shown in recent years, the strong influence of oil
price on inflation in Solomon Islands can be when considering the period between 2004 and
2009, as can be seen in Figure 37 below.
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Solomon Islands' Inflation & World Oil Price Trend
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Figure 37. Inflation and Oil Price Comparison (TRADING ECONOMICS 2014a; Macro Trends 2014)

Real oil prices are expected to rise linearly by 31 – 50% by 2035 (U.S. Energy Information
Administration 2014), and the Solomon Island inflation rate since 2010 has remained fairly
steady near the 5% to 6% mark (TRADING ECONOMICS 2014a) with 5% forecast for 2015 (ADB
2014b, sec. 3, par. 3). It is therefore assumed that Solomon Islands’ inflation rate will maintain
at approximately 5% for the duration of the project. Countering this, the hospital has limited
domestic investment opportunity to keep up with inflation. HGH uses the Bank of South
Pacific (BSP), the only bank with a branch in Munda, for the majority of its banking needs. In
July 2014, BSP were advertising a >2 year term deposit interest rate of only 2.0% per annum,
with its general customer savings accounts' interest rates ranging from 0.05% to 0.20% per
annum (Bank of South Pacific Limited 2014). Therefore, inflation is likely to be higher than the
nominal interest rate if considering local bank interest rates as the most favourable alternative
investment for lifecycle cost analyses; resulting in a negative real interest rate and <1 single
payment PWFs. During the energy audit, however, the hospital administration was looking
overseas for investment opportunities, where higher interest rates are likely. Therefore, an
optimistic interest rate of 5% has been applied, such that discounting is not necessary in NPC
calculations.
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Appendix N
Notes on Load Matching Solar Insolation with Hospital Load
If load matching is necessary for a solar PV system (e.g. if the hospital chose to establish a
standalone system rather than remain tied to the grid), solar energy availability appears well
matched to the hospital’s weekday daytime electricity demand profile, particularly for daytime
loads greater than the base night-time load. Figure 38 illustrates the similarity between the
hospital’s average weekday load profile and the daily solar angle relative to the horizon for
each month.
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Figure 38. Hospital Load Profile & Solar Angle (ASDC 2014a)

With clearness index not varying considerably throughout the year, the similarity between the
solar angle and weekday load profile during daylight hours indicates good compatibility for
energy generation and consumption purposes. Meeting the 2035 base load of 2 to 4 kW
during night-time could then be ascertained via energy storage or another energy source, such
as a diesel electric generator or the local electricity utility (for grid-connected locations).
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