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ABSTRACT

An attempt was made to explore the maintenance practices and
energy performance in hotel buildings through a novel questionnaire
survey in the hotels sector and detailed case studies in a representative
hotel. An energy performance index and daily load profiles of different
types of energy use in relation to outdoor temperature and hotel occu-
pancy rates are identified. Allocation of resources and outgoing of ex-
penditures on maintenance are examined and reported. The needs of
multi-skilling for individuals of the maintenance team and computer-
ized maintenance management systems (CMMS) in hotels are discussed.
Some key factors underpinning the formulation of a maintenance pro-
gram and decisions on the utilization of in-house technicians or out-
source contractors are identified. A self-assessed scheme was set up and
conducted in individual hotels by the chief engineers. The findings
would be helpful to maintenance personnel in developing appropriate
maintenance strategies for better system availability and efficient energy
use in hotels.

INTRODUCTION

Proper operation of a hotel relies on the availability of the engi-
neering systems to provide air conditioning, water supply, lighting,
transportation, laundry, and kitchen services. As hotels are operative for
24-hour operation all year round, the maintenance of the engineering
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systems is a complex process, and its effectiveness will directly affect the
quality of hotel service, food, and beverage.

An equipment failure might not cause an immediate loss of busi-
ness, but it would eventually project on the established reputation and
that in turn could affect business. Hence, development of an appropriate
maintenance strategy is becoming more important, as greater reliance is
placed on it to maintain high system availability and achieve satisfactory
environmental conditions for the occupants. Maintenance management
plays a dominant role in improving energy efficiency and keeping the
total costs optimal.

The costs of operating and maintaining the engineering systems, in
particular the in-house manpower, out-source contractors, energy con-
sumption, and equipment deterioration, must be properly monitored
and controlled. To reduce the costs, proper operation procedures and
effective maintenance are crucial.

This article reports an investigation of the current maintenance
practices in association with the energy performance of engineering
systems in hotels in Hong Kong. Allocation of maintenance resources,
operation and maintenance expenditures, and some key factors required
for maintenance decision-making are identified. A self-assessment
scheme is established to enable individual hotels to assess maintenance
performance and develop maintenance strategy for satisfactory system
availability and energy efficiency.

QUANTITATIVE APPROACH

To establish an understanding of current maintenance practices
and energy performance in hotels, a novel questionnaire was designed
to identify qualitative information from hotel chief engineers. After ex-
planation of the survey’s objectives in meetings with the chief engineers,
the study was fully supported by members of the Hong Kong Hotels
Association.

There are six sections, A to F, in the questionnaire. The first section
contains the hotel data covering the age, class, number of guest rooms
and kitchens, total gross/guest room floor area, and other facilities pro-
vided in hotels. Section B and C deal with energy consumption and
maintenance expenditure spent in supporting the hotel business. Infor-
mation of maintenance resource allocation can be obtained from Section
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D. Section E concerns the current maintenance practices regarding the
need of a multi-skilling, computerized maintenance management sys-
tem (CMMS), and others. It also identifies the factors and to what extent
they are weighed by the chief engineers for the development of mainte-
nance strategy and decision of in-house or outsourcing labor force for
maintenance and retrofitting tasks. Finally, a self-assessment scheme en-
abling an effective evaluation of the maintenance management in indi-
vidual hotels is provided in Section F.

There were 81 hotels in the city based on the hotels directory [1],
of which 26 participated in the survey, giving an overall response rate of
32.1 percent across the local hospitality industry. Individual chief engi-
neers of the hotels were interviewed for clarification of unclear replies
on the questionnaire returns. Apart from the survey, in-depth case stud-
ies were also conducted in a representative prestigious hotel. This is a
micro-oriented approach to find out more detailed information, which is
difficult to obtain from the questionnaires. For instance, maintenance re-
sources spent on different engineering systems and daily energy use
profiles, occupancy rate, and number of food covers were studied. Fig-
ure 1 shows the daily energy profile of the representative hotel and
outdoor temperature. The profile of electricity consumption closely fol-
lows the pattern of daily mean outdoor temperature. This implies that
operational control schemes such as chilled water supply temperature
reset and free cooling at mild weather conditions would help save en-
ergy. Changes of occupancy rate and number of food covers served,
however, have no noticeable effect on energy consumption, implying
that there is a lack of operational procedures in room keeping and cook-
ing processes for energy saving.

Among the 26 hotels studied, there are seven 3-star, eight 4-star and
eleven 5-star hotels. The years of construction range from 1950 to 2000.
Other attributes of the hotels are: gross floor area between 6,000 to 72,820
m?2; guest room floor area between 4,909 to 44,450 m?2; number of guest
rooms between 158 to 736; and number of kitchens between 1 to 11.

Overall, the guest room floor occupies 69 percent of the gross floor
area, with an average size of 46.3 m2 for each guest room. Statistical
details for individual class of hotel are shown in Table 1. The averaged
ratio of guest room floor area to gross floor area for 3-star hotels is
higher than the others because the former have fewer facilities of laun-
dry, swimming pool, shopping arcade, sauna and restaurant. Those are
also energy intensive areas.
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Figure 1. Profiles of Daily Energy Consumption and Outdoor Tem-
perature

RELATION BETWEEN MAINTENANCE
AND ENERGY PERFORMANCE

Energy management is recognized as a function associated with an
effective maintenance management to operate the systems at optimum
efficiency. Thumann [2] reported that 8 to 12.5 percent of reduction in
energy consumption could be achieved through improved operation
and maintenance activities. Thus, energy use intensity can be used as a
performance indicator of maintenance [3].

Generally, there are three types of energy supply in hotels, including
gas, electricity, and diesel oil. Gas is supplied to kitchens and electricity is
used for most equipment and appliances. Diesel oil is used mainly in boil-
ers for supplying steam to laundry and calorifiers, but some hotels con-
sume gas or electricity for steam, heating, and hot water supply.

By analyzing the electricity energy data in hotels, it is found
that unit price for each kilowatt-hour varies in a wide range from
0.71 to 0.9 HK$ (1 US$ = 7.8 HK$). Since the majority of energy con-
sumption in hotels is electricity, as indicated in Table 2, constituting

Daily Energy Consumption (GJ)
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72 percent of the total in the average, the management should pay
more attention to this issue for cost control. Optimum start schedules
for high loading systems, such as chillers, show potential cost savings
by limiting the maximum demand charge. Power factor correction can
also reduce the maximum demand charge due to lower apparent
power in kilovolt-amperes. Individual hotels should determine an
electricity tariff suitable for its demand conditions. For example, de-
mand over 3,000 kVA can apply for supply under large power tariff,
resulting in lower unit price. Like many other buildings [4], the op-
portunity of using thermal storage for cooling has not been utilized
to cut the maximum demand charge in the hotels studied, whereas
off-peak electricity tariff is yet to be implemented by the local power
companies.

Energy efficiency of hotel buildings can be compared in terms of
the energy performance index (EPI), which is the normalized total en-
ergy consumption per gross floor area (GJ/m?/yr). Among the hotels
studied, EPI spreads from 0.96 to 2.71 GJ/m?2/yr, with an average of
1.87 GJ/m?2/yr. Results for different classes of hotels are summarized
in Table 2.

Maintenance cost index (MCI) and energy cost index (ECI), that
account for the annual total costs weighted per gross floor area (HK$/
m?/yr), are useful for analysis of the engineering overheads. The former
comprises the costs of in-house labor, materials, tools, and all outsourc-
ing maintenance works, whereas the latter represents the costs of all
energy resources. Results of MCI and percentage breakdown of the
maintenance costs of the hotels studied are summarized in Table 3. On
average, MCl is 336 HK$/m?2/yr, involving 43 percent for in-house labor
force, 22 percent for in-house materials and tools, and 35 percent for
contracted-out maintenance and retrofitting works.

It is indicated by the statistical results that MCI is larger in high-
class hotels in which more effort and resources are put into maintaining
the engineering systems to satisfy the higher customers’ expectations. As
seen in Figure 2, values of ECI spread around an average of approxi-
mately 350 HK$/m?2/yr. Although the range of MCI is wide, two-thirds
of the hotels studied have similar MCI, between 201 to 400 HK$/m?/yr.
The higher MCI in some hotels is due to major system breakdown prob-
lems or because of capital-intensive retrofitting works carried out in the
reporting period.

It is of interest to know about the relative amount of maintenance
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Figure 2. Normalized Energy Cost and Maintenance Cost Index

cost and energy cost. Based on the hotels studied, the maintenance cost
rises along with the amount of energy consumption. This is shown in
Figure 3. Surprisingly, the trends of both maintenance and energy costs
with increasing amount of energy consumption are almost parallel.
From these two trend lines of the hotels studied, the expected mainte-
nance cost per joule of energy consumption is always marginally less
than the expected energy cost per joule.

An implication of the above trends of maintenance and energy cost
is that effective maintenance can lead to efficient plant operation and
lower energy consumption. Dividing MCI by ECI will produce a main-
tenance performance indicator, which can be called the maintenance
intensity signature (MIS). It carries an average value of 0.93 for the
hotels studied. This will be useful to indicate how changes in mainte-
nance would reduce energy consumption if strategies of optimizing the
total expenditure on maintenance resources and energy could be devel-
oped. Sometimes, increasing MIS may be due to more resources spent
on retrofitting works to improve system performance, and that is a
positive action to achieve energy efficiency.
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Figure 3. Energy and Maintenance Costs vs. Energy Consumption
MAINTENANCE RESOURCE ALLOCATION

In hotel practice, engineering employees are required to work in
shifts (three shifts a day). On average, 67 percent of the total manpower
is spent doing tasks in the day shift, including administration and main-
tenance works, and this arrangement can minimize disturbance to the
hotel occupants, as most of them do not stay in hotels in the daytime.
Fifteen percent and 9 percent are allocated in the mid-day shift and the
night shift respectively, for handling equipment failures and emergency
calls, during which almost no preventive maintenance is conducted. The
remaining 9 percent account for employees on leave or holiday.

Based on the survey findings, the number of engineering employ-
ees in individual hotels is between 4 and 38, who handle 570 to 22,563
equipment failures in a year. The average ratio of guest rooms to em-
ployees is 24.2, and the ratio tends to be smaller for the higher class of
hotels. This is summarized in Table 4. The ratio of the total number of
failures to guest rooms, on the other hand, tends to be larger for the
higher class of hotels because of their more comprehensive facilities and
services. These two ratios are quantitative indicators that can be used in
defining hotel categories and evaluating maintenance performance.
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Maintenance activities in hotels can be classified into four main
categories: routine, corrective, preventive, and emergency. Routine
maintenance refers to the daily activities with repetitive nature, such as
taking meter readings, lubricating, monitoring, start-up, and shut-down.
Corrective maintenance works are scheduled or unscheduled activities
to restore the equipment to as-built functions. Preventive maintenance
includes scheduled activities of inspection, adjustment, replacement,
and overhaul to prevent system breakdown and extend its useful life.
Emergency maintenance refers to immediate actions to avoid further
equipment damage and adverse consequences, such as loss of business.

The relative portions of the above four types of maintenance activi-
ties in the hotels studied are shown in Figure 4. The findings indicated
that there were as much as 30 percent of the maintenance resources spent
on routine maintenance. Nevertheless, the maintenance personnel often
took an attitude of overlooking routine maintenance as something insig-
nificant. They were not aware that routine maintenance and preventive
maintenance, if properly carried out, would effectively reduce system
breakdown. If there is no clear maintenance policy, resources spent on
routine maintenance may be wasted. System operating parameters
should be monitored and compared against the criteria, and follow-up
actions have to be taken for non-compliance or equipment failures.

One measurement of the maintenance effectiveness is the ratio of
preventive maintenance to corrective maintenance actions in terms of
man-hours use, called the preventive maintenance ratio (PMR). In a
report of power plants, this ratio ranged from one to two [5]. It is ex-
pected that the PMR of hotels will not be as high as that for power
plants, as the latter require a much higher reliability. In the hotels stud-
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Figure 4. Percentage Breakdown of Maintenance Activities
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ied the average ratio is 0.67, implying that the maintenance workforce is
tied up with corrective work, which is commonly observed in hotels. For
long-term improvement, the management must turn their attention from
corrective maintenance to preventive maintenance. As the preventive
maintenance program gradually matures, the ratio should increase if the
engineering systems maintained are healthy.

To understand more about the in-house labor force spent on the
maintenance of the engineering systems, including air-conditioning
(HVACQC), electrical and lighting (EL), plumbing and drainage (P&D),
mechanical equipment (ME), and building and decoration (B&D), a total
of 43,500 work orders issued in a year in the representative hotel were
collected and analyzed. Approximately 54,300 man-hours were used to
cover all the engineering systems, office works and others, such as su-
pervisory works, inventory control and non-maintenance works. The
related percentage breakdown is illustrated in Figure 5. Over 37 percent
of the total manpower was spent on the air-conditioning, electrical and
lighting systems.

MAINTENANCE PRACTICES

Development of the maintenance strategy and program is a pro-
cess that involves the consideration of a variety of factors before making
decisions. Questions in Section E of the questionnaire were designed to
determine the status of maintenance-related factors. A five point nu-
meric scale was used to indicate perception of the respondents on vari-
ous factors, with ‘1" for strongly disagreed or insignificant through ‘5’
for strongly agreed or significant.

Uahars

45
21.5%

HY AU
2.1

T.6% PED ME EL
A% TP 1 L6%

Figure 5. Apportionment of Manpower Used for Maintenance
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Multi-skilling

Multi-skilling is a form of working which seeks to enhance staff
strength through proper training. Multi-skilled staff are capable of indi-
vidually undertaking a wider range of tasks, increasing flexibility in
allocation of day-to-day labor force to tasks. Better utilization of their
capabilities can improve the maintenance performance and quality of
services. 81 percent of the respondents have deployed multi-skilling in
their hotels. A question was designed to see if hotels gained benefits
from the scheme of multi-skilling, and the average score was 4.1, imply-
ing that benefits were assured.

As indicated in Table 5, financial constraint is not a major barrier
to the deployment of multi-skilling in hotels, though multi-skilled tech-
nicians usually have higher salary. What bothers the chief engineers is
the problem arising from the attitude of front-line operators who often
desire to do mono-skilled tasks and less work. Mono-skilled workers are
normally less capable of achieving energy saving because of inadequate
knowledge of the system. This can be solved by providing internal train-
ing to drill for better skill, accountability, and motivation. Safety, time,
and ability of individuals are the constraints that have to be considered.

Computerized Maintenance Management Systems (CMMS)

Maintenance activities in hotels, including handling of work orders,
compiling equipment histories, retrieving information, managing re-
sources, and keeping stock inventories, can be accomplished more effi-
ciently with the aid of a computerized maintenance management system
(CMMS). CMMS has been utilized in 31 percent of the hotels studied. A
question was designed in the questionnaire to investigate if the hotels
gained benefits from the use of CMMS, and the average score is 3.6 out of
the five-point scale. From discussion with some chief engineers, there
were two major restrictions in the use of CMMS. First, a lot of time and
manpower was necessary for collecting and inputting the data. Second,
CMMS has a limited ability to generate detailed analysis reports or
graphs that they needed, for example, the change of failure frequency and
energy consumption in relation to the resources spent on the maintenance
activities. Other barriers to the deployment of CMMS in hotels are shown
in Table 6. It is noted that most of the front-line maintenance personnel
are not able to use CMMS because they are handicapped in the English
software language.

CMMS would allow the maintenance team to store and retrieve a
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vast quantity of information efficiently. One of the benefits of CMMS is
the historical database that can be built up, from which the parameters
for maintenance decision making, such as mean time between failure
and mean time to repair, can be determined. It would also enable the
chief engineer to identify trends of system status, develop an energy
management scheme, determine a suitable time for overhaul or replace-
ment, and automatically trigger the maintenance work orders according
to the preventive maintenance schedules. The CMMS has to be capable
of enabling the engineers to perform system analysis and formulate
measures to improve system performance, for example, formulating and
implementing a chilled-water temperature reset scheme for energy effi-
ciency. Otherwise, the manpower required for the CMMS would not be
justified.

Development of Maintenance Strategy and Program

Maintenance strategy sets the direction of maintenance manage-
ment, whereas the maintenance program is a comprehensive schedule of
maintenance works carried out in a specified period of time. Both in-
volve a high level of decision making. In Table 7, the average scores
indicate the significance of some key factors of concern to management
prior to the development of maintenance strategy and program.

According to the findings, health, safety, energy consumption,
and guest expectations are the main considerations for maintenance
decision making, and they are equally significant with an average
score of 4.12. Health and safety have become a fundamental require-
ment for business success; both depend on good maintenance practices
to avoid hazards in the buildings or workplaces. Regarding energy
consumption, the results reflect that the management is willing to
make every effort to improve the maintenance management for energy
savings. They also understand that customer perception of quality is
determined by a number of factors relating to services, food, facilities,
and indoor environment. For these reasons, a sound maintenance strat-
egy should be developed and implemented to keep the engineering
systems reliable, safe, and energy efficient, satisfying customer needs
and expectations.

The equipment histories were valuable data, but responses from
the chief engineers indicate that these data were seldom utilized. They
appreciated that historical data analysis would provide useful informa-
tion to the management for performance monitoring or maintenance
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decision-making, but little effort was made on this aspect in the current
practices.

In-house versus Outsourcing Maintenance

Maintenance works may be undertaken by in-house technicians,
out-source contractors, or combination of both. There is no general rule
for a desirable ratio of in-house to contracted-out labor force on which
the management will decide based on availability of resources and a
number of other factors. These factors and their weightings perceived by
the chief engineers are summarized in Table 8.

Limited skill of the in-house technicians in specialized disci-
plines, as weighed by the chief engineers, was the most significant
factor driving the management to employ outsourcing labor for some
maintenance and retrofitting works. Time constraints was another sig-
nificant factor, having an average score of 4.19. Since the main in-
come of the hotels is from the rent of guest rooms and the provision
of food and beverage services, including restaurants and banquet
halls, longer downtime of critical equipment and functional areas will
lead to a serious loss of business. As a result, the management has to
carefully compare the working time needed by the outsourcing con-
tractors with the in-house staffs. In general, specialized contractors
are better equipped and have flexible manpower that will ensure the
tasks are completed on time.

Another influential factor with high weighting is the statutory re-
quirement. It is stipulated in local regulations that some activities, such
as maintenance of fire protection systems, lifts and escalators, must be
carried out by authorized contractors. Once again, the results show that
the management makes little attempt to use the historical information in
making a decision.

MAINTENANCE MANAGEMENT AUDITS

Maintenance management audit is a systematic approach to evalu-
ate the current maintenance performance and identify necessary actions
for improvement. There are alternative auditing schemes for evaluating
the performance of the management, operation and maintenance [6,7].
Based on these alternatives, a workable self-assessed scheme is set up
and applied for the maintenance management audits in hotels in this
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study. The scheme comprises 40 questions and covers four principal
aspects: maintenance policy, planning, implementation, and monitoring.
It is designed to be simple to follow, requiring the participants to answer
‘yes’, “partial’ or ‘no’ for each question, with a score of ‘2", ‘1" or ‘0’
respectively. Then a total score leads to five grades of excellent, good,
satisfactory, marginal, and unsatisfactory, representing the overall effec-
tiveness of the maintenance management. The audit results of the hotels
studied are summarized in Table 9.

Table 9. Results of Maintenance Management Audits

Score Range Grade % of Hotels Studied
Achieving This Grade
71 - 80 Excellent 11.5
58 - 70 Good 30.8
42 - 57 Satisfactory 46.2
26 - 41 Marginal 11.5
0-25 Unsatisfactory 0

The self-assessment scheme is designed to enable users to learn
their strengths and weaknesses in the maintenance management. Com-
mon weaknesses of the hotels studied were identified, including no mis-
sion statement on the target maintenance performance, no established
procedures for identifying variances between planned and actual main-
tenance activities, no clear policy for balance of engineering workload,
no time budget specified for accomplishment of maintenance work or-
ders, and no proper description of the work and material involved in the
work orders. Individual hotel’s scores in the maintenance management
audit are compared with its normalized number of failure occurrences.
This is shown in Figure 6. The regression line indicates that a hotel with
high frequency of failure occurrence per m? floor area comes up with a
low score in the audit. This suggests that the score obtained in using the
self-assessment scheme is a good indicator of maintenance effectiveness.
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Figure 6. A Plot of Number of Failures vs. Score in Audit

CONCLUSIONS

Accommodation, food, and beverage services are the primary pro-
visions and sources of revenue in hotels. Availability of the engineering
systems is essential for support of hospitality business. The overall ob-
jective of maintenance management is to reduce the operation and
maintenance costs while retaining the system availability and satisfying
the users’ expectations. Thus, through the maintenance management
audit to constantly monitor, evaluate, and improve the maintenance
works, reduction of running costs as well as system downtime can be
achieved.

Energy performance index (EPI), energy cost index (ECI) and
maintenance cost index (MCI) were compiled from the findings of ques-
tionnaire survey, interviews and detailed case studies. These can be uti-
lized as benchmarks for evaluating the performance of energy use and
for budget planning. The results also indicate a direct relationship be-
tween energy and maintenance costs in hotels.

The maintenance resource allocation for the different maintenance
activities and engineering systems were investigated and reported. Key
influential factors of decision-making by the chief engineers, in respect
of maintenance program, deployment of multi-skilling work force, use
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of computerized maintenance management system, in-house and out-
sourcing maintenance, were identified. Health, safety, energy consump-
tion, and customer expectation are the principal elements considered by
most chief engineers prior to the development of a maintenance strategy
and program. The key factors that influence the management to decide
on the use of in-house or contracted-out labor are the skills of in-house
technicians, time constraints, statutory requirements, and cost effective-
ness. 81 percent of the hotels studied have deployed a scheme of multi-
skilling work force, whereas only 31 percent have adopted a computer-
ized maintenance management system. Outsourcing maintenance and
multi-skilling work force are the trends. However, much effort has to be
made before the hotels can benefit from the use of computerized sys-
tems for maintenance management.

The findings presented in this article are intended to provide the
hotel management with a view of the current maintenance practices and
energy performance in hotels, which would be useful for developing
maintenance program to improve system availability and energy effi-
ciency.
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