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20 years. The growth of the international tourism industry has 

been particularly important to poorer countries. Between 1990 

and 2000, international tourism receipts increased 133 percent in 
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World Tourism Organization (WTO) forecasts that the number of 

international visitor arrivals will grow five times more rapidly in 

developing countries than in more established destination markets.
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INTRODUCTION 1

Rural tourism is a rapidly growing sector of the global tourism industry. Since rural tourism 
operations are often in remote locations, ensuring a reliable supply of energy can be a special 
challenge. Therefore, planning for reliable energy is vital and impacts all decisions made at rural 
tourism facilities—since these areas may have difficult access to fossil fuel supplies and no access to 
grid electric power.

Often a rural facility must be its own energy service provider, relying on energy resources available 
at the site and/or fuel transported to the site. Its staff must be knowledgeable in the day-to-day 
operation of power generation equipment, sound efficiency practices to reduce overall use of energy, 
and access to qualified technicians for periodic maintenance and equipment repair. Unlike tourism 
facilities with access to grid power and other utility services, rural off-grid facilities must bear the full 
cost of operating reliable on-site power and water systems—which typically result in power costs that 
are more expensive than electricity provided by a grid. Since rural facilities must be good stewards of 
the land, they face the added pressure of producing energy by the most sustainable means possible, 
and using energy as efficiently as possible.

Powering Tourism provides information to help tourism professionals understand and evaluate the 
range of options for meeting their off-grid energy needs, highlighting efficient and sustainable use of 
energy. The guide provides a seven-step approach to guide the reader through the process of creating 
a reliable and affordable energy system by working with staff and visitors, equipment vendors, 
installers, financial institutions, and energy service providers. Powering Tourism illustrates each step 
through hypothetical and real life case studies. Transportation needs are not covered in this guide, 
which focuses on applications requiring electricity and heat.

EnErgy and rural Tourism
The term “rural tourism” covers a number of different facility types, locations, and styles. Facilities 
may include museums, welcome centers, and park and lodging accommodations ranging in style from 
the most basic to luxurious. Many are designed as sustainable tourism facilities, and all are in remote 
areas. Sustainable tourism is defined as a set of principles and practices that involves environmentally-
friendly operations such as minimizing consumption of non-renewable resources, bringing tangible 
economic and social benefits to local communities, and participating directly in cultural and natural 
heritage conservation efforts.1

Rural tourism facilities are found in all corners of the globe—from deserts to tropical and temperate 
forests and from coastal beaches to high mountains. A resort in an equatorial climate with little 
seasonal weather variation will have more consistent energy needs throughout the year than one 
in a polar region with extreme seasonal temperature variations. The location not only determines 
how accessible electricity and fuel resources are, but also what renewable resources are available for 
solar-, wind-, or water-powered generation equipment. Additionally, how and where the facility is 
sited affects energy requirements. Those facilities that take advantage of environmental factors such 

1 For more information on sustainable tourism, see the World Tourism Organization at: http://www.unwto.org/sdt/
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A tourism facility’s energy system consists of:

 Ƿ Devices that require electricity and/or heat.

 Ƿ On-site power and heat 
generation equipment.

 Ƿ The people who use the appliances 
and operate the power equipment.

A well-designed energy system minimizes 
energy waste. Applying an organized approach 
to energy system design will help ensure that 
the system sustainably and reliably meets 
energy needs over time—even as a facility 
grows, people’s behavioral patterns change, 
and equipment ages. The seven-step approach 
described in the following sections covers all 
aspects of planning, installing, and managing 
an energy system, from identifying energy 
needs to procuring efficient appliances and 
selecting appropriate on-site power generation 
equipment. This guide is technology-neutral, 
but highlights factors such as cost, reliability, 
environmental impact, and maintenance and 
operations issues for each power generation 
option. This allows readers to choose the system 
which best satisfies their needs.

The stepwise approach is intended as a guide for 
planners, managers, and other decision makers 
who will be relying on the advice and expertise 
of qualified energy practitioners, finance 
professionals, and additional service providers to 
perform the tasks in each step. This guide is not 
designed to serve as a how-to manual—our goal 
is to provide you with the information you need 
to make informed choices regarding energy 
supply decisions for your project. Case studies 
throughout the document provide examples of 

as shading in hot climates, use of natural light, air flow, and other factors can reduce the need for 
additional energy.

Small facilities typically have lower energy requirements than large ones, but ultimately, the amount 
of electricity and heat consumed will vary directly with the type of services provided. Within the 
context of rural tourism, some facilities provide only the most basic services with minimal energy 
requirements (i.e., visitor centers), while others are more luxurious, offering air conditioning, hot 
water, and electronic entertainment.

As shown above, virtually anything—type, style, location, climate, staff, guest levels, behavior, and 
operating hours—can affect energy demand and consumption at tourism facilities. Energy may 
be required for lighting; to prepare and store food; to pump, purify, and heat water; to provide 
entertainment; to charge batteries; and to maintain comfortable indoor temperature and humidity 
levels for staff and visitors. Further, as the facility evolves, so will its energy needs. The following 
sections will help guide you through the process of taking all of these factors into consideration to 
obtain the right energy system for your facility.
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A Stepwise Approach to Designing an 
Energy System

1
ASSESS ENERGY DEMAND

2
INTEGRATE EFFICIENCY INTO OVERALL 

FACILITY AND EQUIPMENT DESIGN

3
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4
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how actual facilities generate and use energy—note that these “real life” examples of energy use may 
not necessarily represent “best practices” or the most sustainable options available. The appendices 
provide tools that can help you put some of the suggestions described in the steps into action.

ThE ParadisE rEsorT

Throughout the guide, the Paradise Resort serves as a hypothetical case study that illustrates energy 
planning, efficiency, use, and design for a facility in Steps 1 – 5.  The energy need and use estimates 
are based on a sample remote tourism facility (see full description below); costs are in US$ and 
estimates are modeled using the HOMER software developed by the National Renewable Energy 
Laboratory (www.nrel.gov). 

The Paradise Resort is located in a tropical climate and has six bungalows for guests, as well as a main 
lodge containing a kitchen, dining facilities, and reception and office areas. There is lighting inside 
the lodge and bungalows, but minimal outdoor lighting at night. Heating requirements are only for 
cooking, for which the restaurant uses a combination of propane and wood. Paradise Resort has a 
small circulation pump that pumps water from a nearby source (gravity-fed) to a tank on the roof of 
the building.
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The first step in the selection of an energy system is to assess energy demand. For existing facilities 
this will require an energy audit. For new facilities in the planning phase, the energy assessment will 
estimate future energy use. The assessment should include an estimate of the amount of energy 
required, a projection of how much it will cost, and identification of opportunities to improve energy 
efficiency and reduce energy consumption.  

Tourism facilities typically use energy for lighting, 
communications, indoor space heating and cooling, 
water pumping and treatment, and the operation of office 
equipment. Facilities that offer food and lodging services 
may also require energy to prepare food, heat water for 
bathing and cleaning, provide laundry services, and power 
equipment for guest entertainment. These activities require 
energy in the form of either electricity or heat. 

Specific information needed to assess energy demand 
includes: (1) an inventory of electrical devices and how 
often they are used; and (2) an estimate of heating/cooling 
and water requirements.

QuanTifying EnErgy usE
A thorough energy audit should be conducted by a skilled professional. Nonetheless, this guide 
provides a simplified tool (Appendix 1) that readers can use to get a rough understanding and 
estimate of their energy demand. The tool relies on two primary pieces of information—equipment 
power ratings and energy usage.

The power rating, measured in watts, indicates the rate at which a device converts electrical energy 
into another form of energy (such as light, heat, or motion). Different units are used to quantify 
power and energy.

The amount of energy a device uses depends on the power level at which it operates, and the length 
of time it operates. Watts are a power measurement—either power capacity, or power requirement. 
Devices that use electricity are measured in watts (W); power production is usually measured in 
kilowatts (kW) (a kilowatt is equal to 1,000 watts) or megawatts (MW) (a megawatt is equal to 1 
million watts). Energy use is obtained by multiplying a device’s power rating (in watts) by the number 
of hours it operates to arrive at watt-hours (Wh). For example, a 50 watt compact disk CD player 
operating for one hour will consume 50 watt-hours. Watt-hours are usually summarized in Wh/day, 
meaning how many hours a day the device is estimated to operate and how much energy it will use 
during that time. Other measurement terms include Btu (British Thermal Units) and joules, which 
measure heating and cooling requirements and also the energy content of fuels. For the purposes of 
this guide, power requirement measurements will be in watts to show power needed for a device; 

Step 1: Assess Energy Demand

Factors that Affect Energy Demand 
in Tourism Facilities

•	 The size of the facility, measured 
in number of rooms or visitors.

•	 Total number of employees 
and number of employees 
lodged at the facility.

•	 Climate.

•	 Annual operating schedule of facility.

•	 Level of service.

•	 The type of equipment and 
appliances operating at the facility.
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energy measurements will be in watt-hours (Wh) to show energy needed to use that device for a 
certain amount of time.

ElEcTrical aPPliancE invEnTory aT ThE faciliTy
To determine the current electricity requirement of the facility, make a list of all electrical appliances, 
and note the power specifications from the appliance’s label or user manual (usually in watts). For 
future requirements, an estimate of power specifications can be based on a growth plan for the 
facility (see Step 4). Appendix 2 provides power ratings and average energy usage of various energy-
consuming devices, on an annual basis, for both efficient and inefficient models. It is important to 
include the number of outlets available for guest/staff use (for camera charging, electric razors, etc). 
The size (in terms of the wattage that can be accommodated) and number of outlets is directly related 
to the type/level of service a facility wishes to provide, and can have a significant impact on energy 
use.

hEaT rEQuirEmEnTs
In addition to energy used for electrical devices, energy in the form of heat is a requirement for 
cooking, water heating for bathing and cleaning, and space heating. For cooking, a facility’s energy 
requirement is determined by the number and type of meals prepared. Kitchen staff can provide 
estimates of cooking fuel requirements based on meals served. Hot water needs for bathing and 
cleaning can be calculated using estimates of daily hot water volumes and temperature. Space 
heating requirements are calculated using room volumes, room insulation characteristics, outdoor 
temperatures, and desired indoor temperatures. Because electrical heating has such a high energy 
requirement, heating is almost never an efficient application for renewable energy in electrical form—
ideally, heat should be supplied from the burning of various fuels (i.e., natural gas) or through solar 
heaters.

WaTEr rEQuirEmEnTs
For facilities that provide food and lodging services and do not have access to city water services, 
water pumps can be among the largest energy consumers.

Three factors determine the quantity of energy required for water pumping:

 Ƿ The height that the water must be raised by the pump and the amount of energy 
it takes to transport the water to the site if it does not use gravity. 

 Ƿ Daily quantity of water required by the facility.

 Ƿ Water purification needs—water pumps must be powerful enough to move 
water through filtration systems. Certain water purification systems, such as ultra-
violet or desalination, might also have additional electricity requirements.

An energy assessment report or audit will include a set of values that represent estimates of the 
facility’s energy needs. As shown in the following example, estimates often will be given in  
Wh/day, which is a useful measure for comparing the energy consumption of different facilities, or 
for assessing progress toward meeting energy efficiency goals for a single facility. This calculation will 
help identify areas for improving energy efficiency, whether by investing in more efficient equipment, 
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or changing energy use behavior of staff and guests. It will also help account for potential changes in 
future energy consumption.

ExamPlE 1: ParadisE rEsorT iniTial EnErgy assEssmEnT

An initial assessment is conducted at the resort to determine the current electrical loads. As the chart 
below shows, the facility uses 50,120 watt-hours a day (Wh/day). To calculate Wh/day, multiply 
quantity of appliances by watts required for each by hours per day in use. The following example 
calculates Wh/day for the fans: 6 (number of fans) x 150 (Watts each) x 8 (hours in use per day) = 
7200 Wh/day total. Wh/day is a useful measurement for total load requirement (power requirement 
and hours of use). In Step 5 when the system is sized, these estimates will be used to determine the 
total energy requirement, measured in kW (1,000 watts).

Area QTY Load Watts Each Total Watts

Hours per day Total Watt 
HoursDaytime Night

Lodge Rooms 6 Lights (general) 60 360  8 2,880 

6 Lights (bathrooms) 60 360  2 720 

6 General Purpose Outlet 75 450  4 1,800 

6 Fan 150 900  8 7,200 

Kitchen 1 Refrigerator 100 100 12 12 2,400 

1 Freezer 100 100 12 12 2,400 

4 Lights 60 240  8 1,920 

4 Misc. Appliances 100 400 4 8 4,800 

General Lodge Area 6 Lights (guest area) 100 600  8 4,800 

6 Lights (office area) 100 600  4 2,400 

2 Computers for Guests 150 300 4 4 2,400 

2 Computers for Lodge 150 300 8 4 3,600 

1 TV / Entertainment 200 200 4 4 1,600 

 1 Satellite System 80 80 12 12 1,920 

 2 Fans 150 300 4 4 2,400 

Pumping 1 Small Circulation 500 500 4 4 4,000 

Site Area Lighting 6 Outside Lights 40 240  12 2,880 

Grand Totals   6,030   50,120 
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This example includes devices with fairly modest loads most likely found in existing facilities not 
utilizing energy efficient equipment. Energy requirements could change dramatically if additional 
equipment is added or the amount of time existing equipment is used changes. As shown in the 
graphic below, lighting uses a significant portion of the electricity consumed by Paradise Resort, 
followed by the fans and computers. The next step will look at energy efficiency options to decrease 
the 50,120 Wh/day requirement.
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Now that you have a preliminary estimate of your facility’s energy demand, you can begin to consider 
methods to reduce that figure, and gain the resultant economic and environmental benefits. One of 
the key methods to improve the sustainability of any tourism project is to incorporate principles of 
energy efficiency. Energy efficiency should be a primary design objective for all new developments 
and, in particular, for tourism facilities that are built in remote and off-grid locations. Improving 
energy efficiency allows a facility to reduce energy consumption without altering the level of service or 
amenities provided.

Why is energy efficiency important for tourism operations?

 Ƿ Integrating energy efficiency in a project can significantly reduce the initial cost and maintenance 
requirements of the facility’s structures, appliances, and other end-use equipment. Buildings that 
are designed to be cooled year-round by natural cross-ventilation and ceiling fans can be built of 
light and often locally available materials, and do not require an airtight structure, wall insulation, 
and double-glazed windows and glass doors. Reducing the need for air conditioning units, which 
are expensive to purchase and operate, also reduces demand for qualified technicians.

 Ƿ Purchasing energy-efficient equipment and appliances can be highly cost-effective, especially when 
electricity costs are high (as they are in all locations that must generate their own power). For 
example, replacing a 60W incandescent bulb with a 15W compact fluorescent lamp (CFL) in a 
grid-connected urban hotel generally can save enough over the life of the bulb to recover four 
to five times the initial investment. Likewise, replacing a showerhead that consumes 15 liters/
minute with a low-flow model (consuming 8 liters/minute) saves considerable fuel and water and 
yields an annual return on investment of around 200 to 400 percent. Even though these returns 
are impressive, they represent only a fraction of the actual returns that can be achieved when 
making the same efficiency investments in remote facilities that self-generate power, since these 
sites often pay more than twice the market rate for the fuel used for their electricity generation.

 Ƿ In an off-grid site, the capacity of the required energy generation systems is largely determined by 
the facility’s projected energy consumption. Therefore, a facility that is designed with energy efficiency 
in mind is able to reduce the size, complexity, and cost of its energy supply and back-up systems.

Creating a facility that uses energy wisely and sparingly requires more than simply choosing and 
installing the highest efficiency appliances money can buy. It necessitates a wider approach that 
incorporates efficiency concerns in all aspects of the project, such as the siting and orientation of the 
buildings; the materials and architecture of the structures; the design and color schemes of interior 
spaces; and the equipment, appliances, and systems that provide comfort and meet the needs of 
visitors, guests and workers. Facility design/enhancement entails consideration of all components of 
the facility (including public areas, offices, kitchens, and/or staff quarters), not just those pertaining 
to visitors.

The information provided in Step 2 will help you become better aware of the various concepts, 
features, and choices that have a significant impact on achieving energy efficiency and sustainability.

Step 2: Integrate Efficiency into 
Overall Facility and Equipment Design 
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Buildings and sTrucTurEs
The facility’s architects or designers should be intimately familiar with the project location, as well as 
its climate and weather patterns, and use this knowledge to determine the optimal siting, orientation, 
and design of the structures. Site-specific features—such as predominant wind directions, topography, 
vegetation, and available water sources—can have a huge impact on how much energy is consumed 
by buildings and the level of comfort offered to occupants. Dependable breezes can cool buildings 
by cross-ventilation; trees can act as wind barriers or serve to shade roofs and walls; and a stream or 
spring located at a higher elevation can supply pressurized water by gravity alone.

Facility architects and designers should also be familiar with sustainable building concepts and be able 
to design efficient structures that can maintain a comfortable indoor environment with minimum 
energy input. Some of the typical features to be considered in designing energy efficient buildings are 
presented below.

 Ƿ Tropical climates: Passive cooling strategies for buildings include: using well-insulated or highly 
reflective roofs to reduce the amount of heat that is radiated indoors; relying on overhangs 
or other features to shade walls and windows that are exposed to the sun; selecting light 
construction materials that have a low thermal mass for walls, roofs, and floors; and judiciously 
positioning windows and other openings to promote air flow through the buildings. 

 Ƿ Temperate and colder climates: Passive heating features include: maintaining a proper balance 
between floor area and the total window area on exterior walls that face the winter sun; using 
high thermal mass materials in walls and floors to absorb the heat of the sun during the day 
and gradually release it into the living space during the night; insulating roofs, attics, exterior 
walls, and foundations to improve comfort (i.e., keep heated during winter and cool in summer); 
installing insulated windows and relying on shutters and tight-fitting insulated curtains to further 
reduce heat losses at night; and sealing the building envelope to minimize air infiltration.

Incorporating passive cooling and heating features in buildings does not necessarily result in more 
expensive structures. Palm thatch roofs have a low thermal mass, are naturally insulating, and can 
be built in most tropical regions with local material and labor. Straw bales are available at low cost 
in many parts of the world and can be used to build sturdy exterior walls with thermal performance 
that is two to three times better than that of well-insulated walls in modern buildings. Shutters and 
insulating curtains may be able to be made on-site at low cost, and can reduce heat losses through a 
double-glazed window during cold winter nights.

Finally, architects and designers should create structures that rely fully on natural sunlight for daytime 
illumination and resort to artificial lighting only at night. Even under overcast skies the average 
daytime illumination level in most regions is typically 15 times greater than that required to perform 
average indoor tasks. 

lighTing
The most commonly available energy efficient options for lighting applications in hotels consist of 
compact florescent lamps and linear fluorescent lamps, which on average consume four to seven 
times less energy than incandescent bulbs per unit of light output (lumen). Given that these efficient 
lamps can be used for virtually all lighting applications, they should be the obvious choice for interior 
lighting in facilities that run on expensive self-generated electricity.
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The design of the lighting fixtures and the environment in which they operate are equally important 
in determining how much energy is required to produce the desired level of illumination in a given 
space. Ideally, fixtures should be able to transmit most of the light that is produced by the lamps, 
while the ceilings, walls, curtains, and other large furnishings should be light-colored so that they can 
reflect incident light back into the room rather than absorb it.

Fuel-based lighting—such as paraffin candles and oil, kerosene, and propane lamps—is often used 
in off-grid locations, mainly because it is cheap and does not require a source of electricity. However, 
these benefits come at a high cost, as fuel-based lighting is extremely inefficient and consumes a large 
amount of energy for the light it produces. In addition, there can be serious indoor air quality and 
resultant health issues for people with long-term exposure to fuel-based lighting.

WaTEr consErvaTion
Facilities that have easy access to abundant water sources 
often believe that water is free and treat it as such. In 
reality, however, unless it can be used directly as it falls 
from the sky, water is seldom free. Obtaining water from 
a source and transporting it to the point of use generally 
requires energy, infrastructure, and equipment (e.g., 
wells, spring catchments, pumps, pipes). Using this water 
requires more energy, infrastructure, and equipment, such 
as storage tanks, water treatment systems, pipes, water 
heaters, wastewater collection, and disposal systems.

The energy cost of water is surprisingly high, especially for 
the hot water used in bathrooms and kitchens. Pumping 
and heating water can account for over half the total 
energy requirements of an efficient off-grid facility.

Water conservation opportunities can have a significant 
impact on reducing water usage. While conventional beach 
facilities consume 500 to 800 liters of water per guest-
night (excluding irrigation water), efficient facilities need as 
little as 200 to 300 liters per guest-night, and some off-grid 
hotels operate with less than 100 liters per guest-night.

The devices and systems that hotels can use to minimize their water use include:

 Ƿ Faucet aerators which, depending on the model, consume from 2 to 10 liters per minute.

 Ƿ Low-flow showerheads which consume from 7 to 10 liters per minute.

 Ƿ Self-closing faucet and shower valves.

 Ƿ Pedal valves for kitchen and bar faucets to ensure they use water only when needed.

 Ƿ Waterless or air-flush urinals.

Using Refrigerators and Freezers

Energy to power refrigerators and 
freezers can account for a large 
portion of a tourism facility’s energy 
needs. New, efficient models of 
electric refrigerators and freezers 
that use between 1 and 1.5 kilowatt-
hours per day are suitable for use 
with renewable energy systems. Self-
powered refrigerators that burn 
propane or natural gas may also be a 
good option for some facilities. Here 
are a few tips concerning their use:

•	 Smaller capacity units use less 
energy than larger capacity units. 
Use the smallest size possible 
to meet facility needs.

•	 Keep door seals clean to 
minimize energy loss.

•	 Clean condenser coils at 
least once per year.

•	 Keep the unit in a cool place—out of 
direct sunlight and away from stoves 
and other heat producing appliances.

•	 Keep the unit full. Mass in the 
refrigerator will keep the cold in.
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 Ƿ Water-saving toilets, micro-flush toilets, or dry composting toilets 
which operate well and use no water at all.

 Ƿ Grey-water collection and reuse systems.

 Ƿ Efficient washing machines that recycle part of the wash water they use and 
consume less than 10 liters of water per kilogram of linens processed.

Water conservation must also be included in facility operations. Employees should be motivated and 
trained to use water efficiently; guests should be invited and encouraged to participate in the facility’s 
conservation efforts; water consumption should be tracked regularly to ensure this resource is in 
fact efficiently used; and water supply, storage, treatment, and end-use systems should be properly 
operated and maintained to minimize leaks and unnecessary losses.

Water—as well as energy, chemicals, and labor—can also be conserved indirectly by reducing the 
amount of towels, bed sheets, table cloths, and other linens the hotel sends daily to the laundry. 
Measures that can be put in place to achieve this important goal are simple, well-known, and highly 
effective when implemented correctly. They include adopting voluntary towel and bed linen reuse 
programs; reducing the frequency with which guestroom towels and bed linens are changed (typically 
every 2, 3, or 7 days, depending on the type of accommodation); and replacing tablecloths with 
runners, laminated place mats or, nothing at all.

EnErgy-EfficiEnT EQuiPmEnT and aPPliancEs
Efficient appliances perform the same work as less efficient appliances but require reduced energy 
to do so. The lower power rating of an efficient device is not an indication that it does less. Even 

seemingly small reductions in equipment power ratings can 
result in significant reductions in energy consumption. 

Designers and engineers should be extremely careful to 
avoid over-sizing the appliances, equipment, and systems 
they select. Each year, tourism facilities waste billions of 
kWh of electricity operating devices that are bigger and 
more powerful than what is really needed. This includes 
guestroom electric kettles that can boil two liters of water 
when only one-third of a liter fits in a cup; conveyor toasters 
that continuously draw 3 to 4 kW of power even though 
they generally spend most of their time running empty 
(pop-up toasters work just as fast but use electricity only 
when actually toasting bread); and oversized water pumps 
that operate very inefficiently at a fraction of their design 
capacity. Thus, designers and engineers must first carefully 

gauge end-use needs and the capacity of the devices that are required to adequately meet them, and 
only then determine which devices can deliver the required capacity with the least amount of energy.

High-efficiency alternatives exist for virtually all equipment, appliances, and devices, although 
identifying them through the barrage of manufacturer claims can be a challenge. This identification 
process can be greatly facilitated by relying on the information and recommendations provided by 

Online Resources for Energy 
Efficiency Products and Practices

•	 ENERGY STAR and EnergyGuide 
www.energystar.gov 

•	 Federal Energy Management Program 
www.eere.energy.gov/femp

•	 Energy Saving Trust 
www.energysavingtrust.org.uk

•	 Minimum Energy Performance 
Standards: 
www.energyrating.gov.au 

•	 EU Energy Label 
www.energy.eu 

•	 Topten 
www.topten.info
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recognized energy-efficiency labeling organizations, 
such as the United States ENERGY STAR program, 
EnergyGuide, and Federal Energy Management 
Program (FEMP); the United Kingdom’s Energy 
Saving Trust; Australia’s Minimum Energy 
Performance Standards; the European Union’s 
Energy Label; and Europe’s Topten. Although there 
are differences among these labels, their objective 
is to rate products according to their energy use or 
provide minimum efficiency guidelines. This enables 
consumers to identify high-performance products 
and make informed decisions when choosing among 
various options. Many of these organizations also 
offer useful websites and detailed information on various efficiency issues related to the selection and 
use of appliances and other energy-consuming devices. 

Energy efficient products, as a rule, are more expensive than their less efficient counterparts. However, 
the additional initial expense is typically recovered many times over by the energy savings achieved 
during the service life of the products. In the case of off-grid hotels, incorporating the use of a range 
of energy efficient products will result in direct savings up-front, because of the reduced costs of 
installing lower-capacity electricity generation systems. 

Using high-efficiency products can achieve astounding returns on investment, especially in facilities 
that pay twice or more the market rate for self-generated electricity. Those responsible for selecting 
equipment and appliances must look beyond price tags and evaluate the life-cycle cost of the devices, 
and their impact on the facility’s energy systems, or run the risk of paying dearly for hasty and ill-
informed decisions. Life-cycle costs are a more accurate representation of the real cost of a purchase 
as they account for the initial capital costs, maintenance and operation costs, fuel costs, and the 
salvage costs over the entire life of the system. Ideally, cost estimates and vendor price quotes include 
a life-cycle cost estimate. For example, if a facility were investing in a new air conditioning unit, the 
cost estimate would include the cost of the unit, how much it would cost to run it each year, and how 
many years (estimated) it would operate. A planner could compare a conventional unit to a more 
efficient one to evaluate price and energy savings in the long term.

Sample Energy Efficiency Labels
Sample energy efficiency labels 
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EQuiPmEnT conTrol and auTomaTion
Operating lights and equipment when they are not needed is a common problem that can waste 
a lot of energy in facilities. The most cost-effective way to eliminate this problem is to make staff, 
visitors, and guests aware of the need to conserve energy, as well as train workers to incorporate 
energy conservation in their daily work routine. In areas where this low-tech approach is not effective, 
however, facilities can rely on a range of devices that are designed to automatically prevent lights and 
equipment from running longer than necessary. These include:

 Ƿ Timer switches, which turn lights and equipment off after letting them run for a certain amount of time.

 Ƿ Programmable timers, which automatically turn lights/equipment 
on and off according to a pre-determined schedule.

 Ƿ Occupancy sensors, which are generally used to turn lights 
and fans on only when the space is occupied. 

 Ƿ Photocells, which allow lights to come on only when ambient lighting 
levels drop below a minimum acceptable threshold.

 Ƿ Energy-saver switches, which turn off guestroom lights and fans soon after the guest 
pulls the card-key or key-ring from the switch as he/she leaves the room.

Although they can be highly effective in minimizing energy waste, these automatic controllers must 
be periodically checked to ensure they are correctly calibrated and operating properly. Thus, they do 
require some periodic maintenance.

Besides automation, there are other simple measures that hotels use to minimize the amount of 
energy wasted by staff, guests, and visitors. For example, placing light and equipment control panels 
in locations that are readily accessible to the workers responsible for operating them, providing 
indications on larger control panels to clarify the function of each switch and offering instructions on 
how it should be operated, and fitting guestrooms with a master switch that can be used to easily turn 
off all lights and fans when guests or housekeepers leave the rooms.

While it is important to save energy by turning off appliances when they are not needed, it is also 
important to minimize the amount of energy wasted by phantom loads which consume energy while 
appliances are switched off or in a standby mode. The devices that typically generate these phantom 
loads include power supplies, battery chargers, transformers (whether or not they are powering any 
appliances), TVs, VCRs, DVD players, audio systems, computers, printers, copiers, microwave ovens, 
air conditioning systems, other appliances with remote controls, and devices with stand-by lights or 
digital displays. Although phantom loads are relatively low, typically ranging from 5 W to 15 W per 
device, they can account for up to 10 percent of residential electricity consumption and, therefore, 
can be a heavy burden on facilities that pay a high price for power, whether delivered by the grid or 
self-generated.
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Measures that can be taken to reduce the impact of phantom loads include:

 Ƿ Unplugging phantom load devices, such as battery chargers, when they are not in use. 

 Ƿ Using a switchable power bar or surge protector with multiple sockets to conveniently turn 
off devices that are normally used together, such as a computer, a monitor, and a printer.

 Ƿ Purchasing devices that offer a real “off ” switch or have low standby power requirements. A 
list of “recommended” and “best available” standby power levels for a wide range of electrical 
devices can be downloaded from the US FEMP’s web page (www.eere.energy.gov). 

 Ƿ Avoid using remote controls for equipment that can be operated from hard-
wired systems instead (such as air conditioning systems and ceiling fans).

Ngorongoro Serena Lodge 
Energy Reduction through Efficiency

Tanzania’s 75-room Ngorongoro Serena Lodge, set on the rim of the stunning Ngorongoro Crater, is constructed 
from local river rock and covered in indigenous vines, blending seamlessly into its environment. The lodge is not 
connected to the national electricity grid and generates its own electricity with three diesel-powered generators 
using electronic fuel management systems to maximize fuel efficiency. Trained in-house technicians operate the 
generators and perform routine maintenance tasks; complex maintenance/repairs are handled by engineers from 
the firm that supplied the generators.

The generators provide electricity for lighting, ventilation fans, a water treatment plant, laundry and kitchen 
appliances, a workshop, and a back-up water heating system. The lodge uses efficient lighting and does not employ 
air conditioning in order to reduce electricity requirements. The lodge meets guest hot water requirements with 
solar hot water systems. Other facility hot water needs are satisfied with waste heat from the generators’ exhaust, 
a two-stage waste incineration system, and an oil-fired boiler for back-up. To reduce generator fuel/maintenance 
costs, battery banks are being installed around the facility to enable shut-down of the generators during the day 
for up to eight hours. Whenever the generators operate, they will use excess generating capacity to charge the 
batteries. Operating the system this way also reduces noise and air pollution from the generators.

CASE STUDY
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ExamPlE 2: imProving End-usE EQuiPmEnT EfficiEncy aT 
ParadisE

After conducting the initial assessment, the energy team would make recommendations on how 
to save energy by replacing existing equipment (behavioral changes will be considered in Step 3). 
By making several changes, energy usage falls from 50,120 Wh/day to 27,664 Wh/day (savings of 
22,456 Wh/day).

The following points highlight the largest opportunities for saving:

 Ƿ Changing to compact fluorescent lights indoors and LED outdoors from 
incandescent bulbs—saves 11,272 Wh/day; a 72% decrease in use.

 Ƿ Installing efficient fans—saves 4,800 Wh/day; a 50% decrease in use.

 Ƿ Using an energy efficient refrigerator and freezer—saves 2,784 Wh/day; a 58% decrease in use.

 Ƿ Using efficient laptop computers—saves 3,000 Wh/day; a 50% decrease in use.

 Ƿ Installing a flat screen TV—saves 600 Wh/day; a 38% decrease in use.

Although energy efficiency devices will save energy and money over time, the initial purchase may 
seem expensive. The energy team can look at the cost of making these changes and whether the 
costs are worth it. Paradise could save 8,196 kilowatt hours a year with energy efficiency equipment 
(22,456 Wh/day x 365 days = 8,196 kWh/year). 
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Taking the cost of all the new equipment and subtracting that from annual energy savings, Paradise 
could achieve a payback period of about eight months. Lighting, due to the comparatively low cost of 
the equipment and high savings potential, comes out at the top of the list in terms of what to do first; 
payback for lighting retrofits is often less than a month.

**Price per kWh is $1.10. The price will vary depending on technology (as shown in Step 5 example)
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Wh Saved 
per Day

kWh Saved 
per Year

Dollars Saved per Year 
(kwh saved per year x price 

per kWh)

Simple Payback 
Months 

(total cost/dollars saved per 
year x 12)

Lights in Lodge 
Rooms 6 $5 $30 1824 666 $732 0.5 

Lights in 
Bathrooms 6 $5 $30 456 166 $183 2.0 

Fans in 
Guestrooms 6 $100 $600 3600 1,314 $1,445 5.0 

Refrigerator 1 $1,000 $1,000 1392 508 $559 21.5 

Freezer 1 $1,000 $1,000 1392 508 $559 21.5 

Lights in Kitchen 4 $5 $20 1216 444 $488 0.5 

Lights in Main 
Lodge 12 $5 $60 5616 2,050 $2,255 0.3 

Guest 
Computers 2 $500 $1,000 1200 438 $482 24.9 

Lodge 
Computers 2 $800 $1,600 1800 657 $723 26.6 

TV 1 $400 $400 600 219 $241 19.9 

Fans in Main 
Lodge 2 $100 $200 1200 438 $482 5.0 

Outside Lighting 6 $25 $150 2160 788 $867 2.1 

Grand Totals   $6,090 22,456 8,196 $9,016 8 
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Energy efficiency is not just about technology—it is also about human behavior. A tourism facility’s 
energy consumption is affected by how people use electric devices and hot water, and how they 
adjust indoor air temperatures. For staff, their use of kitchen and laundry appliances, as well as 
habits in cleaning rooms and performing other tasks, can have a significant impact on a facility’s 
energy consumption. Using more efficient devices and equipment goes a long way toward reducing 
energy consumption, but without good practices in place to encourage energy efficient behavior, 
these benefits can be lost. For example, as the table below shows for infrequently used lighting in a 
bathroom, wasteful use of an efficient light bulb consumes more energy per year (168 Wh/day) than 
efficient use of a conventional light bulb (60 Wh/day).

Impact of Behavior and Efficient Lighting On Energy Use **

Efficient lighting: Compact 
Inefficient lighting: Incandescent

60 Watts

1,440 Wh/day (60 x 24)

fluorescent

7 Watts

168 Wh/day (7 x 24)
Wasteful behavior :  (1440 x 365 days x $1.10/kWh) = (168 x 365 days x $1.10/kWh) =

Leave light on all day 24 hours/day US$ 578/year US$ 67/year

Efficient behavior : Turn 60 Wh/day (60 x 1) 7 Wh/day (7 x 1)
off light when not in (60 x 365 days x $1.10/kWh) = (7 x 365 days x 

use 1 hour/day US$ 24/year $1.10/kWh) =US$ 2/year

**Assuming $1.10/kWh electricity cost and 365 day/year use

Efficient behavior also includes maintaining equipment and operating it properly. Poorly maintained 
equipment tends to use more electricity and burn more fuel than properly maintained equipment. 
For example, allowing the heat-exchange coils on a refrigerator to become covered in dust and dirt 
will cause the compressor to work harder and thereby use more energy to keep the refrigerator’s 
interior cold. Promoting efficient energy use behaviors can be accomplished through staff training 
and visitor education.

Working WiTh sTaff To consErvE EnErgy
Workers typically have direct control over 50 to 75 percent of the total amount of energy and water 
consumed in conventional hotels. Although this ratio is lower in high-efficiency facilities, there is 
no doubt that employees have the power to make or break a facility’s energy and water budgets. As 
a result, it is essential to ensure the staff is: (1) fully committed to conservation efforts, and (2) able 
to incorporate efficiency into their daily activities. These two objectives can be achieved through 
effective staff motivation and incentives, training, and monitoring.

Step 3: Motivate Staff, Guests, and 
Visitors to Conserve Energy
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moTivaTion
Before learning what they can do to avoid wasting energy and water, workers should know why saving 
water is important and be motivated to do so. Helping a tourism facility use resources efficiently 
requires a fair amount of dedication, enthusiasm, and initiative that can only come from workers who 
clearly understand the reasons for and benefits of conservation.

Motivating workers to participate wholeheartedly in conservation efforts can be difficult for facilities 
where the principal aim is cost control, but surprisingly simple for properties that embrace sustainable 
tourism practices. Sustainable tourism earns its name in part because it allows businesses to flourish 
by operating cost effectively but, more importantly, because they care for the long-term well-being of 
the environment, the community, and the people who make tourism possible in the first place. 

In the long term, staff motivation can be sustained only if driven by a management team that is fully 
committed to the property’s conservation efforts. Management should practice what it preaches and 
demonstrate its commitment through concrete actions. For example, property managers should:

 Ƿ Practice energy conservation in their daily activities.

 Ƿ Regularly track the property’s energy performance and set goals/targets for staff.

 Ƿ Discuss energy consumption and efficiency issues during weekly staff meetings.

 Ƿ Incorporate energy conservation goals/criteria into performance reviews of relevant staff.

 Ƿ Encourage workers to provide feedback on the property’s energy conservation 
program and new ideas on how to improve energy performance.

 Ƿ Ensure that energy efficiency is used as a key criterion in all decisions 
concerning new equipment purchases and property upgrades.

incEnTivEs
Putting in place incentive programs can be an effective way to improve staff participation in 
energy conservation and other sustainability initiatives. Although incentive programs need to be 
tailored to the specific needs and constraints of each facility, ideally they should share the following 
characteristics:

 Ƿ Incentive programs must be carefully devised and thoroughly evaluated before 
they are launched. Backtracking or changing the rules of an incentive scheme 
in mid-course can negatively affect staff morale and participation.

 Ƿ The programs must be clearly explained to the staff to ensure there are 
no misunderstandings over their rules, rewards, and duration.

 Ƿ The process used to select those who receive the awards and, if applicable, 
the composition of the awards, must be clear and transparent.

Some incentive programs are relatively simple, such as rewarding top-performing employees or 
departments at the end of each month, whereas others can be much more complex. An example of 
a highly effective incentive program is a performance-based scheme that shares part of the financial 
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savings achieved through energy conservation with the whole staff. Appendix 3 contains a sample 
calculation for a performance-based incentive program.

The nature of the awards given by incentive programs vary from place to place. Although monetary 
awards often tend to have the greatest appeal, many facilities operate successful incentive programs 
that offer various types of in-kind awards, gifts, additional days off, paid holidays, and scholarships 
for employees or their children.

Training
Employees must be aware that their actions affect efficiency, 
and that even seemingly minor interventions have an impact 
on the facility’s energy consumption and costs. This idea 
should be communicated through concrete examples that 
express the impact of inefficiencies in terms that can be 
readily understood. Some examples:

 Ƿ In one facility, turning on the garden lights one hour 
earlier than necessary increased the generator’s 
diesel consumption by 20 liters per year.

 Ƿ Letting the three ceiling fans in the restaurant run 
for one hour longer than necessary at the end 
of each meal service increased the generator’s 
diesel consumption by 61 liters per year.

 Ƿ Leaving a range burner needlessly on for one hour per 
day wasted nine bottles of propane gas per year.

Employees must also be trained regarding how they can 
help save energy in their daily activities. The training should 
be as practical and hands-on as possible, define the specific 
actions employees must take and, when appropriate, explain 
the reasons for these actions. Department managers often 
assume that the training and instructions they provide to 
their staff are clear and complete, but in many cases this is 
far from true.

Towel reuse programs, which are in place in many facilities 
around the world but rarely work, provide a clear example 
of the frequent shortcomings of staff training. In these 
programs, housekeepers are often asked to change only 
the towels that guests place on the floor or in the tub, 
and leave all other towels in the bathroom. These same 
instructions are generally repeated over and over during 
the regular housekeeping training sessions to make sure 
nobody forgets. However, the trainers seldom explain why 
used towels should be left in guestrooms and why a guest 
would ever agree to this kind of practice in the first place. 

Hotel Incentive Program from 
Jamaica 
(as explained by a retired hotel engineer) 

“Soon after starting one of my 
assignments as Chief Engineer in a 
large Jamaican hotel, I realized that 
the performance of my maintenance 
crew was far from acceptable. It took 
much too long to complete simple 
tasks and the quality of the work 
often was unsatisfactory. This resulted 
not only in guest complaints, but also 
wasted substantial water and energy 
as problems were left unattended for 
weeks.

Since the main problem was a serious 
lack of motivation, a simple incentive 
program for the maintenance team 
was created. The program consisted 
in grading each completed job based 
on quality and difficulty, and, at the 
end of each month, awarding a prize 
to the worker who had earned the 
most points. The reward was a large 
gift basket filled with products from 
the hotel’s food stores.

The program transformed the 
maintenance department, virtually 
overnight, doubling both output and 
effectiveness. The change in attitude 
was so complete that workers with 
time on their hands began collecting 
extra points by completing jobs 
assigned to other trades. Accordingly, 
we ended up with plumbers 
substituting for painters, electricians 
for carpenters, etc. This created a few 
problems, but they were promptly and 
easily addressed. 

Although the monthly prizes were 
appealing, I am convinced that most of 
this success came from the fact that 
the program provided recognition to 
those who worked hardest and added 
a bit of fun and friendly competition to 
the daily grind.”
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Thus, housekeepers often come to the logical conclusion that this program will only cause them 
trouble and affect the tips they receive from their guests. As a result, most housekeepers simply ignore 
the program or, in some cases, leave only the used towels that are sufficiently dry to be folded in 
accordance with the standard towel presentation format. Given that most facilities do not regularly 
compare their towel use with occupancy, or gauge guest participation in the program, they can go on 
for years believing that housekeepers are doing what they are asked and that the program is working 
effectively. 

Whenever possible, training should be reinforced by providing workers with written or pictorial 
instructions which clearly explain how/why they should carry out these duties and conserve energy 
and resources in their operations. For example, the following energy and water conservation measures 
might be included in the housekeeper task descriptions:

 Ƿ Turn off any lights left on by guests and when exiting guestrooms. 
Rely on natural light when cleaning, if possible. 

 Ƿ Turn on the ceiling fans only if it is too hot.

 Ƿ Check for water leaks in toilets, faucets, showerheads, and tub spouts.

 Ƿ Make sure the toilet flush mechanism works properly.

 Ƿ Make sure the sink and tub stoppers operate and seal properly.

 Ƿ Change only the towels that have been left by the guests in the 
dirty towel basket or designated receptacle.

 Ƿ Spread the towels the guests want to reuse on the towel racks so they can dry properly.

 Ƿ Unless soiled, change bed linens only on Mondays and Thursdays.

 Ƿ Record the number and type of fresh towels and linens used in each serviced room.

 Ƿ Tie a knot in stained linens so they can easily be identified and processed separately in the laundry.

 Ƿ Turn off and unplug unused electrical equipment when not in use. For example, even the seemingly 
small draw of power of a television in sleep mode can use significant amounts of energy.

 Ƿ Report all identified maintenance problems to the relevant manager.

 Ƿ Turn off any lights used while cleaning.

As training should not be a one-way street, facilities should also solicit input from their staff on 
new measures that could be adopted to save energy and other resources. Given that employees are 
intimately familiar with the workings of their facilities, they are often the best source of information 
for improving performance.
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visiTor EducaTion
For facilities with a sustainability theme, such as eco-lodges, nature-oriented hotels, or park facilities, 
visitor education programs about the facility’s sustainable energy practices can be a positive addition 
to the overall visitor experience. When appropriate, visitor education materials can explain the 
environmental benefits of the facility’s energy practices. Benefits can range from avoided air pollution 
and noise from generators, to reduced waste and consumption of fossil fuels.

CASE STUDY

Tiamo Resort 
Working with Staff to Conserve Energy

Tiamo Resort provide luxurious comforts in the wilderness setting of South Andros Island, Bahamas, the largest 
and most undeveloped of the many islands of the Bahamas archipelago. This high-end hotel uses solar electricity 
and has no air conditioning, no internet connection, no televisions, and only a single public telephone. Its elegant 
open-air beachfront bungalows are cooled by natural breezes and ceiling fans, water is heated by the sun, and 
bathrooms are fitted with high-efficiency composting toilets which consume only half a liter of water per flush (12 
times less than a standard water-saving toilet).

The resort has installed a solar photovoltaic (PV) system that is the largest in the Caribbean for a single resort 
facility. The 120 kW system is composed of nine arrays in a half-acre field. The systems feed 88 6V lead acid 

batteries with 4,000 amp-hour battery 
storage capacity. Tiamo also has engine-
generator sets to keep the batteries 
topped up, which will prolong the battery 
lifetime. The generators run on a biodiesel 
blend made from cooking oil collected 
from cruise ships. 

Working with the staff to examine energy 
usage and behavior for daily operations, 
Tiamo management implemented 
conservation measures to reduce energy 
consumption. Paying attention to energy 
consumption, monitoring, and focusing on 
improved efficiency has led to large and 
small decisions about energy usage. These 
have included installing meters to monitor 
energy consumption, using French presses 
rather than electric coffee pots to make 
coffee, using clothes lines to dry clothes 
rather than electric dryers, and using 
grey water to irrigate resort vegetation. 
Producing 100 percent of its energy from 
alternative sources and utilizing sustainable 
principles has made Tiamo one of the most 
environmentally-friendly resorts in the 
world.

The remote location of Tiamo Resort 
makes energy independence extremely 
important. The photograph shows solar 
panels at Tiamo used to generate electricity 
for a range of applications at the resort.Photo courtesy of Dick Spahr
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Because visitors come from varying parts of the world, they may have different ideas about comfort, 
including room temperature, bath water temperature, length of showers, and opening and closing of 
windows. All of these practices will impact the facility’s energy consumption. Visitors from different 
countries may also be accustomed to different kinds of electrical fixtures, heating and cooling 
equipment, and electrical devices. For these reasons, visitor education should cover topics that may 
often seem obvious, such as the location of electrical switches, operation of in-room heating, and 
conscious use of hot water.

Visitor education should have the goal of providing information about ways to minimize energy 
use during guests’ stay without sacrificing comfort. Educating guests on what the facility is doing to 
conserve energy showcases the sustainability of the operation. Options to communicate the facility’s 
sustainability efforts include:

 Ƿ Tours highlighting the facility’s renewable energy equipment and explanations of its energy 
conservation measures. By providing insight on sustainability and what it takes to run an off-
grid facility, well-crafted tours can be a valuable addition to the guests’ experience.

 Ƿ Informational booklets explaining how to conserve energy.

 Ƿ Explanation of conservation measures by facility staff at check-in.

 Ƿ Reminder notices posted in rooms and around the facility.

 Ƿ Information on the hotel’s website (good examples can be found at 
www.hotelmockingbirdhill.com and www.tiamoresorts.com).

Guests should be invited and motivated to help the facility save energy. However, it should be 
recognized that many guests may feel they are paying enough and should not be asked to sacrifice 
their comfort to help the facility save money, regardless of difficulties in obtaining fuel and producing 
electricity. Asking for and winning the guests’ cooperation is significantly easier for facilities that 
embrace a broader sustainability approach, and show as much concern for the well-being of the 
environment and host communities as for the efficiency with which they use energy and other 
resources. Guests can be encouraged to do the following:

 Ƿ Turn off guestroom lights and appliances when they are not needed and before leaving the rooms.

 Ƿ Open and close window shades depending on the time of day.

 Ƿ Use towels and linens for more than one application.

 Ƿ Dispose recyclable wastes in the facility’s recycling bins.

 Ƿ Take home batteries and other hazardous wastes they generate, as 
these items cannot be properly disposed of at the site.

 Ƿ Schedule activities around availability of energy resources, such as showering in the 
evening instead of the morning in instances where solar hot water is in use.
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ExamPlE 3: Encouraging sTaff and guEsTs aT ParadisE 
rEsorT To usE lEss EnErgy

In Example 2, the daily electricity requirement was reduced by switching to more efficient 
appliances—especially lighting and fans. By training staff to turn off lighting in the office area when 
it is unoccupied, lighting usage can be reduced even further (especially at night). Staff members and 
guests can shut down computers and turn off monitors when not in use. Camera/cell phone battery 
chargers should be unplugged when not charging. To ensure these measures are followed, a reminder 
notice should be posted in the office area by the light switch and on the computers. Staff can monitor 
outlet use in the lodge. Guests can be encouraged to use non-electric razors and let hair air-dry 
instead of using hairdryers and electric razors (items that consume a large amount of electricity). By 
working with staff and guests to change behavior, Paradise can save 2,510 Wh/day, a further 9 percent 
reduction. After implementing all energy efficiency measures, Paradise’s daily energy demand drops to 
25,154 Wh/day. 
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Design of an energy system for an off-grid tourism facility must consider future energy demand as 
well as immediate needs. Expansion plans should address strategies for either: (1) improvement in 
energy efficiency to reduce the energy per guest requirement; or (2) investment in new equipment to 
increase on-site power generation capacity. 

Quantifying a facility’s energy requirement in energy units per room or per visitor makes it possible 
to estimate the impact of facility growth on energy demand. When the facility’s long-term plan 
includes an increase in the number of rooms or visitors, that increase can be included in estimates 
of future energy requirements. For example, lodging facilities can calculate the average daily energy 
consumption per guest room in kWh/room-day. Facilities that do not provide lodging services may 
quantify energy use in kWh/visitor-day. Energy service professionals can develop more detailed 
estimates and projections that account for seasonal variation in energy demand.

Changes in the types of services offered at a facility will potentially impact future energy needs. Sizing 
the energy system up front to handle extra capacity, or designing the system to add extra capacity 
relatively easily, can save time and money in the long run. When sizing the system, it is appropriate 
to add a certain percentage (usually 10 percent) energy demand factor to a daily watt-hour summary 
to account for “load creep” and errors in judgment for hours of usage, but systems should not be 
sized based on expected loads many years in the future. For example, if a facility installed solar power, 
the system should be designed to ensure the equipment room is large enough to add inverters and 
batteries, and that there is adequate space to install additional solar arrays. In this way, the system can 
be expanded when extra power is needed and new capacity added relatively quickly and easily.

ExamPlE 4: groWTh Plan for ParadisE

In the original site/facility assessment, the assessor would ask the owners many questions to determine 
where they hope go with the facility in the next 5 to 20 years. It is important to know these estimates 
when designing the energy system. Depending on the type of system used, the designs for future 
growth will differ (see Step 5 in main text). 

If the owners would like to double the number of guest rooms in the next five years (keeping the 
lodge amenities the same), Wh/day energy consumption likely would increase about a third from 
25,154 to 36,000. The main energy increase would be from additional lighting and outlets in the 
guest rooms. 

Step 4: Account for Future Changes in 
Energy Needs
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Depending on the energy system in place, different allowances for future energy use should be made. 
For example, if the facility is using a solar PV system, extra physical space should be saved for the 
expansion of the solar array, and the installation of battery and inverter equipment. It would not be 
appropriate to install upfront a PV system that is twice as large as what is needed now, as the entire 
system most likely would be too expensive. For a generator, it is wiser to purchase an additional unit 
as the load increases rather than initially purchase a larger machine that can accommodate potential 
future needs.
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Now that we have examined the factors that influence energy demand and consumption, it is time to 
address energy supply. From a technical perspective, evaluating technologies for on-site energy supply 
requires answering two questions:

1. What energy resources are available at the facility site?

2. What energy supply equipment can meet the facility’s energy needs given the available resource?

The choice of an on-site energy supply system will vary from facility to facility. An energy supply 
system that is technically feasible may not be appropriate for other reasons, such as unavailability of 
maintenance and repair services, local regulations prohibiting certain types of equipment, or high cost 
of equipment or fuel. Some of these issues will be addressed in Steps 6 and 7. Additional questions to 
ask when evaluating options for an energy supply system include: 

 Ƿ What kinds of equipment can local suppliers sell, install, and service?

 Ƿ What kind of financing is available?

 Ƿ What is the cost and degree of technical expertise required to 
operate and maintain a given energy supply system?

 Ƿ What is the environmental impact of the system?

on-siTE ElEcTriciTy gEnEraTion oPTions
Energy resources for on-site energy generation include fossil fuels, solar radiation for photovoltaic 
systems, wind, hydropower, and biomass. The following table summarizes the key features of each 
option, highlighting cost per unit of energy, life of the system, operation and maintenance concerns, 
and potential environmental impacts. The most common technologies are described in more detail 
below. 

Engine-Generator Sets are the most common type of energy generation found in rural areas. 
They often run on fossil fuels, especially diesel, but can also run on gasoline, propane, and biofuel. 
Engine-generator sets typically are rated according to the electric output of the generator in kilowatts, 
and system designers choose a generator size that meets the peak electric demand plus a safety margin 
of generally 20 percent. Engine-generator sets run best when loaded at over 50 percent of their rating, 
and obtain their best fuel efficiency when loaded at 50 to 80 percent of their ratings. During periods 
of low electric demand, engines consume more fuel per unit of electrical output and experience 
additional wear and tear on the engine. In some cases, using multiple smaller engine-generator sets 
instead of a single large one may improve efficiency and reduce maintenance requirements. Diesel 
engine-generator set lifetimes depend on how the systems are operated, and the level of maintenance. 

Step 5: Evaluate On-Site Energy Supply 
Options
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A well-maintained diesel generator will typically last about 15,000 operating hours before it needs 
replacement or a major overhaul. Periodic maintenance includes regular engine oil changes and minor 
overhauls. 

Generators usually have the lowest up-front cost compared to other power generation options. 
However, they do have drawbacks. If the generator is run on fossil fuels, reliability of supply, fuel 
cost, price volatility, and environmental impact of storage and use must be considered. Generators 
run on fossil fuels produce greenhouse gas emissions, exhaust fumes, and are noisy. Even when used 
efficiently, they may leave a considerable environmental footprint.

Solar Energy can be used to generate electricity or heat water. The most common use of solar 
power for electricity generation is in photovoltaic systems which use solar panels to collect sunlight 
and convert it to electricity. PV systems are excellent for handling small and moderately sized 
loads and offer the advantage of being modular—making it possible to add capacity as electricity 
demand grows. These systems are quiet and produce no emissions, making them a good choice for 
environmentally sustainable operations. Typical PV systems for electricity generation include a battery 
bank that can store the energy produced by the solar panels, a charge controller to ensure the battery 
is not over charged or over discharged, and an inverter to convert the direct current (DC) power 
produced by the PV panel to alternating current (AC) power required by most electrical devices. 

CASE STUDY

Posadas Amazonas 
Using a Single Generator for Basic Energy Needs

Located on the edge of an old growth tropical forest in Peru, Posadas Amazonas is a community-based tourism 
venture. Rooms in the lodge open directly onto the neighboring 1.8 million acre Tambopata National Wildlife 
Reserve.  There is no grid electricity or hot water at Posadas Amazonas and all biodegradable material is composted 
on-site. A single 5,500W gasoline-powered generator provides electricity for the kitchen appliances and for 
common areas. The generator also provides back-up energy for the office’s small photovoltaic system, which 
powers a radio and computer.  The gasoline used to run the generator is readily available and is also used to power 
boats, which are the main means 
of transportation to and from 
the lodge. The generator runs 
about five hours per day, 
when the guests are away on 
excursions into the rainforest. 
The generator consumes about 
375 liters of gasoline per month. 
Kerosene lamps illuminate 
hallways, common areas, and 
guest rooms. Candles on tables 
and candelabras light the lobby 
and dining area. The facility uses 
natural gas for cooking. 

A kerosene lamp is used for 
illumination at Posadas Amazonas
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Well-maintained PV systems can last 25 years or more, but will require periodic replacement of 
inverters (5 – 10 years) and batteries (3 – 10 years depending on use and maintenance). PV systems 
can be one of the most expensive up-front energy options, but once the system is purchased, may be 
economical over the long-run. Additional uses for solar energy include smaller independent devices 
such as solar-powered flashlights, path lighting, and lanterns.

The amount of solar energy that reaches a site depends on the site’s latitude, seasonal weather 
patterns, and availability of open, unshaded space for solar panels. Estimates of solar resources are 
available for any location on earth from the Internet (see References section for a listing of renewable 
resource websites). 

Wind Energy can be used for on-site electricity generation using turbines to convert wind to 
electricity. Wind turbines appropriate for off-grid energy supply systems range in size from 500 W 
for battery charging to about 100 kW for use in hybrid systems that combine wind turbines with 
an engine-generator set or PV panels. In the most commonly used type of wind turbine, a rotor 
consisting of two or three propeller-like blades captures the energy in the wind and spins a horizontal 
shaft connected to an electric generator. Wind turbines require periodic inspections and preventative 
maintenance. Turbine lifetimes depend on the turbine’s design, but a properly maintained turbine 
should last 10 – 15 years. Like solar power, wind energy does not produce emissions and is considered 
a carbon-neutral technology.

The wind resource at a particular location depends on seasonal wind patterns in the region, the local 
geography, and exposure of the site to wind. The site suitability for wind turbines is highly dependent 
on the specific conditions at the site, including buildings and trees that may block the wind. Wind 
resource professionals can make very rough estimates of wind conditions at a site based on a site visit 
and meteorological measurements. For any large wind installation, a site study should be completed, 
measuring the wind strength, 24 hours/day for at least a year.

Hydropower systems use water power to generate electricity or provide power for such applications 
as water pumping or grain grinding. Some hydropower systems generate waste heat that can be 
used for heating applications. Other systems use batteries to capture the energy. For all hydropower 
applications, the hydro resource is a measure of the energy available in flowing water as it moves 
from higher to lower elevations. This is a function of the distance the water falls through, and the 
quantity of water that falls. Some hydropower systems produce electricity 24 hours per day, so even a 
small system can produce large amounts of energy. Unlike other energy supply options, hydropower 
systems are not modular and require a good deal of infrastructure to set up. The maximum size of 
a system is fixed by the available hydro resource. A well-maintained small hydropower system can 
produce power for 30 years or even longer. 

It is essential that hydropower systems be carefully designed to create the smallest impact on the 
environment. Although they produce no emissions, hydropower systems can negatively affect fish 
migrations and river banks and cause erosion if not situated properly. Additionally, hydropower can 
be seasonal—if there is a drought or low rainfall, the system can be out of commission for months at 
a time.
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Biomass energy can be used in gasifiers for electricity generation, or burned directly for heating 
applications. Biomass resources can include wood, agricultural residues, biodegradable waste, and 
crops raised specifically for energy. Gasifier systems used for electric power generation typically 
convert biomass to electricity at the rate of about 1 – 3 kg of dried wood chips per kWh of electricity. 
These gasifiers are used in electric power systems rated between 10 kW and 50 kW. Biomass 
gasification systems have high operation and maintenance requirements, and require a carefully 
managed sustainable supply of biomass fuel.

Because resources vary widely by location, it is impossible to make generalizations about the biomass 
resource availability at a particular site. Factors to consider in the assessment of the biomass resource 
include sustainability of the supply, seasonal variation, and cost of collection, transportation, and 
processing. The biomass resource for small power applications is often measured in tons per month.

Hybrid systems utilize more than one of the energy resources described above in a single system. 
Often hybrid systems combine an engine-generator set with solar or wind power. These systems are 
often an excellent solution to meet energy needs as they can utilize the positive aspects of two or more 
types of generation options. For example, solar panels are quiet, produce no emissions, and require no 
fuel. However, they need batteries to store energy and can be inoperable during cloudy days. Coupled 
with a generator for back-up power, solar panels can be a viable option for many sites. Hybrid systems 
must be carefully designed and operated to ensure the equipment is working well together. This 
requires on-site technical expertise and will require close cooperation between the system designer and 
the operator, as well as the operator and equipment provider.

Rural Tourism Facility Power Generation Options
Technology General Description Initial/ Operating Cost Expected Operation and Environmental 

Capital ($/kWh) Life Maintenance Impacts
Cost**

Engine- Lowest initial cost of Initially low Operating 15,000 hours Requires regular Noisy; air pollution; 
Generator systems; flexible sizing; at $0.50 costs are very 1.7 years maintenance and waste oil disposal 
Sets versatile fuels; perform 

best when loaded more 
than 50 percent. Require 
regular maintenance; 
trained staff; often 
installed in pairs.

to $1.00 / 
watt

high $.50 to 
$2.00/kWh not 
including initial 
costs (Same 
range including 
initial costs)

operating 
24 hours/
day 5 years 
operating 8 
hours/day

lubrication fluids. 
On-site mechanic 
may be needed, as 
maintenance is critical. 
Minor overhauls and 
complete overhauls 
are scheduled 
expenses; fuel is 
delivered in 55 gallon 
drums; quality of fuel 
may be a problem in 
some places.

or return, risk of 
spills. Disposal/
recycling is 
rare—abandoned 
engines are typical. 

Carbon emissions 
from fossil fuels.

Photovoltaic Highest initial cost. $10 – $18/ $0.25/kWh not System: Require a savings Lead acid batteries 
system System includes PV 

panels, batteries, inverter, 
charge controllers, 
and load controlling 
equipment.

kW (of 
solar 
panels)

including initial 
costs $1.00 to 
$1.25 / kWh 
including initial 
costs

20 years. 
Battery life 
3 – 10 years 
Inverter 5 – 
15 years

program for battery 
replacement and 
expansion fund: 
$20 per month per 
battery. Inverter may 
require replacement 
or upgrade every 7 
to 10 years. Need 
monitoring system for 
performance.

should be recycled 
or chemicals may 
leach into the 
ground.

No carbon 
emissions.

No noise.



EVALUATE ON-SITE ENERGY SUPPLY OPTIONS 31

Technology General Description Initial/ Operating Cost Expected Operation and Environmental 
Capital ($/kWh) Life Maintenance Impacts
Cost**

Hydro 
Power 
Energy 
Systems

Low initial cost. Takes 
falling water and 
converts to electricity 
with a micro-hydro 
turbine, a generator, 
a load controller, and 
distribution wiring.

$2 – $7 
per watt 
depending 
on sizes

$0.25 to $0.50/
kWh including 
initial costs. 
$0.10 to $0.20 
not including 
initial costs

 5 – 15 years 
depending 
on 
technology 
and location

Regular maintenance 
is required at the 
intake to keep it clear 
of debris, and regular 
maintenance items 
are required on the 
turbine, generator, 
and distribution 
wiring.

Water rights 
are significant 
issues that must 
be addressed. 
Protection for fish 
and ecosystems is 
required. Planning 
for extreme 
weather event 
preparation is 
critical. 

Wind 
Energy 
systems, 
Stand-alone 
or hybrids

Less costly than PV but 
greater maintenance. 
Still use battery systems 
for storage of energy. 
Turbines most suitable for 
eco- tourism are in the 
500 to 5000 watt range.

Small $3.50 
– $6/ watt

In the range 
of $0.50/kWh 
including initial 
costs $0.15 to 
$030/kWh not 
including initial 
costs

10 years; 
with good 
service can 
get 20 years 
Batteries 
3 – 10 years 
depending 
on depth of 
discharge 
Hybrids with 
PV and wind 
work well

Wind systems require 
wind resource. Proper 
site analysis is needed 
to locate turbines 
and prepare energy 
production estimates. 
The larger the project 
the more detail to 
siting is needed. 
Installation logistics 
are reduced for small 
systems.

Site location is a 
major issue for 
large and medium 
turbines due to 
tower height and 
visibility.

No emissions.

Biomass 
Power 
Generation 
Systems

Suitable for use with 
smaller renewable power 
systems; can generate 
electric power or 
produce methane gas for 
combustion. Feedstocks 
include wood or 
agricultural byproducts.

$.80 – $5/
watt

Cost of 
feedstock 
(depending on 
availability and 
transport)

 10 – 20 
years

May require backup 
power. Source of 
biomass product must 
be readily available. 
Requires regular 
maintenance.

Can eliminate 
waste stream—
including animal 
and even human 
waste—through 
use of a digester. 
Composting can 
present odors. 
Potential impact 
of sustainable 
feedstock 
collection and 
gasification 
(emissions).

Solar 
powered 
water 
pumps

Solar water pump 
system design depends 
on the quantity of water 
required and the height 
to which it must be 
pumped. An elevated 
water storage tank can 
ensure good water 
pressure throughout 
the facility; water 
conservation is also 
important. 

 $20,000 to 
$50,000

Minimal, as 
there are no 
batteries

Pumps 5 
– 10 years; 
replacement 
parts needed

Pumps are vulnerable 
to dirty water and 
salty environments. 
Pump life depends on 
usage, but 5 – 8 years 
is not uncommon. 
Water fixtures should 
conserve water.

Source of 
emission-free 
water. 

**Costs are labeled “initial/capital cost” and “operating cost.” Initial costs cover the purchase and installation of equipment. 
Operating costs include fuel, battery replacement, parts replacement, labor, etc. that are incurred during use of the equip-
ment. Note that these are costs per installed watt of equipment and not a measure of the amount of energy the equip-
ment will produce. For example, with solar power, initial costs quoted are $/watt of the solar panels. With hydropower, 
the costs quoted are generally $/watt of the turbine/generator. However, a 1,000 watt solar panel array may be able to 
produce 3,000 watt hours of energy/day. A 1,000 watt micro-hydro turbine can produce five or six times as much energy, 
because it produces energy even when the sun is not shining, as long as the water is running. Costs are derived from the 
HOMER model (www.nrel.gov) and may vary from actual costs in any given location. 
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EnErgy sToragE and convErsion
Although some energy generation options can directly run 
devices, others require electricity conversion or storage for 
use when demand increases. Electricity from the grid comes 
in the form of alternating current (AC) power which is 
used by most commercially available electrical appliances, 
lighting fixtures, and devices designed to be plugged in to 
a wall socket. Direct current (DC) is the type of electricity 
stored by batteries and some types of electric generators, 
and is used by battery-operated devices and special DC 
light fixtures and appliances. Photovoltaic panels produce 
DC electricity, which is stored in batteries. In some small 
systems, this DC electricity can be used directly by DC 
lighting and special DC appliances. Generally, PV systems 
include inverters that change this DC electricity to AC 
electricity for more general consumption.

Batteries can be charged when power is in abundance, 
and can be used when power generation systems or sources 
are unavailable. For example, in PV systems, batteries store 
power during the day when the sun is strong, and make 
it available at night or during cloudy periods. Batteries 
can be used with engine-generator sets to improve system 
efficiency; the generator runs at full power to meet both 
the electric demand and to charge batteries, and then shuts 
down when demand is low, allowing the batteries to deliver 
power. In addition to solar and engine generator sets, 
batteries can also be used with wind and hydropower. 

Battery lifetimes are very sensitive to their operating 
conditions. They must be prevented from being too deeply 

discharged or from being overcharged. Batteries like to operate in a partial state of charge. The battery 
life span will be greatly extended if the battery is operated at more than 50 percent of full charge. 
Discharging the battery below 40 percent will reduce the number of cycles the battery will perform. 
Batteries must be kept clean and free from corrosion on the terminals. Hybrid systems with a back-up 
engine allow a system to bring batteries back to a comfortable battery state of charge. Operation and 
maintenance plans for systems that include batteries should include funds for maintaining batteries 
and for replacing them approximately every three to five years (the actual number will vary with the 
use and maintenance of the battery). Proper battery use and maintenance can prove challenging for 
many new system operators, especially those utilizing PV.

Charge controllers limit the rate that the electric current is added to the batteries. They prevent 
overcharging and over-draining the batteries to both increase the lifespan and performance and 
reduce the risk of overvoltage. 

Battery Maintenance Inspection Lists 
for Solar Array

Weekly Maintenance Inspection:

1. Measure battery voltages in the 
morning, noon, and night at the 
same time each week.

2. Record array voltage and, if 
available, currents from solar array 
to battery.

3. Ensure modules are clean and 
free from dust and shade when 
measurements are made.

Monthly Maintenance Inspection:

1. Check water volumes in flooded 
batteries.

2. Inspect battery connectors so they 
are free of corrosion and not loose.

3. Ensure that system is performing to 
its capacity.

4. Trace battery voltage for the four 
weeks.

5. In large battery banks, equalize 
the battery array by charging all 
batteries to achieve equal voltages.

Annual Inspection:

1. Check connectors on alternating 
currents.

2. Conduct current testing to 
determine amps flowing from 
modules to batteries and amps 
flowing to inverter under a 
constant load. 

3. Test battery capacity with 
hydrometer or by load testing.
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Inverters change DC electricity from PV panels and batteries to AC electricity needed by many 
electric appliances. If used properly, inverters require little maintenance and have lifetimes of between 
five and seven years. However, inverters are often set incorrectly, resulting in problems. It is essential 
to work with trained operations and maintenance staff to ensure correct operation.

oPTions for on-siTE hEaTing aPPlicaTions
On-site heating applications are used for cooking and baking, heating water for bathing and washing, 
and space heating where necessary. The following table provides a comparison of heating application 
equipment. Unlike power generation options, which all provide the same output—electricity, heating 
applications utilize different types of fuels and generate different outputs, making cost comparisons 
more complex as there is not one unifying measurement. 

Solar water heating systems collect heat from the sun to heat and store hot water. Solar water 
heating systems differ depending on the climate in which the system is located. Warm climates can 
use simpler designs that store solar-heated water during the day for use at night or the next morning. 
Colder climates circulate antifreeze and transfer the heat to water, storing it in tanks each day when 
the sun is available.

On-demand water heating systems heat water as it is needed. For example, a bathroom on-
demand system will turn on when someone opens a bathroom hot water faucet. Propane powered on-
demand systems are reliable but may have high operating costs and typically need high pressure gas. 
Electric systems which are the norm in many parts of the world are less reliable and more dangerous 
but may be appropriate for facilities with a single hot water pipe. Converting gas propane units to 
biogas should be feasible with some adjustment to gas orifices that need to supply more fuel than 
propane. 

Solar hot air systems can circulate interior or exterior air and deliver it back to the building after 
being warmed in a solar collector. A vertical air panel can heat air directly without a fan. By adding 
a PV-driven fan, greater air flow can be achieved and more energy can be collected. The air moving 
turbulently through the collector is more efficient. Solar hot air can be used for drying food as well 
as warming rooms. These systems are most cost-effective when used in cold climates with good solar 
resources.

Biogas digesters use an anaerobic chemical process to convert agricultural, animal, human, or 
market waste into methane gas that can be burned in gas-powered cook stoves and water heaters. 
Some types of waste may require processing before they can be introduced into the digester. Although 
digesters have higher upfront costs than some other options (parts and labor for initial construction), 
once installed, they tend to be very low cost. Operations and maintenance requirements are low—
both in time and skill required. 

Propane gas burners for cooking can heat evenly and quickly as do modern kitchen appliances 
that use propane. The fuel is bottled and transported in cylinders. However, propane costs can be 
high, particularly when the fuel needs to be transported over a long distance. 

Solar box and concentrating cookers use mirrors or other reflective material to focus solar 
radiation onto a dark-colored cooking pot enclosed in a glass-covered case. Solar cooking may be a 
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viable option for tourism facilities, provided a back-up cooking option is available. Solar cooking 
typically is slower than gas/biomass and some cookers need to be constantly tended to make sure they 
are properly angled to catch the sun’s rays. In areas that have staff around the kitchen all the time (as 
well as adequate solar radiation), solar cooking can be a viable option. 

Wood and charcoal stoves can be much more efficient than open cooking fires. A good stove, 
coupled with a well-trained cook who knows how to manage the fuel source, can minimize fuel 
consumption. Stoves utilizing ethanol and plant-derived oils instead of biomass are also now available 
in some countries.

Cooking and Heating Options for Off-Grid Facilities

Technology General Description Cost Expected 
Life Maintenance Impacts

Solar water 
heating 
systems

Provide hot water for 
bathing, for kitchen, and 
for heating systems. Can 
also provide cooling for 
commercial systems.

For water heating: $4,000 
– $10,000

For heating system: 
$10,000 – $20,000

10 – 20 
years 
depending 
on O&M

Solar heating systems are 
generally maintenance-
free and in some cases 
have no moving parts; 
some include pumps and 
controls that are subject 
to electrical conditions. 
Antifreeze may require 
replacement every 5 – 8 
years depending on 
operating conditions.

No emissions or 
noise pollution; 
sustainable option.

On-demand 
water 
heating 
systems

Units are limited in 
size and are available in 
gas and electric units. 
Electric shower heads 
are very dangerous as 
they mix water and high 
current electricity and 
use a lot of power for 
demand hot water. Gas 
units are common but 
require propane—at high 
pressure could operate 
on biogas.

Electric shower head 
heaters: $20 – $100 

Propane on demand: 
$300 – $2,000 
depending on make, 
model and country

3 – 5 
years

On-demand heater only 
reduces storage of heat. 
System uses high energy 
to heat incoming cold 
water. Water quality is 
an issue with all water 
heaters as minerals will 
settle when units cool 
down. Groundwater 
needs testing to be sure 
it is not acidic, which 
reduces the life of these 
units.

The high energy 
requirement from 
electric on-demand 
heaters can cause 
high energy demand. 
Propane needs a tank 
for storage; emits 
greenhouse gases.

Solar hot air 
systems

Brings fresh air into a 
home or room and 
pre-heats it through the 
collector—can use a 
control-operated blower 
to circulate air when the 
sun’s heat is available. 
Hot air heaters are useful 
in colder climates but 
without storage they 
last only during the peak 
hours of sunlight in the 
winter. 

Hot air direct, no storage: 
$5000 – $8000; Storage 
adds $5000

Cost effective against fuel 
heating systems

10 – 25 
years 
Blower 
and 
controls 
may last 
only 10 
years

Filter requires changing; if 
storage added, requires 
periodic maintenance.

No issues.

Biogas 
digester for 
cooking

Most complex type 
requires filling a batch-
type digester tank with 
waste and/or biomass 
to right proportions 
and creating anaerobic 
digestion and collection 
reservoir for gas.

Highest cost of cooking 
options due to the 
need for digester and 
reservoir ; $4,000 – 
$20,000 depending on 
location, size and type of 
digester

25,000 
hours or 
3 – 5 yrs 

Requires regular 
maintenance and refilling 
every 6 – 8 months 
depending on materials 
used. Waste stream of 
material is needed to 
keep active culture alive. 
Loading digester can be 
simplified but is a chore. 
Appliances may need 
to be modified to burn 
biogas vs. propane or 
methane.

Gas is produced 
free of odor so 
some danger exists 
in detecting it. Also, 
often hard to see 
flames. Sludge left 
after the digestion 
can be used to 
make compost for 
gardening.

Operation and Environmental 
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Technology General Description Cost Expected 
Life

Operation and 
Maintenance 

Environmental 
Impacts

Propane gas 
for heating 
water and 
for cooking

Uses conventional 
appliances and propane. 

Fuel costs parallel oil 
costs

10 – 20 
years

Little maintenance; 
subject to fuel price 
fluctuations. Extremely 
durable and available 
worldwide. 

Requires a tank for 
storage; the large 
tanks have aesthetics 
issues; emits 
greenhouse gases.

Gasification 
stoves

Gasifies materials to 
produce combustion, 
less smoke, more heat 
control. 

$5 – $100; Vary widely 3 – 5 
years

Heating wood chips or 
organic matter releases 
gases that burn, creating 
heat.

Burns with less smoke 
once ignited. 

Solar ovens Well suited to baking—
highest temperatures 
300 degrees, without 
reflectors. Typically 
constructed of local 
materials.

Imported units can cost 
from $100 – $400; costs 
can be higher depending 
on size

1 – 2 
years for 
cardboard 

Cooking time may be 
slow and oven may need 
periodic adjustment to 
track the sun. Reflectors 
must be kept clean. 
Glazing is also important 
and must be transparent.

Little impact if built 
with local materials. 
Benefit of not cutting 
trees for fire wood.

Solar 
reflector 

Good for high 
temperature short-term 
cooking—frying and 
boiling water. Risk to eyes 
if not used carefully.

$10 – $300 depending 
on type of product

1 – 5 
years

Panels must be kept 
clean. Panels can be 
blown away/knocked 
over in very windy 
locations. 

 No issues. 

Efficient 
charcoal 
and wood 
stoves

Utilize traditional cooking 
methods and materials 
but should cook faster 
and with less smoke and 
fuel consumption. 

Various cost $5 – $50 2 – 5 year. Most stoves require 
little maintenance, but 
chimneys must be kept 
clean. Safer and cleaner 
than open fires. 

Less polluting than 
open fire; greenhouse 
gasses emitted during 
combustion; feedstock 
sustainability. 

WaTEr PumPing
Water pumps can be driven electrically or mechanically—electric water pumps use any of the 
electric power options and mechanical water pumps can be driven by engines, water power systems, 
or mechanical wind pumps. Animal and human-powered water pumps are also available. Water 
pumping systems typically include a water storage tank, which makes water pumping well-suited for 
use with wind and solar power. Based on an assessment of the solar or wind resource, and the facility’s 
water use requirements, the system can be designed so the pump operates whenever the sun or wind 
is available, and fills the storage tank to meet the water demand. The cost of these units ranges from 
US $20,000 – US $50,000 and they can last from 5 – 10 years (with replacement parts needed). 
Energy required for water pumping is determined by the vertical upward distance that the water must 
be raised, the horizontal distance that it needs to travel, and the daily pumping requirement.

ExamPlE 5: oPTions and cosTs for ThE ParadisE EnErgy 
sysTEm

Based on the data gathered in the previous steps, Paradise Resort will require an energy system 
capable of producing approximately 25,000 Wh/day (or 25 kWh/day) at present with a potential 
of 36 kWh/day in the next five years (based on its business growth plan). Below are the power 
generation options that can be considered for Paradise: solar, solar hybrid (with a diesel generator), 
diesel generator, micro-hydro turbine, and wind. As shown below, the costs vary widely depending on 
technology, but this is the basis for the estimate of $1.10 kWh used in the previous examples.
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Initial Capital 
Cost

Operating 
Cost $/Year

NPC (Full system cost 
over 20 years) 

Cost of Energy 
$/kwhr 

Solar $152,000 $1,872 $182,616 $1.109

Solar/Diesel Hybrid $137,000 $2,600 $179,520 $1.074

Generator with Battery/Inverter $27,667 $10,446 $198,477 $1.188

Generator Alone $19,000 $15,942 $279,674 $1.674

Micro-Hydro $39,000 $1,200 $58,622 $0.351

Wind $48,000 $1,908 $79,205 $0.490

** These costs are derived from the HOMER program and could change with variations in the cost of fuel, site conditions, 
and the financial interest rate. The simulation is run with the cost of fuel at $1.50/liter and the interest rate at about 2 
percent. Rises in fuel costs will have a strong impact on the net present cost (NPC) of the generator-only option. Rises 
in the interest rate tend to make high capital-cost projects less attractive.

Solar Alone: The solar array is sized at 12 kW to be more reliable, since there is no generator. It is 
estimated that this will not meet load requirements about 2 percent of the time due to cloudy days, 
weather, etc. (this is a generally acceptable percentage for solar).

Solar/Diesel Hybrid: This system includes a 10 kW PV system with a 5 kW generator. The 
generator is included to cover the times when it is cloudy, or the batteries need a boost. It enables the 
solar system to be sized a little smaller and is a good safety precaution. In this case, the generator only 
burns 356 liters of fuel/year.

Generator/Battery/Inverter: A generator is connected to a battery inverter system to allow the 
generator to be turned off periodically. When the generator runs, it charges the system batteries. The 
initial cost is lower than some other options, but it is subject to fluctuations in the price of oil, and 
has issues of pollution and noise. 

Generator: A generator alone has the lowest capital cost of all options, but the highest operating 
cost and the highest cost if looked at all technologies over 20 years. Like the option above, price, 
pollution, and noise are issues.

Micro-Hydro System: If a suitable water source is available, a micro-hydro system can be the 
cheapest form of electricity. If Paradise were close enough to a water resource that would permit the 
installation of a 5 kW micro-hydro turbine, this would be the cheapest option. The water would 
need to come from a small to medium stream with a lot of fall, at maximum 0.5 kilometers from the 
facility. 

Wind System: The wind system would include two turbines in a relatively good wind 
environment, generating DC power (like a solar PV system) with controller and battery equipment 
similar to a PV system.
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Implementation of an on-site energy supply project depends on the conditions at the facility’s 
location. Access to capital and financial institutions, proximity to equipment suppliers and service 
providers, and national and local regulations will all influence how a project is implemented. In some 
areas, regulations may promote tourism business development by providing financial incentives, 
and energy service providers may provide a complete package of lending and installation services. In 
other areas, the tourism facility may be on its own to find financing partners and installation service 
providers, as well as to learn about and comply with applicable regulations.

Procuring and insTalling a small PoWEr sysTEm
Whenever possible, energy efficient and power generation 
equipment should be purchased from local suppliers who 
can honor manufacturer warranties and provide maintenance 
and repair services throughout the life of the project. 
Suppliers that are not local will often have higher costs for 
transportation, communication, training, and after-sales 
service. Depending on the location, some technologies 
may be more readily available than others—a factor which 
may influence the decision of one technology over another. 
Additionally, there may be existing local/regional supply 
chains, infrastructure, technical capacities, and credit 
available for certain technologies.

A good way to see what systems are available is to contact 
local vendors, industry associations, and even utilities. 
For example, in Kenya and Zimbabwe, existing rural 
businesses and networks (such as hardware stores and 
battery companies) facilitated the expansion of small solar 
systems. In Sri Lanka and Bangladesh, a rural micro-finance 
institution partnering with a manufacturer helped to create 
a market for solar systems. For more information and other 
case studies, refer to the World Bank’s REToolKit (see 
description to the right). A final benefit of working with a 
local supplier is not having to import a system and arrange 
for any customs duties or international transport.

When procuring an energy system, it is important that the 
vendor or your energy consultant properly size the system based on both a resource assessment and 
an energy audit (a simplified form of which has been presented in the first five steps of this guide). 

Step 6: Obtain Financing, Permits, and 
Equipment

Procurement Resources

The World Bank has developed a 
free online informational toolkit (the 
REToolkit) for renewable energy 
in developing countries. The “Stand 
Alone” system section of the toolkit 
can assist rural facilities with the 
following: 

•	 Identify and design feasible projects.

•	 Determine appropriate policies 
and regulatory frameworks.

•	 Identify business models.

•	 Evaluate financing mechanisms.

•	 Select appropriate and 
feasible technologies.

•	 Utilize project tools, including technical 
standards, generic terms of reference, 
and supporting documents.

For more information, see the 
REToolKit: http://go.worldbank.org/
ZJNBLHEO50

The USAID Energy Team has also 
developed draft procurement 
guidelines and specifications for 
generators and solar systems being 
procured for health facilities that can 
serve as a good guide. http://www.
poweringhealth.org/index.shtml
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The services of a qualified energy consultant can be very valuable, as she/he can conduct the audit, 
write system specs for potential vendors, and review bids from different parties. It is important that 
the system be installed by qualified professionals to avoid potential system failures. Using new, high-
quality equipment with international quality labels and manufacturer warranties will also help ensure 
that the system operates as designed. Typical supplier warranties would include: (a) honoring all 
manufacturers’ warranties, which would generally be for two years or more on inverters and charge 
controllers for PV systems, and (b) a one- or two-year warranty on the labor and miscellaneous 
equipment (one year is most common). 

Rural tourism facilities are by nature isolated, potentially making repairs and replacement difficult 
and expensive. Cutting installation costs at the start of a project by not hiring specialists, decreasing 
the warranty period, using inferior installation equipment, and buying lower quality equipment may 
result in higher maintenance and repair costs in the future. In order to help ensure the sustainability 
of the system, specify requirements for vendor/installer training of local staff in the contract (more 
details are provided in the following step).

EnErgy sysTEm financE oPTions
In spite of the growing number of proven on-site power generation projects, many financial 
institutions are reluctant to lend money for these efforts as they are unfamiliar with the technologies 
and lack methods to assess the risks associated with such loans. However, lenders are developing 
more experience with small power projects and several international and government programs are 
promoting renewable energy finance in an effort to address this barrier. 

As governments recognize the important role of tourism to national economic development, they are 
making institutional arrangements to support the financing of tourism projects. For example, early 
in 2008, the Government of El Salvador announced an agreement between the national Tourism 
Ministry’s Salvadorian Tourism Corporation and the Agricultural Development Bank to provide 
financing for ecotourism. The agreement resulted in the creation of a new credit line specifically 
designed for ecotourism facility operators.

Energy supply system financing can be based on recovering investment costs through profits from 
the sale of tourism services, or in some cases, by adding a revenue stream through the sale of energy 
services. For example, a remote facility near a community without electricity could sell battery-
charging services to individual consumers or refrigeration to local fishing businesses. Such an 
arrangement would have to comply with local regulations since some countries and localities have 
laws preventing private operators from selling electricity. Options for financing a power system 
project include: 

 Ƿ Direct investment: When a facility has access to sufficient cash, it can invest in its own power 
system project. The facility pays cash to the equipment supplier for installation and to a maintenance 
service provider for ongoing maintenance services throughout the life of the project.

 Ƿ Loans: Banks or other lending institutions familiar with small power system projects lend money to 
the tourism facility or system supplier/local dealer.  The tourism facility repays the loan either to the 
lending institution or supplier.  In the latter case, the supplier takes on the risk for the loan.  A benefit 
of receiving a loan for a local dealer is that they can offer service support to the unit after the sale.
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 Ƿ Third-party financing: This involves a partnership between the tourism facility owner, energy 
supplier, and a for-profit or non-profit financial institution. The supplier and financial institution 
work together, contributing their complementary experience to the project. The supplier provides 
technical expertise and installation and maintenance services, while the financial institution contributes 
financial expertise and services. This arrangement allows each to participate in projects without 
having to develop new areas of expertise. The financial institution provides a loan to the tourism 
facility based on the facility’s credit history, and the supplier receives cash for installation services. 

 Ƿ Fee-for-service: In this arrangement, the system supplier is an energy service company 
(ESCO) that owns the system and recovers costs through payments from the tourism 
facility. The ESCO provides financial and installation services, and operates and maintains 
the system throughout the project, absorbing the project’s financial risk. ESCOs can include 
community-owned small electricity cooperatives, rural electric cooperatives, privately-
owned generation and distribution companies, and NGO-owned and operated systems. 

 Ƿ Leasing: Leasing can be an option for a system that is similar to a fee-for-service 
system. The facility will operate the equipment, but if there are any issues, the leasing 
company will often provide maintenance and repairs. The equipment remains the 
property of the leasing company, unless there is a lease-to-own option available. 

These financing options can also be used if a facility would like to upgrade existing appliances 
and equipment to more efficient models. Refer to the References Section for more information on 
organizations working to increase access to affordable finance.

rEgulaTions and PErmiTTing issuEs
National and local laws and regulations affect on-site power generation projects because they govern 
natural resource and land use, environmental impact, and power generation. Laws may prevent 
certain types of activities or equipment installations, or require payment of permitting fees for 
installation and operation of certain types of equipment. 

As a project developer, a tourism facility must work with local and regional regulators in the 
early stages of project development to find out which types of zoning, energy, and environmental 
regulations apply to the project. Communities in the area that are affected or feel affected by a power 
project should also be involved in the project from an early stage to address potential opposition to 
the project. Stakeholder acceptance, especially at the local community level, is key to a successful 
project. Factors that may be regulated by laws or causes for concern can include:

 Ƿ Noise and air pollution from generators.

 Ƿ Hazardous waste disposal for batteries and used motor oil.

 Ƿ Soil and groundwater pollution from fuel or oil spills.

 Ƿ Wildlife habitat impact, including potential disruption of bird nesting by wind systems 
and potential interference with stream and river habitat by hydropower systems.

 Ƿ Noise and visual impact of wind systems.

 Ƿ Natural resource impact of biomass-based power systems or wood-
burning space heaters, cooking, and water heating.

 Ƿ Potential soil erosion caused by hydropower systems.

 Ƿ Laws against on-site power generation.
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Step 7: Monitor, Operate, and Maintain 
the Energy System

Once your energy supply equipment and appliances have been installed, they must be properly 
monitored, operated, and maintained. On-site power generation equipment and major energy-using 
equipment, such as heating and cooling systems, require attention on a regular basis to keep working 
efficiently.

To successfully operate and maintain its energy systems, every facility should have a monitoring 
program to track and gauge its energy performance. An effective energy monitoring program is a 
planned and documented system that is used to collect and analyze information on the amount of 
energy consumed by the property. It can help a property define normal energy use patterns, identify 
any shifts in consumption which could indicate the existence of operational or equipment problems, 
ensure the staff is complying with the energy efficiency measures adopted by the facility, and measure 
the results of energy conservation efforts.

In its simplest form, a monitoring program in an off-grid facility should track the consumption of all 
sources of energy that can be readily measured. At the end of each month, the facility should use the 
collected data to: 

 Ƿ Determine the total monthly consumption for each energy source.

 Ƿ Determine total monthly guest and staff occupancy (measured in person-days).

 Ƿ Use the monthly energy consumption and occupancy data to calculate 
monthly energy consumption indices for each energy source.

 Ƿ Compare these indices with those calculated for the preceding 
months or for the same month of the previous year.

 Ƿ Investigate any large and unexpected changes in total energy consumption or energy use indices.

At the end of each year, the facility should calculate annual consumption and consumption indices 
for each energy source. These annual figures can then be compared with those calculated for the 
preceding years to gauge the long-term trends in the facility’s energy use.

It is very important to share energy monitoring information with the staff. This provides a constant 
reminder that energy efficiency is an important concern and gives workers feedback on the results of 
their efforts.

Operating a power generation system consists of daily tasks required to keep equipment in top 
condition. Tourism facility personnel should be designated to manage operating tasks which include 
ordering fuel and keeping fuel tanks full, cleaning and inspecting equipment, turning equipment on 
and off, keeping operation and maintenance logs, and keeping staff skills up-to-date. Costs include 
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labor, fuel, warranty fees, service contracts, and spare parts (depending on the system and location, 
the facility may keep a small stock of spare parts). Operation and maintenance logs and repair 
manuals should be as clear and simple as possible, containing checklists, step-by-step explanations, 
and illustrations. Because personnel may change frequently, this information needs to be easily 
available and understandable so it can be understood by new staff. 

Maintenance tasks include preventative and scheduled maintenance which, depending on the type 
of system, may involve performing engine oil changes, cleaning solar panels and wind turbine 
blades, and checking electrical connections and battery electrolyte levels. The on-site operator should 
have the skills and knowledge to perform basic preventative maintenance tasks. Other scheduled 
maintenance might have to be performed by qualified professionals through a maintenance service 
contract.

End-use equipment should be operated properly and maintained periodically to maximize energy 
efficiency. As some appliances age, they become less efficient. Maintaining or repairing the appliances 
may improve their efficiency, but when energy savings do not justify maintenance costs, it may be 
worth replacing the equipment. It is extremely important to monitor systems; to be done correctly, 
this may require the installation of special equipment (such as meters). The monitoring equipment 
can be added later if it is not installed initially, but including it from the beginning will help in setting 
up the monitoring and maintenance plan.

oPEraTion and mainTEnancE PErsonnEl
At least one employee should have responsibility for overseeing operation and maintenance of on-
site energy supply equipment, as well as facility energy use, with one or more additional employees 
trained as backup. It is extremely important to create an energy management team with clear roles 
for maintenance and accountability to keep the system operating correctly and efficiently. Once an 
energy management team is established, expertise can be matched to specific roles and a dedicated list 
of tasks/responsibilities developed. 

On-site energy supply maintenance tasks include identifying equipment problems and knowing who 
to contact for scheduled maintenance and unscheduled repairs. Most unscheduled maintenance and 
repairs will need to be performed by qualified professionals. The on-site operator should be able to 
identify maintenance issues and shut down equipment in the event of a breakdown. In some cases, 
the facility manager or owner may have a particular interest in energy technologies and be qualified 
to operate and maintain the energy supply systems. However, in most cases, the facility will have to 
rely on outside expertise for equipment maintenance and repairs. The installation and maintenance 
contract for all on-site energy supply equipment should include training for facility staff in daily 
equipment operation and maintenance. Equipment suppliers and maintenance contractors should be 
required to provide simple, clear reference materials and easy-to-fill-in maintenance logs and other 
data-entry forms for local staff. Accurate record-keeping and reference materials are critical.
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Three Camel Lodge 
Managing Multiple Energy Sources

The Three Camel Lodge in Mongolia’s Gobi Desert provides visitors with a traditional living experience by 
housing them in gers, the tents used by nomadic herders in the area. The tents are hand-made using a latticed 
wood frame and layers of felt and canvas. Most of the lodge’s 48 gers rely on shared bathroom facilities, while 
18 deluxe gers provide en-suite bathrooms but have communal showers. The lodge hosts visitors in the summer 
as well as during a one-week winter camel festival. The growing popularity of Three Camel Lodge has increased 
visitor traffic, resulting in greater energy and water demands.

The facility has a 1,900 watt solar system to power lighting in the gers and a common area, and a television and 
audio equipment in the common area. Two small wind turbines (Chinese models rated at 600 watts and 1,000 
watts each) provide supplemental power whenever there is wind. A diesel-powered generator provides back-up 
power, supplies electricity to a refrigerator and freezer in the kitchen, and powers a water pump for a communal 
well, which supplies both the lodge and neighboring families. These families use the water at no charge for 
domestic purposes and livestock support.

Hot water for the facility is provided by a solar hot water system that uses coal as a back-up fuel. Heat for gers 
during the summer tourist season is provided by traditional dung-burning stoves that serve as space heaters. 

The dung is collected around the lodge, where herds belonging to the 
neighboring families graze. Because the families also use the dung for 
fuel, the lodge takes only what is left over after the families have met 
their fuel needs. During the winter festival week, the lodge uses coal for 
space heating, because of its superior energy content. Annual coal use is 
about 10 tons.

Having a wide array of energy sources offers both advantages and 
disadvantages. Solar and wind power have the benefit of generating 
electricity without consuming fuel, and produce no pollution. The 
solar and wind systems often complement each other, because cloudy 
periods tend to be windy. When there is neither wind nor sun, the diesel 
generator can provide power. On the other hand, having three different 
power sources means that staff must have the skills to operate and 

maintain each type of system. At the time of this writing, one of the wind turbines is broken, and awaiting repairs 
by a local company that has promised to have the repairs completed in time for the peak season. 

Installing the solar hot water system at the Lodge (Top); the Three Camel Lodge highlights traditional Mongolian 
architecture (bottom).

CASE STUDY

Photo courtesy of Pam Baldinger
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Topics for maintenance training include: 

Ƿ Review of equipment manuals.

Ƿ Hands-on practice with routine maintenance tasks.

Ƿ Distinguishing between problems that can be solved on-site and 
those that require a qualified practitioner to solve.

Ƿ Procedures for requesting equipment servicing, including lists of local qualified service providers.

Ƿ Emergency shut-down procedures.

Ƿ Review of safety precautions.

Ƿ Review of correct operating procedures to ensure the system will not be overloaded.

Ƿ Safety rules and regulations.

Ƿ Record maintenance (log sheets, etc.).

Lack of maintenance of power generation equipment can result in reduced energy output and even 
lead to complete failure. Studies of on-site power generation system failures show that a lack of 
trained on-site staff is a key cause of system breakdown. Training should also include correct system 
operations to ensure that the management team is looking out for improper use that could reduce 
performance. Improper use could include charging batteries at the wrong time, use of electricity 
by staff for personal purposes, and deep discharging of battery systems during peak load hours. 
Additionally, operation and maintenance personnel will need to be cautious of the potential for theft, 
which can include stolen energy generation equipment and/or stolen power. Theft of generation 
equipment can be an important issue in remote areas if there is no mechanism for system monitoring.
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Specific technologies come with different operation and maintenance requirements, as shown below.

Operation and Maintenance Considerations by Technology

Applications Self-Maintenance Professional service

Solar electric systems •	 Weekly system monitoring to 
assure proper battery charging

•	 Monthly maintenance check 
by qualified professional

•	

•	

•	

Weekly panel cleaning depending 
on weather and climate 

Weekly wiring and electrical 
connections check

Weekly battery maintenance: 
add water ; clean contacts; 
remove corrosion

•	

•	

Three- to 10-year battery 
replacement, and 5- to 10-
year inverter replacement

Replacement of panels 
(25-year panel life)

Solar Heating Systems •	

•	

Daily performance monitoring, 
ensuring proper operation, heat 
delivery from collector, proper 
pumping and circulation of fluid

Daily check of start-up 
and shut-off times

•	

•	

•	

Replace antifreeze every 7-10 
years depending on acidity

Inspect collectors and 
tank every 5 years

Replace pumps after 10 years 

•	 Seasonal adjustments for heating 
applications—use vacation setting 
if system is unused for some time

Wind power systems •	 Daily monitoring of 
systems performance 

•	 Initial 3-month maintenance 
check by qualified professional

•	 Weekly lubrication of moving parts, 
check bolts and guy wires, check 
wiring and electrical connections 

•	

•	

Check ups thereafter depending on 
manufacturer recommendations

Ten-year turbine life

Engine-generator sets •	

•	

•	

Weekly oil and coolant 
inspection; check for leaks

As use dictates, change 
engine oil and filter

Monthly maintenance check

•	

•	

Based on hours of operation, 
periodic tune-ups and engine 
overhauls are scheduled routinely 
once operating hours established

Rebuild engin

•	 Annual maintenance check
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Chumbe Island 
Total System Sustainability Planning 

Chumbe Island is a pristine fossil coral island off the coast of Zanzibar, Tanzania. The Chumbe Island Coral Park 
has minimal impact on the environment—the lodge and seven guest bungalows have incorporated aspects 
of energy efficiency, renewable energy, sustainable water use, natural design, and recycling to create a tourism 
facility that is a highlight of sustainable architecture and operations. Each building functions as a self-sufficient unit 
that generates its own water and 
energy, with rainwater catchment 
and filtration, solar water heating, 
and photovoltaic electricity.

The orientation and design of the 
buildings makes maximum use of 
the Indian Ocean trade winds—
instead of air conditioning, guests 
regulate the temperature of the 
bungalow with hand-woven mat 
panels. All the electric devices used 
on the island are energy efficient—
including CFL bulbs and use of non-
paraffin candles (the management 
has made one ”compromise” by 
using 12V halogen spot lights in 
the bungalows since they have 
found this light more attractive 
than that from CFL bulbs).

Chumbe Island is powered 100 percent by solar electricity. The PV panels power lights, VHF radio communication, 
little cooling fans, cell phone and camera chargers, and a freezer in the restaurant kitchen. A small generator is used 
only during closure time for renovations and maintenance (for drilling machines). All water pumps on the island 
are hand pumps, for which no electricity is needed. Solar thermal systems heat water for showers. All laundry is 
done off the island. The island is run very frugally, but even so, the resort has added more solar panels over the 
years for new systems such as the freezer and the fire water pump. Each system (installed on a number of different 
buildings) is self-contained—including panels, a charge controller, and batteries. The systems include:

•	 Main building (Education Center): 14 panels, each 50W = 700 W total

•	 Each of the seven bungalows: two panels, each 50W = 700 W total 

•	 To run the freezer in the kitchen: two 50W panels and four 80W panels = 420 W total 

•	 Manager’s house: two panels, each 50W = 100 W total

•	 Staff housing: four panels, each 50W = 200 W total

•	 Pump for fire equipment: one 50W panel = 50 W total

Along with two other staff, a full-time Technical Manager oversees the electricity systems on the island. They have 
all been trained on the job over the course of the project (the panels were installed in 1998). Outside experts 
occasionally provide advice for new installations. 

Overall, management is pleased with the energy system. According to the hotel manager, “one big advantage 
of our solar-powered energy system was that Chumbe Island operations were not affected by the recent total 
electricity blackout in Zanzibar—and it lasted over a month!” The negative aspects of the system have been the 
high initial costs of the equipment (around $50,000), and the amount of training and maintenance required to run

CASE STUDY

The visitor center takes advantage of trade winds to cool the facility.  
© Craig Zendel 
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the systems. There were also some issues with corrosion of connections due to the salty sea climate. Initially, when 
the freezer was first introduced, it did not function well because it was opened too frequently, which raised the 
internal temperature. It took more power than anticipated to keep the temperature at the desired level, which 
drained the batteries and reduced their capacity. This problem has been abated through better management of 
kitchen staff.

Despite the high capital costs of renewable energy equipment, Chumbe Island’s energy operating costs compare 
very favorably to those of three similarly sized lodges in off-grid remote areas in Zanzibar. For instance, Lodge A, 
which uses a diesel generator for only six hours a day, spends close to US$ 3,000/month on fuel, while Lodges 
B and C, running large generators for 24 hours/day, spend as much US$ 8,000 – 10,000/month on diesel (these 
prices do not include transport costs). The amount spent on fuel alone by Lodges B and C nearly equals the 
total overall average monthly running costs of Chumbe Island (approximately US$ 10,000). (It should be noted 
that Lodges B and C, with their greater energy-generating capacity, likely offer different amenities than Chumbe). 

For cooking needs, Chumbe staff experimented with a wide range of cookers: two models of solar cookers—a 
solar box cooker and a parabolic solar-cooker; a low-pressure gas cooker; kerosene cookers; and traditional 
charcoal stoves. A combination of gas cookers and an energy-saving wood stove specially built for the staff kitchen 
was selected as the most appropriate and cost-effective option. 

Additional highlights of the facility include rainwater catchment to use rainwater that is collected by the palm-
thatched roofs and filtered through combined gravel and sand filters. This water is stored in large cisterns under 
the floor of each building. All the bungalows have composting toilets that recycle human and organic waste in 

a sustainable way and use no water 
for flushing. All plant and kitchen 
waste is composted and used in the 
composting toilets and as fertilizer in 
the grey water vegetative filtration 
plant beds. The surplus is taken from 
the island and given to local farmers 
in Zanzibar. 

The managers work with staff and 
guests to ensure proper use of the 
facilities. Guests receive a folder in 
the bungalows that explains how to 
do everything. If they leave the lights 
on all night, they will discharge the 
solar battery and they will have to 
wait for the sun to recharge it. There 
have been no problems with the 
acceptance of the system by guests. Using a pump for collected rainwater. © Heinz Heile
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Sustainable tourism has become an important trend in the tourism industry and will only continue 
to gain momentum as awareness of climate change increases. Each year, more and more tourists are 
taking environmental concerns into account when selecting their travel destinations and, in response, 
many tour operators are working with their suppliers to improve their environmental performance. 
Facilities that embrace sustainability from the start not only will be able to minimize operating costs, 
but also improve their standing and appeal in a competitive tourism market.

As a sector with substantial environmental impact, the tourism industry provides many opportunities 
to use and benefit from sustainable energy systems. A well-designed, managed, and operated energy 
system, coupled with energy-efficient devices and efficient use, can make all the difference to a rural 
tourism facility. To sustainably—both economically and environmentally—meet energy needs, a 
facility will often need to rely on on-site energy supply systems that minimize the use of transported 
fuel. Taking the time to plan and operate a sustainable facility will pay off in terms of reduced fuel 
costs, increased energy reliability, and improved staff and guest satisfaction. Energy issues should be 
integrated into tourism project planning from the beginning, in order to maximize potential savings 
and avoid costly delays that can result from inadequate preparation or unfamiliarity with technical 
issues.

Facility operators should work with energy experts and professionals to ensure that they are correctly 
planning for and installing the best energy options to meet the facility’s requirements—taking into 
account facility type, size, location, and style. Working with energy professionals can help facility 
operators understand how and why to carry out specific tasks and can make the system seem less 
complicated.

Including staff and guests in the sustainable operations of the facility can both improve the 
functionality and efficiency of the energy system, and communicate the sustainability message. 
Sharing information and experiences will accelerate the acceptance of these practices—and give guests 
a unique tourist learning opportunity. Additionally, communicating energy management successes to 
other tourist facilities can expand the sustainable tourism market.

The steps and case studies included in this guide demonstrate that sustainable energy use at 
tourism facilities can be cost-effective, reliable, and environmentally sustainable for a wide range of 
applications.

Conclusion
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Alternating Current (AC) – An electric 
current flowing in both directions—most 
commonly from power generation plants.

Battery – A device that stores energy and 
makes it available in an electrical form.

British thermal unit (Btu) – A measurement 
for the energy content of fuels. Btu per hour 
(Bth/h) is a measure of the power of heating and 
cooling systems, sometimes abbreviated as Btu.

Capital Cost – The initial cost to purchase and 
install equipment.

Charge Controller – Controls the flow of 
current to and from the battery to protect from 
over charging or over discharging.

Direct Current (DC) – An electric current 
flowing in one direction—most commonly from 
solar panels or small generators.

Lifetime – The length of time a piece of 
equipment or system is expected to operate 
before failure due to age. Photovoltaic and wind 
equipment lifetimes are typically expressed in 
years; engines in hours of operation; batteries in 
number of charge-discharge cycles.

End Use Equipment – Devices that consume 
electricity or fuel to do useful work.

Engine-Generator Set – An internal 
combustion engine coupled to an electric 
generator that produces electricity. Also known as 
generator or diesel generator. 

Energy – The capacity of a physical system to 
do work.

Energy Efficiency – Using less energy to 
provide the same level of energy service. 

Fossil Fuel – Non-renewable fuels derived from 
underground hydrocarbon sources such as coal, 
oil, and natural gas.

Gasifier – A device that converts solid biomass 
into a gas to burn for heat or electricity. 

Grid – The network of transmission lines, 
distribution lines, and transformers used in 
central electric power systems. Off-grid locations 
are not connected to a grid.

Hybrid Energy System – An energy system 
that is composed of more than one type of 
electricity generation type, such as a combination 
of a generator and a PV system

Insolation – The amount of sunlight falling on 
an area over the course of a year.

Inverter – A device that converts DC electricity 
to AC electricity.

Glossary 



GLOSSARY 49

Kilowatt (kW) – One thousand watts. A 
measure of power often used to describe the 
electricity-generating capacity or size of an 
electric generation system.

Kilowatt Hour (kWh) – A unit of energy 
representing the quantity of work performed by 
one kilowatt of electric power in one hour.

Operating Cost – The day-to-day expense of 
using and maintaining property, including fuel, 
labor, and spare parts.

Passive Solar Heat – Utilizing the sun to 
directly heat water or a space.

Phantom Loads – Electric power consumed 
by electronic appliances while they are switched 
off or in a standby mode. 

Photovoltaic (PV) System – A system that 
produces electricity from sunlight; commonly 
referred to as “solar electric.”

Power Rating – Indicates the rate at which 
the device converts electrical energy into another 
form of energy, such as light, heat, or motion.

Renewable Energy – Energy derived from 
non-fossil fuel resources; includes energy 
produced by photovoltaic equipment, wind 
turbines, water-powered turbines, and biomass 
systems.

Thermal Power – Power used for heating or 
cooling.

Watt (W) – A unit of power equal to one joule 
per second. The size or capacity of electric power 
equipment and devices is sometimes given in 
Watts.

Wind Turbine – A device that converts the 
energy of moving air into electricity.
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Appendix 1: Estimating Energy Use

To estimate daily energy use, fill out the chart below. To obtain the information for column B, read 
the label on the equipment or use the estimates provided in Appendix 2. This chart should not be 
used in lieu of a professional audit, but can give facility managers a preliminary estimate of their 
facility’s daily energy use and help in planning purposes.

Description of 
Device

A
Number of 

Devices

B
Power2 

(measured in 
watts)

C
A x B = total 

watts

D
On-time3  

(hours/day)

E
C x D = total 

wattage in 
hours/day 

(total watts x 
on-time)

F
E/1000 = 
kWh/day

Totals

2 To find wattage information for a given device, check the user’s manual. It may also be written on the back of the 
device.

3 The typical daily “on-time” for a standard refrigerator compressor is five to six hrs/day.
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The charts below provide power consumption estimates for various types of electrical equipment 
commonly found in tourism facilities. These figures may be used to complete the table in Appendix 
1, but are intended only as a guide. Actual figures will vary based on the size, age, condition, and 
efficiency rating of each model.

samPlE PoWEr raTings for aPPliancEs WiTh avEragE EfficiEncy
Power (watts)

Air Conditioner—Room 1000

Air Conditioner—Central 2000 – 5000 

Refrigerator 100 – 750 

Freezer 100 – 300 

Clothes Washer 350 – 500 

Clothes Dryer 1800 – 5000 

Dehumidifier 750

Desktop Computer 150

Laptop Computer 75

TV (color, 20”) 150

Small Laser Printer 300 (printing); 150 (idle)

Small Photocopier 250 (copying); 60 (idle)

Satellite Phone 25

Cell Phone Charger 25

Fan (ceiling or floor) 75

Hairdryer 1200 – 1800 

Electric Shaver 20

lighTing PoWEr raTings
Power 

(Watts) Inefficient model
Power 

(Watts) Efficient model

Small bulb 40 (incandescent) 11 (CFL)

Medium bulb 60 (incandescent) 14 (CFL)

Large bulb 100 (incandescent) 25 – 30 (CFL)

EnErgy usE comParisons BETWEEn inEfficiEnT and EfficiEnT 
modEls
This table compares new, standard models to new efficient models of equipment. Older models will 
tend to be less efficient than newer equipment. For example, a new, standard 18 cu ft refrigerator 
might consume 465 kWh/year while an equivalent-sized efficient model will consume 411 kWh/

Appendix 2: Average Power Ratings 
and Energy Usage for Various Devices



54 POWERING TOURISM: ELECTRIFICATION AND EFFICIENCY OPTIONS FOR RURAL TOURISM FACILITIES

year. However, a similar-sized refrigerator purchased in 1984 might consume 1,457 kWh/year. Older 
appliances can be a huge drain on energy.

(Note: some devices cycle during the day and are “on” continuously; others have annual use 
assumptions. Energy use is measured is kWh per year in this table.)

Energy Use (kWh/year) 
Inefficient Model

Energy Use (kWh/year) 
Efficient Model

 Use Assumptions 

Refrigerator (18 cubic feet) 465 411 On continuous cycle

Freezer (22 cubic feet) 799 719 On continuous cycle

Room air conditioner, small  
(10,000 BTU/hour)

2985 1982 On continuous cycle

Submersible water pump      
(11,000 liters/day, 5 m 

water depth)

547 365 On continuous cycle

Clothes Washer 573 267 392 loads per year

Clothes Dryer 950 898 416 loads per year

Dehumidifier 1064 851 1620 hours per year

Desktop Computer 187 76 Computer always turned off 
at night

Desktop Computer 742 90 Computer never turned off 
at night

Laptop Computer 38 15 Turned off at night

TV (color, 20”) 120 87 On 4 hours a day

All data from US Environmental Protection Agency, US Department of Energy, EnerGuide Appliance Directory 2007
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To implement this type of incentive program, the facility must first calculate its baseline energy 
performance by determining its average energy consumption per person per day during each of the 
last four quarters, and then use this baseline to calculate the quarterly energy cost savings and the 
amount of the awards.4 

This type of program offers many benefits. First, it drives all staff members to work together toward a 
common goal. This collaboration is important as all employees—maintenance workers, housekeepers, 
cooks, waiters, receptionists, and office personnel—have an impact on energy consumption and can 
contribute something toward conservation.

Second, it can yield substantial financial benefits to employees (especially where wages are low) but 
places no additional financial burden on the facility. The awards are paid out only if there are real and 
measurable reductions in energy costs, and employees are rewarded for their efforts with part of the 
financial savings that would not exist without the incentive program.

And third, the evaluation process is transparent since the parameters needed to determine the awards 
are tangible and easily measurable, such as staff and guest occupancy, the amount of gas and other 
fuels consumed by the hotel, and the average market value of these energy sources. 

Background: The facility considered in this example is a 15-room off-grid hotel, which operates 
year-round and employs 11 workers, three of whom live in staff accommodations built next to the 
hotel. 

Energy use: The electricity used by the hotel and staff accommodations comes from a photovoltaic 
array which supplies ~25 percent of total electricity consumption, and a diesel generator which 
supplies the rest. Solar water heaters produce the hot water consumed in the kitchen and staff rooms, 
and propane is used by kitchen appliances and the guestroom water heaters.

calculaTing ThE faciliTy’s ToTal EQuivalEnT occuPancy for 
Each QuarTEr of 2007
The calculations of the facility’s total equivalent occupancy are shown in the table below. These 
calculations are based on the following inputs and assumptions:

 Ƿ Number of staff living off property = 8 

 Ƿ Number of staff living on property = 3

4 In the case on an off-grid hotel, the energy sources that are used to calculate this baseline performance include all 
those that are directly purchased by the facility, such as the fuel and gas consumed by generators and appliances. There-
fore, the electricity generated by the facility’s photovoltaic panels or generators, as well as the thermal energy produced by 
its solar water heaters are excluded from these calculations.

Appendix 3: Sample Calculations for a 
Performance-based Incentive Program
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 Ƿ The calculation of the “equivalent day staff occupancy” (column B) is based on 
the standard assumption that the impact of day workers on the facility’s energy 
consumption is approximately half of that of an in-house worker or guest.

 Ƿ The number of guest-nights shown in column D is obtained from the property’s occupancy log.

A B C D E (= B + C + D)

Period Equivalent day staff 
occupancy (capita-

days)

In-house staff 
occupancy (capita-

days)

Guest occupancy 
(capita-days)

Total equivalent 
occupancy (capita-

days)

1st quarter 07 90 days x 8 workers 
x 0.5 = 360

90 days x 3 workers 
= 270

1,201 1,831

2nd quarter 07 91 days x 8 workers 
x 0.5 = 364

91 days x 3 workers 
= 273

892 1,529

3rd quarter 07 92 days x 8 workers 
x 0.5 = 368

92 days x 3 workers 
= 276

672 1,316

4th quarter 07 92 days x 8 workers 
x 0.5 = 368

92 days x 3 workers 
= 276

1,110 1,754

calculaTing ThE faciliTy’s BasElinE EnErgy PErformancE for 
Each QuarTEr of 2007
The facility’s baseline energy performance for each quarter of 2007 is calculated in the table below. 
These calculations are based on the following inputs:

 Ƿ The property’s total equivalent occupancy figures are as shown in the preceding table.

 Ƿ The propane and diesel consumption figures are obtained from 
the property’s daily fuel consumption logs.

A B C D (=C/B) E F (= E/B)

Period Total equivalent 
occupancy 

(capita-days)

Propane 
consumption (L)

Propane cons. 
index (L/cap-day)

Diesel 
consumption (L)

Diesel cons. index 
(L/cap-day)

1st quarter 2007 1,831 488 0.267 2,353 1.29

2nd quarter 2007 1,529 468 0.306 2,083 1.36

3rd quarter 2007 1,316 442 0.336 1,958 1.49

4th quarter 2007 1,754 410 0.234 2,375 1.35
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calculaTing ThE EnErgy savings achiEvEd in ThE 1sT QuarTEr 
of 2008
In January 2008, the hotel launched a performance-based incentive program that was designed to 
share with the staff 25 percent of the energy costs savings achieved during each quarter of 2008.

Period Staff and guest 
occupancy 

(capita-days)

Total 
equivalent 
occupancy 

(capita-days)

Propane cons. 
(L)

Propane cons. 
index (L/cap-

day)

Diesel cons. 
(L)

Diesel cons. 
index (L/cap-

day)

1st quarter 
2008

Day staff = 
720 x 0.5

In-house staff 
= 270

Guests = 
1,251

1,881 391 0.208 1,727 0.918

1st quarter baseline 0.267 1.29

Per capita energy savings 0.059 0.372

calculaTing ThE aWards rEsulTing from ThE EnErgy cosT 
savings achiEvEd in ThE 1sT QuarTEr of 2008
According to the terms of the incentive program, 25 percent of the net cost savings in propane and 
diesel are shared with the staff.

The average cost of the propane and diesel purchased during the 1st quarter of 2008 is US$ 0.95 /L 
and US$ 1.30 /L, respectively.

Propane savings in 1st quarter = (propane savings/capita) x (total occupancy)
= (0.059 L/cap-day) x (1,881 cap-day)
= 111 L total savings

Diesel savings in 1st quarter = (diesel savings/capita) x (total occupancy)
= (0.372 L/cap-day) x (1,881 cap-day)
= 700 L total savings

Total 1st quarter financial savings = (diesel savings/capita) x (total occupancy)
= (0.372 L/cap-day) x (1,881 cap-day)
= 700 L total savings

Award amount = 25 percent x (US$ 1.015) = US$ 254

Net savings achieved by hotel = US$ 1.015 - US$ 254 = US$ 761
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